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900 16th Street

PROJECT TEAM:

Owner - Undisclosed

General Contractor - James G. Davis Construction
Design Architect - Robert A.M. Stern Architects, LLP
Architect of Record - Cooper Cary

Structural Engineer - Thornton-Tamasetti

MEP Engineer - Dewberry

Civil Engineer - Wiles Mensch Corporation

BUILDING INFORMATION:

Construction Dates - February 2014 - March 2016

Gross SF Area - 201,481 SF

Total Levels - 12

Delivery Method - CM at Risk

Contract - Negotiated Cost + Fee with GMP
GMP Value $38,000,000

MECHANICAL SYSTEM:

- Central utility plant located on first park-
ing level

- Two main water chillers to provide cooling
- AHU’s and VAV boxes used for distribution

ARCHITECTURE:

- 9 levels of Office/Retail space above 3 levels of subgrade parking

- Precast concrete fagade with limestone and marble inlays

- 3D structural curtain wall at North entrance

- Penthouse with views of the Washington Monument

- Design follows the rules set forth by DC Historic Preservation

CONSTRUCTION:

- Demolition of an existing church and its monitor building

- Support of Excavation systems used include; walers, rakers, tie-
backs, and bracket piles

STRUCTURAL SYSTEM:

- Cast-in-place concrete with two way and post tensioned slabs

- Concrete spread footing foundations
- Above grade levels poured in 3 phases moving North to South

ELECTRICAL SYSTEM:

- 277/480V power supplied to two 2000 Amp switchboards
- 800A switchboard designated to retail space

- Two separate bus ducts supply power to levels 1-4 and 5-9
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| EXECUTIVE SUMMARY

The 900 16" Street NW is a nine story building, primarily office space, located in the
heart of Washington DC. The project began with the demolition of two existing buildings on site
in the beginning of February 2014 and the core and shell construction was set to reach substantial
completion in November 2016. The purpose of this thesis project is to document the construction
of a project from start to finish. This report in particular will highlight areas of the project that
have an opportunity for improvement, recommend a possible improvement, and analysis its
impacts. Topics in the following pages will focus on topics that include value engineering,
schedule acceleration scenarios, and alternative methods of construction. The four analyses that
will be highlighted shall provide a description of the opportunity, the potential solutions or
alternate methods, the methodology behind the analysis, the expected outcome, and the analysis.

Analysis I:

The first technical analysis will be focused on the utilization of modular concrete
formwork for the cast-in-place concrete structure. Throughout construction the team used
traditional stick built formwork, which lends to longer durations between pours. This labor
intensive process also requires a larger amount of man hours then its modular counterpart.
Included within this analysis will be research as to how modular formwork compares to stick
built, possible schedule, cost, and man hour savings associated with the implementation of
modular formwork, and the transportation and storage of forms on site.

Analysis II:

This second technical analysis will focus on an alternate exterior fagade to the precast
concrete panels that were used. Included within this analysis will be a cost and schedule
comparison between the current system and the alternate system. In addition the mechanical and
structural properties of the alternate facade system will be analyzed. This will lead to a structural
breadth to ensure that the current design of the cast-in-place structure can support the new
system and what connection changes must be made. It will also contain a mechanical breadth to
analyze the thermal efficiency of the new facade system. The purpose of this analysis is to
provide an alternate fagade system that will increase the thermal efficiency of the exterior wall
while providing similar quality to the original system a minimal impact to the project schedule. |
will also conduct an analysis on to see if the overall amount of man hours can be reduced by
implementing a new system.

Analysis II:

The third technical analysis will focus on value engineering the glazing for the 3D
structural curtainwall based upon a risk analysis of its supply chain. Within this analysis the cost
of the glazing, cost of delivery to the project, delivery distance, delivery method, delivery
duration will be conducted. A comparison between the alternate product and the current product
will be conducted will be completed. A risk analysis between the possible delays and changes to
the above topics will be conducted as well. The main purpose of this analysis is to provide a
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similar product that is manufactured closer to the jobsite to reduce the risk of unforeseen costs
associated with possible delays.

Analysis 1V:

The focus of the final analysis will be a research based topic that will look into driving
collaboration in the field through implementing lean construction principles. Driving
collaboration is an issue that most all construction projects have. The lean construction tools of
last planner and collocation create an extremely collaborative atmosphere by nature which will
assist in furthering the collaboration between trades in the field day to day.
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| Project Background |

Project Description:

900 16th Street is a feature office building under construction on the corner of 16th Street
NW and | Street NW in Washington DC. This building was chosen to be studied as a part of the
Penn State Architectural Engineering Senior Thesis course. The purpose of the AE Senior Thesis
course is to analyze the construction of a structure in every aspect from preconstruction to
completion.

The building is comprised of nine above grade stories and three below grade stories.
While the majority of the space within the structure is slated to be office space, a portion of the
ground level will be retail space. Along with the retail space, a portion of the North most area of
the building will be a replacement space for the church that had existed on the site prior to
construction of 900 16" Street. The structure of the building is mainly cast-in-place concrete
with a mixture of two-way slabs and post-tensioned slabs. Precast concrete panels with limestone
and marble veneer are used as the main component of the facade. Along with the precast facade a
system of aluminum punched windows and a feature 3D curtainwall make this structure stand
out from the buildings surrounding it.

Client Information:

NOTE: This building is Base Building project with a separate contractor for Interiors.

As per request of the owner, the specific name of the owners of 900 16™ Street is not to
be released. However, the owner of this building is one of the largest real estate developers in the
DC area. The purpose behind this new office building is to provide showcase space to clients in a
historic district of Washington DC. Located only a few blocks away from Lafayette Square and
The White House, the space has already attracted several high value clients including the law
firm of Miller & Chevalier. They will occupy over half of the available office space including
the 9" floor penthouse which has a spectacular view of the national mall.

There are several expectations for the schedule of this project. Due the fact that a
majority of the space already has planned occupants it is key that the project be completed by the
time the leases of the respective parties are set to begin. If there is a schedule delay preventing
this then the Owner and the general contractor, DAVIS, will be responsible for the costs
associated for the future tenants to remain in their current spaces.
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Project Delivery Method:

The delivery method that this project utilizes is a Construction Manager at Risk with a
GMP. The general contractor for 900 16" Street is James G. Davis Construction Corporation
(DAVIS) and they hold a Cost + Fee with a Guaranteed Maximum Price with the owner.
Although this project was intended to go out to bid, DAVIS was able negotiate a contract with
the owner before the bid process was initiated. All subcontractors on the job are contracted to
DAVIS and were selected by method low-bid.

| PROJECT DELIVERY SYSTEM |

Cooper Cary 1006 Wiles Mensch Corp.

" - Thornton-Tamasetti
Celtic Demalition J.E. Richards
Demolition Contractor| Electrical Contractor
Miller and Long, Inc Magnolia Plumbing Dewberry
Concrete Contractor Plumbing Contractor
R. Bratti Associates, James Meyers Co.,
Inc
Pre-Cast Goncrete Roofing Contractor
VYE'BOWKQE‘S APG - International
Pl Curtain Wa GMP
Contractor
Prime Contract

Lump Sum

Figure 1: Project Delivery System

Project Team Staffing Plan:

To complete this project in the most efficient manner as possible the general contractor,
DAVIS, utilizes a number of employees at all levels and all disciplines. The entire office and
field staff is housed in a building adjacent to the site. DAVIS was allowed, with permission of
the owner, to use the mezzanine level of the building North of the site as the field office for the
project. The project team consists of multiple project managers and project engineers to ensure
that all the complex systems have proper attention.
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| STAFFING PLAN |

Executva Leve

JIM DUGAN JOEL MILLER DOMINIC ARGENTIER!
ﬁ i

ANDREW PINO

JULIAN MEEDER

JASON ELLIS

Figure 2: DAVIS Team Staffing Plan

Site Logistics & Existing Conditions:

*Reference Appendix A for a sample logistics plan*

The project site is located in the heart of Washington DC on the corner of 16" Street NW
and | Street NW. In this case the site was occupied by a church and a monitor building that
needed to be demolished before the new building could begin. Because the site is located on the
corner of two streets it is neighbored by buildings on both the North and West. 10’ from the
property line to the South is an active tunnel of the DC metro system.

During construction the site is commonly occupied by several pieces of equipment. The
site plan, which can be seen in Appendix A, shows the typical layout for a concrete pour. At the
end of each pour the pump truck was taken off site immediately to reopen the site access and
laydown area. As soon as the building reached the second level overhead protection was put into
place on the pedestrian walkway located on the South side of the site fence along | Street NW.
The lack of available space on site eventually lead to moving the subcontractors trailer to above
the pedestrian walkway on the South side of the site.
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Project Cost Evaluation:

A square foot estimate was completed using the 2015 RS Means Square Foot Cost Data.
After calculating the proper adjustment factors the estimated cost and cost per square foot of the
total project.

Total Cost: $201.15/SF - $40,528,189
Construction Cost: $167.60/SF - $33,768,110
RS Means Estimate: $140.93/SF - $28,394,779

The value obtained from the RS Means estimate are considerably lower than the actual
costs reported by the job. There are many reasons why the numbers came out so low. This
structure features a lot of high end facade types that RS Means does not take into account when
compiling their estimation information. The project also requires a number of different
excavation systems that require special attention in an estimate. RS Means provided an over
estimate of the electrical system that is being installed on 900 16™ Street because the actual
contract only includes a limited scope of work for this trade.

Project Schedule Summary:

*Reference Appendix B for full project summary schedule*

The owner gave the notice to proceed with construction on February 7" of 2014.
Immediately following the NTP site mobilization and installation of perimeter controls occurred.
Construction began with the abatement and demolition of two existing buildings. The project
experienced a 3 month delay due to the demolition of a firestop and structural component of
1600 K St. Existing condition drawings improperly depicted the function of a brick wall which
separated the monitor building and 1600 K St. Following the completion of demolition and
excavation the structure of 900 16™ began with foundations on October 6", 2014. After the
structure reached grade, the construction of the floors one to nine began to fall into a three phase
sequence. All sequences accounted for approximately one third of the floor area on each level.
The sequences moved North to South and the formwork for the columns to the next level began
the day following each slab pour. The main structure was just over a month from being
completed when the precast fagade began being set on May 11", 2015. In November of 2015 the
process of constructing the core and shell of 900 16" Street is predicted to reach substantial
completion after a 22 month duration.

Building Systems:

Demolition:

To create the new office building at 900 16™ Street NW two existing buildings needed to
first be demolished. On site there existed both a church and the churches monitor building. Initial
demolition of these structures first being with abatement to remove all hazardous materials from
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them. Following abatement a Brokk was used to demolish the monitor building, which had
shared a wall with the building North of the site, and an excavator with a jack hammer
attachment was used to demo the main church building.

Support of Excavation:

With the variety of obstacles that
this project provides there were three
main support of excavation systems that
were used during the excavation for the
sublevel parking garage. Figure 1 shows
a real time image of the excavation of
900 16 Street. Extra care needed to be
taken place on the South said of the
excavation due to the underground metro
line being located at little over 10° from
the edge of the property line. The South :
and West edges of excavation |
(highlighted in orange in the above ,7\\ Q

figure) used a system of walers, rakers, ;gure/S Snapshbtofﬁkwlon Systéms
and heel blocks as the support of

excavation. The East edge of the excavation (highlighted in blue) was able to receive the
standard piles and lagging with tie-back system because there was nothing located underneath
16" street that would impede them from being used. The North edge of the excavation, along the
1600 K Street building, was supposed to use underpinning but after further investigation of the
neighboring buildings foundations a bracket pile system was implemented.

Cast-in-Place Concrete Structure:

The main structural system of 900 16" Street is cast in place concrete and implements a
mixture of both two-way normal weight concrete slabs with drop panels and post-tensioned
concrete slabs with drop panels. Levels P2 through the ground level utilize two-way flat slab
systems with drop panels while levels 2 to the penthouse are constructed with post-tensioned
slabs with drop panels. The typical slab dimension for the upper levels is 77 thick with 8 drop
panels at the columns.

There were two methods of concrete placement used in the construction of the cast-in-
place structure. Once the tower crane was erected a crane and bucket method was utilized for
smaller pours. As the slabs began to be poured a pump truck was the main method of concrete
placement. After the 9"" floor slab was poured, the crane and bucket method was used to
complete the concrete pour on the roof. The main form work used was job built lumber forms
and metal shoring to support uncured concrete.
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Building Facade:

The fagade of this structure is unique because a majority of it is precast concrete panels
that have limestone or marble cast within them. Each panel was cast off site and picked into
place off directly off the flat beds they were delivered on. The typical connection detail is shown
in Figure 2 to the left. Embed panels are cast into each floor slab and precast panels as shown in
detail 3A. Once each panel is set into place by the track crane on site they are secured to the floor
slab with steel angle and a welded connection. The north most entrance on 16" street features a
prismatic curtainwall system made of custom, triangular glazing units.

Mechanical System:

The main building mechanical system is a chilled water system with a central plant. The
central plant is located on the first parking level and is home to 2 water chilling units and their
respective pumps. Both of the cooling towers are located in the Northwest corner of the
penthouse level.

Electrical System:

The primary electrical system of the building is run from 2 separate 2000 amp, three
phase, 4 wire switchgears running at 265/460 V. Power is transported to the rest of the building
using two bus ducts, one which supplies floors one to four while the other supplies floors five to
nine.

Sustainability Features:

900 16" Street was designed to receive a LEED Gold rating. The designers maximized
the amount of green roof area by also incorporation green areas into the terrace space. Nearly the
entire roof is a green roof while on the terrace there are two smaller green areas. Access and
egress points to the terrace push occupants around the green areas and allow for the flow of foot
traffic to be uninhibited. Many of the other LEED practices that are being utilized on this project
involve waste management of construction materials, using materials with recycled content and
utilizing regional suppliers and manufacturers to provide building materials.
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TECHNICAL ANALYSIS I — Modular Concrete Formwork |

Problem Identification:

It is typical for Washington DC the projects to feature a cast-in-place concrete structure.
In this type of construction the schedule relies heavily on the completion of the concrete slabs,
beams, and columns. The formwork needed to support this type of structure is extensive. On the
900 16" Street project traditional stick built formwork was when completing the cast-in-place
structure. This type of formwork was used to allow for the drop panels surrounding the columns.
Due to the intensive labor needed to construct the formwork, the total number of man hours and
duration of construction was higher than if an alternate system would have been used.

Since stick-built formwork is labor intensive it creates a longer duration for the pours of
the concrete structure. The price for material, labor, and equipment required to construct the cast-
in-place structure was $6.9 million. The structure uses a mixture of 2-way slabs, on the subgrade
levels, and post tensioned slabs for the nine above grade levels. All types of concrete slabs that
make up the structural system contain drop panels at the columns. Drop panels in the subgrade
parking levels are 5” thick while the above grade levels feature 8” drop panels. Throughout the
structure the sizes of the bays vary greatly but the most common bay measures approximately
30’ by 30°.

Research Goals:

The purpose of this analysis is to identify a formwork system for the cast-in-place
concrete structure of 900 16™ Street. Because the structure of this project features drop panels at
each of the columns it will be a requirement that any system to be considered must be able to
easily be modified to accept these drop panels.

Methodology:

In order to complete the analyses that | plan to conduct, the following steps will be taken:

e Research
o Research modular formwork systems that are popular throughout the industry and
select three possible options
o Conduct a feasibility analysis of each of the three systems chosen in order to
select the one that best fits the project
o Interview several industry professionals on the impacts using said system would
have on the current design of the structure

e Technical Analysis
o Determine the cost associated with the current formwork system used
o Determine the cost associated of the modular formwork system
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o Conduct a cost comparison of the two systems based upon the estimated reduction
in man hours required per day

o Estimate the installation time of the new system and compare with the pours and
sequencing that the current formwork system allowed for

o Compare the costs and schedule duration for both systems

e Recommendations

o Make recommendation based upon cost savings, schedule logistics, and the

impact that modular formwork would have on the structure

Expected Outcomes:

It is expected that the introduction of modular formwork, in lieu of traditional stick built
formwork, will have a positive impact on the overall project schedule. Even though the structure
is not a flat slab system, the integration of two modular systems will still have a positive impact
on the project schedule. With a schedule acceleration it is probable that the total number of man
hours required to construct the cast-in-place structure will also decrease, resulting in a reducing
of labor costs.
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Analysis:

Potential Replacement Systems:

The cast-in-place concrete structure of 900 16" Street poses a unique challenge to
implementing a modular formwork system. This challenge is the 10’ X 10’ drop panels located at
each of the columns and the 4” perimeter beam. During preliminary investigations of several
types of formwork systems it was determined that a modular system that has the ability to
incorporate drop panels was not possible without extreme difficulty. However, it was determined
after speaking with professionals from various formwork companies that this is not a problem
because of the ease in which a secondary system can be integrated to form the drop panels.

Dokamatic S Tables with Dokaflex S

The Dokamatic S Table system is a
preassembled formwork system that comes in
several standard sizes. These tables only
require the addition of the props and when
using the shifting device these table forms are
able to be set by a single individual, allowing
for a possible reduction in the total labor cost.
Each of the props is to attach to the tables uses
a simple connection method consisting of a
clamping swivel head. The large Dokamatic
tables have the ability to form large spans of
flat slab area, but a secondary system,

Dokaflex, is needed to around the drop
panels. The Dokaflex system is similar to
a stick built formwork system where you
first set the floor props followed by Doka .
beams and plywood. While the Dokamatic I"’I TIT| S —
tables would allow for a single worker to : v : |

erect a form, that can only be done with |
the use of a DoKart table shifting device. |
The number of tables that could be erected S | sl W
in a day is dependent on the number of
DoKart’s on site, which would only be another added cost to the system. Another disadvantage

:
|

AN

Al
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of this system is that the tables come in preset standard sizes which may not lend to the layout of
the cast-in-place structure.

Peri SKYDECK with Peri Multiflex

The second formwork system
that could provide cost and schedule
savings is the Peri Sky Deck. This
system features a main structural beam
which allows the system to utilize
fewer floor props. Once the main
beams are in place the panels are
dropped into place, where they are
secured by projecting teeth on the top
of the beams. The panels and main
beams are covered in a powder coat and have self-draining edges to ensure that minimal cleaning
is needed after the forms are stripped. The Peri Sky Deck system is the simplest system out of
the three that have been investigated. Along with extremely light and strong aluminum parts,
each of the floor props features a drop head system. When these drop heads are stuck with a
hammer the Sky Deck panels and main beams drop approximately 2-1/4” to allow for easy
removal. Once removed the panels and beams can be transferred to another area of the structure
to begin a new forming a new component of the structure. This system seems to hold the most
promise as an alternate system.

MevaDec with MevaFlex

The final system that was investigated
during this preliminary analysis was the MevaDec.
This system is very similar to the Peri SKYDECK
system previously discussed. Much like that system
it features drop head props that allow for earlier
stripping of the formwork. However the method
that the panels are placed is very different. While
the Peri panels sit on top of the main beams the
MevaDec panels sit inside the main beams and are
installed from below. Although this aspect is safer
it’s more complicated installation method could
add a significant amount of time to the erection of the slab formwork because of the learning
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curve. Another drawback with this system is that the drop heads need to be attached to the props
with nuts and bolts, which only increases the time required to erect the formwork.

Selected Alternative Formwork System:

After completion of research on the alternative formwork systems discussed above, the Peri
SKYDECK and Peri Multiflex systems were chosen as the best fit for 900 16" Street NW.
Although the Dokamatic tables cover more surface area the size of the system does not lend itself
to work properly at this site location. Also, a main reason why this system was not chosen is that
it requires the use of Dokarts to maneuver and set each table, which is only an added project cost
and could ultimately slow down the entire process. Even though the MevaDec system is nearly
exactly the same as Peri Sky Deck, the added duration from mechanical fasteners on system
components makes it unfavorable. The benefits that Peri Sky Deck provides over the other
systems investigated above include:

- Ability to use fewer floor props because of the main beam design

- Lightweight components made of aluminum allow for a single individual to install and
move system across a slab

- Earlier striking equates to faster turnover rates

- Drop heads attach to floor props with an easy self-locking coupling, which results in a
reduction in erection duration

Even though the Peri Sky Deck provides many things that the 900 16" Street project could
benefit from there are still drawbacks that may have a large impact on the project. One of those
drawbacks is that the aluminum based system will be more expensive because of rental costs for
the props and panels. With any new system there will be a learning curve involved, which could
create an instance in which the full benefits of Peri Sky Deck are not attained. It will be
important that a workforce be employed that has experience with the system so the project can
experience the full benefits.

When comparing the benefits and drawbacks of the Peri Sky Deck system it has been
determined that the systems benefits with vastly over weigh the drawbacks. The hope of the
system is that the schedule will be reduced enough so that the added costs are reasonable.
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Slab Forming Sequence:

To optimize the erection of the cast-in-place structure floor was broken into three
separate sequences, as shown in Figure 8 below. Out of the three sequences, sequences 2 is the
most labor intensive as it is the largest at roughly 7,600 SF. Sequence 1 and 3 are approximately
4,500 SF and 5,100 SF respectively. The sequences will move from North to South across the
slab, the areas of which are defined by the dark blue lines. The light blue signifies areas that Sky
Deck will be used as the primary formwork system. Green and orange both represent areas of the
concrete slabs that have drop panels or a thickened slab. In those areas the primary formwork
system will be the Peri Multiflex system, a post and beam formwork system that requires the
addition of plywood after erection.
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Figure 8: Typical Cast-in-Place Concrete Pour Sequence
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Schedule Impact Analysis:
*Refer to Appendix C for a complete schedule and man hour summary of modular formwork*

Stick-Built Formwork:

The schedule for the stick built formwork system is outlined in Figure 9. To maintain the
durations that the schedule shows a significant size work force of 47 was used. This work force
was deployed on site 10 hours a day, 6 days a week.

Structure - Above Grade 9 1099% 81  05-Feb-I5A  13-Jun-15 -19
2nd Floor 2@ 5163% 10 05-Feb-ISA 05-Mar-IS  -23
32480 Form Slab on Deck 6-3 - 2nd 4 S0% 2 05-Feb-1S A 23-Feb-15 =20 !
32400 Begin Forming Slab on Deck - 2nd 0 100% 0 05Feb-ISA
32540 Form Slab on Deck 3:| = 2nd 3 90% 0 05.-Feb-ISA  23Feb1S  -I9
32420 Form Slab on Deck 8-6 - 2nd 4 5% I I8-Feb-15S A 20-Feb-15 -26
32440 Rebar Skb on Deck 84 - 2nd 2 [ 2 20Feb-I5  23-Feb-1S  -26 | 3
32460 Pour Slab on Deck B-6 - 2nd ] % I 23-Feb-15 24-Feb-15 -26 . r Slab on D%ck 8.6 - H
32500 Rebar Skab on Deck 6-3 - 2nd 2 0% 2 23.Feb-15  25.Feb-15 .21 bar Shb an P“lf 63 - 2nd;
32720 FIR/P Cels/WWalls 8-6 to 3rd 2 % 2 24-Feb-15  26-Feb-15  -21 MRIP Cols/'Walls 8-6 to 3rd
32520 Paur Slab on Deck 6-3 - 2nd I 0% I -Feb-15 | 26-FebIS 21 | %
32560 Rebar Skb on Deck 3-1 - 2nd 2 [ 1 | 25-Feb-15  27-Feb-I5 20 : B oni ¢
32780 FIRP Cols'Walls 6-3 to 3rd 2 0% 2 26-Feb-15  02-Mar-15 .21 W FRP ColsWalls 6-3 to 3rd
32580 Pour Slab on Deck 3-1 - 2nd I 0% I 27-Feb-15  28-Feb-15 23 + % Pour Slabon Deck 3.1 - Ind
32820 FIRP Cols'Walls 3-1 to 3rd 2 0% 2 02-MarIS  05-MarlS .19 | 3 FRP Colshalb 3-leoddd 1
3rd Floor 16 0% 16 26FebIS  I%MarIS D3 : : ;
33420 Form Slab on Deck 8-6 - 3rd 3 % 3 26-Feb-15  02-Mar-15  -23 : 0! Form Slab o9 Dock 8-6 - Jv?d
33400 Begin Forming Slab on Deck - Ird 0 (-3 0 26-Fob-15 -3 in Forming Stab on Deck 4 3rd
33440 Rebar Sab on Deck 86 - 3rd 2 0% 2 26-Feb-15 | 03-Mar.1S .23 Rebar kb gn Deck 86 - Jd
33480 Form Slab on Deck 6-3 - 3rd 4 0% 4 02-Mar-15  OF-Mar-1S  -25 m Slabion Deck 6-3 -13rd
33460 Pour Slab on Deck B-6 - 3rd ] % 1 03-Mar-15  05-Mar-15  -23 Pour Slab an Dack 8-6 - M
33700 Farm Cols/MWalls 8.6 to 4th 2 % 2 05-Mar-15  07-Mar-1S .23 Form Coli/Walls 8-6 to ?:h
33500 Rebar Skb on Deck 63 - 3rd 2 0% 2 O6MarIS  O%MarlS 24 | % % Rebar Sib on Deck 6-3i-3rd
33720 Rebar Cols/Walls 8-6 to 4th 2 0% 2 06MareIS  0%-MareIS <23 ebar Cols/Walls 8-6 1q 4th
33540 Form Slab en Deck 3-1 - 3rd 3 % 3 O7-Mar-15 11-Mar-15 -25 n F:lrmSl?b on Deck J-I.-Jr-d
33520 Pour Slab on Deck 6-3 - 3rd 1 % 1 09-Mar-15  10-Mar-15  -24 : ¢ Pour Slab on Deck 6-3 :r rd
33740 Paur ColsVWalls 8-6 to 4th 1 0% 1 09-Mar-15  10-Mar-15  -22 . ‘our Cols'Walk 8-6 toidth
33560 Rebar Shb on Deck 3-| - 3rd 2 0% 2 10Marel5 | 12MarelS | <25 | . Rebar Shb on Deck 34 -3rd
33760 Farm Cols/Walls 6-3 to 4th 2 0% 2 10-Mar-15  12-Mar-15  -24 Form Cpls/Walls 6-3 \# 4th
33780 Rabar Cols'Walls 6-3 to 4th 2 0% 2 1Ml 13-Marl5 -4 Rebar ColsWalls 6-3 ito 4th
33580 Pour Slab on Deck 3-1 - 3rd ] 0% 1 12-Mar-IS | 13-Mar-lS 25 | w Pour Stib on Deck 3 -3rd
33800 Pour Cols'Walls -3 to 4th ] ox I 13Mar |5 14Mar 1S 21 . Pour ColsWalks £-3 to 4ch
33820 Form Cols/Walls 3-1 to 4th 2 0% 2 | 13Mar 15 16-Marl5 25 + i B FormCols/Wals 3-i to 4h
33840 Rebar Cols/Walls 3-1 ta 4th 2 23 2 14-Mar-15  17-Mar-15 =25 . L] Relnfr Cdsfwa\lssa;\ 1o 4th
33860 Pour Cols'Walls 3-1 to 4th i 0% I 17-Mar-I5  I9-Mar-1S 23 | & i O PoufColsWalk3jlwedh i ¢ ¢

Figure 9: Stick-Built Formwork Schedule
Modular Formwork:

Figure 10 on the following page is a summary of the projected schedule for the
completion of the cast-in-place concrete structure using the Peri formwork systems. After
speaking with representatives from Peri it was discovered that the production rate of the Sky
Deck and Multiflex systems are 25 and 18 square feet per man hour respectively. Using this
information and the areas for each pour sequence on a typical floor it was determined that the
appropriate crew size would be 18. Eight of those are responsible for the installation of the Sky
Deck system, while the remaining ten are to erect the Multiflex system. The total man hours
required to form each floor are broken out in Appendix C.
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Activity ID Activity Name Start Finish Original | & | February 2015 |
[0 | 08 15 22 | [ 08
- Ky 16091 15-10-22.. Modular Forms 05Feb-154 30-4pr15 ol v
= B 16091 15-10-22..1 level 2 05-Feb15  23Feb15 13 ¥ W 23Feb-15, 16097 15-10-22.1 level 2
& A000 | Fom 51 05Feb15  06Feb15 2 = Foms1
[=pralin Rebar 51 0E-Feb-15  03Feb-15 2 gy S— Fiebir 51
= Al Pour 51 10-Feb-15  10-Feb-15 1 Rnur 51
= AT0030 Form 52 03-Feb-15  11-Feb-15 3 Form 52
= A0 Rebar 52 10-Feb-15  12Feb-15 3 Rebar 52
& AT000 Pour 52 13-Feb15  13Feb15 1 Pow 52
& AT00G0 Farm 53 12-Feb-15  13Feb-15 2 53
& AT0070 Rebar 53 13-Feb-15  16Feb-15 2 Rebar 53
& AT00E0 Pour 53 17-Feb-15  17-Feb-15 1 :,*q_lfuurSB
& AT0030 F/R/P Coliwalls to L3 - 51 12-Feb15  16Feb15 3 [ F/RAP Colfwalls toL3 - 51
= Ao F/R/P Coliwalls to L3 - 52 16-Feb-15  18Feb-15 3 -H:EI F/R/P Col/walls ko L3 - 52
[=Rralui F/R/P Coliwalls to L3 - 53 13-Feb-15  23Feb15 3 e F/R/PColAwalstold-53
= By 16091 15-10-22..2 level 3 12-Feb15  024Mar-15 13 ¥ 024ar-15, 16091 161022 2 g
= A0 Form 51 12-Feb15  13Feb15 2 51
= A0 Rebar 51 13-Feb-15  16Feb-15 2 B — Rebar 51
& AIDN40 PouS1 17Feb15  17Feb15 1 :Lq Pou 51
= A0S0 Faim 52 16-Feb-15  18Feb-15 3 Fom 52
&= ATED Rebar 52 17-Feb-15  19Feb-15 3 : Rebar 52
= A7 Pour 52 20-Feb-15  20-Feb-15 1 Pour 52
&= ATDED Form 53 13-Feb15  20Feb-15 2 B Faorm 53
[=REAIED) Rebar 53 20-Feb15  23Feb-15 2 E B — Rebar 53
@ A0 |Pours3 20Feb15 | 24Feb 15 1 : :Lq Pours3
= Al010 F/R/P ColAwalls to L4 - 51 19-Feb-15  23Feb-15 3 ST FR )IP Col/walls to L4 - 51
& AT0220 F/R/P Coliwalls to L4 - 52 23Feb15  26Feb15 3 =) F/R/P ColfwallstoLd - 52
= Al0230 F/R/P ColAwalls to L4 - 53 26-Feb15  02Mar15 3 - e F/R/PColwallstoLd-53

Figure 10: Modular Formwork Schedule

After analyzing the projected schedule of completion it was determined that the
contractor would only need to rent two full floors of formwork. With the early shuttering times
the formwork can be recycled quickly, so that it can be used in another sequence of the structure.
The costs outlined in a future section of this report reflect the rental of both Sky deck and
Multiflex for the appropriate square footage of two full levels.

Schedule Comparison:

When comparing the two formwork systems it is evident that Peri Sky Deck and
Multiflex would have a positive impact on the completion of the cast-in-place structure. As it can
be seen in Table 1, the average duration to form a concrete pour sequence decreases by 1.7 days.
The average duration to complete a floor from beginning of formwork to pouring the slabs and
columns decreased a total of 5 work days. Saving such a large amount of time per floor equates
to a total possible savings of 20 work days.

Table 1: Formwork Schedule Comparison

Formwaork System | Sequence Duration | Floor Duration | Total Duration
Stick-Built 4 18 91
Peri Systems 2.3 13 71
Difference 1.7 5 20




Douglas W. Watson 900 16 Street AE THESIS: FINAL REPORT

Cost Impact Analysis:

*Reference Appendix D for a complete cost estimate of both formwork systems*

The following assumptions have been made during the analysis of the cost of both the
original stick-built system and the implementation of Peri Sky Deck:

- Cost of stick-built system, Plywood for Multiflex system, and labor costs are attained
from RS Means 2016

- Miller & Long own stick-built formwork system so their only material cost would be
plywood

- Multiflex system is only required in the exact SF coverage of the drop panels and
perimeter beam

There are several costs that will change between the use of a stick-built form work
system and Peri Sky Deck and Multiflex. The main factors that will change are the costs from
both materials and labor. The labor required to install a traditional stick built system is far greater
then what is required of the Peri Sky Deck and Multiflex systems. The ease of which the Peri
Sky Deck system can be installed allows for a large reduction in the total labor force required to
form the structural slabs. To drive the schedule as it has been planned in the previous section it
would be required that an average of 114 man hours be needed each day for forming activities,
opposed to the average 458 daily man hours to keep the stick-built formwork on schedule. After
analyzing the two average daily man hours it was determined that the implementation of the Peri
system would generate a labor savings of 75% (refer Appendix C for production rate and total
man hours per floor).

To best complete the schedule reflecting the modular Table 2: Formwork Rental Costs

formwork, it was determined that the contractor would need to

rent enough of the Peri forms to complete two floors at once. _
Upon contacting a representative from Peri, the rental costs per System | Cost per SF
square foot per month were obtained. These costs are SkyDeck S  1.85
summarized in Table 2 to the right. It is important to note that the | Multiflex | S 1.15
plywood required for the Multiflex system will be an additional one time cost. As stated
previously the structure is projected to be completed in 71 working days, which would require
the formwork rental fee to be charged on three occasions. Four use plywood was priced out for

both the stick-built and modular systems. In order to complete the structure it is required that the
equivalent of three floors of plywood needs to be purchased.
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All of the costs discussed on the previous page are shown in full in Appendix D. Below,
in Table 3, is a summary of the total costs for both of the formwork systems.

Table 3: Cost Comparison

Total Including
O&F
Stick-Built | $ 10,934.00 | $ 623,018.00 | S  792,442.04
Peri Systems | $175,950.78 | § 155,754.69 | $  331,705.47
Difference | $165,016.78 | $(467,263.31)| $  (460,736.57)

System Material Cost| Labor Cost

Recommendation:

Stick-built formwork used on 900 16" Street did not provide the project schedule with
optimal durations. It is understandable that it was used because the drop panels in the slab lend
themselves better to a stick-built system. However due to the versatility of Peri Sky Deck and the
use of Peri Multiflex at the drop panels, modular formwork is just as feasible. The Sky Deck
system with its light weight panels and props make the formwork much easier and faster to
install then a stick-built system.

After taking into account the benefits of the modular formwork systems and how their
implementation into the project impacts the schedule, I recommend that this system be used on
900 16" Street. According to the daily reports from Miller & Long and the calculated man hours
to complete erection of the formwork a labor reduction of 75% could be achieved. Even though
the initial cost of the system is high because of the need to rent the forms directly from Peri the
final cost savings generated through the reduction of labor outweigh the initial cost premium. It
total it has been projected that the savings would be equal to $461,000.

The schedule savings that the implementation of modular forms would reflect is
considerable at 20 days. This value could be effected by the time it takes for the tradesmen to
learn how to install the system. After studying this system and speaking with individuals at Peri,
it was determined that the impact of the learning curve for the alternative systems would be
minimal. The results of this analysis confirm the expected results that modular forms would
benefit the project therefore the use of modular formwork on 900 16 Street is recommended.
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TECHNICAL ANALYSIS II — Exterior Facade System Redesign |
Problem Identification:

The 900 16™ Street project features a variety of fagade systems. The main facade system
used on this building is precast concrete panels. The panels themselves vary from a typical
precast panel that one may see on a project because these feature high end finishes (limestone,
granite, and marble) inlayed within them. These high end stones added a significant amount of
weight to the panels therefore the connections to the cast-in-place structure needed to be
strengthened to ensure they would be supported. These connections required extra care in the
field upon installation and a number of the connections were overly complex taking hours to
complete. One main issue that arose of delays of materials to site, some of which were created by
lack of material and others were shut down by the secret service for special events occurring in
the area. Delays were created on several circumstances because there was no material on site to
erect. Also delays incurred when the cranes erecting the panels needed to be used to fly in
materials for other trades.

In its entirety the precast fagade system features over 250 individual precast panels, and
cost just over $2.3 million for both the material and labor. The erection of the panels began on
May 5™ 2015 and erection was completed, not including broken panels, on the 14" of July. In
total the duration for the erection of the precast panels was 7 weeks and 4 days. Conducting
research on an alternative system could create a great value engineering opportunity, while also
helping to reduce the load the fagcade will have on the structure and increase the thermal
performance of the fagade system. Because this building was design to be a trophy class office
building with various high end finishes it is imperative alternative must give similar visual
appeal and lifespan.

Research Goals:

The purpose of this analysis is to analysis the current precast concrete facade system and
suggest an alternative system. Overall the goal is to propose an alternate system that will allow
for an acceleration in the schedule and decrease the overall cost without compromising the
architectural appeal of the finished product.

Methodology:
In order to complete the analyses that | plan to conduct, the following steps will be taken:

e Research
o Research innovative fagades that provide similar aesthetics, durability, and
lifespan to the facade system that is in use
o Select the system that best fits the needs of the clients requirements and the goals
of this analysis
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e Technical Analysis
o Determine the cost of the system in use (material, labor, equipment)
o Conduct a constructability analysis of the alternate system chosen
o Estimate the cost of the alternate system (material, labor, equipment)
o Determine the estimated installation duration of the alternate system and how it
impacts the overall project schedule
Compare the cost and schedule of the facade system in place to the alternate
system chosen
o Conduct a structural breadth analysis by ensuring the structure can support the
loads of the alternate system
= |f the system in place does not work with the current connection method
design a typical connection for the alternate system
o Conduct a mechanical breadth analysis by assessing the thermal performance of
the alternate facade system
o Evaluate the aesthetic appeal of the alternate system selected with the
requirements of the client
e Recommendations
o Make recommendation based on the overall impact of cost, project schedule, and
aesthetic appeal of the alternate system

O

Expected Results:

Overall the results of this analysis are expected to be positive. There is a fantastic
opportunity to reduce the cost of the project by utilizing an alternative facade system to the
precast concrete system in place. It is also possible that the schedule can be accelerated. In
addition, the overall impact the alternate system will have on the structure will be decreased and
more simple connections will be created. Moreover the thermal efficiency of the exterior fagcade
will increase with an alternate system.

Analysis:

Original Facade System:

System Description:

The fagade system that is currently in place on this structure consists of a precast concrete
panels with stone veneer, various curtainwalls, bronze finished storefronts, and StoTherm Next
EIFS (Reference figure 11 below for a breakdown of the facade composition). For the purpose of
this analysis the only system that will be analyzed is the precast concrete panels. Each of the
panels features either a 3” limestone or marble veneer on the exterior face, depending on the
location of the panel. The size of each of these panels varies throughout the entirety of the
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facade. In total the entire facade is comprised of 308 different precast panels covering roughly
17,000 square feet, with an average panel covering 93 square feet.

:"I—-:L-E--— — -—— - - = = == o =1 —r— f— —:-- - E| -
—1] HIE -—E-
L ] - ~H ax 1 4 |. -
LEGEND 5 5 ;
Yellow — Limestone Precast ™ !
Red — Marble Precast < i
Green - Curtainwall/Storefront ] !
Orange — Structural Curtainwall ~ !
White — Window Units 1 o
o
=
g
> H !
~ i i
T TaTE e

Each of these panels were transported to site on a flat-bed truck and lifted directly into
place by one of the two cranes on site. The tower crane was used to erect the panels on both the
West and South elevations, while an additional track crane was delivered to site to erect the
precast panels on the East elevation.

Issues with Original Facade System:

It is typical to see a precast concrete panel fagade in downtown DC but the limestone and
marble veneers brought with them extra precautions. Care needed to be taken that none of the
finish stone was cracked when the panels were lifted from the flat bed they were delivered on
and set into place. As stated earlier most of the fagade is a fairly simple system but what did
provide challenges were the number of various connections and the added weight of the precast
panels from the limestone and marble. While a majority of the connections between the panels
and the structure were quite typical there were many that required special attention due to their
complexity. These welded connections took a considerable amount of time to complete
compared to their typical counterparts

Besides the varying variety and complexity of the connections, the marble and limestone
cast into the concrete created a whole new challenge. This challenge was the added weight to the
panels from these dense stones. The increase in weight required larger cranes and extra care in
maneuvering each panel into place. To best take these challenges out of the picture the DAVIS
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team held many preconstruction meetings with all parties involved to choose the cranes to be
delivered to site. This ensured that the entire process would run as smoothly as possible.

Alternative Facade System:

Required Characteristics:

The owner’s vision for this structure was to create a trophy class office building with
extremely high end finishes. For that reason, among others, a precast concrete fagade with
limestone and marble veneer was chosen.

One challenge the design team was presented with came from the location of the
building. Located within the historic sixteenth street district, the design team had to abide by the
design criteria set forth by the Historic Preservation Board. The guidelines laid forth revolve
around the ability for the new structure to blend in with the buildings that neighbor it. Key
proponents to achieving this include facade materials, exterior color, and ornamentation.

Many buildings neighboring 900 16" Street feature ornamental storefronts at the street
levels with limestone covering the rest of the structure. The current facade system in place at 900
16™ Street consists of bronze capped aluminum storefronts and precast concrete faced with
limestone and marble covering the rest of the building. This current system uses the materials
that are similar in nature and appearance to the buildings around it. It is imperative that any
alternative system chosen incorporate limestone or be able to mimic its appearance. In giving the
appearance of limestone it is also important that the material can closely match the color of
neighboring structures.

Another area of concern that needs to be addressed is the weight and thermal
performance of the wall system. The current system of precast concrete panels with stone veneer
does not provide optimal thermal protection for the interior spaces. Also, this system, which is up
to 15” thick, exerts a significant amount of stress on the buildings cast-in-place concrete
structure. Providing a system with improved thermal performance would cut down on the
operating costs of the structure. A more lightweight system has the ability to use less complex
and time consuming connection methods.

Lastly it is important to consider the costs and schedule impacts an alternative system
would have on the project. While this particular owner was more concerned with the overall
quality of the project it is still important that the new system fits within the projects budget. It is
also imperative that the new system selected be able to have the building effectively closed in
within the 7 weeks it took to erect the precast panels.
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Alternate Systems Investigated:

As stated previously in this report, any alternative facade system that is to be considered
must have a finish that is extremely close to true limestone. This obstacle immediately narrowed
the number of alternatives to the precast panels already in place. Under the constraints it was
determined that there were three available options that could be a possibility. The first option that
was researched was a system that was comprised of cement fiber panels. This system has great
qualities that make it a good candidate to replace the current system in place. Each of the
individual fiber cement panels are completely detached from the structural wall of the facade,
allowing each panel to act as a rain screen, protecting the actual wall system from being exposed
to water. The air gap that is present between each of the fiber cement panels and the rest of the
facade system creates a ventilated moisture management system, helping to prevent water vapor
from getting trapped within the wall system.

Cement Fiber Board lends itself well to the requirements set forth previously, defining
the design criteria for an alternative facade system. However construction of such a fagade may
prove to be difficult. This system features a series of individual panels that are attached to a
previously constructed substrate. Each panel would need to be lifted into place and mechanically
attached to the face of the building. While the process of attaching the panels is quite simple,
when using the quick clip system, it is a system that would require much more time to complete
then a panelized system. The height of the structure would provide another issue surrounding the
attachment of the panels as well. A simple man lift would not allow for the panels on the upper
most level to be installed therefore a system of suspended scaffolding would have to be used. In
either system it would be dangerous because of the close proximity to that of the tower crane.

The design of the fagade itself poses an issue to the use of cement fiber panels as well.
Panels are manufactured in set widths and lengths. Although it is possible to cut and shape
cement fiber panels to meet the needs of a project the number of large windows would make it
highly time consuming to cut and refinish each panel. Also, another main downfall with this
system is that it is not possible to get a panel that matches close enough to that of limestone that
would be acceptable.

The next system that was evaluated was StoTherm Next EIFS. The reason for
investigating the possibility of using such a system was because it is currently used in a portion
of the West facade that is in an ally way behind the structure. EIFS systems are favorable in
certain circumstances because, as the name leads one to believe, it wraps the building in an extra
layer of insulation, increasing the overall thermal performance. One of the purposes of this
analysis is to increase the thermal performance of the exterior fagade system to decrease heating
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and cooling loss. If such a system were to be implemented it would certainly decrease the
amount of heating and cooling lost through the exterior wall system.

Although this system will allow the thermal resistance of the wall to be increased it does
have significant drawbacks that would turn the owner away from using it on the 900 16" Street
project. The first issue that would raise a flag to the owner is the systems inability to resist
impact damage. The thin base coat of the StoTherm Next EIFS system is prone to cracking under
direct impacts. If the fagade is riddled with cracks then the status of a trophy class office building
will be compromised. Along with the system inability to resist impact damage, when an EIFS
system is subjected to cracking over its lifespan.

Selected Alternative System:

Table 4: System Selection Summary

Possible Alternative Systems
S Cement
Criteria Importance Fiberboard StoTherm Thermocromex
Panels NExT EIFS
Thermal Resistance 2 1 2 2
Asethetics 3 1 1 3
Lifespan 3 3 3 3
Weight 2 1 2 2
Ease of Installation 2 1 2 2
Maintenance 2 2 1 1
Durability 3 3 1 2
Summary 17 12 12 15

As it can be seen in the table above the specific system chosen to replace the precast
concrete fagade on the 900 16" Street NW project consists of prefabricated panels with a
Thermocromex finish. While this particular system is similar in nature to that of a traditional
EIFS system the one main benefit this system has is its finish quality. Thermocromex initially
began to be used throughout the United Kingdom and other European countries before being
introduced to the market in the United States. Having been introduced to the market place in
1985 the material is still relatively new. Although it has not been around as long as several other
facade types the use of this system is growing due to its wide array of finished available and
exceptional performance characteristics.
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As stated earlier in this report, that due to its location, this building posed a unique set of
criteria when it comes to the fagade. The building footprint sits with the historic district of
Sixteenth Street and its design requires the approval of the Historic Preservation Board. One of
the main points that is laid forth in the design guidelines is states that new buildings should
mimic the materials that have been used on the neighboring buildings so that the appearance of
the buildings are compatible. Thermocromex is manufactured in a mixture that provides an exact
match to natural limestone (Reference the image below for a comparison of limestone to
Thermocromex limestone finish).

Along with the high quality of finish, the weight and mechanical properties of the
material are exemplary. The material weighs 31bs per square foot at a thickness of 3/8”, which is
a significant difference than that of the 150 Ibs per cubic foot concrete panels. Due to this
decrease in overall weight it is possible that the panels will be able to be larger, cutting down on
the overall time on erection. Besides the extreme reduction in weight, Thermocromex also adds
an incredible amount of thermal resistance to a wall system. At a thickness of 3/8”
Thermocromex will add 0.94 to the total R-Value of the wall system.

Alternative System Installation:

There are several ways in which the alternative Thermocromex fagade system can be
installed on the 900 16" Street project. One way to install this alternative system would be by
using a scaffolding system, whether it be stick-built, suspended scaffolding, or hydro-mobile, to
install the system components one by one until the finish coat is applied. The issue with this
method of installation is the scaffolding itself. The project location and site size would make it
extremely difficult to bring in numerous pieces of scaffolding for a stick-built system. Although
hydro-mobiles would have considerably less parts, they would still envelope a significant
amount of lay down area which is already small. Lastly suspended scaffolding creates a
significant safety hazard because they would be in close proximity to the tower crane and the
materials that it is flying in to various levels of the structure.

For the reasons stated above it was decided that the alternative facade system would be
installed much like the original system, in prefabricated panels. While the original precast panels
were cumbersome and required numerous, time consuming, welded connections, these new
panels will be much lighter and easier to install.

Following a meeting with Alex Brown of Mortenson Construction, it was decided that to
allow for the shortest duration to complete the system that all components should be included on
the panels prior to erection. The composition of the panels can be seen on the following page in
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Figure 12. Figure 13 on the following page show the South elevation prefabricated panel
breakdown. The red panels span 8’-6” across and are 24 in length. The green below them
represent panels that are dimensioned at 8’-6” by 44’- 6”. The blue and purple measure 2°-2” by
24’ and 2°-2” by 44°-6” respectively. Each of the panels described above will feature a limestone
Thermocromex finish so as to match the limestone veneer of the original system. Both the orange
and red panels on the ground levels of the elevation will be finished to match marble.
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Figure 13: Panel Breakdown

The panel sizes mentioned above were chosen because they create a natural break in the
facade and will allow for the joints between the panels to be less noticeable. The size of the
panels were confirmed as possible after it was discovered that Pegula Ice Arena featured 50’
prefabricated panels. Even though some of the panels are quite large they fit perfectly on a
flatbed truck (dimensioned 8’-6” x 48”). Under the direction of Alex Brown of Mortenson, it was
determined that the panels can be stacked 6 high on a flatbed. With a continuous flow of
deliveries this facade system has a possibility of accelerating the project schedule.

These the largest panels that will need to be erected have an area of approximately 125
square feet. The following calculation was done to determine the weight of the largest panel:

(125 SF x 12 Ibs/SF) x 1.10 = 1650 Ibs
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To take into account any errors in area take off or variance in the weight of materials a
factor of safety was added. The weight of this panel is significantly less than that of the original
facade system. This decrease in weight allows for the secondary panel erection crane to be
downsized from a 100 ton crane to a 40 ton crane (Appendix E shows the load charts and
calculations to support this). The reflected cost savings can be found in the cost analysis portion
of this report. This 40 ton crane would be dedicated to the erection of the panels on the East
elevation of the building. Both the West and South Elevations will be erected using the tower
crane. The tower crane needs to also be used to fly in materials for the other trades completing
work on site. After consulting the project team it was decided that the tower crane on average
spent 60% of the day focused on erecting facade panels.

Unlike the original facade system which required multiple fully welded connections per
panel, the Thermocromex panels feature a much simpler connection as shown in figure 14. The
first step to creating this connection is to cast steel angle into the edge of the concrete slabs.
Once the formwork is stripped welding teams can be sent into the field to install the connection
clips to the steel slab edge with a welded connection. These connection clips feature a 5 point
mechanical connection to attach the prefabricated panels. Once lifted into place by a crane the
panels are received by the clips and then connected with 5 TEK-H fasteners and the erection
team would move on two erecting the next panel.
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Figure 14: Connection Detail — Source: Pegula Shop Drawings




Douglas W. Watson 900 16 Street AE THESIS: FINAL REPORT

Structural Breadth Analysis: Structural Load Analysis

*Reference Appendix F for calculations to support structural investigation*

One of the considerations when choosing the alternative facade system was the effect that
it would have on the structure of 900 16" Street. Altering the composition and materials in the
exterior facade will exert a completely different force on the columns of the building. Much like
the precast concrete panels, the prefabricated Thermocromex finished panels are not self-
supporting, so their weight needs to be transferred through the connections and down through the
columns to the foundations. In order to ensure that the designed columns can support the new
load introduced by the change in facade, a load analysis must be completed. To complete this
investigation thoroughly the weight per square foot of the prefabricated panels needed be
calculated. To do this information was attained from the Thermocromex manufacturer and from
online resources. The results of this load analysis concluded that the structural system in place
has the capability to support the load exerted by the alternative facade system.

Technical Investigation:

To begin this analysis the structural plans were analyzed to locate the exterior column
which would carry the largest amount of loading. After looking at a typical column layout it was
determined that the column with the largest tributary area is column G-3, located on the East
facade. Figure 15 below highlights the location and tributary area of column G-3.

I
J‘ 300" ple ‘ 200" >!

Figure 15: Area of Investigation
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The figure directly above highlights the area of the East fagade that influences the loads
experienced by column G-3. In this area of the facade there is both the prefabricated panels,
aluminum punched window units, and storefront. Column G-3 was selected for this investigation
because it represents the worst case scenario for the entire building. The dimensions of the
column are 20” X 24 with 8#8 rebar evenly spaced and #4’s at 16 for stirrups.

The total calculated weight per square foot of the panels is 12 Ibs/SF, 3 of which come
directly from the Thermocromex finish at 3/8” thickness. Consulting the design loads the in the
project specifications it was discovered that the design load for the punched windows and
storefront were both 15 Ibs/SF. Taking these values and the weight of the concrete slab within
the tributary area is was determined that the total axial load on the column through to the
foundation would be 1,132 kips. Note that the loads on this column is not affected by the fagade
system on the 9" floor because its loads are transferred through column line E because of the
setback in the fagade. After completing the column strength analysis it was calculated that the
maximum axial load the column can support is 1,453 kips. A spot check of the maximum
moment that the column can withstand was completed at a typical floor. This analysis yielded a
maximum imposed moment of 187 in-kips. The maximum moment, according to CRSI tables,
that this column can withstand is 2204 in-kips. Since the maximum imposed values are less than
the absolute maximum moment and axial load it is confirmed that the structure in place can
support the alternative faced system.
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Mechanical Breadth Analysis: Thermal Performance of Alternative Facade System

*Reference Appendix G for full reports from thermal performance analysis*

As this analysis focuses on changing the exterior fagade of the structure it is important to
consider how such a change would impact the thermal efficiency and cooling loads throughout
the building. Below shows a typical wall section of the original fagcade system and the table
accompanying it depicts the R-values of the materials that it is composed of.

Table 5: Precast Fagade R-value Summary

e
s Material R-Value
—— 5/8" GWB 0.57
_‘ z 3-5/8" Metal Stud 0.01
‘ E—— Vapor Barrier 0.12
A’ T T scraoroman sewowen 3" Semi-Rigig Insulation 10.68
Ral B 5 N A —— 11" Precast Concrete 1.44
zJ i © (2 A 3" Limestone Veneer 0.18
T S s TOTAL 13

Figure 17: Precast Concrete Facade Section

The original precast concrete fagcade system provides a thermal resistance of 13, which is
typical for a concrete based wall system. As it is seen in the section above the panels themselves
are comprised of 3” limestone and 11" of concrete. Following the concrete is the interior wall
system. The precast panel offers very little thermal resistance while the interior wall makes up a
large majority of the systems thermal resistivity.
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Upon selection of the alternative exterior fagade system it was expected that the total
thermal resistance would be significantly higher than the original system. The figure and table
below show a typical section of the alternative facade system and a summarization of the R-
values that it is composed of.

Table 6: Alternative Fagade R-value Summary

Material R-Value
6" METAL STUDS
w/FIBERGLASS INSULATION 5/8" GWB 0.57
SHEATHING 3-5/8" Metal Stud 0.01
— Vapor Barrier 0.12
3" Semi-Ridig Insulation 10.68
- e AL 6" Steel Studs (16 ga.) 0.02
SELF-FURRING LATH 1/2" GWB 0.56
CODE APPROVED BUILDING FELT Weather Barrier 0.17
(TWO LAYERS) Adhesive 0
:‘ 3/8" MIN. THERMOCROMEX 2" EPS Insulation Board 10
L Building Felt 0.06
Metal Lath 0
Figure 18: Alternative Facade Section Base Coat
Thermocromex Finish Coat 0-34
TOTAL 23.13

The spaces that will be analyzed include two corner office spaces located on the 5 floor.
These offices were chosen because they are included within the portion of the building that is
undergoing interior construction. Much of the space within the structure remains unleased and
has yet to have plans for interior construction. While a majority of spaces that have an exterior
wall share similar features these two spaces differ because of the percentage of window
coverage. The spaces that will be the focus of this mechanical study are shown on the following
page. Office 0557 has a total window coverage of 50% and Office 0546 has a total window
coverage of 78%.
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Evaluation:

To evaluate the differences in thermal performance of each wall system the program
Trace 700 was used. The goal of the simulations run through this program was to measure the
change in the cooling load of the spaces to see if altering the exterior fagcade system would have
an impact on the performance of the building. Table 7 summarizes the results of the simulation
that was conducted. The alternative fagade system resulted in a decrease of 286 BTU/hr of
cooling load. It was not expected that the introduction of a different exterior wall system would
have a large impact because more than 50% of the wall is comprised of glazing. The impact that
the large area of glazing has on the performance can easily be seen in the table below. Although
the overall impact ended up being marginal, the analysis was still highly successful because the

performance of the facade was increased by 56% when the alternative system was introduced.

This decrease in the required cooling load for the spaces is not significant enough to
consider the reduction in the size of the air handling units suppling these spaces. Also, the office
space in this building is being leased so there is a chance that the layout of the interior could
change over the buildings lifespan. With that in mind it would be best to leave the air handling
units as designed so they can serve a wide array of spaces and occupancy types.

Table 7: Comparison of Cooling Loads

Table 8: Monthly Utility Cost Comparison

Total Costs
Prefabricated
Month | Precast Concrete Th
Cooling Coil Peak Load (BTU/hr) w/Stone Veneer | o OCrOmex
Applicable Prefabricated Panefs
Precast Concrete Janurary 591.00 590.00
Loads Thermocromex
w/Stone Veneer Panel February $83.00 $79.00
anels

March 586.00 585.00
Envelope Loads April $85.00 $84.00
Glass Solar 6831 6831 May 423,00 423,00
Glass/Door 436 436 June 428.00 428.00
wall 654 368 July 492.00 $92.00
Internal Loads August 592.00 592.00
LightE 701 701 September $90.00 $90.00
pEUpIE SDD SDD OCtDbEF 588.00 58?.00
Total 9122 3836 Movember $36.00 $85.00
December $87.00 $87.00

Total $1,056.00 $1,047.00
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In addition to analyzing the loads required to condition the spaces a secondary analysis of
the monthly utility costs was completed. After discovering that the cooling loads of the spaces
had decreased with the implementation of the alternative fagade system it was expected that the
utility costs would decrease as well. The outcome of this analysis is summarized in Table 8 on
the previous page. As it is shown the utility costs per year, for the spaces analyzed, were reduced
by $9.00. This is not a large savings but if it is extrapolated throughout the entire area of
occupied space within the structure it results in nearly $3,000 in savings per year.

Schedule Analysis:

Original Facgade System:
*Reference Appendix H for the original facade system schedule*

The original fagade of 900 16" Street took a total of 141 days to complete. This duration
includes all window, storefronts, and curtainwall installations. The construction of the facade
began on the 11" of May 2015 and completed on the 3th of November that same year.

Alternative Facade System:
*Reference Appendix I for the full alternative fagade system schedule*

After consulting with industry members it was estimated that the panels would be able to
be erected at a rate of 1 panel per hour (this rate includes the large 44’-6” panels). Crews would
be working 10 hour work days, which would mean that a total of 9 panels could be erected per
day. As stated previously the tower crane will only dedicate 60% of its time per day (6 hours) to
the erection of the facade, meaning that it is only capable of erecting 6 panels per day.

Using the same initial start date as the original system, the installation of the alternative
facade is projected to be completed on the 20™ of October. These dates reflect a duration of 127
days from start to completion.

Comparison:

The implementation of the alternative facade system reflects a total schedule savings of
14 days, which is a 10% reduction. This schedule savings is mostly impart to the increased ease
of installation that the Thermocromex finished panels provides. Also, their significant decrease
in overall weight provided the opportunity to enlarge the panels and erect a larger area of facade
in a single lift. This is a significant reduction because an earlier completion of the facade allows
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the building to be essentially dried in. Once this milestone is met the interior can be released so
as to move the completion of the building along.

Cost Analysis:

Original System Cost Breakdown: o
Table 9: Original Fagade Cost Summary

Table 9 to the right summarizes the costs
associated with material and labor involved in

making the precast concrete panels with stone Item Cost (Material & Labor)
veneer. The $2,000,000 cost for this facade system  |Marble Veneer S 1,181,000.00
is largely due to the stone veneer which accounts Limestone Veneer | $ 143,000.00
for 58% of the total system cost. In addition to the ~ |Anchors S 37,200.00
costs outlined in table 9, there was an additional Panel Fabrication | $ 712,000.00

Total 3 2,073,500.00

$270,000 charged by the contractor to erect the
panels.

Prefabricated Thermocromex Panel Cost Breakdown:
*Refer to Appendix J for a complete summary of the cost estimation*

To attain an accurate cost of the prefabricated Thermocromex panels RS Means Building
Cost Data 2016 was used to estimate material, labor, and equipment costs. Upon completion of
the estimation it was determined that the alternative fagade system would have an estimated
overall cost of $552,309. While this estimated number does not included the cost of the
additional crane and manpower to install the panels, it does however reflect a cost reduction of
74%. Based upon the weights of the materials and the breakdown of the panels on the facade, it
was determined that the crane needed to erect the facade could be much smaller.

System Cost Comparison and Evaluation:

It is evident that the alternate facade system proposed creates an extremely large
reduction in overall cost of the project. The alternative system much cheaper because it does not
include the expensive cost of the stone veneer. As stated before removal of these materials
accounts for 58% of the total cost of the original system. Table 10 below highlights the
comparison of the costs of both the original facade, precast concrete with stone veneer, and the
alternative system, prefabricated Thermocromex panels.
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Table 10: Facade System Material Comparison

System Qty (SF) | SF Cost Total Cost
Precast Concrete

16904.4 | $122.66 | 52,073,500.00
w/Stone Veneer

Prefabricated

Thermocromex

16904.4 | $ 32.67 | $ 552,309.40

The alternative system proposed will have a total savings of $1,521,190.60. This equates
to nearly a 74% reduction in the material costs of the facade system.

As stated previously in this report the change in the fagade system allowed for the
secondary erection crane to be downsized from a 100 ton crawler crane to a 40 ton hydraulic
truck crane (refer to Appendix E for supporting calculations and load charts). The table below
compares the cost of installation of both the original and alternative fagade systems. As you can
see there is approximately $74,000 in savings in erection costs when the alternative fagade
system is implemented.

Table 11: Erection Cost Comparison

System Labor Cost | Equipment Cost | Total Cost

Precast Concrete
5110,418.00 | & 160,650.00 | 5 271,068.00
w/Stone Veneer

Prefabricated

$ 92,015.00 | $ 106,531.25 | 5 198,546.25

Thermocromex

Taking into account both erection and material costs, the prefabricated Thermocromex
panels generates $1,593,712 in savings and a 4% reduction in the overall contract cost.

Recommendation:

Following the investigation of an alternative fagcade system, | recommend that the
prefabricated Thermocromex panels be used in lieu of precast concrete panels. Not only does
their implementation generate a 10% reduction in duration for the construction of the entire
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facade, but they also make the installation process much easier. The decrease in the weight of the
panelized facade system allows for the creation of larger panels, which would generate a
reduction in the number of deliveries to the job site.

Although the analysis of the thermal performance of the alternative wall system yielded
positive results, this was not a deciding factor in the final recommendation. The simulations run
show that new system increases the performance by 50%, but because the window coverage in
each of the perimeter spaces is above 50% the only way a large change in the cooling load can be
generated is by altering the design or window glazing.

Along with schedule savings, increased thermal performance, and structural benefits the
system generates a significant cost savings of just under $1.6 million. This reduction in cost
translates to a 4% decrease in the overall cost of the project. A large majority of this cost savings
is generated by the removal of the stone veneer. Since the owner wants to create an office
building with numerous high end finishes it would be understandable if they chose to remain
with the original system. For the purpose of this senior thesis project it would still have to be
recommend that this alternative facade system be used because of the significant increase in
constructability, cost savings, and schedule reduction.
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| TECHNICAL ANALYSIS 11 - VE of Prismatic Curtainwall Glazing Units |
Problem Identification:

The main goal of owner in constructing the 900 16" Street building is to create trophy
class office space in downtown Washington DC. For that reason the building features a variety of
extremely high end finishes on both the interior and exterior. Take for instance the entrance to
the church located on the North end of the building (see Building Statistics | for more detail on
the floor area designated to the church). This entrance features a 3 dimensional structural
curtainwall system which happened to be designed by a company based in Germany. It was a
decision that the highly customized glazing units be manufactured in a facility located within the
United Arab Emirates. Because of the degree of uniqueness the system was riddled with delays
throughout the design phase which began to push back the planned completion date of the
curtainwall. Furthermore there were delays during the fabrication period of the 128 individual
glazing units. With delays in both the design and fabrication process the delivery date of the
glazing material was pushed so far from the planned start date of installation that two of the three
shipments were delivered by means of air freight. Seeing as this curtainwall system sits on the
critical path of the project this expedited shipping method was deemed necessary to keep the
project on schedule.

The system in its entirety was bid at $1.8 million. This value includes the metal frame,
glazing, installation, delivery of materials, and other incurred costs. Of the total contract value
mentioned previously approximately $283,000 is associated directly with the custom glazing
units. This cost of material vastly changed over the course of the project due to the changes
discussed above.

Research Goals:

The purpose of this particular analysis is to derive and alternate supply chain for the
curtainwall glazing units and determine if that procurement method would have resulted in cost
and schedule savings.

Methodology:
In order to complete the analysis that I plan to conduct, the following steps will be taken:

e Research
o Conduct research to find a comparable type of glazing and a manufacturer that
will provide that glazing
= Plan to contact DAVIS team to attain the contact information of well
trusted glazing contractors
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o Conduct research on supply chain risk management techniques that could have
helped mitigate the risks associated with the procurement of the curtainwall
glazing

o Use the collected information to choose a different manufacturer to provide the
glazing

e Technical Analysis

o Calculate the cost of the glazing of the structural curtainwall currently used

o Calculate the initial cost to ship the material to the job site and the upcharge
associated with air-freighting said material

o Estimate the cost of the new type of glazing and the shipping costs associated
with it

o Create a weighted system based on the different risks associated with the
procurement of the material

o Provide in depth analysis on the cost associated with each risk to support or
oppose the new glazing and supply chain

e Recommendations

o Recommend a supply chain of the material based upon the weight of each risk and

the potential costs and delays associated with each

Analysis:

Advantages and Disadvantages to Procuring Material Overseas:

To fully understand why it is that a large majority of architects and subcontractors look to
manufacturers overseas a representative from Guardian, the glazing unit manufacturers, was
contacted. Upon speaking with a sales representative it became very clear as to why it is not
uncommon for glazing to come from Europe, or in the case of this specific curtainwall system,
the UAE.

Advantages:

One reason in particular is related directly to the abundance of glazing available they fact
that the market place in other countries does not currently have a large need for large curtainwall
panels. Also the plants in many foreign countries have the means to create larger panels than
many of the fabricators located within the boundaries of the United States. So while a company
may want to utilize a fabricator in closer proximity to the site, depending on the size of the
glazing units required they may not be able to. In many circumstances a contractor may be able
to get the exact same material it could from a supplier within the United States as it could from a
supplier in a different country. The difference between the two of them would be the upfront cost
of the material. In a majority of cases an owner or contractor is not willing to pay more for a
material even though there may be less risk attached to it.
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Disadvantages:

When on looks at the procurement of materials from a risk analysis prospective, it makes
all the sense in the world to attain materials from places as close to the project as possible. What
a construction manager sees when they find out various material are being brought in from all
over the globe is the increased possibility of large delays and the costs associated with them. On
any construction site material is what drives the schedule, and without the material on site the
day it is needed that particular work cannot be done. In circumstances such as this curtainwall
system a delay would cause the critical path to slide, pushing following trades back with it.

While locating a supplier that will supply the glazing units at a marked up price may not
be ideal in the eyes of an owner at first, after explaining the risks involved they may see the
situation differently. All the buried risks that an owner does not think about all have a dollar
value and schedule delay that can be associated with them. If enough of the highlighted risks
occur it may turn out to have been in the owner’s best interest to use a supplier within the United
States.

Definition of Risk Factors and Potential Impacts:

There are several reasons as to why material may not arrive on site at the expected time
or need to be reordered. Again this analysis looks to pick out the main procurement issues, or
possible issues, with the glazing units for the structural curtainwall system and assign them a
level of risk to justify choosing a manufacturer located closure to the project site. The following
paragraphs will outline four risk factors which may have an effect on both the schedule and the
cost of the project.

Design/Fabrication Delays ~ High Risk

Many construction projects experience delays in
the development of the system design. As a system
becomes more complex the risk of a delay occurring
becomes higher. Figure 20 to the right shows the
prismatic curtainwall system that this analysis focuses
on. It is easy to see that a system as unique as this
requires special care in the design to ensure that no issues
arise when it is being installed. It would be expected that
the design team would take longer than anticipated to
create such a marvel. Any delay in this phase would push
back the start of fabrication and furthermore the start date
of the system’s construction. These delays would bring
about additional costs associated with general conditions.

Figure 20: Prismatic Curtainwall
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In addition to delays in the design of the glazing units, there is also a large chance that the
fabrication process will experience delays. This expectance is due to the nature of the curtainwall
itself. The multitude of variations in the size and shape of the units will only make the fabrication
process more difficult.

Broken Glazing Unit ~ High Risk

The first risk that this analysis begins to investigate is when one of the glazing units it
broken either in transit to the jobsite or during the installation process. In construction projects it
is not uncommon for materials to be damaged to the point in which they are unable to be used.
Often contractors order extra material so instead of having to wait for more material to arrive,
they are able to continue their work. In the case of this custom curtainwall system, or any
curtainwall system for that matter, it is impossible to predict which glazing panel may be the one
that will break. For that reason, and the fact that it would be completely unfeasible to make
multiples of each panel, glazing panels are never made in excess rather they are made when
needed.

At the end of the day how often is this an issue on a jobsite? According to one industry
member it is expected that a glazing unit will be broken accidentally in approximately one third
of all construction projects. Another industry member goes further to approximate that about one
in every 100 glazing units will break and need to be replaced. In this curtainwall in particular
there are 128 different glazing units that had to be installed. By the standards outlined previously
that would guarantee that one of the 128 units would be damaged and need to be remanufactured.
It is for the reasons outlined above that “high risk” has been given to this category.

In the event of a broken panel remanufacturing at the current supplier’s location, within
the United Arab Emirates, could cause a large impact. This particular activity is on the critical
path of the project, so any damaged material would push the completion of the job. The distance
that the material would need to travel to get to site requires that it is either delivered by boat or
plane. Each delivery method is not cheap and only continues to add cost to the project. While the
schedule delay to manufacture a new panel is unavoidable the cost of delivery and duration of
delivery may be able to be reduced significantly if the manufacture was located within the
United States.

Poor or Improper Fabrication of Glazing Units ~ Moderate to High Risk

Quiality is extremely important on any construction project. A high quality of work and
materials will ensure that a system is less likely to fail and is more likely to meet the expectations
of both the owner and the architect. This particular system demands near perfect construction
and materials because of its level of uniqueness. However, it is perhaps because this system is so
unique and custom that raises the bar in how exact the glazing units need to be.
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These curtainwall panels feature a variety of specialty coatings which give the glazing
units its mechanical and more importantly aesthetic appeal. If the various layers of special
coating or custom frit patterns are not applied correctly the performance of the system could be
compromised entirely.

International Incident ~ Very Low Risk

A factor that is not as expected as the ones previously mentioned above is that of an
international incident. Under certain circumstances it is possible that the shipping lanes from
Abu Dhabi could be closed. The impact that such a situation would have is strictly dependent on
the severity of the incident that has occurred and it highly unlikely to occur. According to The
Economist, the shipping lanes out of Abu Dhabi “seem immune to the conflict that is occurring
in the area.” In the recent past threats have been reported to shut down the Strait of Hormuz, the
shipping channel which all vessels leaving the UAE must pass through. Thankfully there has not
been an incident that has led to the closure of these shipping lanes in recent history, however
with the continuing turmoil in that part of the globe the chance of that happening is still
somewhat existent. For the reason stated this situation is being regarded as a very low risk factor.
The impact of a situation in this category would result in an increase of the general conditions
cost for the project and could lead to the need to order materials from another manufacturer all
together.

Risks that Occurred:

Table 12: Delays Experienced

As stated previously delays on any project
are expected to occur. Table 12 to the right
summarizes which of the previously defined risks

had actually occurred during the procurement or Risks Occurrence (¥/N)
installation of the glazing units. Nearly all of the Broken Glazing Unit Yes
defined risks that this analysis took into account Design/Fab Delays Yes
had occurred with the exception of an international Improper Fabrication Yes
incident which would have shut down shipping International Incident No

lanes.

One of the risks present during material procurement and installation of the prismatic
curtainwall was broken glazing units. During either the installation or delivery process the
project team noted that a total of seven glazing units had been broken. After speaking with
industry professionals about the possibility of a curtainwall glazing unit it was not surprising to
find that this was an issue on the 900 16" Street project. During the fabrication process the
manufacturer experienced delays. These delays were not reflected in the project schedule but in
order to not impact the schedule two of the three glazing shipments where sent by air-freight.
This change added a significant cost to the project, which can be seen in the cost analysis portion
of this report.
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A quality review done by the owner and architect following the completion of the
prismatic curtainwall resulted in the discovery that a number of the units had been fabricated
incorrectly. When considering how meticulous and complicated this prismatic curtainwall is it
was not surprising to find that a number of panels were not up to the expectation of the owner
and architect. As per the request of the project team the exact number of glazing units that
needed to be replaced will not be disclosed.

Alternative Fabricator Analysis:

Following a conversation with Chris Randisi of Guardian Industries it was pointed out
that a manufacturer named JE Berkowitz has the capability to produce the glazing units that are
required. JE Berkowitz is a glazing manufacturer based out of New Jersey which utilizes its
250,000 square foot manufacturing facility to produce high quality architectural glazing for
projects around the country. Their in house capabilities allow them to produce irregular shaped
glazing units, which is key for the prismatic curtainwall system that this analysis focuses on.
Also located within the fabrication shop are several convection heat treating ovens which allow
for the application of solar films, such as Guardian Sunguard HP-Silver 35. In addition they have
the ability to create laminated glass with PVB layers in their oversized autoclaves. The last
production capability that JE Berkowitz has which is key to the fabrication of the glazing units is
their ability to apply custom frit to the units.

The manufacturing location is only 116 miles from the 900 16" Street project and
theoretically has the capability of delivering glazing units in one day. The distance between the
original manufacturer in Abu Dhabi and the site is roughly 7,100 miles. Because of this vast
distance the expected delivery duration is between 6 to 8 weeks. After speaking with industry
professionals about the possibilities of a panel being broken, the benefits of using an alternative
manufacturer become clear.

JE Berkowitz is also familiar with the project because they were contracted through ECP
to fabricate the glazed units for the aluminum framed curtainwall systems located in both the
North East and South East corners of the facade.

Schedule Impact Analyses:

After speaking with an industry professional it was determined that production rate of
both the original manufacturer and alternative manufacturer would be nearly equivalent. Without
a significant difference in the duration it takes to manufacture the glazing the schedule savings
come into play when looking at the duration it takes to deliver the materials to site. Using the
information provided to me from the project team it was determined that it takes just under a day
to fabricate a glazing unit.

Table 13 on the following page summarizes the schedule impacts associated with a
broken glazing unit.
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Table 13: Impact Comparison of Broken Glazing Units

Units Duration of Delivery Delivery | Installation | Installation Total
Manufacturer .. ; . .
Effected fabrication Method Duration Rate Duration | Duration
Original 7 9 Sea Freight 35 6 3 47
Alternative 7 9 Truck 5 6 3 17

As it can be seen in Table 13 above there is a significant decrease in the duration to
fabricate and delivery new glazing units to site. While the original manufacturer could provide
new panels to site in 47 days the alternative manufacturer has the capability to deliver the same
units in 17 days. The difference between the two is the equivalent to 5 or 6 weeks of work. The
release of interior trades in this area of the building is completely dependent on the completion of
the prismatic curtainwall. That being said a difference of 5 to 6 weeks would have enormous
impact on the completion of the project.

Table 14: Impact Comparison of Improperly Fabricated Glazing Units

Units Duration of Delivery Delivery | Installation | Installation Total
Manufacturer .. ; . .
Effected fabrication Method Duration Rate Duration | Duration
Original 35 30 Sea Freight 35 6 6 71
Alternative 35 30 Truck 5 6 6 41

Table 14 summarizes the impacts that both manufactures will have on the project due to
improper fabrication of glazing units. Again the schedule savings are in the speed of delivery.
While it may take the same amount of time to fabricate and install each of the glazing units, the
30 day difference in delivery duration still exists. If the units came from the alternate
manufacturer they could be installed before the units from the original manufacturer even arrived
on site.

Cost Analysis:
*Reference Appendix K for a full cost estimate of alternate manufacturer

The following assumptions have been made during the evaluation of costs associated with
the original supply chain and alternate supply chain:

- RS Means cost data was used to estimate the cost of the glazing units from the alternate
manufacturer

- Costs associated with various delivery methods were attained from the project team and
industry professionals
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- Under direction of industry professional 6% of material cost used for cost of delivery to
jobsite from alternative manufacturer

Below is a summary of the initial costs associated with the fabrication and delivery of the
glazing units in the prismatic curtainwall system.

Table 15: Initial Cost Summary

Manufacturer Delivery Method | Cost of Delivery ) #of Total Delivery | Cost of Material & Total Cost
Shippments Costs Labor
Original Sea Freight 5 12,000.00 3 5 36,000.00 | 5 282,295.00 | 5 318,295.00
Alternative Truck S 19,577.58 3 S 19,577.58 | 326,293.00 | 5 345,870.58
Difference S (16,422.42)| § 43,998.00 | § 27,575.58

Although the material cost is approximately $44,000 more expensive through the
alternative manufacturer, it creates a $16,500 savings in the delivery of the material. Overall the
initial cost, without the impact of delays, of the alternative manufacturer would be a $27,500
increase.

Initially each of the three shipments of glazing units were to be delivered by means of sea
freight. After speaking with the project team it was discovered that two of the three shipments
needed to be air freighted to the job site because of delays in the fabrication and design process.
This change in delivery method added a total of $300,000.

Below, Table 16 outlines the costs associated with the risks factors that had occurred on
the project.

Table 16: Cost Summary of Actual Impacts

Cost
Delays Original Alternate Difference
Design/Fabrication 5276,000.00 | 5 13,000.00 | %(263,000.00)
Broken Glazing Units | 5 58,125.00 | § 49,603.58 | 5 (8,521.42)
Improper Fabricaton | 5119,865.00 | 5125,257.00 | §  5,392.00
Total $453,990.00 | $187,860.58 | $ (266,129.42)

With all cases of risk occurrences taken into account an alternative manufacturer could
have saved the project $266,129. When the initial up charge of $27,500 is taken into account the
project would have been saved a total of $238,554. In conjunction with the direct cost savings
that were mentioned above the project would also save 60 days (the difference in shipping
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duration) in general conditions costs. The total cost per day for the general conditions of the site
is $4,861. This means that an additional $291,660 would be saved if the alternative manufacturer
would be used. With the inclusion of the projected savings in general conditions costs the total
savings generated by using the alternative manufacturer is $530,214.

Recommendation:

This analysis provided a large amount of insight into why materials such as glazing units
are procured from manufacturers or fabricators located overseas. While the initial material costs
are lower there are several risks that could lead to significant increases in cost. For this particular
instance, | would highly recommend procuring the glazing units from the alternative fabricator,
JE Berkowitz.

A curtainwall system that is as unique as this is almost certain to run into one of the risks
that were outlined previously in this report. In the case of this particular system, three of the four
just so happened to actually occur. In any of the instances the duration to design new units and
fabricate them would be the same. The main difference between the two manufacturers is the
duration of delivery to the jobsite. The alternative manufacturer is able to have the glazing units
on site and ready to install 30 days sooner than the original manufacturer in both instances. Upon
completion of the cost analysis it was determined that a total savings of $530,214 could be
generated. Although there will be an additional cost to the project with the use of either
manufacturer the use of the alternative manufacture reflects a 50% reduction in cost.
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TECHNICAL ANALYSIS IV — Driving Collaboration with Lean Construction
Critical Industry Issue:

One of the difficulties of the construction industry is getting individuals within a project
team to collaborate to achieve a common goal. Collaboration on a construction project creates
teamwork and understanding among the various trades. Furthermore, this atmosphere increases
the quality of communication on the project and will result in a high quality final project. The
issue that the industry is presented with is how exactly a management team supposed to drive
collaboration in the field. This question was one of the breakout discussions at the 24th Annual
PACE Roundtable. During this breakout it was discussed that one of the main things needed to
drive collaboration in field is contractor buy in and creating a sense of accountability. Some of
the best ways to do just that are to implement lean construction principles on the job site. The
most important of these principles include last planner and collocation.

The areas within lean construction in which the research will focus on include the use of
last planner and collocation. Collocation entails bringing the entire project team into a single site
office so as to create the most collaborative atmosphere as possible. By bringing the team
together in a collaborative atmosphere issues that would normally have to travel through several
lines of communication to resolve can be solved face to face and confirmed with a confirming
RFI. This shortened problem resolution allows work to continue at a more rapid rate. The last
planner system and in turn pull planning is a great way to mitigate coordination issues that would
typically arise in the field. This lean construction tool allows for contractor involvement in
creating the schedule by taking milestones and working backwards to identify the tasks that need
to get done to complete them. Contractor involvement in creating the schedule creates more
accurate timeline of construction because they are more aware of the duration a particular task
will take then the general contractor is.

Research Goals:

Identify the effects, positive or negative, that using last planner and collocation have on a
project. Using that information, develop a plan that the 900 16™ Street project team could have
used to benefit the project.

Methodology:
In order to complete the analysis of lean construction tools the following steps will be taken:

e Research
o Conduct further research on leading practices concerning collocation and last
planner
= Focusing on how these practices increase collaboration and
coordination
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o Review academic studies previously completed on the positive and negative
effects of lean construction tools

o Create an interview containing questions related to the effectiveness of last
planner and collocation

o Conduct an interview with the project manager of the Penn State HHD project

= Reference Appendix L for a full transcript of the interview conducted

o Analyze the possible issues regarding implementation of lean principles on
jobs where a contractor is only scoped for the interiors or the base building

o Use the information attained to determine in what ways the 900 16" Street
project could have benefitted from using last planner and collocation

Expected Outcome:

It is expected that the research and analysis of said research will show that the lean
construction tools of last planner and collocation provide the drive behind collaboration in the
field. These tools create a sense of accountability and open a line of communication between
contractors that would not have previously existed. In general, the level of collaboration that
these lean construction tools create will lead to a significant decrease in RFI’s and rework.
Although I expect these tools to be useful to the project I believe that collocation may not be
feasible for this particular project.

Analysis:

Collocation:
Defining Colocation:

Almost each company that uses this tool has a different way of putting it into practice on
a job site. For some they use a large open space where no one has their own office. While this
has the benefit of easy communication between all parties on the job it takes away from the
privacy that a majority of contractors have come accustom to. To get a better understanding of
how companies might define colocation | conducted an interview with Tim Jones of Massaro
Construction Management Services. After speaking with him it about the system that they used
on the Penn State HHD project, he described collocation as any circumstance where key
members of the project team are brought together under a single roof. Instead of a wide open
space they used two double wide trailers, joined by a breezeway, with both private offices and
joined spaces. Figure 21 on the following page shows the layout of the collocation trailer used by
the HHD project team. As it is shown, the perimeter of the trailer contains offices for all the main
contractors on site while the center is joint space. The blue represents the desks for those who did
not fit in the offices, while the white space is open area with tables to hold meetings or eat lunch.
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The red lines represent a series of white boards that the Massaro team used as a pivotal part of
the last planner system. Their specific purpose will be explained later in this report as a part of
the analysis of last planner.

| —
GC I HVAC
Masonry Elec.
— __#
Kitchen Massaro
Steel gPIumb OPP § Massaro
O &

Figure 21: Collocation Trailer on PSU HHD project

Key Parties to Include in Collocation:

Determining the correct parties to include within the collocation space is one of the most
difficult parts of using a collocation space. In the instance of the Penn State HHD project the
contractors who were located within the colocation trailer changed the job moved through each
phase. In the start of the project the trades included inside the trailer where; excavation, blasting,
foundations, and plumbing. As the project progress the steel erectors, masons, electricians, and
HVAC. Although every project may not require these trades the bottom line is still clear, all key
parties should be based out of the colocation trailer. After speaking with Tim I found that it is a
huge benefit to the project to include the architect in the colocation trailer as well. While it may
not be as important to have them on site every day, their presence two days a week really helped
to cut down the number of RFI’s and amount of turnaround time for them.

Another characteristic that Tim pointed out was any company with a “non-working”
superintendent should be involved in colocation. The reason being is that their jobs tend to
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revolve more around solving problems that arise throughout the completion of their scope rather
than being directly involved in doing the work. Having those individuals in close proximity to
the other key trades and construction manager makes it much easier to solve issues or prevent
them from occurring in the first place.

Benefits:

One of the most difficult things on any construction project is getting each of the separate
contractors to work together to produce a high quality project for the owner. Most of this stems
from that fact that, to a large number of contractors, this concept is still new. While on many
projects contractors tend to but-heads with each other, the Penn State HHD project was not the
case. Having interned with Massaro Construction Management Services from May 2014 to May
2015 on the HHD project, I could easily see the collaborative environment that was created
within the collocation trailer. A key point that Tim noted was that while the job has several
companies on it they are all coworkers. Having everyone in the same space each and every day
allowed for each of the superintendents or project managers to get to know each other better
throughout the course of the project. Countless times a day contractors would drop by each
other’s offices and ask when certain work would be completed so they could plan their own
accordingly. The perfect example of this was when the general contractor needed to start closing
in interior walls but all of the outlets and switch boxes where yet to be roughed in. Instead of
sending a team out to just start putting up drywall he walked across the trailer to the electrician to
see what rooms he was complete with so work could at least begin. Each day following that the
electrician would tell the general contractor what rooms were ready for drywall.

In summarization the key benefit of collocation is that it creates the atmosphere that
encourages collaboration and communication between trades. The increase in trade
communication helps to decrease the total amount of rework that may occur and in turn number
of change orders on a job.

Limitations:

The obvious limitation for the use of collocation is space. A project site must contain the
room necessary to house a collocation trailer or office space. Even if a site does not have the
space for such an area outside then it would be possible to be placed within the structure itself. In
some cases, like on the 900 16™ Street project, the owner will provide a space in a neighboring
building to house the project team during the duration of the project. Also, if the project has a
short duration it is most likely not worthwhile to put the extra costs into collocation.
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Feasibility Analysis for Implementation on 900 16%" Street:

After my involvement in the HHD project it is evident that the implementation of
collocation benefits a job. The question that needs to be asked is, is it able to be implemented on
900 16" Street? A requirement of its implementation is that a site has the space to accommodate
the collocation trailer. Below is a site plan of 900 16™ Street when it was the most congested.
Take note that the mobile crane is required to travel the entire face of the building to install the
facade system. After analyzing how congested the site was at various points throughout the
construction process it was determined that, if a collocation space was used, it would have to be
within the structure or in the office space that the DAVIS was given. This space is represented by
the red area in the neighboring building.
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Figure 22: Site Plan

The office space provided by the owner was nearly %’s of the neighboring buildings
second floor, certainly a large enough space to support a collocation space. While this office
space is not directly on site, it is not a key factor of collocation to be located on the job site.
According to the information collected from Tim Jones the following contractors would be key
parties within a collocation space; Demolition, Foundations, Cast-in-Place Concrete,
HVAC/Plumbing, Electrical, and Church Fagade (prismatic curtainwall).




Douglas W. Watson 900 16 Street AE THESIS: FINAL REPORT

Although the office space provided by the owner has ample room to support the creation
of a collocation space it is being shared with the team from another DAVIS project located
nearby. The final option would be to create a collocation space within the structure. This option
would not be beneficial to the project because the contract is only for the completion of the core
and shell. By the time the project got to a point that the space could be created many of the
parties that would be involved would be well into their respective scopes of work. The use of
collocation would certainly benefit the project but the site and project scope do not support its
implementation.

Last Planner:
Defining Last Planner:

Each and every construction project has the challenging task of defining all of the tasks
and tying them together in a way that allows for the project to be completed in the most efficient
manner possible. In many circumstances it is easy to lose track of tasks and the order they may
need to be done in. Last Planner was created to ease the burden of creating and managing a
project schedule as well as to create a collaborative job site with early contractor involvement.
The key steps to implementing Last Planner are the master schedule, phase planning, look-ahead
schedules, weekly work planning, and daily huddles.

To first begin the process the team creates a master schedule of the major milestones
and their relationships. Following the creation of the master schedule is the phase planning, also
known as pull planning. Pull planning is the first step in breaking the schedule into individual
activities that will lead to the completion of
the milestone activities. These sessions
bring each of the contractors involved in a
milestone completion together in a single
room to plan out the activities and their
expected durations. Pull planning allows the
team to highlight, or even fix, possible areas
of concern in the construction process. Once

pulling planning is complete the process Y : ~
i to look ahead pl . SFigure 23: Pull Planning Session from DAVIS
urns to look ahead planning.

Look ahead planning should occur constantly on the job once it has begun so the team
can be aware of tasks that are in the near future. Typically each look ahead planning session will
look at the next 6 weeks of the project. Using this block of a schedule the team is able to get
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accurate estimates from the trades on if the planned work can be completed or not. Early
acknowledgement of this schedule activities gives the team more time to plan and ensure all
involved parties are on the same page. In addition, this portion of the last planner process
highlights future constraints so they can be removed before they become an issue. From the look
ahead schedule and the project progress, the team works collectively to create the weekly work
plans that are to be distributed and discussed at a weekly job wide meeting. These plans
highlight the activities that each contractor on site will plan to complete in a specific week and
on which day. The key to the success of the weekly work plans is revisiting them at the end of
the week to see what was completed and what was not completed. This process of tracking the
completion of the schedule activities is referred to as percent plan complete. When activities do
not meet the intended goal the superintendent and project manager need to look at the reason
why. This allows contractors the opportunity to explain why goals were not met so that the entire
project team understands. The result of these interactions between the members of the project
team are documented through a plus/delta chart. Anything that requires improvement is placed
underneath the delta while anything good that the team did is placed underneath the plus. The
purpose of this part of last planner is not to point out mistakes or wrong doings, rather its
purpose is to highlight good areas and areas of improvement to ensure continued success of the
project.

Implementation on Penn State HHD Project:

While on that particular project I realized that the Massaro team implemented last planner
in a different method than what | had been previously exposed to. After speaking with the project
manager, Tim Jones, he explained they used it more heavily as an execution tool rather than an
initial planning tool. The project team was given a master schedule that was created by the
company’s schedulers rather than large pull planning sessions with the contractors. As the
project began they used look ahead planning to develop and drive the weekly work plans.

Throughout the previous week the site managers track the progress of the trades and on
Fridays lay out the following weeks work based upon what is completed on site and what needs
to be done by the end of the following week to stay on track with the 6 week look ahead. During
the weekly contractor meetings the site manager, Jim Kephart, would bring the team into the
breezeway of the collocation trailer where there were a series of white boards. Jim first looked at
the previous week’s milestones and determined if each of them were met. If one was not met
then the entire team would be informed as to why and what is going to be done to get the task
complete. This step in particular created a large amount of accountability for each of the trades
because they had to explain to everyone why their work was behind. Although this process was
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never specifically called this it acted as an informal way to track the percent plan complete and
to create the plus/delta chart for the previous week. Next Jim would set the project milestones
and individual contractor milestones for the week. Once that was complete each superintendent
would step to the white boards and plan out their weeks day by day. After watching this process
multiple times it was easy to see the positive impact it had on the flow of work. While writing
down their activities, contractors would all be interacting with each other to see when
predecessor activities would be complete or if work they were doing in an area would affect each
other.

After much discussion with Tim he believes that the use of these white boards is a key to
the success of Last Planner. Not only is it a way that all trades can continually check where work
is being done on specific day, but it is a huge tool is creating accountability and collaboration
throughout the project team.

Benefits of Last Planner:

The implementation of Last
Planner can provide a vast amount of

benefits to a job. First and foremost it
creates a collaborative atmosphere
between all of the contractors on the
job site. This way all of the individuals
on the project will be more willing to
work together to achieve the delivery of
a high quality product to the owner
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Figure 24: Goal Alignment with Last Planner

instead of working against each other.

Figure 24, from the DAVIS Last Planner Implementation Guide, shows how contractors act on a
job without Last Planner and how they act on a job using Last Planner. The left side represents a
job without Last Planner where all parties usually work in separate directions, acting with their
own interests in mind. On the other hand the right represents how Last Planner gets everyone
moving in the same direction with a common goal in mind.

On any jobsite there is nobody who knows the durations and sequencing of activities
better than those who are completing the work. By bringing those individuals to help create the
master schedule through pull planning sessions the project has a more reliable and accurate
schedule. Also, pull planning sessions give the contractors an early look at the scopes of other
trades so they can try to avoid clashes between systems. Look ahead planning, weekly work
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plans, and weekly contractor meetings on further increase the ability to highlight issues before
they have an impact on the project.

Drawbacks of Last Planner:

The main issue with the use of last planner is that in many circumstances there is only
partial deployment of the last planner process. This stems mostly from the lack of training and
emphasis on the importance of full buy in to ensure the last planner’s tools have a positive
impact on the project. Research and my own experiences with last planner has brought the
conclusion to light that there is not an industry standard on how exactly last planner should be
used on a project. When | had been a part of the Penn State HHD project | noticed that there was
more of a focus on developing the weekly work plans and look ahead planning while the initial
steps of creating the master schedule through pull planning were not as important.

On the other hand the DAVIS project that | was involved in during the summer of 2015
used the front end of last planner (milestone scheduling and pull planning) more heavily then
look ahead planning and weekly work plans. While the project had weekly meetings to discuss
the plan for the week and what would be coming in the future | felt as if they were largely
unsuccessful. This was mostly due to the variance in the understanding how important the entire
process was. Also it was a weekly occurrence that key members of the project team would not
attend the meeting, which is another issue all in itself. The success of the system lays in the
hands of the management staff on the project but it is largely affected by the willingness for all
parties to fully participate in all parts of last planner.

Implementation on 900 16™ Street:

Seeing as the 900 16™ Street project did not use last planner in any capacity,
implementing the last planner system would only benefit the project. To best benefit the project |
recommend that the team use the tools of last planner in both planning and project execution.
After bringing on board all of the main contractors the team should conduct a series of pull
planning sessions. This way they could have better estimated the durations of schedule activities
by receiving feedback from the experts in the field. The scheduling department at DAVIS can the
work with the DAVIS project staff to create the master schedule for the project.

Following the creation of the master schedule the focus of the project team should shift to
ensuring successful execution of the project. The first step in doing so would be to use a 6 week
look ahead and determine weekly milestones to ensure the schedule stays on track. These
milestones should be extremely specific and measureable. For example, the HHD project had a
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handset brick with CMU backup as the fagade system. The weekly milestones for the masonry
contractor were not broad such as “complete face brick to level 3 East”. Rather they were
extremely specific and included the elevation, area of elevation, and two which level the brick
needed to be completed. The more specific the milestone, the easier it will be for the DAVIS
team to notice a foreseeable delay in the construction of a system. Catching a lack in productivity
early allows the team to add additional man power before the schedule begins to suffer from it.

Each Monday morning at 9 am the staff should hold a site wide contractors meeting. All
subcontractors and a representative from the owner should be required to attend. This meeting
serves to make everyone aware of upcoming schedule activities, reflect on the past weeks work,
and plan the work of the current week. A change to the prescribed DAVIS plan for implementing
last planner would be to use white boards like the HHD project. After the look ahead schedule is
discussed, the superintendent should lead the group to the area which the previous weeks work
was planned. Next they should walk through the milestones from that week and if they were or
were not completed and why. This aspect of the weekly planning process worked as a great tool
to create accountability for uncompleted work because no one wants to have to explain why they
are delaying the project. Following the discussion of the previous week the superintendent
should set the milestones for that week and then the subcontractors should approach the boards
and fill in their work for each day of the week. As explained previously this process is integral to
contractor collaboration.

Recommendation:

Collocation:

After analyzing collocation the conclusion has been drawn that it should not be
implemented on the 900 16" Street project. While it is believed that the project could have
benefitted from the use of collocation as an additional tool, a look at the feasibility of its
implementation proves that it would be not possible. The size of the site would simply not allow
for a collocation trailer to be placed on it. Also the office space that the DAVIS team uses as its
base of operations it not suitable because they are required to share it with another project. The
only reasonable way to implement this on the job would be to place the collocation space within
the building itself. Since DAVIS is only contracted to complete the core and shell, outfitting the
interior space with joint office space would not provide the team with a significant amount of
time to adjust to the system for it to become useful.
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Last Planner:

After completing research on the benefits and drawbacks of the last planner system | fully
recommend that it should be implemented on the 900 16" Street project. Having been emerged
in the process for over a year with past internships it is difficult to see why all projects are not
using parts of last planner to ensure excellence on their job.

Even though the project is only a core and shell, the benefits of Last Planner can still
have a huge impact. Milestone and pull planning sessions early in the project can really help to
set the tone for the job by providing accurate durations and activity sequences. The early
involvement of various contractors would create a better understanding of the complex systems
that will be used on the project. While 1 think keeping track of each contractors planned percent
complete is important because of the HHD project I do not think that it is an integral part of the
last planner process. I still recommend it be used but it should be tracked by the management
staff and only displayed to each individual contractor if issues with production begin to occur.
The use of the weekly contractor meeting as explained in the report is a perfect way to track the
plus/delta of each week.

Throughout all of the processes within Last Planner there is a reoccurring theme of using
visuals to aid the process. Another recommendation is to implement white boards that
contractors use to plan out their daily tasks for the week to the contractor meetings. This way
everyone can see the work being planned and coordinate tasks to ensure trades do not hinder
each other’s work.
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| Final Conclusions |

Analysis | - Modular Concrete Formwork:

Stick-built formwork used on 900 16" Street did not provide the project schedule with optimal
durations. It is understandable that it was used because the drop panels in the slab lend
themselves better to a stick-built system. However due to the versatility of Peri Sky Deck and the
use of Peri Multiflex at the drop panels, modular formwork is just as feasible. The Sky Deck
system with its light weight panels and props make the formwork much easier and faster to
install then a stick-built system.

After taking into account the benefits of the modular formwork systems and how their
implementation into the project impacts the schedule, | recommend that this system be used on
900 16" Street. According to the daily reports from Miller & Long and the calculated man hours
to complete erection of the formwork a labor reduction of 75% could be achieved. Even though
the initial cost of the system is high because of the need to rent the forms directly from Peri the
final cost savings generated through the reduction of labor outweigh the initial cost premium. It
total it has been projected that the savings would be equal to $461,000.

The schedule savings that the implementation of modular forms would reflect is
considerable at 20 days. This value could be effected by the time it takes for the tradesmen to
learn how to install the system. After studying this system and speaking with individuals at Peri,
it was determined that the impact of the learning curve for the alternative systems would be
minimal. The results of this analysis confirm the expected results that modular forms would
benefit the project therefore the use of modular formwork on 900 16" Street is recommended.

Analysis 1l - Exterior Facade Redesign:

Following the investigation of an alternative fagade system, | recommend that the
prefabricated Thermocromex panels be used in lieu of precast concrete panels. Not only does
their implementation generate a 10% reduction in duration for the construction of the entire
facade, but they also make the installation process much easier. The decrease in the weight of the
panelized fagade system allows for the creation of larger panels, which would generate a
reduction in the number of deliveries to the job site.

Although the analysis of the thermal performance of the alternative wall system yielded
positive results, this was not a deciding factor in my recommendation. The simulations run show
that new system increases the performance by 50%, but because the window coverage in each of
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the perimeter spaces is above 50% the only way a large change in the cooling load can be
generated is by altering the design or window glazing.

Along with schedule savings, increased thermal performance, and structural benefits the
system generates a significant cost savings of just under $1.6 million. This reduction in cost
translates to a 4% decrease in the overall cost of the project. A large majority of this cost savings
is generated by the removal of the stone veneer. Since the owner wants to create an office
building with numerous high end finishes I could understand if they chose to remain with the
original system. From the viewpoint of a construction manager, | would still have to recommend
that this alternative facade system be used because of the significant increase in constructability,
cost savings, and schedule reduction.

Analysis 111 - VE of Prismatic Curtainwall Glazing Units:

This analysis provided a large amount of insight into why materials such as glazing units
are procured from manufacturers or fabricators located overseas. While the initial material costs
are lower there are several risks that could lead to significant increases in cost. For this particular
instance, |1 would highly recommend procuring the glazing units from the alternative fabricator,
JE Berkowitz.

A curtainwall system that is as unique as this is almost certain to run into one of the risks
that were outlined previously in this report. In the case of this particular system, three of the four
just so happened to actually occur. In any of the instances the duration to design new units and
fabricate them would be the same. The main difference between the two manufacturers is the
duration of delivery to the jobsite. The alternative manufacturer is able to have the glazing units
on site and ready to install 30 days sooner than the original manufacturer in both instances. Upon
completion of the cost analysis it was determined that a total savings of $530,214 could be
generated. Although there will be an additional cost to the project with the use of either
manufacturer the use of the alternative manufacture reflects a 50% reduction in cost.

Analysis 1V - Driving Collaboration with Lean Construction:

Collocation:

After analyzing collocation the conclusion has been drawn that it should not be
implemented on the 900 16™ Street project. While it is believed that the project could have
benefitted from the use of collocation as an additional tool, a look at the feasibility of its
implementation proves that it would be not possible. The size of the site would simply not allow
for a collocation trailer to be placed on it. Also the office space that the DAVIS team uses as its
base of operations it not suitable because they are required to share it with another project. The
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only reasonable way to implement this on the job would be to place the collocation space within
the building itself. Since DAVIS is only contracted to complete the core and shell, outfitting the
interior space with joint office space would not provide the team with a significant amount of
time to adjust to the system for it to become useful.

Last Planner:

After completing research on the benefits and drawbacks of the last planner system I fully
recommend that it should be implemented on the 900 16™ Street project. Having been emerged
in the process for over a year with past internships it is difficult to see why all projects are not
using parts of last planner to ensure excellence on their job.

Even though the project is only a core and shell, the benefits of Last Planner can still
have a huge impact. Milestone and pull planning sessions early in the project can really help to
set the tone for the job by providing accurate durations and activity sequences. The early
involvement of various contractors would create a better understanding of the complex systems
that will be used on the project. While I think keeping track of each contractors planned percent
complete is important because of the HHD project | do not think that it is an integral part of the
last planner process. I still recommend it be used but it should be tracked by the management
staff and only displayed to each individual contractor if issues with production begin to occur.
The use of the weekly contractor meeting as explained in the report is a perfect way to track the
plus/delta of each week.

Throughout all of the processes within Last Planner there is a reoccurring theme of using
visuals to aid the process. Another recommendation is to implement white boards that
contractors use to plan out their daily tasks for the week to the contractor meetings. This way
everyone can see the work being planned and coordinate tasks to ensure trades do not hinder
each other’s work.
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Appendix A:

Existing Conditions Site Plan
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Appendix B:

Project Summary Schedule
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Appendix C:

Modular Formwork Schedule
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- By 16091 15-10-22..1 level 2 05-Feb-15  23-Feb-15 13 23-Feb-15, 16091 1510-22..1 level 2
= AT0000 Farm 51 05-Feb-15  0B-Feb-15 2 _g Famm 51
B A10010 Rebar 51 06-Feb-15  09-Feb-15 2 =] I Rebar 51
B A10020 Faour 51 10-Feb-15  10-Feb-15 1 : Four 51
B A10030 Form 52 03-Feb-15  11-Feb-15 3 =] Fom 52
= A10040 Rebar 52 10-Feb-15  12-Feb-15b 3 Rebar 52
B A10050 FPour 52 13-Feb-15  13-Feb-15 1 Ia[[ Pour 52
B AT00ED Faorm 53 12-Feb-15  13-Feb-15 2 = Form 53
B A10070 Rebar 53 13-Feb-15  16-Feb-15 2 =] Rebar 53
 AT0020 FPour 53 17-Feb-15  17-Feb-15 1 Eﬂ Pour 532
B A10030 F/RAP Colfwfalls bo L3 - 51 12-Feb-15  16-Feb-15 3 "'E:E F/RAP ColAwfallz bo L3 - 51
B A10100 F/RAP Colfwfallz to L3 - 52 16-Feb-15  18-Feb-1b 3 -l'LtI F/RAP Colfwiallz to L3 - 52
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- By 16091 15-10-22...2 level 3 12-Feb-15 02-Mar-15 13 P -t a5, TE09T 1510-22. 2 level 3
B ATOT20 Farm 51 12-Feb-15  13-Feb-15 2 = Form 51
B A10130 Rebar 51 13-Feb-15  16-Feb-15 2 =] Rebar 51
B A10740 Faour 51 17-Feb-15  17-Feb-15 1 Eﬂ Pour 51
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i A10830 F/RAP Colfwfalls bo L3 - 53 16-4pr-15 20:4pr-15 3 II'1:| F/RAP Colfwfalls bo L3 - 53
- By 16091 15-10-22...8 level 9 134pr15  23:Apr15 13 P—— 29-4pr-15, 16091 15-10-22..8 level 9
i A10240 Forrn 51 13-4pr15 144015 2 Form 51
i A10850 Rebar 51 14-4pr-15  15:4pr-15 2 o0 Rebar 51
i AT0860 Four 51 16-4pr-15 1B-Apr-15 1 Pour 51
410870 Form 52 18-4pr-15  17-Apr-15 3 T Form 52
E A10830 Rebar 52 16-4pr-15 | 20-4pr-15 3 =] Rebar 52
410890 Four 52 21-4pr-15 0 21-4pr-15 1 % Pour 52
= A10300 Form 53 20-Apr-15 21-4pr-15 2 =] Fom 53
= AT0910 Rebar 53 21-Apr15 22:8pr-15 2 R Rebar 53
B AT0820 Pour 53 23Apr15 23:8pr-15 1 .E[l _Pour 53
B A10830 F/RAP Colfwfallz to Roof - 51 17-4pr-15 21-4pr-15 3 =] Fai'Fh’F" Col™wfallz to Roof - 51
= AT0340 F/RAP Colfwfallz to Roof - 52 22-4pr-15 24-4pr-15 3 -H:I F/RAP Coltwfallz to Roof - 52
B A10550 F/RAP Colfwfallz to Roof - 53 27-4pr-15 29-4pr-15 3 =1 F/R/F Cal/Aw/allz to Roof - 53
- By 16091 15-10-22...9 Roof 22-A8pr-15 8 30-4pr-15 A 14 — 20-5pr-15 A, 16031 15-10-22..9 Roof
e IR0 Form Slab on Deck. - Roof Hortl | 22-8pr-15 A4 25-4pr-15 4 3 Form Slab on Deck - Roof Marth
s SR720 Rebar Slab on Deck - Roof Mol 23-4pr-15 4 | 25-4pr-15 A 3 Rebar Slab on Deck - Roof Morth
E SR740 Form Slab on Deck - Roof Soutt 27-4pr-15 4 | 29-4pr-15 A 3 Farmn Slab on Deck - Roof South
s SR7R0 Rebar Slab on Deck - Roof Sou 28-4pr-15 4 | 29-4pr-15 A 2 Rebar Slab on Deck - Roof South
m SRYED Four Slab on Deck - Hoof Soutk 30-4pr-15 4 | 30-4pr-15 4 1 Pour Slab on Deck - Roof South
@ 3IRT70 Slab an Deck Pourz Complete - A0-Apr-15 4 0 # Slab on Deck Pours Complete - Roaf,
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) Total Days with
. Production ) : :
Sequence System Qty Unit Required LH Required Days overlapping
Rate (LH/SF)
crew work
. Forms 1533 SF 0.055 84.315 1.1
Multiflex
1 Plywood 1333 SF 0.011 16.863 0.85 2
Sky Deck Forms 2912 SF 0.04 116.48 1.46
) Forms 1258 SF 0.055 69.19 1.15
Multiflex
2 Plywood 1258 SF 0.011 13.838 0.7 3
Sky Deck Forms 2238 SF 0.04 221.52 2.72
- Forms 1950 SF 0.055 107.25 1.35
Multiflex
3 Plywood 1950 SF 0.011 21.45 1.07 2
Sky Deck | Forms 3435 SF 0.04 137.4 1.7
Totals 7

Sequence| System |Labor Type Qty Labor Hours
Sys. Carp. 8 a4
Multiflex Y P
1 Ply Carp. 2 17
Sky Deck | Carpenter 8 117
Sys. Carp. 8 70
Multiflex L P
2 Ply Carp. 2 14
Sky Deck | Carpenter 8 222
Sys. Carp. a8 108
Multiflex Y P
3 Ply Carp. 2 22
Sky Deck | Carpenter 8 138
Total - - - 792
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Douglas W. Watson 900 16 Street AE THESIS: FINAL REPORT

Appendix D:

Formwork System Cost Estimates




2016 Bare Costs Totals
Total
Formwark System Qty Unit ’ Total Including
Material | Labor |Including | Total Material | Total Labor O%F System Total
O&F
Forms in Place, Elevated Slabs,
L. Flat Slab, Drop Panels, job-built 150,125 SF - S 415§ 5.19 - 5623,018.75 | § 778,773.44
Original $792,442.04
plywood, 4 use
Plywood 14,388 SF 5 0.76 5 0.95]| % 10,934.88 S 13,668.60
. 23770 SF § 555 5 6.94| § 131,923.50 5 164,904.38
Peri Skydeck
106965 SF - S 1.04(s 1.30 - 5110,976.19 | § 138,720.23
Alternative . . 43160 SF - S 1.04]|5S 1.30 - 5 4477850 | § 55,973.13 | $414,631.83
Peri Multiflex
9592 SF § 3.45 $ 4311 % 33,092.40 5 41,365.50
Plywood 14388 SF 5 0.76 5 0.95]| % 10,934.88 S 13,668.60

Note: All cost information was
attained from RS Means 2016 or from
manufacturer cost data
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Appendix E:

Facade Crane Selection Calculations &
Information
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Features

¢ 9,7m —43 m (32 ft — 141 ft) 6-section full power boom ¢ 260 kW (349 hp) Mercedes OM50ILA 6 cylinder
turbo-charged diesel engine. ZF, AS Tronic

» Patented TWIN-LOCK™ boom pinning system transmission
* 87m-15m (28.5ft - 49.2 ft) bi-fold lattice « MEGATRAK™ independent hydro-pneumatic
swingaway, hydraulic luffing or manual offset suspension

* 11600 kg (25,500 Ib) counterweight with hydraulic
removal system



Features

TWIN-LOCK™

Boom pinning mechanism automatically pins the sections in position using two horizontal pins.

EKS 5 light

) oo

ECOS

Electronic Crane Operating System -
ECOS enables control of the entire crane's
principle operations. Simple programming
eases lift planning and a supply of essential
information allows full concentration on

the lift itself.

mamﬂlﬂﬁﬂﬂ

[@ooof

MEGATRAK™

The MEGATRAK™ suspension system is the best off

road driveline available on the market today. The system’s
versatility and performance allows the GMK3055 to operate
as a true all-terrain crane. The MEGATRAK™ independent
suspension and all-wheel steer system allows wheels to
remain on the ground at all times so stresses and weight are
not continually transferred between axles. MEGATRAK™
provides true ground clearance where others just raise the
chassis.

Other benefits of the MEGATRAK™ system are:

* A reliable suspension system

* Excellent job site maneuverability with all-wheel steering
* Commonality among almost all models

* A driveline that remains aligned at all times

e A steering linkage system that is protected against damage
* Constant tire contact for equal tire wear

* Reduced maintenance

~-F-aonegnEn

EKS 5 Light

Monitoring the lifting condition

of the crane at all times EKS works
together with, but independently of
the ECOS as a complete command
and control system or separately as
a load moment indicator.
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Specifications

Superstructure

II‘[ Boom

9,7 m — 43 m (32 ft — 141 ft) six section, full power
boom with patented TWIN-LOCK™ boom pinning
system. Maximum tip height: 45,8 m (150 ft).

:E Boom nose

Five nylatron sheaves, mounted on heavy duty tapered
roller bearings with removable pin-type rope guards.
Quick reeve boom nose. Removable auxiliary boom
nose with removable pin type rope guard.

ﬂ;ﬁg Boom elevation

Single lift cylinder with safety valve provides boom angle
from -2.7° to +82.8°.

Hydraulically offsettable
lattice extension

8,7 m — 15 m (28.5 ft — 49.2 ft) bi-fold lattice
swingaway extension hydraulically offsettable and luffing
under load: 0° — 40°. Controlled from the crane cab.

Maximum tip height: 60,7 m (199 ft)

M *Offsettable lattice extension

8,7 m — 15 m (28.5 ft — 49.2 ft) bi-fold lattice

swingaway extension manually offset: 0°, 20° or 40°.
Maximum tip height: 60,7 m (199 fr)

J Load moment and
- anti-two block system

Load moment and anti-two block system with audio/
visual warning and control lever lockout provides
electronic display of boom angle, length, radius, tip
height, relative load moment, maximum permissible
load, load indication and warning of impending
two-block condition.

a Cab

All aluminum construction cab with acoustical lining,
tinted safety glass, adjustable operator’s seat, sliding
windows in side and cab rear, hinged front window

with wiper, sunvisor and window shade. Other features
include diesel heater/defroster, armrest integrated crane
controls, and ergonomically arranged instrumentation.

/45!\ Crane control system

Full electronic control of all crane movements using
electrical control levers with automatic reset to zero.
Controls are integrated with the LMI and engine
management system by CAN-BUS. ECOS system with
graphic display.

"'l“ Swing

Axial piston fixed displacement motor and planetary
gear box. Infinitely variable to 2.5 rpm. Holding and
service brake.

& Counterweight

11 600 kg (25,500 Ib) consisting of 6600 kg

(14,500 Ib) bolted to the turntable, 1 X 2000 kg
(4409 1Ib) and 3 X 1000 kg (2204 1b) sections with
hydraulic installation/removal system. Controlled from
the superstructure cab.

1
|_| Hydraulic system

2 separate circuits, 1 axial piston variable displacement
pump (load sensing) with electronic power limiting
control and 1 gear pump for swing.

Dual thermostatically controlled oil coolers keep oil at
optimum operating temperature.

Tank capacity: 600 L (159 gal)

Iy Hoist

Main and auxiliary hoist are powered by axial

piston motor with planetary gear and brake.
“Thumb-thumper” hoist drum rotation indicator alerts
operator of hoist movement.

Main Auxiliary
Line length: 170 m 170 m
(558 fr) (558 fr)
Rope diameter: 16 mm 16 mm
Line speed: 120 m/min 120 m/min
(394 fpm) (394 fpm)
Line pull: 50 kN 50 kN
(11,240 1b) (11,240 1b)

*Denotes optiona/ equipment



Superstructure - continued

*Optional equipment

Windspeed indicator

Worklights mounted on base section

Aircraft warning lights

Hook blocks/headache ball

Retractable cab foot walk

Additional spotlight on superstructure cab

Radio/CD player for superstructure cab

Air conditioning — combined system for both cabs

EKS 5 with graphic display in lieu of standard EKS

5 light

¢ Additional strobe light for superstructure

* Working range limiter

¢ Wireless remote control for all crane functions
(Hetronic)

* Automatic centralized lubrication for superstructure

* 360° positive swing lock (NYC requirement)

E Chassis

Box type, torsion resistant frame is fabricated from
high strength steel.

i-‘— Outrigger system

Four hydraulic single stage outrigger beams with
vertical cylinders and outrigger pads, 500 mm (19.7 in)
square. Outriggers can be set in 3 positions:

Full 6,2 m (20.3 fr)
Partial 4,4 m (14.4 f)
Retracted 2,3 m (7.6 ft)

Independent horizontal and vertical movement
controlled from each side of carrier and the
superstructure cab. Electronic crane level indicators.

. Engine

Mercedes-Benz OM 501 LA six cylinder, water cooled,
turbo-charged, with 260 kW (349 bhp) @ 1800 rpm.
Max. torque 1730 Nm (1276 ft/lb) @ 1080 rpm.
Compression and exhaust brakes.

Engine emissions: EUROMOT/EPA/CARB (off road)

= Fuel tank capacity

300 L (79 gallons).

Specifications

;':::3 Transmission

ZF, AS Tronic, 12 speeds forward, 2 reverse.

)
Il

Drive/steer

6x4x6

== Axles

Ist axle line — steer (optional drive)
2nd axle line — drive/steer
3rd axle line — drive/steer (connects for all wheel steer)

Drive axles with planetary hub reduction and center
mounted gearing. Inter-axle and cross axle differential

locks.

I=I Suspension

Grove’s exclusive MEGATRAK™ suspension.
Independent hydro-pneumatic system acting on all
wheels with hydraulic lockout. Suspension can be
raised 170 mm (6.7 in) or lowered 130 mm (5.1

in) both longitudinally and transversely. Features an
automatic leveling system for highway travel.

() Tires

6 tires, 16.00R25

T Steering
1l

Dual circuit, hydraulic power assisted steering system.
Transfer case mounted, ground driven emergency
steering pump. Axles 1 and 2 steer on highway.
Separate steering of the 3rd axle for all wheel and crab
steering, controlled by an electric rocker switch.

O Brakes

Service brakes: pneumatic dual circuit acting on all
wheels.

Parking brake: pneumatically operated spring loaded
brake acting on axle lines 1 and 3.

Air dryer.

*Denotes optional equipment

Grove GMK3055



Specifications

Carrier — continued

G Cab

Two-man, aluminum construction with the following
features: safety glass, driver and passenger seats with
pneumatic suspension, engine-dependent hot water

heater, complete instrumentation and driving controls.

Cab tilts forward for easy engine access.

% Electrical system

24V system with three phase alternator, 28V/100A
2 batteries, 12V/170 Ah

w Maximum speed

80 km/h (50 mph) 14.00 tires
85 km/h (53 mph) 16.00/20.5 tires

-¥ Gradeability (theoretical)

82% - 14.00 tires
72% - 16.00/20.5 tires

Miscellaneous standard equipment

Work light; tool kit; fire extinguisher; auxiliary boom
nose; radio/CD player in carrier cab, heated rear view
mirrors, and cruise control.

*Optional equipment

Stainless steel exhaust system with spark arrestor
Air conditioning — combined system for both cabs
14.00R25 tires (vehicle width 2,55 m (8.4 ft)
20.5R25 tires (vehicle width 2,85 m (9.4 ft)
6x6x6 drive/steer

Electric driveline retarder

Engine independent diesel cab heater, with engine
pre-heater

Strobe light

Worklights for outriggers

Data logger

Spare tire and wheel with carry bracket

Engine shut down valve

Outrigger pad load indicator

Trailer hitch

*Denotes optional equipment



Dimensions
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R - Highway Steer

Ra — All Wheel Steer (*)WIDTH

14.00 Tires — 2550 mm (8.4")
16.00 Tires — 2750 mm (9.0")
20.50 Tires — 2850 mm (9.4")

4015 mm 2810 mm
(9.2)

(13.2)

11407 mm (37.4')

10 895 mm (35.7)

) 9600 mm (31.5")

294 mm

3320 mm (10.9) (1.0)

3263 mm (10.7')
3612 mm (11.9")

/\‘30
*14.00-3658 mm (12.0) 7J(8-r{5’?)m
16.00/20.5-3718 mm (12.2) “7smm  [1250 mm 1650mm | 135 mm
1965 mm (6.4) |, (4.8) @1 2790 mm (9.2) (5.4) G7)
6825 mm (22.4)
8685 mm (28.5) 410mm (1.3)
1
1] (4] 5]
Counterweight configuration
6600 kg (14,500 1b) @
\E IJ 7600 kg (16,700 1b) @ [ ]
1 6600 kg (14,500 Ib) bolted 8600 kg (18,9001b) ® @ b
21000 kg (2204 [b) “stackaple 9600 kg (21,1001b) ®© o @ o
31000 kg (220 ackable 10 600 kg (23,3001b) ® @ o o
| 4 2000 kg (4409 Ib) *stackable
11600kg(25,500lb) ® © © @ @

[ 5 1000 kg (2204 1b) base plate ]

Load chart configuration — 360°
Counterweight PE I IPERET I IPIRC IR 16,700 1b 14,500 Ib
Main boom Ooo 0o
28.5' swingaway
49.2' swingaway

Outrigger span 20.3'= 14.4'= 7.6'
Rubber P&C=0] 360°= O

Grove GMK3055



Weight proposals

Boom over front

11407 mm (37.4)

10 895 mm (35.7)
L 9600 mm (31.5)
294 mm
,3320mm (10.9) .07
|
_ =
o Talm yiy N
- LaJ
S - RS
(o, N
Da e — = \E/
— El €
< OF—~Z N sl 8
s \A ﬁ M
~
~
2 2
IS
85mm
e (3)
#14.00-3658 mm (12.0") 1650
§ 1475 mm 1250 mm mm T35mm
16.00/20.5-3718 mm (12.2) |, 1965 mm (6.4") (4.8) (4.1) 2790 mm (9.2) (5.4") (3.7)
6825 mm (22.4')
8685 mm (28.5") 410 mm (1.3)
Boom over front
Basic weights - kg (Ib) Axle1 Axles2and 3 Total
Mercedes power, 28.5' —49.2" hydraulic offset swingaway including
brackets and hose reel, 16.00R25 tires, 6x4x6 drive/steer, 2nd
oil cooler, outrigger pads, auxiliary hoist, 6600 kg (14,550 Ib) ns7 (25.39) 23957 (52.815) 35474 (78.206)
counterweight fixed to superstructure, driver and tanks filled.
Additions:
6x6x6 drive/steer 339 (748) 21 (46) 360 (794)
Electric driveline retarder -17 (-37) 187 (412) 170 (375)
Spare wheel 14.00 R25 XGC steel rim with stowage -179 (-394) 444 (979) 265 (584)
Spare wheel 16.00 R25 XGC steel rim with stowage -218 (-482) 539 (1189) 321 (708)
Spare wheel 20.5 R25 XGC steel rim with stowage -252 (-557) 620 (1368) 368 (811)
1000 kg (2200 Ib) counterweight slab clamped to superstructure -616 (-1359) 1656 (3651) 1040 (2293)
2000 kg (4400 Ib) counterweight slab clamped to superstructure -1227 (-2704) 3297 (7268) 2070 (4564)
1000 kg (2200 Ib) counterweight slab on carrier deck (base plate) 1042 (2297) 2 (-4) 1040 (2293)
2000 kg (4400 Ib) counterweight slab on carrier deck 2074 (4572) -4 (-9) 2070 (4564)
Substitutions:
14.00R25 tires 133 (292) 265 (585) -398 (877)
20.5R25 tires 94 (207) 188 (414) 282 (622)
Removals:
Brackets for hydraulic swingaway 71 (-157) n (24) -60 (-132)
Hose reel for hydraulic swingaway -120 (-265) 55 (122) -65 (-143)
10 m =17 m (33 ft - 56 ft) hydraulic swingaway -1019 (-2247) 134 (296) -885 (-1951)
Auxiliary boom nose -128 (-283) 68 (151) -60 (-132)
Outrigger floats front -97 (-214) 25 (55) 72 (1159)
Outrigger floats rear 38 (84) -108 (-238) -70 (-154)

THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE.
The individual cranes load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane.



Use of jib is required to
lift panels to upper
levels
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Working range

“~_AXxis of
rotation

Operating radius in feet from axis of rotation

Tip heights shown in the working range diagram do not consider loaded boom deflection.

THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE.
Grove GMK3055  The individual cranes load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane.
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ad charts

MaNual offsettable swingaway

= 2]

11600kg 22.4ftx20.3ft 360°
(25,500 Ib) 100%

Pounds x 1000

28.5 ft length

0° Offset 40° Offset

7.4

THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE.
The individual cranes load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane.
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Load charts

Manual offsettable swingaway

= ()

43 m 15 m 11600kg 22.4ftx20.3ft 360°
(141 ft) (49.2 ft) (25,500 Ib) 100%
Manual offset

( Pounds x 1000 )

Feet 49.2 ft length
0°Offset 40° Offset
87.4 99.6 n7.4 128.5 140.9 87.4 99.6 n7.4 128.5 140.9

20.0 9.2 = = = = = = = = =
25.0 8.8 8.4 - - - - - - - -
30.0 8.4 8.2 6.6 5.8 = = = = = =
35.0 7.8 7.8 6.6 5.8 5.6 - - - - -
40.0 72 7.4 6.4 5.8 5.6 = = = = =
45.0 6.8 7.0 6.4 5.8 5.6 - - - - -
50.0 6.2 6.4 6.2 5.8 5.6 4.0 = = = =
55.0 6.0 6.2 6.0 5.8 5.6 4.0 4.0 - - -
60.0 5.6 5.8 5.8 5.8 5.4 3.8 3.8 3.8 = =
65.0 5.2 5.6 5.4 5.6 5.4 3.8 3.8 3.8 - -
70.0 5.0 5.2 5.2 5.4 5.4 3.6 3.8 3.8 3.8 3.8
75.0 438 5.0 5.0 5.2 5.2 3.6 3.6 3.6 3.6 3.6
80.0 4.6 4.8 4.8 5.0 5.0 3.6 3.6 3.6 3.6 3.6
85.0 44 4.6 46 438 438 34 3.6 3.6 3.6 3.6
90.0 42 4.4 4.4 4.6 46 3.4 3.4 3.4 3.4 3.6
95.0 4.0 42 42 44 46 34 34 3.4 34 34
100.0 3.8 4.0 4.0 42 4.0 3.4 3.4 3.4 3.4 3.4
105.0 3.8 4.0 3.8 4.0 3.6 3.4 34 3.4 34 34
10.0 3.6 3.4 3.6 3.8 3.2 3.4 3.4 3.4 3.4 3.4

f 120.0 34 2.6 32 3.0 2.4 = 3.0 32 3.4 3.2
/ 125.0 - 2.2 3.0 2.6 2.0 - 2.6 3.2 3.2 2.8
/ 130.0 - 1.8 2.6 22 1.6 - 2.0 3.0 2.8 2.4
135.0 - - - 2.0 1.4 - - - 2.4 2.0
/ 140.0 = = = 1.6 = = = = 2.0 1.6
/ 145.0 - - - 1.4 - - - - 1.6 1.4
/ 150.0 - - - - - - - - 1.4 -
/ Crane at this
/ configuration has the

[ capacity to lift the
largest panel at the
highest point

THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE.
Grove GMK3055  The individual cranes load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane.
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\ Load charts

Wanual offsettable swingaway

= ()

43 8,7m 7600 kg 22.4 ft x 20.3 ft 360°
(141 ft) (28.5 ft) (16,700 ib) 100%
Manual offset

[ \ Pounds x 1000 / J

Feet 28.5 ft length

40° Offset
128.5 . ! n7.4

THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE.
16 The individual cranes load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane.
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Load charts

Manual offsettable swingaway

&Y
U]

(=)

15 m 7600 kg 22.4 ft x 20.3 ft 360°
(49.2 ft) (16,700 ib) 100%
Manual offset
Pounds x 1000 /J
49.2 ft length
0° Offset 40° Offset

87.4 99.6 nz7.4 128.5 140.9 87.4 99.6 nz7.4 128.5 140.9
20.0 9.2 - - - - - - - -
25.0 8.8 8.4 - - - - - - - -
30.0 8.4 8.2 6.6 5.8 - - - - -
35.0 7.8 7.8 6 5.8 5.6 - - - - -
40.0 7.2 7.4 6.4 5.8 5.6 - - - - -
45.0 6.8 7.0 6.4 5.8 5.6 - - - - -
50.0 6.2 6.4 6.2 3 5.6 4.0 = = = =
55.0 6.0 6.2 6.0 5.8 5.6 440 4.0 - - -
60.0 5.6 5.8 5.8 5.8 5.4 3.8 3.8 3.8 = =
65.0 52 5.6 54 5.6 / 3.8 3.8 3.8 - -
70.0 5.0 52 52 5.4 g 3.6 3.8 3.8 3.8 3.8
75.0 4.8 5.0 5.0 52 5.2 3.6 3.6 3.6 3.6 3.6
80.0 4.6 4.8 4.8 5.9 4.6 3.6 3.6 3.6 3.6 3.6
85.0 4.4 4.4 4.6 4.6 4.0 34 3.6 3.6 3.6 3.6
90.0 4.2 3.8 4.4 4.0 3.4 3.4 34 3.4 34 3.6
95.0 4.0 34 A0 3.6 2.8 34 4 34 34 34
100.0 3.6 2.8 3.6 3.0 2.4 3.4 3.4 3.4 3.4 3.4
105.0 32 2.4 32 2.6 2.0 34 32 3.4 34 3.0
110.0 2.8 .0 2.8 2.2 1.6 3.2 2.8 4 32 2.6
5.0 2.4 1.6 2.4 2.0 - 2.6 2.2 3.0 2.8 2.2
120.0 2.9 = 2.0 1.6 - - 1.6 2.6 2.4 1.8
125.0 - - 1.8 1.4 - - - 2.2 .0 1.4
130.0 = = 1.4 = = = = 1.8 1. =

THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE.
Grove GMK3055  The individual cranes load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane.
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Axles

Boom

Boom elevation

Boom extension

Boom length

Boom nose

Brakes

Cab

Grove GMK3055

Counterweight

Drive

Electrical system

Engine

Extension

Frame

Symbols glossary
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Precast Concrete w/Stone Room Checksums

Veneer By ACADEMIC
Room - 001
COOLING COIL PEAK CLG SPACE PEAK HEATING COIL PEAK TEMPERATURES
Feaked at Time: Mo/ 9716 MoMH: 9/16 Mo/H- Heating Design Cooling Heating
Qutside Air: CADBMWBMHR: 83/69/85 DADE: 83 oaDB: 17 SADBE 6210 787
: : Ra Plenum 76.0 695
Space Plenum Net Percent Space Percent Space Peak Coil Peak Percent Retum 7610 696
Sens.+Lat. Sens.+lat Total Of Total.  Sensible Of Total Space Sens Tot Sens Of Total | Ret/OA 760 69.6
Btuh Biuh Btu/h (%) : Btuh (%) Btuh Biuh {%) | | Fn MtrTD 00 00
Envelope Loads Envelope Loads Fn BIdTD 00 00
Skylite Solar 0 ] 0 0 0 0 Skylite Solar 0 ] 0.00 | | Fm Frict 00 00
Skylite Cond ] a 0 L] 0 0 Skovlite Cond 0 0 000 | - ——
Roof Cond ] 0 0 a 0 0 Roof Cond 0 a 0:00
Glass Solar 6.521 0 6,831 75 6.531 80: (GlassSolar 0 i 0.00 AIRFLOWS
Glass/Door Cond 436 ] 436 b 436 5 Glass/Door Cond -3,013 -3.013 8345 Cooling Heating
Wall Cond 06 259 i T 396 5 WallCond -391 -650  18.01 }
Partition/Door 0 0 0 0 0: Parition/Door 0 0 0.0 ||Diffuser 589 354
Floor 0 ] a 0 0: Floor 0 0 0.00 | | Terminal 589 354
Adjacent Floor 0 0 0 0 0 0: AdjacentFoor 0 0 0.00||MainFan 389 1
Infiltration a ] a ] 0 Infiltrafion 0 0 0.00 | | Sec Fan 0 177
Sub Tolal ==> 7.663 259 7.922 87 7.663 90: Sub Toll === -3,405 -3.664 10146 | |Nom Vent 0 0
AHU Vent 0 0
Internal Loads Internal Loads Infil 0 0
Lights 561 140 701 8 561 7T: Lights 0 a 0.00 | |MinStop/Rh 177 177
Feople 500 ] 500 5 250 3 Feople 0 0 0.00 | | Retum 539 177
Misc ] ] ] ] 0 ] isc 0 0 0.00 | | Exhaust 0 a
Sub Tolal ==> 1,061 140 1,201 13 811 9 S ub Tolal === 0 0 0.0 ||RmExh 0 0
Auxiliary 0 a
Ceiling Load 66 -66 a0 0 66 1 ; Ceiling Load -29 0 0.00 | | Leakage Dwn 0 0
Ventilation Load ] ] ] a 0 0 i Ventilation Load 0 a 0.00 | | Leakage Ups 0 ]
Adj Air Trans Heat 0 0 ] 0 0 i Adj Air Trans Heat 0 0 0
Dehumid. Ov Sizing 0 a Owv/Undr Sizing 0 0 0.00
Ov/Undr Sizing 0 0 0 1] 0 : Exhaust Heat 0 0.00 ENGINEERING CKS
ExhaustHeat 1] 0 0 OA Preheat Diff. 0 000 ) .
Sup. Fan Heat 0 ] RA Preheat Diff. 0 000 Cooling Heating
Ret. FanHeat 0 0 0: Additional Reheat 0 0.00]|%0A 00 L]
Duct Heat Pkup a ] iH System Plenum Heat 53 146 || cfmiff 287 0.86
Underfir SupHt Pkup ] 0 Underfir Sup Ht Pkup 0 0.00 | | cfmiton 67416
Supply Air Leakage a 0 0. Supply Air Leakage ] 0.00 | | ftsiton 234.91
Btu/hr-ft 5108 -31.03
Grand Total === 8.790 333 9,123, 100.00° 8.540° 100.00 GrandTotal == -3,434 -3,611 100.00 || No. People 1
COOLING COIL SELECTION ] AREAS HEATING COIL SELECTION
TotalCapacity Sens Cap. Coil Alrflow Enter DE/WE/HR Leave DBAME /HR Gross Total Glass CapacityCoil Airflow  Ent Lvg
ton MBh MBh dm *F°F grlb *F °F agrlb £ (%) MBh dm *F *F
MainClg 04 105 g9 hAB39 760629 G649 620571 618 Floor 205 Main Htg -6.4 b4 658 TET
Aux Clg 00 00 00 0 00 00 00 00 00 0.0 Part 0 Aux Htg 00 0 0o 00
Opt Vent 00 00 00 0 00 00 00 00 00 00|| IntDoor 0 Preheat 00 0 00 00
ExFir 0 Reheat -20 177 620 700
Total 08 105 Roof 0 0 0 | [Humidf 00 0 00 00
Wall 320 160 50 | [OptVent 00 0 0o 00
Ext Door 0 ] 0 Toral -64
Frojed Mame: 900 16th Street TRACE®T00v6.3 calculated at 09:53 PM on 03/292016

DatasetMame:  Mech Breadth 2 fc Alternative-1 System Checksums ReportPage 10of 2


DQW5120
Text Box
Precast Concrete w/Stone Veneer


Precast Concrete w/Stone

Veneer MONTHLY UTILITY COSTS

By ACADEMIC

-----—  Monthly Utility Costs  ----——
Utility Jan Feb Mar Apr May June  July Aug Sept Oct Nov Dec Total

Electric

On-PkCons. () 62 729
Cn-PkDemand : 25 327
Total (B): a1 a7 1,056

Monthly Total ($): g1 a3 86 a5 as a3 g2 92 a0 a8 86 ar 1,056

Building Area = 416 ft2
Utility Cost Per Area = 2 .54 $/ft2

ONLY

ProjedtMame: 900 16th Street TRACE®T00vE.3 calculatedat 09:53 PM on 03/282016
DatasetMame:  Mech Breadth 2ic Maonthly Utility Costs report Page 1 of 1
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Text Box
Precast Concrete w/Stone Veneer


Alternative Facade Room Checksums

System By ACADEMIC
Room - 001
COOLING COIL PEAK CLG SPACE PEAK HEATING COIL PEAK TEMPERATURES
Peaked at Time MoHr: &/ 18 MofHr /186 Ma/Hr: Heating Design Cooling Heating
Outside Air; OADB/MEBMHR: §3/69 /85 OADB: 83 OADB. 17 SADB &2.0 T84
‘ Ra Plenum 75.9 §9.7
Space Plenum Net Percent Space Percent Space Peak Coil Peak Percent  Return 759 69,7
Sens. +Lat. Sens.+ Lat Total Of Total Sensible Of Total Space Sens Tot Sens Of Total | Ret/OA 5.9 69.7
Btuh Btu'h Btwh (%) Btuh ] Btu'h Btuh (%) || Fn MErTD 0.0 0.0
Envelope Loads Envelope Loads Fn BidTD 0.0 0.0
Skylite Solar 0 0 0 0 0 0  Ekylite Solar 0 0 0.00 || Fn Frict 0.0 0.0
Skylite Cand 0 (1] 0 0 0 0 Skylite Cond 0 0 000 | -
RoofCond 0 0 0 0 0 0, RoofCond 0 0 000
Glass Solar B,531 0 §,831 77 8,831 82 | Glass Solar 0 0 0.00 AIRFLOWS
Glass/Door Cond 436 o 436 & 436 & Glass/DoorCond -3,013 -3013  §9.99 Coolina Heatin
Wall Cond 222 145 K 4 222 K] Wall Gond =220 =366 1093 . g ing
Partition/Door 0 0 0 0 0! PartitionDoor 0 0 000 || Difuser 76 346
Floor 0 o o 0 0 Floor 0 0 0.00 || Terminal 576 345
Adjacent Floor 0 0 0 0 0 0! AdjacentFloor 0 0 0.00 ||Main Fan 5T% 173
Infiltration 0 o o 0 0 Infiltration 0 0 0.00 (| Sec Fan 0 173
Sub Total === 7,480 145 7,636 86 7,450 o) | Sub Totsl === -3233 -3,37% 100.82 | |Mom Vent 0 0
AHU Vent H H
Internal Loads Internal Loads Infil 0 0
Lights 561 140 701 8 561 ¥ Lights 0 0 0.00 | [MinStop/Rh 173 173
People 500 o 500 G 250 3 People 0 H 0.00 | [Return BTG 173
Misc 0 0 o o 0 0: Mise 0 0 0.00 (| Exhaust 0 H
Sub Total === 1,061 140 1,201 14 811 100 0 Sub Total === 0 0 0.00 [|Rm Exh 0 0
Auxiliary 0 0
Ceiling Load BG -B9 ] ] S 1 ; Ceiling Load =17 0 0.00 || Leakage Dwn 0 0
Ventilation Load 0 0 1] 1] 0 0 | Ventilation Load o o 0.00 || Leakage Ups o o
Adj Air Trans Heat 0 o H o 0 i Adj Air Trans Heat 0 0 o
Dehumid. Ov Sizing o o Ow/Undr Sizing H H 0.00
Owv/Undr Sizing 0 1) 0 0 0 | Exhaust Heat 0 000 ENGINEERING CKS
Exhaust Heat o o o OA Preheat Diff. 0 0.00 ) .
Sup. Fan Heat 0 0 RA Preheat Diff, 0 000 Cooling Heating
Ret. Fan Heat o 0 0 Additional Reheat 0 000 || % OA 0.0 0.0
Duct Heat Pkup o o o System Plenum Heat 3 =092 || cfmife 2.81 .84
Underflr Sup Ht Pkup o 1] Underflr Sup Ht Pkup [}] 0,00 (| efmiton &80,66
Supply Air Leakape 0 ] 0 Supply Air Leakage 0 0,00 || fe*itan 242,53
Btu/hrfE 4% 48 -29.48
Grand Total ==> 8,609 227 8,836 / 100.00' 8,282 100,00 Grand Total ==> -3,250 -3,348 100,00 || No. People 1
COOLING COIL SELECTION Iy AREAS HEATING COIL SELECTION
Total Capacity Sens Cap. Coil Airflow ~ Enter DBEIWB/HR Leave DBE/WB/HR Gross Total Glass CapacityCoil Airflow  Ent Lvg
ton MEh MEh cfm FOO'F grib FOO'F O gk ftt (%) MEh cfm b
Main Clg 0.9 10.2 B& E7e TE9E29 ©49 B2.0 E71 819 Floor 208 in Htg -8.1 348 659 TB4
Aux Clg 0.0 0.0 0.0 ¢ 00 00 0.0 00 00 0.0 Part H ux Htg 0.0 ¢ 00 0.0
OptVent 0.0 0.0 0.0 0 00 00 0.0 0.0 0.0 0.0 Int Door 0 reheat 0.0 0 00 0.0
ExFlir 0 eheat 1.9 173 620 7T0.0
Total 0.9 10.2 Roof 0 0 0 umidif 0.0 0 00 0.0
Wall 320 160 &0 ptVent 0.0 0 00 0.0
Ext Door 0 0 0 ||Totar -5.1
ProjectMame: 900 16th Street TRACE® 700 v5.3 calculated at 09:57 PM on 03252016

Dataset Name:  Mech Breadth 2.trc Alternative- 1 System Checksums Report Page 1 of 2


DQW5120
Text Box
Alternative Facade System


Alternative Facade
System MONTHLY UTILITY COSTS
By ACADEMIC
—— Monthly Utility Costs  -——
Utility Jan Feb Mar Apr May  June July Aug Sept Oct Nov Dec Total

On-Pk Cons. |

On-Pk Demangd 321

1.046

9

Monthly Total ($): 90 79 85 34 88 88 7] 82 Q0 a7 85 a7 1,046

Building Area = 4161
Utility Cost Per Area= 2 52 %/t

ONLY

Project Mame: 800 16th Strest TRACE® 700 v6.3 calculated at 09:57 PM on 03292016
Dataset Mame: Mech Breadth 2. frc Monthly Utility Costs report Page1of1
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Activity ID | Activity Name

=& 16091 15-10-22 900 16th Street -(copy of 15-1(

C00DEBEBEDDEODEDODDODDDDEPYDDDYYYDYYY

4 Begin Facade & Roof

4z Erect Precast - East - Low [Level 1-2]

40 Erect Precast - East - [Level 3-8]

4 Backweld Precast-East [Level 3-8

40 Erect Precast - East - Marth Section [3-7]

4z Light gauge stud framing - " est

40 Erect Precast - South [Level Ground - 2]

A Ingtall Windows - East [Lewel 3-3)

20 Backweld Precastiwest

3 Erect Precast - West + 1 Bay on South [Level 2-PH)
41 Install foil wapor barmer at 2nd floor-Eazt Tepical B ap
I Install foil wapor barrier at 2nd flaor-Sauth Typical Bay
40 Erect Precast - South [Lewvel 3 - 8]

A0 [nztall Windows - West [precast)

40 Erect/backweld Precast - East - Marth Section [B]
H Erect/backweld Precast - South [Level 9]

A0 Inztall Windows - South

4 Erect/backweld Precast - East [Level 9)

4 Erect pergola precast - E ast

3 Sheathing - West

40 Caulk ‘Windows - E ast

20 Erect pergala precast - Sauth

40 Dezsignsfabricated nstall suppart of ME carmer curkaineall at 3rd floar
3 Inztall storefront - West [Level 9]

1 Inztall storefront - South [Lesvel 9]

3 Apply airdvapor barrier component of EIFS spstem
1 Caulk Wwindows - South

40 Install storefront - E ast [Level 3)

40 Inztall ME comer curtainwall

40 Inztall EIFS - ‘wWest

40 Install branze surraunds at 2nd floar-E ast T wpical Bay
A0 [nztall precast piers at Btk floor balcony

40 Inztall canopy

20 Ingtall Windows - ‘west [EIFS]

A Inztall ME comer curtairweall trim

I Install bronze surmounds at 2nd floor-South Tepical B ay
H Inztall windows at 1zt and 2nd floor-South Typical Bay
A0 Inztall facade at mandmaterial hoizt opening

A Inztal lowvers

A0 [nztall loading dock, overhead doors

A0 Inztall metal panels at garage entrance

Original
Duration

Start

17 -t ap-15 A

11-May-15 4
11-ay-15 4
18-May-15 4
18-Map-15 4
03-Jun-15 4
03-Jun-15 4
03-Jun-15 24
10-Jun-15 24
10-Jun-15 A
10-Jun-15 A
12-Jun-15 4
22-un-15 A
23un-15 4
28-Jun-15 4
28-Jun-15 4
26-Jun-15 24,
23-Jun-15 4,
A0-Jun-15 4
OE-Jul-15 4
03-Jul-15 4
08-Jul-15 A
08-Jul-15 4
16-Jul- 15 4
27-Jul 15 A
23-Jul-15 4
A0-Jul-15 4
03-Aug15 4
03-Aug15 4
07-Aug15 4
10-4ug-15 A
13-4ug-15 4
14-8ug-15 A
17-Aug-15 A
19-4ug-15 4
2h-4ug-15 4
05-0ct-15 A4
19-0ct-15 A4
26-0ct-15
28-0ct-15
02-Mow-15
13-Mow-15

Finizh

A0-Ma-15

15-Map-15 A

08-Jun-15 A
09-Jun-15 A4
04-Jun-15 A
Oa-Jul-15 4
10-Jun-15 4
19-4ug-15 4
28-Jun-15 A,
22-Jun-15 4,
12-Jun-15 4
2A-lun-15 A
20-Jun-15 A4
0-Jul-15 A
16-Jul-15 4
Oa-Jul-15 A
24-Jul-15 A
oa-Jul-15 A
16-Jul15 A
12-8u0-15 4
20-Aug-15 4
09-Jul-15 A
OB-Aug-15 4
12-8ug-15 4
20-Aug-15 4
17-8ug-15 4
21-4ug-15 4
17-8ug-15 4
2d-Aug-15 4
26-0ct-15
13-0ct-15 4
14-8ug-15 4
23-Moy-1h
27-Aug-15 A
02-5ep-15 A
23-0ct15
04-Maw-15
20-Mow-15
A0-0ct-15
0E-Mow-15
A0-Mow-15

Qtr 2, 2015

Qtr 3, 2015 Citr 4 2015

Qtr 1, 2015

May

Jun Jul | Aug | Sep Oct MNow

Dec

Jan

Feb

# BeginFacade & Roof, 11-May-15 4

Erect Precast - East - Low [Level 1-2)

Erect Frecast - East - [Level 3-3)

ackweld Precast-East [Level 3-3)

Erect Precast - E ast - Marth Section [3-7]
Light gauge stud framing - ‘W est

=] Brect Frecaszt - South [Lepel Ground - 2]
gtall Windows - East [Level 3-3)

ackweld Precast-hdst

Eregt Precast - wesl + | Bay on South [Level 2-PH)
| [Instal fogl wapar barrier &t 2nd Hoor-East Typical Bap

nskall fiil vapcilr bar 'EI]at 2nd flaor-5outh Typical Bay
Fract Precast | South [Level 3 - 3)
ztall Winl:l':
Erectibackweld Precast - Bast - Marth Section [8]
Erect/batkwed Precast - South [Level 9)
Ingtall ‘Windowsz - South
ha*:k E*Ij Precast - Easl [Level 5]
precast - Eas
hegathing - we
[ aulk Windn:jvs -East
cast - South

wz -['\Wiest [precast)

West [Level 3
hztall starefrant - South [Level 9)
APy air;"vaptcl

Capilk “wWindojws - Soul

stgll storefront - East [Level

qlall ztorefront

balcony

st [EIFS)

B |nztall HE comer curtairwall trim

hstall louvers

barrier component of EIFS zyztem

ztall EIFS - WWest
ronze surounds at 2nd floor-East Tepical Bay

Inztall canopy

ip/fabricates metall support of|ME cormer curtainsall at 3rd flaor

Iz qll branze surrounds at 2nd floor-South Tepical Bz
Mrztall windowes at 1st and 2nd floor-South T ppic:
Inztall facade at mandmaternial hoist openir

Inztall lmading dock overhead doors
[nztall metal panelz at garage entrance


DQW5120
Image

DQW5120
Image

DQW5120
Image
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Image
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Activity ID | Activity Hame Original | Start Finizh « |ftr 2, 2015 Qtr 3, 2015 Citr 4, 2015 Qtr 1, 2015

Duration May Jun Jul Aug Sep Oct Mow Dec Jan Feb

P11 Map15 A | 20-0ct-15 20-0ct-15, 300 16th Al Facade

=6 900 16th Alt Facade

- By 900 16th.3 East Elevation 103 11#ap-154 20-0ct-15 4 20-0ct-15 A, 300 16th.3 East Elevation
& Begin Facade & Roof 11-Map-15 4 # BeginFacade & Roof, 11-Map-15 4
g Erect Prefab Panels - East - Low [Level 1-2) 1-bap-15 4 12-Map-15 4 Erect Prefab Panels - East - Low (Level 1-2]
g Erect Prefab Panels - East - [Level 3-8) 13-May-154  21Map-154 Erect Prefab Panels - East - [Lewel 3-8
@ Backweld Prefab Panels - East [Level 3-8) 13-Map-15 4 21-Map-15 4 ackweld Prefab Panels - East [Lewvel 3-8]
& | Instal Windows - East [Level 3-8] 22-Map-15 4  19-Aug-154A = I =11 =t 2| ' ind o - B ast [Level 3-8
@  Erect Prefab Panels - East - Marth Section [3-7) 22Map-15 4 | 22Map-15 4 Elect Prefab Panels - East - Morth Section [3-7]
@  Erect/backweld Prefab Panels - East - Morth Section [2) 22Map-15 4 22Map15 4 5 Erectibackweld Prefab Panels - Eagt - Marth Section [3)
& | Install faill vapor barrier at 2nd flaor-E ast Typical Bay 12-un158  12Jun15 4 Inztall foil wapor barrier at 2qd foor-E azt Typical Bay
& | Install bronze surounds at 2nd floor-East Typical Bay 15-Jun-154 | 13-4ug15 A r Ingtall bromze surrounds at 2nd floor-E azt Typical Bay
@ | Erect/backweld Prefab Panels - East [Level 9] 18-Jun-15 4  23-Jun15 4 Erech"hackwelﬁ Frefaly Fanels - East [Level 9]
& | Caulk Windows - East 19-Jun-15 4  03-4ug15 4 Calk: 1 indows - East
& Erect pergala Prefab Panels - E ast Zlun15 s | 2BJun15 A Erect pergola Prefab Ranelz - East
& | Dezign/fabricate/lnztall support of ME comer curtairiwall at 3rd floor 2B-Jun-15 a8 1F-Jul1E A Dezign/fapridate/|netall support of ME cormer curtainwall at 3rd floor
&  Install ME comer curtairmall 20-Juk15 4 04-4ug16 4 IngtallME comer curtainwall
& | Inztall storefront - East [Level 9) 2F-Jul1B A 11-Aug15 A sthll starefront - East [Level 9)
@  Install ME comer curtairwall trim 05-4ug-154 | 1240016 4 Install ME comer curtainwall trirm
@ | Install canopy 14-Aug154 | 20-0ct-15 4 * Inztall canopy
& | Inztall prefab piers at Sth floor balcony 14400154  14-4ug-15 4 Inztall prefab piers at Bth floor balcory
- By 900 16th.2 West Elevation 21ap-154 1E6-Oct-15 16-Oct-15, 900 16th.2 “West Elevation
@ | Light gauge stud framing - West 2-Map-154 19-Jun15 4 Light gauge stid framing - West
& Backweld Prefab Panels - West 25-Map15 4 | 08-Jun15 4 ackweld Prefab Panels - West
@ | Erect Prefab Panels - west + 1 Bay on South [Level 2-PH] 25-May-154  04-Jun15 4 t Prefab Preld - West + 1 Bay on South [Level 2-PH)
& | Inztal Windows - West [prefab panels) 03-lun154  1T-Jun154 stall pAfindots <Wwest [prefab panelz)
&  Sheathing - West 1% Jun15 4 23-Jul15 A Eathing - West
& | Inztall storefront - West [Lewel 9) 10-Jul15 A 2F-Jul1b A stall storefront - West [Lewel 9]
& | Apply airvapor barrier component of EIFS system 13-Jul154 2F-Jul-15 A pply aindvapor barier component of EIFS gpstem
&  Install EIFS -'west 23Ju1B A 02-0ct154 stall EIFS - “West
& | Instal Windows - West [EIFS] 29-Jul15 A 05Aug-15 A o ettt all adind o - \A{i[EIFS]
& | Install louvers 3/ 05-0ct-15 02-0ct-15 Install lauwers
& | Install loading dock overhead doors 5 090ct15 16-0ct-15 B Inztall loading dock overhiead doors
- By 900 16th.1 South Elevation 93 21-Map-154 25-5ep154A 28-5ep-15 A, 900 16th. T South Eles-ation
@@ | Erect Prefab Panels - South [Level Ground - 2] 2 21-Map15 4 22-Map-15 4 -] Ej refab Panelz {5 outh{ [Level Ground - 2]
@  Erect Prefab Panels - South [Level 3 - 8) E 09-Jun-154 | 1B-Jun154 Erect Prefgl Panels - South [Lewvel 3 - 8]
@ | Inztall Windows - South B 17-Jun154  14Jul15 A |hstall Yindows - South
& | Erect/backweld Prefab Panels - South [Level 9) 2 17 lun154 19-Jun154 Erect/bagkweld[Prefab Pangs - South [Level 9]
&  Erect pergola prefab panels - South 2 19Jun154 | 22-Jun15 4 Erect peradla prefab panels | South
& | Inztall fall vapor barrier at 2nd foor-5auth Typical Bay 1 22-Jun15 4 | 258-Jun-15 4 B Install fy|l yapar barrier at 2nd faor-Saouth Typical Bay
& | Inztall storefront - South [Level 9) B289-Jul1bd 20-6ug15 4 H Inztl ztarefront - Sauth [Lewel 9]
& | Caulk Windows - South 5 03-4ug154  21-5ug15 a8 Caulk. Windows - South
@& | Install bronze surmounds at 2nd Aoor-South Tepical Bag F130ug15 4 31-0ug1ba hiztall bronze sunounds at 2nd foor-South Typical Bay
& | Install windows at 1st and 2nd floar-South Typical Bay 6 31-4ug15A  14-5ep-15 A zhall windows at 12t and 2nd floor-South Tupical Bap
& | Inztall metal panel: at garage entrance 10 14-5ep154  25-5ep-15 4 Inztall metal panel: at garage entrance
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Appendix J:

Alternative Facade Cost Estimate
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2016 Bare Costs

Description Qty Unit Total Material Total Labor | Total Equipment | Total Incl. O&F
Material Labor Equipment

6" Structural Studs, 12" OC 1355 LF S 4800(S% 2650( S 5 65,040.00 | § 35,907.50 | & 5 126,184.38
1/2" GWB 16904.4 SF 5 0335 039 |5 5 5,578.45 S5 6,592.72 | 5 5 15,213.96
Fluid Applied Weather Barrier 16904.4 SF 5 0015 0235 5 169.04 | $ 3,888.01 |5 5 5,071.32
2" EPS Insulation R8 16904.4 SF 5 0525 057 | S 5 8,790.29 [ § 9,635.51 |5 5 23,032.25
Building Felt 16904.4 SF 5 5 0.10 | S 5 5 1,690.44 |5 5 2,113.05
Metal Lath 16904.4 SY 5 5 5.05 | S 5 5 85,367.22 |5 5 106,709.03
Base Coat 16904.4 SF 5 5 0.26 | S 5 $ 4,395.14 | 5 5 5,493.93
3/8" Thermocromex Coating | 169044 | SF [ $ 12.00($ 047|$  004|$  202,852.80 | $ 7,945.07 | 676.18 | $  264,342.56
TOTAL 5 282,430.58 | $155,421.61 | & 676.18 | & 548,160.46

60 Ton Hydraulic Truck Crane 35 Day 5 S 785.00 (% 1,650.00| 5§ S 27,475.00 | § 57,750.00 | § 106,531.25
Connection Labor 35 Day 52,629.00 | & 5 S 92,015.00 | 5% 5 92,015.00
TOTAL 5 198,546.25
Aluminum Drip Edge Flashing 563 LF S 0.82]5% 097 | & 5 A61.66 | S 546,11 | § 1,158.94
Backer Rod 10 CLF S B50|% 805058 5 B5.00 | § 805.00 | § 1,000.50
1/2" loint Sealant 1000 LF S 0.38]5% 1.35 | & 5 380.00 | $ 1,350.00 | &

TOTAL

4,148.94

TOTAL

5
5
S 1,989.50
5
5

750,855.65

Note: All cost information was
attained from RS Means 2016 or from

manufacturer cost data
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Appendix K:

Alternative Glazing Unit Estimate
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- _ 2016 Bare Costs Calculated Values
Spec Code Description Unit - - - -
Material | Labor | Equipment| Total SF of Glazing | Material Costs | Labor Costs Total Costs Total O&F
088110 Laminated HS Clear Glass {1/4") sSF|$ 6408 625 - % 12.65 3120 & 19,968.00 | § 19,500.00 | $ 39,468.00 | $  45,388.20
088716 PVEB Layer (60 mils) SF|5 816|5 748 - 5 15.64 3120 S 25459.20 | 5 23,337.60 | 5 48,796.80 | S 56,116.32
088110 Laminated HS Clear Glass {1/4") sSF|$ 6408 6.25 - & 12.65 3120 & 19,968.00 | § 19,500.00 | $ 39,468.00 | $  45,388.20
088713 Guardian Sunguard HP-Silver 35 Coating | SF | 5 3.21| 5 5.85 - S 9.06 3120 S 10,015.20 | 5 18,252.00 | S 28,267.20 | S 32,507.28
Air gap (1/2") - - - - - - - - - -
088110 Laminated HS Clear Glass [1/4") sF | % 6408 625 - 4 12.65 3120 & 19,968.00 | & 19,500.00 | $ 39,468.00 | $  45,388.20
088716 PVB Layer (60 mils) SF|$ 816 |8 748 - % 15.64 3120 § 2545920 | § 23,33760 (% 48,796.80 | $  56,116.32
088110 Laminated HS Clear Glass {1/4") sF | % 6408 625 - % 12.65 3120 & 19,968.00 | & 19,500.00 | $ 39,468.00 | $  45,388.20
TOTALS = = = = = = = S 140,805.60 | 5 142,927.20 | 5 283,732.80 | § 326,292.72

Note: All cost information was
attained from RS Means 2016 or from
manufacturer cost data
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Appendix L.:

Tim Jones Interview Transcript
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Collocation:

1. How do you define collocation on the jobsite?

I would have to say that collocation consists of bringing key members of the project team
together in close proximity. When | say close proximity | mean that they are under the same
roof. We have learned that providing both individual offices and shared spaces works the best.
While many members of the team choose to have their own drawing tables, there is still a
drawing table with a few set of drawings in a shared space so the team can interact. | think that
the use of both private and shared spaces provides the best atmosphere to promote cooperation
and togetherness that all projects need.

2. What are the key parties that should partake in collocation?

It really all depends on the point in which the project is in and the scope of the project. A
project such as this would look to bring together your foundations, excavations, and demo in the
beginning. Once the project is well underway we will bring in masonry, steel, MEP, and others.
Any company that is present on site that has a “non-working” superintendent, someone who isn’t
preforming work on a daily basis, we want them in the collocation trailer with us. Their job tends
to revolve more around solving problems so being around the other subcontractors they will be
able to do that much easier. But again it really is dependent on the exact project.

3. Do you think it is needed to have the owner and architect partake in collocation? Or do
you see this more as an opportunity to bring the subcontractors together?

I definitely don’t think that it hurts to have them on site. In terms of the way we operated on
HHD, having the architect their three times a week significantly decreased the number of RFI’s
and the duration of active RFI’s. It became a habit to instead of writing an RFI, put something in
the back of your mind or write down to discuss with the architect when they were on site the next
day.

A big issue that I’ve seen is that people tend to get lost in translation when answering or
writing RFI’s. They tend to spend more time figuring out exactly what is being said then solving
the issue or answering the question at hand. Having the ability to go over a possible issue with
the architect in person really cuts all that out and helps you get an immediate solution. So they
don’t need to be there all the time but having them present at minimum once a week would have
a huge positive impact.
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4. Obviously bringing parties together in a central office hub for the duration of a project is
going to create some additional costs. What size job, contract value wise, do you see this
practice not being worthwhile?

I honestly cannot answer that question entirely, but | do agree that there is a point that makes
implementing collocation not as valuable. You would have to look at the complexity and scope
of a job to determine that. A project as complicated as 900 16™ Street probably could have
benefited from using collocation.

Last Planner:

1. How does Massaro define the last planner system?

I wouldn’t say that we use last planner in the traditional sense. We more focus on its
implementation in the project execution phase rather than the development of the schedule.
Schedulers make the master schedule then we have subs break out their weekly work plans and
write them on a white board every Monday at our weekly meeting. We define the milestones of
the week based off of a 6 week look ahead and what myself and the field supervisor see as
necessary to complete to meet that six week goal.

2. What day of the week would you think weekly work plan meetings be the most
beneficial?

It would definitely be on Monday’s. That’s not to say that planning does not occur on the
Fridays before or during the week. The field supervisor tracks the progress of each subcontractor
throughout the week and we usually sit down on Friday’s to set the milestones for the next week.
If we see that the production rate of any sub does not meet the schedule we bring them in on the
meeting to try to mitigate the issue.

3. Does the Massaro team define the goals of the week for the project team or are the
subcontractors responsible for providing them ahead of time?

Both. The field supervisor tracks and sets the weekly milestones for the job and the
subcontractors are responsible for breaking out their daily work on the white board that is visible
to all contractors.

4. lsitakey to creating accountability to have the daily/weekly goals of all subcontractors
in the open for all to see? (i.e. the white board in the job trailer)

The white boards that we use to have subs create their daily plans on definitely play a huge
role in creating accountability. You saw this in action on HHD where the subs would be
constantly asking each other if the work they were planning would impact certain trades or when
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tasks would be completed so they could begin their own work. If a trade was behind schedule it
would be known right away so that all the effected parties could plan their work accordingly.
Subs often explain why they were delayed and they worked out a way to allow work to begin in
certain areas rather than nothing at all.

5. If a certain subcontractor is not “buying in” to the system, how do you deal with them?

On HHD it was contractual. The subs signed on to be a part of the process the minute they
accepted the contract to complete their scope of work. However a big part of it comes down to
the way we as construction managers interact with them. If we are helpful and friendly you begin
to almost break troublesome subs down to buying into the system. It’s not always easy but it
does take time and patience to bring certain people into the system.

6. Massaro believes in daily huddles with individuals within the company as an integral part
of last planner, do you think it would be beneficial to have a job wide daily huddle run by
the field supervisor? Or is that reflected in the presence of the whiteboard in the job
trailer?

It is sort of represented in the whiteboard in the job trailer because all of the tasks for the day
are laid out right there. That being said there can be an unexpected change to a project at any
time that will cause those activities to change. A daily huddle for about 15 minutes first thing in
the morning, around 7 am, where our field supervisor makes the superintendents of the main
contractors on site aware of any changes would certainly be beneficial. At the beginning of the
project it probably wouldn’t be needed but once the project began to really ramp up “job wide”
daily huddles could help.

7. Do you think the costs and time associated with making last planner work are worth the
potential positive impact that they have on the project?

Absolutely. As we talked about before with collocation, there is definitely a point that it may
not have a significant impact depending on the size of the job. | would highly recommend this
process for any base building project or heavy remodel.

General Questions:

1. What is the most difficult part of implementing last planner and collocation properly?

It would have to be getting the right people involved in the project. When you think about it,
even though there are numerous companies on a job, we are all coworkers. While | work for a
different company then them these are the people I work with on a daily basis. Just like in any
job setting it is key that you get along with your coworkers. This also plays into getting that

118




Douglas W. Watson 900 16 Street AE THESIS: FINAL REPORT

collaborative atmosphere that you need for these practices to provide a maximum benefit. If you
don’t get along with an individual they are much more likely to not work with everyone to do

what is best for the project.
2. Inyour opinion is last planner dependent on having a collocated project team? Or vice-
versa?

I don’t think that any one is particularly dependent on the other but I believe that collocation
has a significant impact on how successful last planner can be on a project.
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