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URBN CENTER & URBN CENTER ANNEX

2.0 Executive Summary

This report presents the overall thesis research on the URBN Center project. The report
includes preliminary research findings regarding the building. However, the report
emits estimates preformed in the fall semester due to the privacy of cost
information. Also, the report’s main focus is on the four analysis topics that are
described below. The overall theme and purpose of the analyses topics is to attempt to
accelerate the project schedule.

ANALYSIS I: Demolition Alternatives for the Building’s Core

Since the demolition of the building’s core was the biggest challenge on the URBN
Center project, this analysis will explore the alternative possible demolition methods
and compare them to the existing demolition method that was used on the project. This
analysis is pursued as a constructability review of the demolition and to analyze whether
the existing demolition plan was the most efficient way to pursue the demolition. This
analysis also includes a structural breadth that focuses on temporary beam sizes that are
used as a demolition alternative.

ANALYSIS II: SIP Scheduling for the Mezzanine

This analysis keeps the focus of the research on the core of the building by implementing
short interval production scheduling on the mezzanine stair and mezzanine levels that
are added in the demolished area of the building’s center. This analysis is pursued to
study how the production could have been improved in areas such as the mezzanine
with repetitive labor activities. Effects on the project schedule and the cost due to labor
will also be analyzed.

ANALYSIS 1V: Prefabrication of the Curtain Wall System

This analysis is pursued as an effort to accelerate the project schedule. Prefabricating
the curtain walls can have beneficial effects by saving time and money from labor
reduction. The analysis will compare the prefabricated system to the existing curtain
wall system to determine whether prefabrication can have a progressive effect on the
project.

ANALYSIS 1V: Supply Chain Research of the Chilled Beam System

Since chilled beams are unique products utilized on this project, a research focusing on
the supply chain process for the chilled beams is conducted to study the best path to
order, deliver, and store the chilled beams. This analysis also compares the supply chain
process to the VAV pre-existing mechanical system to see which is more effective on a
project as the URBN Center. Also, a mechanical breadth comparing the energy usage of
the chilled beams and the VAV mechanical system is conducted as part of this analysis.

Page
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3.0 Project Overview
3.1 Project Description

The URBN Center is a renovation of the
famous design of Robert Venturi that is aimed
to bring students of the Antoinette
Westphal College of Media Arts & design
in Drexel University under one roof. The four
story building is re-designed to create a great
working environment for students who are
pursuing an education in Architecture, Arts
Administration, Design& Merchandising,
Digital Media, Entertainment & Arts
Management, Fashion Design, Game Art
& Production, Graphic Design, Interior
Design, Music Industry, Product Design,
and Web Development & Interaction.

It is important to point out that although the
URBAN Center is a four story building, it is
divided into 8 levels (two levels on each
story). When entering the building, the visitor
will be welcomed with a large lobby that is
used to display students’ work and to host
merchandising spaces for the students and
guests. A stairwell is located in the center of
the first story that extends all the way to the
fourth story linking all 8 levels of the building.
Throughout the eight levels of the URBN
Center, the space is divided for students’
studios, classrooms, display galleries,
computer labs, a screening room, and faculty
offices.

Additional architectural features of the URBN
Center include sliding walls that are designed
to allow the students to creatively change the
work space they are in. As for the Annex, it
will feature a black box theater and a state of
the art screening room. Figure 1 shows 3D
sections throughout the URB Center.

Ghaith Yacoub | Senior Thesis Final Report

Figure 1: 3D sections of the URBN Center starting
with the first story at the bottom. (Property of MS&R

LTD)
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3.2 Existing Conditions Conditions

The parking for the construction vehicles resides in the parking lot of the existing
structure of the URBN Center located east of the building. The parking includes a total
of 76 parking spots.

The URBN Center existing structure is constructed with a five inch thick concrete slab
underlain by six inches of sub-base aggregate. There is no testing date available for the
caissons installed and no as-built drawings to confirm the installed depth of the
caissons. The geotechnical report prepared by Mr. Joe Campbell included a boring test
that was taken at a depth of approximately 51.5 feet below ground surface of the parking
lot of the structure. A sample of the boring was taken at a depth of 5 feet and the
gradation of the sample was determined to be 0% gravel, 78.9% sand, and 21.1 % fine
soil. The geo-tech report also determined that the formation of the subsurface is
composed of clayey sands, sands, and gravel. These formations are well bedded and
have good surface drainage. Bedrock was encountered at a depth of 51.5 fbgs during the
boring test.

Historical Background:

Due to the historical significance of Venturi’s
original design, there is some preservation of
aspects of the design that were untouched
during the renovation. For example, there was
full preservation of the facade along the south
side of the building which features a classic
mosaic design by Robert Venturi. Also, there
are various murals on the walls of the original
design that were preserved due to their
historical importance.

Figure 2: South Facade of the URBN Center

Building Codes:

ICC Electrical Code 2006 (utilizes National Electric Code 2005 standards)
International Energy Conservation Code 2006

International Existing Building Code 2006

International Fire Code 2006

International Mechanical Code 2006

International Plumbing Code 2006

ICC/ANSI A117.1-2003 Accessible and Usable Buildings and Facilities standard.
International Building Code 2006 (IBC)

Zoning: URBN Center—C4 Commercial District. Annex—C3 Commercial District.

Page
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3.3 Client Information

The URBN Center and URBN Center Annex are owned
by Drexel University. Located in Philadelphia PA,
Drexel offers over 23,500 students in an urban
environment!. Thanks to a private donation, Drexel
purchased the famous Robert Venturi Design (to be
named the URBN Center) and a neighboring building
(URBN Center Annex) which will serve as the new
home for the Antoinette Westphal College of media
Arts & design. The goal of this project is to consolidate
all the students in the Antoinette Westphal College of
media Arts & Design under one building rather than . re 5 Drexel University Logo.
being scattered across campus and to expand Drexel’s (Property of Drexel University)
campus into the west bound of Philadelphia. With a state of the art renovated design,
Drexel aims to attract students from all across the nation by creating an attractive work
environment in the URBN Center. Using an original design by a well-known architect
like Venturi will also play a role in attracting new students to the University. Drexel
plans to have the URBN Center and URBN Center Annex to be ready for use by the
2012-2013 academic year. This makes the sequencing and schedule of the project to be
carefully followed in order to have the students occupying the building at the beginning
of their upcoming semester2. However, the project is split in two phases. The URBN
Center (phase 1) is completed in September 2012 and the Annex (Phase 2) is to be
completed in mid-October 2012. This being said, it is very important for this project to
be completed within the designated schedule in order for the students to be able to move
in the building on time for their upcoming classes.

3.4 Project Delivery System

As shown in figure 4, there are different types of contracts that are used in this project
between the owner, the Contractor, and the designer. The owner has an AIA contract
with the Designer and the construction is executed with a lump sum contract. In other
words, the design documents were completed by the architect and the contractor used
these design documents to propose a fixed over-all cost for the project to the owner. This
is a design-bid-build delivery method. Under a lump sum contract, the contractor is
mainly chosen based on the price they are willing to perform the work for. This puts less
risk on the owner and more risk on the contractor. However, a lump sum contract gives
the contractor the freedom about choosing the means and methods of executing the
work. Also, the contractor is responsible for hiring the specialty contractors who will be
working directly with the general contractor rather than working for the owner (specific
information about the specialty contractor is unavailable).

Page
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Drexel University

(Owner)

Turner

(C.M)

O'Donnell & Naccarato PHY Engineers, Inc [| Advanced GeoServices, Inc.

(STRUCT. ENGE) (MEF ENGR) (CIVIL ENGR)

Figure 4: Project Organizational Chart

Lump-sum is a logical contract choice for this project because the work scope is well
defined and there are comprehensive site and existing condition assessments to help the
general contractor define the risk they are taking when pursuing the project. However,
change orders are critical and undesirable with a lump sum contract because it is very
important for the general contractor to finish the project at the agreed upon time which
highlights the importance of having a well-defined scope of work once again. Another
reason why a lump sum contract is a good choice for the owner for this project is that
the owner wants this project to be occupied by students when their new semesters begin
which means finishing on time is critical and change orders are less likely to happen. As
for the owner-designer relationship, the owner has a standard AIA (American Institute
of Architects) contract with the designer. The designer is responsible to hire the
consulting/engineering companies.

1 http://www.buildings.com/tabid/3334/ArticleID/6087/Default.aspx

2: http://www.drexel.edu/slas/news/featureStories/URBNCenter/
Page
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3.5 Project Team Staffing Plan

Project Exec.
(Thomas Howland)

Project Manager &

Superintendent

(Adam Rockmacher)

Assistant Superinten-
dent

Chris Renshaw

Project Engineer

(Chris Hoover)

Assistant Engineer

Nicole Barbero

Figure 5: Turner Staffing Plan

The chart above shows the staffing plan used by Turner Construction on the URBN
Center project. The staffing plan used on this project is slightly different than the
conventional chain of commands used in the construction industry. The chain of
commands begins with the project executive (Thomas Howland) who is the head of the
project. Below the project executive is the project manager/superintendent. Adam
Rockmacher is the project manager and superintendent for the project. Mr. Rockmacher
is responsible for the office operations as well as the field operations on day to day basis.
This is unusual because typically there is two different people on the project working as
project manager/superintendent. The project engineer (Chris Hoover) also works on the
project site on daily basis helping Mr. Rockmacher to run the project with the assistance
of the assistant engineer (Nicole Barbero). Also, the assistant superintendent (Chris

Renshaw) assists with the field operations.

Ghaith Yacoub | Senior Thesis Final Report
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4.0 Building Systems
4.1 Demolition

The demolition will encompass the ceiling assemblies and their components. Also, the
existing floor tiles, carpeting, and other sheet goods over concrete slabs are to be
removed. The demolition of structural (in building’s center) and MEP systems is also
required. As for wall surfaces, the interior surface of the exterior walls are to remain.
Also, murals are preserved under the owner’s recommendations. Based on the age of the
building on the subject property, the painted surfaces within the building are not
expected to contain lead. The painted surfaces on the subject property were observed to
be in good condition during the property inspection. As for Asbestos, the environmental
report indicates the presence of asbestos in mastic adhesive used for fixing tiles in the
Annex which is planned to be contained. As for Facade demolition, the only required
demolition is in locations of the curtain wall system.

4.2 Structural Steel Frame

The original design of the URBN
Center consisted of 4 levels. However s ,
the renovated consists of stepped floor AL
which sums up with a total of 8 levels e 8 o 578" PLYNOGD —
(2 levels on each story). Therefore, ke SHEATHING (YR
most of the new modification of the

framing system took place when oy ity
constructing the new levels. The new CONSTRLETIN e,
framing consists of cold-formed metal
framing. On a typical raised level, a _ R
4SWIB Brace is placed at every other
bay for floor support. A detailed of the

ot |

.'\ 4

new floor brace support is shown in CONT. 68w/ — — 4508 BRACE ¢ &' ot
figure6. Also, a 4x4x5/16 Brace @ each ¥t VT 3D e e e TR ES
vertical channel is used for support of a £ oo (¥ EEED))
typical operable partition. Composite TYPICAL RAISED FLOOR SUPPORT DETAIL
slabs are placed on certain sections of SCALE: 314t o 10!

the new levels. The composite slab
consists of 2 12” normal weight Figure 6: Raised Levels Support

concrete cover w/ 6x6-W2.0 x W2.0

WWF OVER 2" 18 Ga. (GALV.) COMPOSITE DECK. (4 1/2" TOTAL THICKNESS).
Since this project consisted of mostly interior work, a mobile crane is placed on the site;
the capacity of the crane is 85 Tons.

Page
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4.3 Mechanical System

The mechanical room of the URBN Center is located on the north-west corner of the
first level. The building utilizes an active chilled beam mechanical system. The active
chilled beams work as radiators that are cooled by recirculated chilled water. The beam
takes warm air that rises to the ceiling and redistributes cool air back to the roomt. The
benefits of an active chilled beam system are less use of energy, less duct work, and
being a quiet system compared to a conventional VAV systems. Due to the unique
distribution of floor levels inside the building, the mechanical load is distributed in
vertical quadrants to the Roof top Units rather than distributing the load by floor.

4.4 Electrical/Lighting System:

The URBN Center is mainly fed a 13.2KV U.G Utility Feeder which is stepped down with
a dry type transformer before being distributed to the building to a 277/480 volt system.
The building also has an emergency generator with a 500 KW capacity. As for lighting,
the URBN Center utilizes linear T-5 fluorescent light fixtures for the majority of the
building. The fluorescent fixtures provide direct/indirect lighting to the building.

4.5 Masonry:

Due to historical significant of Venturi’s design, the facade on the south side of the
building was completely preserved and remained untouched during construction. New
masonry units were placed on the other three sides of the building. The existing
masonry fagade is a brick facade and there were no changes to the existing bricks on the
exterior of the building. The only removal of the facade was in the location of the new
curtain walls. All other existing masonry bricks remained in place.

4.6 Curtain Wall:

Curtain walls are placed along the East and North elevations of the building mainly to
provide passive solar lighting into the students’ studios and work spaces. The glass that
is used on the windows and the curtain walls of the URBN Center is a ¥/2” thick clear
tempered glass. The curtain walls are stick built and installed piece by piece on site.

4.7 Transportation:

In addition to the mezzanine, an elevator is added in the atrium located in the center of
the ground floor that spans along the 4 stories of the URBN Center. The elevator
capacity is 2,500 LB and it is a traction drive, machine room-less type. The elevator is
enclosed with a point fixed structural glass shaft.

3: http://www.drexel.edu/slas/news/featureStories/URBNCenter/

Page
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5.0 ANALYSIS I: Demolition Alternatives for the Building’s Core.
5.1 Problem Identification

Since this is a renovation of an existing structure, the demolition plan of the project can
play a major role in getting the project started on the right track. The demolition
included cutting the center portion of the building to allow for the construction of the
mezzanine structure and some general demolition (MEP...etc.). That being said, the
original demolition package of the project consisted of two phases:

1. Demolition of the Center of the building
2. General Demolition

Original contractual agreement was for the General contractor to only have to perform
the general demolition of the project. However, due to time delays the general
contractor had to start project with phase 1 of the demolition not being completed by the
owner. Therefore, Turner had to perform both phases of the demolition instead of just
the second phase.

Throughout the first phase of demolition, the original plan was to demolish the
structure from the top down with no structural modifications or shoring required.
However, the structural engineer on the project opposed this idea and proposed a
different demolition plan. The problem was that the demolition of the structural framing
would leave some columns unbraced until the new steel is erected. This problem was
solved by partially tearing down the structure and keeping certain beams that were
supposed to be demolished in place to brace the columns. These beams were kept in
place during the construction of the mezzanine floor above and demolished after
completing the construction of the mezzanine floor.

The overall effects on the project schedule included resequencing the demo as stating
earlier, and a total of 10 Mondays which were recovered by working second shifts and
over time.

Figure 7: Original Demolition Sequence

Page
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5.2 Research goal:

The goal of this analysis is to find demolition alternatives of the URBN Center’s core
that will result in accelerating the project schedule. Finding the most efficient
alternative for demolition would be very beneficial to the project schedule because the
demolition is on the critical path of the project.

5.3 Approach:

e Analyze the existing demolition plan and the structural concerns influencing the
demolition process.

e Research alternative demolition methods in similar projects/case studies

e Define shoring options for the possible demolition methods

e Develop a new demolition plan

e Compare the new sequencing of the demolition efficiency to the existing plan

e Compare the effects on the schedule and cost difference between the proposed
method and the existing demolition.

5.4 Existing Demolition Overview:

The demolition mainly took place in the
center portion of the building where the i |
mezzanine levels will take place. A typical
layout of the mezzanine levels is shown in
figure8. The demolition of the slabs
begun on the 4th floor and worked down
in order for the debris to only fall on one
floor. The perimeter of the slab was saw-
cut, and the concrete was jack hammered
using an MT-52 mini loader. Following
the concrete slab, the deck was burned
with a torch. Similarly, the beams were
burned with a torch into 4 ft sections and
lowered down on the freight elevator.
Figure 9 shows the slab demolition.

However, some of the beams were not Figure 8: Typical Mezzanine Level Layout
demolished around the perimeter of the

demolished slabs and were used as temporary support for the existing structure until
the new steel was installed. The issue was that the columns around the perimeter could
not be left un-braced for more than 14’ vertically. Therefore, the beams that were not
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demolished immediately provided temporary bracing for the columns. To provide a
better understanding of the demolition of the steel, figures 10-12 show the remaining
steel and demolished steel in the center portion of the building as well as which beams
were kept for temporary support and finally, where the new mezzanine levels will be
located in relation to the demolished steel, accordingly.

Figure 9: Slab Demolition at the URBN Center4

4: Property of Turner Construction
5: Original Steel Model obtained from MS&R LTD
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- Existing Remaining Steel in the Building’s Center
[ £xisting Demolished Steel in the Building’s Center

|:] New Added Steel for Mezzanine Levels

Figure 12: 3D Section of the Building's Center Showing the New Steel in Relation to the Demolished Steels

Since the steel demolition was phased, table 1 below provides a description of the

demolition dates and durations.

Table 1: URBN Center's Existing Demolition Schedule

URBN Center's Existing Demolition Schedule

Item Level Start Finish LI
(days)
4 | 12/27/2012 | 12/30/2012 4 N/A
Concrete Slab 3 1/3/2012 1/6/2012 4
2 1/9/2012 1/12/2012 4
4 1/10/2012 | 1/14/2012 4 15 Beams
Deck and
Initial Beams 3 1/16/2012 | 1/19/2012 4 0 beams
2 1/20/2012 | 1/25/2012 4 15 Beams
.. 4 3/26/2012 | 3/27/2012 2 5 beams
Remaining
Beams 3 3/28/2012 | 3/29/2012 2 2 Beams
2 3/26/2012 | 3/27/2012 2 5 Beams

Ghaith Yacoub | Senior Thesis Final Report
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As shown in the table above, there were a total of 12 beams that were kept for
approximately 2 months after the initial beam demolition before they were removed
with a total of 6 days duration for their removal in March.

5.5 Demolition Alternative (A):°

Rather than demolishing the steel in two phases, this proposed plan calls for re-
sequencing the demolition by removing the steel entirely in one stage and using cables
as x-bracing on the columns for temporary support. This idea will create a safer work
environment for the workers because it will eliminate the need to remove large steel
members while the construction is in full swing. The new sequence for the demolition is
shown below.

To learn more about cable bracing, the AISC guide for Erection Bracing of Low Rise
Structural Steel Buildings was obtained from a structural consultant. This guide
provides information about the requirements for temporary supports in steel buildings
that are not fully erected against self-weight and imposed loads.

Such loads are gravity loads (dead loads, live loads...etc.), and environmental loads:.
This analysis will not cover the structural calculations to figure out the exact cable sizes
but it will mainly focus on the impact of the cable bracing on the construction process.
However, the guide to complete the required calculations has been obtained from the
AISC manual and is included in APPENDIX E.

The components of the temporary bracing will consist of the following;:

1. Wire-rope
2. U-Bolt clip (Crospy Type)
3. Bent attachment plate

As shown in figure 13, the cables would be connected to the columns using bent
attachment plates and the U-bolt clips.

=

1

—

Figure 13: Cable Cross-Bracing Schematics®

6:AISC GUIDE: Erection Bracing of Low rise Structural Steel Buildings
Page
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5.6 Cost of Cable Bracing:

There are 10 bays total that need to be braced in the building (4 between levels 1-2, 2
between levels 2-3, and 4 between levels 3-4). With a width of 28’ and a height of 10’,
the required cable bracing for each bay is 560 LF of cables plus the required hardware
and accessories. The table below shows the approximate cost of the required quantities
of the cable bracing, assuming that labor cost will remain the same since the
subcontractor is getting paid for the same scope.

Table 2: Material cost for cable bracing

Item Quantity Unit Cost per Unit  Total cost Source
($) ($)
15” wire .
e 5600 LF 1.33 7448 ACE Industries Inc
U-Bolt Clip 40 EA 0.88 35.2 ACE Industries Inc
Angles 40 EA 0.98 39.2 ACE Industries Inc
Total Cost

As shown above, the total cost for the cable bracing materials is $7523 and the labor cost is
assumed to be constant since the subcontractor is being paid for the same scope.

5.7 Schedule Effects

Table 3: Proposed URBN Center Demolition Schedule

URBN Center's Proposed Demolition Schedule Notes

Ghaith Yacoub | Senior Thesis Final Report

Item Level Start Finish D(u;:;isgn

4 |12/27/2012 | 12/30/2012 4 N/A
Concrete Slab 3 1/3/2012 1/6/2012 4

2 1/9/2012 | 1/12/2012 4

4 1/10/2012 | 1/17/2012 6 20 Beams
g:;ﬁ:;nd 3 1/18/2012 | 1/23/2012 4 2 beams

2 1/20/2012 | 1/25/2012 4 20 Beams

4 1/10/2012 | 1/10/2012 1
fr?;::laellation 3 1/18/2012 | 1/18/2012 1 N/A

2 1/20/2012 | 1/20/2012 1
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As shown in table 3, implementing cable bracing as a temporary support will change the
sequence of the demolition and the overall sequence of the project. Rather than
removing the steel after the placement of the new steel, all the beams will be removed in
one phase which is a more typical sequence of work.

5.8 Demolition Alternative (B):

Another demolition alternative is to remove all the existing steel in one phase and to use
steel beams on new locations of the mezzanine levels for temporary bracing until the
new steel is placed. The purpose of this alternative is to once again eliminate the idea of
having phased demolition of the steel members to avoid having to perform any
demolition work during the construction phase of the project.

This section of the analysis will show the location of the temporary beams in addition to
preforming the structural calculation to size the steel beams as the structural breadth
topic. Finally, the cost and schedules are compared to the existing demolition.

Figure 14 below shows the locations of the new beams to be added on level 1A in order to
temporarily brace the existing columns. This figure also applies to the beams that would
be added to levels 3A and 4A due to the symmetry of the building and the similar layout
of the mezzanine levels. The temporary beams on the new mezzanine levels would take
care of the column bracing of the existing beams on levels 2,3, and 4.

=Temp. Beam Locations

.

Figure 14: Temporary Beam Locations
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5.9 BREADTH I: Temporary Beam Sizing

This section will determine the size of the steel beams to be used temporarily using
student calculations and the AISC Steel Construction Manual. Figures 15-16 show the
calculations performed to obtain the beam size. See APPENDIX F for the AISC Table
used to size the steel beam. Note that due to all the bays being 30’x30’ and the fact that
the beams would not be holding a concrete slab (only bracing the columns temporarily),
the calculation of one beam would determine the size of the beams in all the necessary
locations because there are no variable factors in the calculation.

[This section was left blank Intentionally]
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Figure 15: Calculation sample for temporary beams on level 1A
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5.10 Cost and schedule effects

Table 4: Temporary Beam Cost

Daily Labor

2013 Bare Costs

Material Labor Equip. Total
$ 31508 312)8 173 ]83635 (8

Code  Item Quanity Unit Total Incl O&P Total Cost

Crew Output Hours
51223751302 |Wiax22 |E2 0.064 720

42.00 | $30,240.00

As shown in table 4 above, this method would include approximately $30,240 of
additional cost for the steel beams. This is highly undesirable because of the contract
type of this project. The lump sum contract would make it difficult for the GC to have
the owner cover the additional charges to the project. Therefore, from the cost stand
point this method is highly undesirable.

As for the project schedule, adding the beams would make the demolition schedule to
change as table 5 indicates below:

Table 5: New Demolition Sequence

URBN Center's Proposed Demolition Schedule Notes

Item Level Start Finish IR
(days)
12/27/2012 | 12/30/2012
4 /27/ /30/ 4 N/A
Concrete Slab 3 1/3/2012 1/6/2012 4
2 1/9/2012 1/12/2012 4
4 1/10/2012 | 1/17/2012 6 20 Beams
Bl?g;:l;lznd 3 1/18/2012 | 1/23/2012 4 2 beams
2 1/20/2012 | 1/25/2012 4 20 Beams
4A | 1/10/2012 | 1/10/2012 1
Temp Beam
Installation 3A | 1/18/2012 | 1/18/2012 1 N/A
2A | 1/20/2012 | 1/20/2012 1
Te Bea =
lgg)nova]m ‘;‘Z 3/26/2012 | 3/29/2012 4 NA

The table above shows that this method is also not desirable in terms of the effects it has
on the project schedule. Although this method eliminates all the existing beams in one
phase, it adds additional unnecessary labor to the project by adding the temporary
beams and removing them after the construction of the new steel is completed. Also,
this raises the question of whether the temporary beams are available immediately or is
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there a lead time required for the steel to be fabricated first which would eliminate this
method as an alternative option completely.

5.11 Summaries and Conclusions:

Table 6: Demolition Methods Comparisons

Method Advantages ‘ Disadvantages
e Limits additional labor e Need of demolition during
e Does not interfere with the | the construction phase of
Existing demolition steel erection the project.
method ¢ Does not add additional cost | e Demo. Sub. Needs to come
to the project back to finish the scope.
¢ Fast and easy installation ¢ Additional Labor
e Allows for demolition of e Disrupts the steel erection
Cable Cross Bracing steel in one phase
e cheap
o NA ¢ Labor intensive
o Availability of steel is
Temporary Beams questionable
¢ Expensive

When comparing the demolition alternatives, it is important to see the effects of the
demolition on the steel erection as well since that is a critical path item. In a typical case,
the new steel would be placed in the same location as the old steel. In that case, the
demolition of the beams would slow down the steel erection because each beam needs to
be torched into sections, lowered down, and transported out of site. However, since the
new mezzanine levels were erected at a different elevation than the older levels, there is
no direct impact on the steel erection of the mezzanine levels. In fact, the existing beams
were finally removed weeks after the new structure was erected.

Therefore, the existing demolition plan is the best demolition option because it does not
add any additional labor to the project and does not slow down the next critical path
item on the schedule.

It is concluded that the actual demolition did not have many negative effects on the
project schedule. However, the actual time that was taken to develop the new sequence
of the project caused the set back that was described earlier as 10 Mondays. Therefore,
the following analysis is an attempt to recover from the setback with minimum use of
overtime.
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6.0 ANALYSIS II: SIP Scheduling for the Mezzanine Structure

6.1 Problem Identification:

With the delays caused by the demolition in the early
stages of the project, the completion date of construction
remained unchanged because the building needed to be
occupied by the students at the beginning of their fall
semesters. Therefore, short interval scheduling can be
utilized on the mezzanine portion of the building in order
to effectively utilize the labor on the project. The
mezzanine layout is very similar on each level of the
building which makes it an ideal choice for SIP scheduling
due to the similar labor activities that takes place on each
level.

6.2 Research Goal:

The goal of this analysis is to maintain the focus of the
research on the core portion of the building by utilizing

. . . o Fi : Finished Mezzanine at
SIP Scheduling following the completion of the demolition. > %?Bgcﬁl;,e(pho??;:;;zzy

Also, the goal is to find the most effective way to utilize the of Drexel University)

labor working on the mezzanine structure due to the similarity of the construction
activities for the mezzanine and to compare the time and cost savings to the existing
schedule.

6.3 Approach:

¢ Analyze the mezzanine structure

e Identify key equipment used to construct the mezzanine

¢ Identify Construction activities required to construct the mezzanine

e Conduct an interview with Mr. Rockmacher regarding available labor and work
durations to construct the mezzanine.

e Use the results of the interview to develop a SIP plan

e Develop a 4D model of the proposed SIP construction sequence using Revit, and
Navisworks

e Compare the effects on the project schedule caused by using SIP on the
mezzanine

e Analyze the Schedule improvements and cost changes caused by SIP
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6.4 Short Interval Production Scheduling Overiew?

Short interval production scheduling is an approach used on construction projects when
the labor productivity needs to be maximized. This is typically performed by breaking
down the on-site operations into repetitive detailed activities. These operations are
usually on the critical path of the project and have impact on the completion of the
project.

Therefore, only one activity is analyzed in details in terms of labor and equipment that
will be utilized to complete this activity. This is mostly effective on repetitive spaces
where similar labor will be performed such as in hotel buildings, dorms, apartment
buildings...etc. The repetitive labor is being completed in an assembly line approach
which allows for a learning curve to be developed for the workers and eventually leads to
acceleration in the project schedule. However, this type of work requires commitment
from everyone who is involved in the SIPS process. The main parties involved in SIPS
scheduling are the general contractor, the specialty contractors, and the owner. The SIP
schedule is usually presented with a matrix schedule which shows the activities
performed along with their durations and a 4D model that helps showing the sequence
of work.

6.5 URBN Center SIPS Utilization

The portion of the URBN Center where : :
SIPS can be utilized effectively is the
newly added mezzanine levels. The
mezzanine levels are located in the center
of the building where the demolition took
place. These four levels (1A-4A) are very
similar in layout and structural framing,
which makes them ideal for SIPS since r
the labor will be repetitive. A typical

layout of the mezzanine levels is shown in

figure 18 and figure 19 shows a 3D section '

of the steel framing of the mezzanine
levels. The specific activities that will be
analyzed in more detail for SIPS are the
structural framing and the concrete on
metal deck of these levels because these
activities lie on the critical path of the rigure 18: Typical Mezzanine level s layout
project.

7: AE 473
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Figure 19: Steel layout for the Mezzanine Levelss

6.6 Work Sequence

The construction sequence of the mezzanine levels was from level 1A to level 4A. The
overall durations for the structural framing and slab on metal deck for each level is

shown in the table below:

Table 7: Structural Framing and Slab on Metal Deck Durations

Structural Framing and Slab on Metal Deck Durations

Structural Framing Slab on Metal Deck
Level Duration (Days) Duration (Days)
1A 8 1.5
2A 8 1.5
3A 8 1.5
4A 8 1.5

Table 7 above indicates that the existing schedule allows for a total of 9.5 days for
completing the steel framing and concrete on metal deck slabs on each level. This is

Ghaith Yacoub | Senior Thesis Final Report
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based on a 5 work days week, 8 hours per day. Following these activities, the stairs, rails
and wood tread landings are installed in the mezzanine.

6.7 Activity Identification

As mentioned in previous sections, the activities to be analyzed are the structural steel
framing and the concrete slab on metal deck for each mezzanine level. Table 8 shows
these activities in more details per level.

Table 8: Detailed activities in the Mezzanine

Welding clip angles to existing steel

Steel erection

Structural Steel

Installing safety cables
Detail Welding
Decking

Installing Bent plates

Slab on Metal Deck
Slab prep

Slab pouring

From the activities listed above, the steel erection is the most critical and labor intensive
activity. Therefore, the SIP plan will be developed for the steel erection as an effort to
accelerate the schedule

6.8 Labor and Equipment Identification?

The next step to develop the SIP plan is to identify the available labor force and
equipment to complete the steel erection. The steel erection was completed using a 7
person crew. The crew consists of the following:

1 foreman

2 erectors

1 crane operator
2 welders

1 Apprentice

O O O O O

As for the equipment, there were two cranes used for the steel. Propane powered

8: Mr. Chris Renshaw, Turner Construction.
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Figure 20.1-2: Mobile crane? and chain falls® were used on Levels 3A and 4A for steel erection

crane operating inside the building for levels 1A/2A and a 26 ton mobile crane located
outside the building for levels 3A/4A. Additionally, beam trolleys and chain falls were
used transport the steel members to the center of the building after they entered the
building from window openings using the mobile crane.

6.9 Proposed SIP Schedule

The schedule acceleration can be obtained by optimizing the crane usage to effectively
Complete the steel erection. Since levels 1A and 2A were performed differently than 3A
and 4A, there will be 2 analyses for the steel erection.

Levels 1A & 2A

The steel lay-down area was on the east parking lot of the building. Also, the site of the
building is sloped which allows for entering the 1st floor from the south entrance and the
ond floor from the North entrance. See APPENDIX A for the site layout and the
entrances of the building. Therefore the process to erect the steel consisted of bringing
each steel member from the lay-down area through the south entrance for level 1A
where a propane powered mini crane was inside the building. The crane was used to lift
the steel into place where 2 welders made the initial welding on each member to be
detailed later. Similar process was utilized on level 2A, however the steel was brought in
from the North entrance to the 2nd floor of the building.

9: http://www.flickr.com//photos/urbncenter/show/
10: http://www.stagecraft.co.uk/wp-content/uploads/2011/05/Manual-Chain-Hoist.jpg
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The average time for the erection of each steel member is shown below. Although the
duration of the erection of each member might differ slightly, the average time for the
erection was used to create the SIP schedules.

o Load beam on trolley........ccccoeviiiiiiiiiiiiiiiiieeeteeee e 4 Mins
o Transport beam inside the building..........ccccceeoviiiiiiiniiiiiiicceceeceee, 4 Mins

O Crane lift.....cueoeieeieeeeeeeee et 8 Mins
o Tack (initial) Welding.........ccovueieeiiiiiiiieeiiieeieeece e 20 Mins

The total time it takes for each member to be erected is 36 minutes. With 28 members
on each floor, the steel erection can be performed in approximately 16.8 hours or 2.1
work days.

However, with overlapping of activities and the new beam being transported while the
previous beam being tack welded, the duration for the steel erection can be accelerated.
APPENDIX G shows the detailed SIP schedule for levels 1A and 2A along with the error
allowances and transition periods from each floor to the next. A summary of the SIP
schedule is shown in the table 9 below:

Table 9: SIP Summary for levels 1A & 2A

LEVEL Duration ‘ Total hours (hrs)

1A 2/13/2012 (8AM-5PM) 8

2/14/2012 (BAM-10AM) 2

Crane transition period 1

oA 2/14/2012 (11AM-5PM) 5

2/15/2012 (8AM-2 :15 PM) 5.25

Error Allowance 0.75

Total Duration (hrs) 22
Total Duration (work

Days) 2.75

As shown in table 3, levels 1A and 2A can be erected in a total of 2.75 work days. The
detailed SIP schedule in APPENDIX G shows where the error allowance was included
and the time duration allowed for crane transition to the second floor via the north
entrance of the building.

Levels 3A & 4A

Once again, there are a total of 28 wide flange beams that were added to each of these
two levels. However, the erection method was different from levels 1A & 2A. To erect
each steel member, the mobile crane was used to lift the members into window openings
on the 31 and 4t floors where each member was transported using a beam trolley to the
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center of the building and chain falls were used to put the members in place where they
were tack welded temporarily. The duration for erecting each member are listed below:

O CTane Lift....coueiecieeceeee e e e e e ae e e 8 mins
o Beam placement on trolley from window opening............ccccceeevueeeereeennnenne 4 mins
o Transporting the beam to center of the building...........ccccceeeeeiviieciriicnieennneen. 4 mins
o Using chain falls to move the beam into place.......c...ccoceevvieriiiniiiniinncnnneen. 4 mins
O TaCK WEIAING....cccuviieiiieiieeeeeee ettt et ae e s are e e eaaeeeaaeeas 20 mins

By looking at the durations above, each steel member can be erected in a total of 40
minutes. However, to perform the work efficiently, there is an overlap in each activity.
For example, while the beam is being welded in place, workers are bringing another
beam that will be ready for welding immediately following the previous beam.

APPENDIX G shows the detailed SIP schedule for levels 3A and 4A along with the error
allowances and transition periods from each floor to the next. A summary of the SIP
schedule is shown in table 7 below:

Table 10: SIP Summary for levels 1A & 2A

LEVEL Duration ‘ Total hours (hrs)

2/15/2012 (3PM-5PM) 2

3A 2/16/2012 (8AM-5PM) 8

2/17/2012 (8AM-9:20AM) 1.33

Transition to the next floor 0.66

2/17/2012 (10AM-5PM) 6

4A 2/20/2012 (8AM-3:20 PM) 6.25

Error Allowance .25

Total Duration (hrs) 25
Total Duration (work

Days) 3-13

As shown in table 10, levels 3A and 4A can be erected in a total of 3.13 work days. The
detailed SIP schedule in APPENDIX G shows where the error allowance was included
and the time duration allowed for transition to the 4th floor of the building.

Finally, by taking the total durations from tables 3 and 4, the total time to erect the steel
using the proposed SIP schedules is 5.88 work days, or approximately 47 hours.

6.10 4D Model

To show the sequence of the work that would be performed on the structure of the
URBN Center, a 4D model was created using Navisworks 2013. The steps to create the
model were to first take the 3D model of the steel provided by the architect, export it as
a DWF file and then link the DWF model into Navisworks where activities and durations
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were assigned to each structural member. Finally, a video was created in Navisworks to
show the sequence of work. See figures 21-23 for snap shots of the steps taken to create
the model.
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6.11 Cost and Schedule Comparison

Table 11: New total duration for the mezzanine structure following the acceleration of the steel erection.

Activity Duration (Days)
Welding clip angles to existing steel 4
Steel erection 5.88
Safety cables 4
Detail Welding
Decking and bent plates

Slab prep
Slab Pour
Total days 35.88

Based on a 5 days a week work schedule, the project schedule gives a total of 9.5 days for
each mezzanine level structure. As explained in previous sections, the steel erection on

N |~ 00|00
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the mezzanine levels can be potentially completed in 5.88 work days. This along with
the current durations for the rest of the activities shown in table 11, the total duration for
the mezzanine structure is 35.88 days. This is 2.12 days less than the 38 days currently
allowed in the project schedule for the mezzanine structure. The schedule acceleration
was mainly obtained from accelerating the steel erection. Following the main structure,
the stairs and rails will be installed within their original durations during earlier days
than what the original schedule calls for.

As for cost savings, the schedule acceleration is on the critical path of the project
schedule which will lead to general condition savings. The general condition estimate for
the URBN Center project is approximately $2,201,302 which leads to a total of $6,031
general conditions cost per day. Using the estimated general conditions cost per day, the
total savings in 2.12 work days will be approximately $12800.

In terms of labor, the subcontractor is getting paid for the same scope regardless of how
long it takes. However, Table 12! below shows the hourly cost for the iron worker crew
to operate for the 2.12 work days (17 hours) that were saved from the schedule. The total
hourly cost for the 22 hours that were saved from the schedule is $3,980.

Table 12: Labor Cost for the time saved using SIP scheduling

Hourly Rate
($/hr)

Forman 52.05 17 885
Steel Worker

(x2) 50.05 17 851
Crane Operator 48.80 17 830
Welder (x2) 50.05 17 851
Apprentice 33.05 17 562
Total Cost $3,980

6.12 Summary and Conclusion

Following the setback in the project schedule during the demolition stage, the schedule
can be accelerated by implementing SIPS on the structure of the mezzanine levels. The
schedule can be mainly accelerated by optimizing the labor and accelerating the steel
erection. This yields to completing the steel erection in 5.88 work days with a total of
35.88 days to complete the structure of the mezzanine. The schedule acceleration yields
to a total of 2.75 days savings for the 4 mezzanine levels and a total general conditions
cost of $12,800.

Special acknowledgment for completing this analysis: Mr. Christopher Renshaw, Turner Construction.
Special acknowledgment to MS&R LTD for providing the REVIT Model for the steel framing.

11: RS-MEANS Cost Book, 2013 Edition.
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7.0 ANALYSIS III: Schedule Acceleration Through the Prefabrication of
the Curtain Wall Systems

7.1 Problem Identification:

The rigidity of the URBN Center’s construction
schedule was a big challenge to the construction
team. Due to the nature of the project, the N
completion of the construction and turn over date | °
was not up for negotiation. The project team | N
needed to turn over the project to the owner before '/\\
the students had to start their scheduled classes in
the URBN Center. Therefore, contingencies forced
the project team to perform their work using over
time and adding multiple labor shifts in order to
maintain the project schedule. Prefabricating the
curtain walls will allow for time saving due to
shorter installation and possible labor cost savings.

Figure 24: East curtain wall installation. 2

7.2 Research Goal.:

The goal of this analysis is to explore the possibility of reducing the project schedule by
implementing prefabrication on the curtain wall system and analyze the time and cost
savings associated with the prefabrication process.

7.3 Approach:

e Identify vendors near Pennsylvania and inquire those vendors about

prefabrication options for the curtain wall system.
o Inquire about dimension limitations, installation requirements

e Analyze transportation methods for the prefabricated system to the project.

e Explore storage options for the prefabricated system (On Site/Off site)

e Develop installation plan—equipment, required labor...etc.

e Interview with Mr. Rockmacher (project manager) regarding labor and
installation methods of the prefabricated system and the existing system.

e cost and schedule comparison of the prefabricated curtain wall system and the
existing system.

12: http://www.flickr.com//photos/urbncenter/show/
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7.4 Existing Stick-Built Curtain Walls
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Figure 25: URBN Center curtain walls locations

As shown in figure 25, the newly added curtain walls exist on the North and East
elevations of the URBN Center. The curtain walls were stick built piece by piece on site.
The sequence of the construction began with CW1 on the North side to CW5 on the East
side.

Table 13: Curtain Wall Dimensions

Curialn Wall Curtain Wall Dimensions (ft) Area (SF)

abel

CW1 40 X 25 1000

CWz2 40 X 15 600

CW3 25 X 25 625

Cwyg 45x 15 675

CW5 35 X 20 700

Total Area: 3600 SF
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This section will provide a summary of the cost and schedule of the existing curtain
walls. The cost of the stick built curtain walls will differ from the prefabricated curtain
wall panels. Therefore, the cost analysis is important to determine if prefabrication is
beneficial for the owner.

Curtain Wall Schedule and Labor:

Table 14: Stick-built curtain walls schedule

) at1o
Cwi 7 4/26/12 5/4/12
Cwz2 5 5/5/12 5/11/12
Cws 5 5/12/12 5/16/12
Cwg 5 5/19/12 5/23/12
CWs5 4 5/25/12 5/29/12
Total 26 4/26/12 5/29/12

The stick built curtain walls had a total durations of 26 days. The duration for each
curtain wall ranged from 4-7 work days. Table 14 shows the detailed duration of each
curtain walls based on 5 work days per week.

As for the labor of the curtain walls, the work was performed using a 3-men crew and
the glazing was lifted into place using a JLG lift with a glazing package.

Curtain Wall Estimate:

Table 15: RS-Means estimate of stick built curtain wall assembly

Bare Cost
ode . ity Uni
RSMeansCode  Item  Quantity Unit poge Ouipat . . Eauip.| Total [Tnc 0 P
06441310 205 | 01560 | SF | 2 | 72 4.2 | 495
Total Cost $ 178,200.00

Using RS-Means 2013 cost book, the stick built curtain walls cost approximately
$178,200. This estimate uses a 3-men glazing crew and is based on a square foot cost of
the curtain wall assembly, not just the glazing. The total square foot of the curtain walls
is shown in Table 15. With a bare material cost of $34/SF, the total material cost is
$122,400.
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7.5 Prefabrication Overview?'3

Prefabrication is a current trend in the construction industry that is used as a tool to cut
down on field labor and accelerate the project schedule. The prefabrication process
focuses on creating factory-built modular units that would have a great reduction of
labor on the construction site.

Prefabrication can be implemented on various sections of the building. Typical modular
units include form work, curtain walls, bathroom, headwork, casework, brick
panels...etc. It is also becoming a common practice to get multi-trades involved in the
prefabrication process. For example, prefabricating multiple MEP items that will
require more than one trade to integrate their design together to create the modular
unit.

Therefore, it is very important to design for prefabrication. The design intended for
prefabrication should stray away from customization. Other keys to success of
prefabrication include early involvement and having enough time for planning. This is
particularly important for long lead items. Other challenges pertaining to prefabrication
include logistics considerations for the laydown area, and material delivery/transp-
ortation to site.

The benefits of having a prefabricated system include the reduction of the field labor,
better quality, and improved safety. Since the prefabrication process is preformed off-
site in a controlled factory environment, there is less risk of injury. This is because the
workers are isolated from the rest of the construction activities. Also, the prefabrication
is being performed by skilled labor in the factory which usually leads to a higher quality
product.

Therefore, when schedule acceleration opportunities were presented to the project team
on the URBN Center project, prefabrication was used on miscellaneous metal items.
However, this analysis is an attempt to see how prefabrication can have a bigger impact
on the construction schedule by being implemented on a bigger scale than just
miscellaneous metal items. The curtain walls were chosen as the prefabricated item
mainly due to logistics issues. The curtain walls on the URBN Center project would be
easier to prefabricate and install as big panels on site because they are the main
construction work on the exterior of the building. Pursuing prefabrication on interior
items such as MEP systems would not be effective on this project because it becomes an
issue to bring modular units inside the current structure which may reduce the schedule
acceleration and defeats the purpose of the prefabrication. The following section gives a
detailed plan for prefabricating the curtain walls on the URBN Center project.

13: 2013 S:PACE Round-Table Discussion
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7.6 Proposed Prefabrication Plan

Vendor4

The first step of the prefabrication process was
to identify available prefabrication shops with-
in the given list of glazing vendors from the
owner in the project specs. After analyzing the
specs, it was determined that the stick-built
curtain wall supplier (Oldcastle Building
Envelope) has prefabrication options in their
curtain-wall products. A 3D section of the
Oldcastle signature Unit Wall is shown in
figure26. The curtain wall is completely shop
fabricated off-site as much as possible to
reduce the on-site labor. The shop fabrication
includes installing the panels, glazing, and 'l
back- pans.

Figure 26: Oldcastle signature curtain wall system?5

Also, there is a full unitization of all the
glazing caps, application of joint seals, priming and curing of structural silicones, and
quality inspection.

Dimensions:
The prefabricated panels are typically spliced in the following dimensions:
e  Width: 4-5ft, height: 5 or 10 f, depth: Custom (depending on the design)

Therefore Table 16 below gives the total number of panels needed for the URBN
Center’s curtain walls based on the constraints above:

Table 16: Number of panels required for the URBN Center's curtain walls

Curtain Wall Number of Panels |
CW1 20
CW2 12
CW3 15
CW4 15
CWj5 15
Total 8o

14: http://www.oldcastlebe.com/
15: Image source: http://www.oldcastlebe.com/products/curtain-wall/unitized/2-38-x-6
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Construction Considerations:

e Delivery to site: The panels would be delivered using trucks. Each truck can
approximately carry 45 panels. Therefore, the delivery would consist of two
trucks and can arrive to site in one day.

e Logistics: The panels can be stored temporarily on site. The laydown area would
be on the existing parking lot near the east facade.

e Work Sequence: The sequence of installation would remain the same. Beginning
with CW1 to CW5.

New Schedule:

Based on the vendor’s advertisement that a total of 20-40 prefabricated panels can be
installed per day (based on repetitiveness of work). If the average of 30 panels per day
is considered to be the production rate on the URBN Center project, the total duration
for installation would be only 3 days to install the 80 panels shown in table 12. This is
23 days less than the stick-built curtain wall system on the current project schedule.

The new construction schedule for the prefabricated curtain walls is shown below. The
schedule includes 4 weeks for submittal review & approval and a 10 week procurement
period.

[resk ame Durationtat  |Fiish |in1,'t2 mn'e 1212 Mard, 12 [Mar 25, 12 s, [May6,'12
tle s s imlr lwlrlels s mlrlw 1 1¢F[53]

UREN Center Prefabricated C- Walls Schedule 74 days Wed 1/18/12Mon 4/30/12

Engineering 7L days Wed 1/18/12Wed 4/15/12
Submitsl Revew & Approval duks Wed 11812 Tue 11412 [y Submitt Review & Approval

Procurement 10wks Thu /1612 Wed 4/25/12 s rocyrement
(onstruction 3days Thudf26/12 Mond[30/12 Constructon
o Ly Thud/25/12 Thudfe/12 : !

an 2aap TrudfI6[12 Frid/27[2 u

oA Lay R4 R4 !

W 2 B4/ Mondfa0/L2 o

s Ly Mond/30/12 Mon&/20/12 o

Figure 27: New Prefabricated Curtain Walls Schedule

New Cost

Cost = $55/SF

Glazier wage~ $43.30/hr
Helper wage = $33.75/hr

The cost estimate for the new system is obtained using SF cost from the vendor and
labor wages from RS-Means 2013 Cost Book.
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Table 17: New cost estimate

. . Cost/Unit Total Cost
Item Quantity Unit ($/SF) %)
Prefab C-Wall 3600 SF 55 198,000
Labor
Total hrs Rate/hr ($/Hr) Total Cost ($)
Glazier 24 43.30 1039
Glazier 24 43.30 1039
Helper 24 33.75 810
Total Cost $200,888
[This Section is Intentionally Left Blank]
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7.7 Cost and Schedule Comparison
Cost:

As expected, the prefabricated material cost alone is higher than the stick-built curtain
walls material cost.

e Prefabricated material cost: $198,000
e Stick-built material cost: $122,400

The prefabricated cost is 62% higher than the stick-built however there are plenty of
savings from general conditions and labor.

Based on a $6031/day general condition cost, the 23 days of schedule reduction would
result in a total of $138,713.

As for labor, the cost for on-site labor to install the prefabricated panels in 3 days is
$2,888. However, the cost for the 24 days of labor to do the stick built curtain walls is
$25,030 leading to a potential cost saving of $22140. Table 14 shows the total potential
savings from the prefabrication process. The total potential savings are $85,253

Table 18: Cost comparison of stick built vs. prefabricated curtain walls

 Cost Savings
Stick Built Prefabricated (%)
Material 122,400 198,000 -75,600

General Conditions 156806 18093 +138713
On-Site Labor 25,030 2,888 +22140
Total Savings ($)

Schedule:

The construction duration for the curtain walls can be potentially reduced by 23 days.
The prefabricated curtain walls can be installed in a 3 day duration. This reduction of
the schedule would allow for faster enclosure of the building’s exterior compared to the
stick-built curtain walls.

It is important to remember that curtain walls are a long lead item. With 10 weeks of
procurement, the prefabrication process would have to start early in the engineering
phase of the project in order to avoid delays in the construction of the curtain walls.
Therefore, this analysis would be an alternative to the stick-built, not a solution to the
set-back during the demolition stage of the project because it would be too late to
prefabricate the curtain walls at that point of construction.
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7.8 Summary and Conclusion

As determined in this analysis, the prefabrication of the curtain walls system would be a
cost saving activity with total savings of $85,253. The cost savings come from the
combination of general conditions, and on-site labor reduction.

However, this schedule acceleration would not be feasible as a solution for the
demolition challenge. This is due to the long lead time of prefabricated curtain walls.
Therefore, this was a study of how the schedule would change in the case of having
prefabricated curtain walls from the beginning of the design.

Therefore, in order for prefabrication to be effective on this project and any other
project, it is highly recommended to start the process as early as possible during the
design stage of the project. Early involvement from all parties is encouraged because it is
more effective to design for prefabrication instead of prefabricating an existing
design, as originally attempted in this analysis.
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8.0 ANALYSIS IV: Supply Chain Research of the Chilled Beam System

8.1 Problem Identification:

Using an active chilled beam system was a major value
engineering decision for the owner. With over 100 buildings
under the owner’s operation, the URBN Center was the first |
building to use a chilled beam system. Therefore, the owner |
was hesitant to use this type of system because of the
unfamiliarity with how the chilled beam operates and what
the cost of operation will be like in the long run. Also, supply
chain is one of the main critical industry issue that was
discussed during the PACE Roundtable. Therefore, this
research is pursued to gain a better understanding of supply
chain and how it would be best utilized on a unique product
such as chilled beams.

Figure 28: Chilled Beam at the

8.2 Research Goal: URBN Center (Photo Property of
Drexel University)

The goal of this analysis is to conduct a research about the supply chain of the chilled
beam system. Also, the goal is to analyze the supply chain of the pre-existing
mechanical system and perform a comparison of both systems to decide whether the
chilled beams system is the more efficient of the two.

8.3 Approach:

e Conduct an interview with Mr. Rockmacher (Project Manager), regarding the
supply chain process of the chilled beams

e Develop a Supply Chain map for the chilled beam system

e Develop a Supply Chain map for the pre-existing VAV mechanical system

e The steps to develop a supply chain map include the following?:

o Identifying the key players involved (vendor/supplier, distributer,
customer, warehousing)

o Linking each element from the supplier to the customer to discover the
time period that will take the product to reach the customer (elements
include delivery, logistics, storage...etc.)

e Analyze the following supply chain elements of the Chilled beam system and
compare them to the pre-existing VAV mechanical system:

o Delivery
o Logistics/storage
o Local materials
o Replacements
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8.4 Supply Chain Overview?*

Supply chain is the process that each material or product goes through from the design
stage to the point it is installed on site. Elements of supply chain include procurement,
purchase, Deliveries, storage, replacements...etc. The supply chain process is very
important to the construction industry because it has a great effect on the sequence of
the project and project completion.

The sequence of the project is affected by supply chain because delays in material arrival
to site can be costly to the project schedule. Therefore, it is important to develop early
procurement of key materials/equipment to avoid risks of delays. However, since each
product on the project is different and goes through a different process, the supply chain
process is determined based on the product itself.

The concerns that are taken into account when developing a successful chain supply
process include the lead time for the product, whether to purchase the product early and
store it or to buy when the product is needed on site, and delivery method and duration
to arrive on site.

Since supply chain is important to the oiens ) ST
sequence of the project, some ways to avoid Mt ------------------------------ CT‘ -----
delays on the site include the use of new il i
technologies such as using barcodes and ":;‘”..M\ ******************************* g
tagging materials to track shipments. Also, s on s
the use tablets is becoming more common N|_ s

on site to track materials as well. Tracking ,_‘I \ oo

the materials will allow the project team to \ 'I' /

Suppliers I Suppliers Suppliers ( Suppliers Suppliers

know whether the material is arriving as e B ey e g Mo S
scheduled or whether they need to adjust to Figure 29: Example of a supply chain map?
a delay as soon as it happen.

The main parties involved in the supply chain process are the general contractor,
specialty contractor, vendors, engineers, owners, and distributers. Finally, one of the
most important factors of supply chain is having good communication between all
parties. Keeping communication between the people involved will develop transparency
in the work place. This transparency allows to easily holding people accountable for
their work and whether they have met their expectations. Therefore, in the case of delay
or additional cost, the responsible party is clearly identified to take the responsibility for
the negative effects on the project.

16: The 2013 S:PACE Roundtable

17: http://blogs.birminghampost.net/business/assets_c/2010/02/uk-supply-chain2.html
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8.5 Chilled Beams Supply Chain
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Figure 30: Chilled beams supply chain map
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The chilled beams were chosen for the supply chain research mainly because it is a
unique product on this project and not as common in the United States as in Europe.
Therefore, the supply chain process might differ from a typical VAV mechanical system.
The chilled beams were purchased by the mechanical subcontractor from TROX-US
Division in Cumming, Georgia. As shown in figure 30, beginning with the procurement
stage, there is 16 week duration between getting the design review/approval to the
beginning of the delivery of the system. These 16 weeks include 8 weeks for the
mechanical engineer to review/approve the drawings followed by the purchase by the
mechanical subcontractor, and 8 weeks for the manufacturer to fabricate the system and
have it ready for delivery.

The delivery of the chilled beams was scheduled in a way that matches the sequence of
the project. Therefore, there were 4 different shipments that were identified by floor and
its correspondent mezzanine floor. For example, levels 4 (main floor) and level 4A
(correspondent mezzanine floor) were shipped in a single shipment. The chilled beams
were shipped by trucks in a 2 days trip and arrived to the site 2 days before the
scheduled installation day. Table 19 shows the amount of chilled beams on each floor
and gives an idea of how many units were shipped in each of the four shipments to site.

Table 19: URBN Center Chilled Beams quantities

CHILLED BEAMS QUANTITIES PER LEVEL

Shipment
1 110
1A 26 !
2 149 o
2A 20
3 118
3A 26 3
4 82
Y.\ 18 4

Upon arrival to site in Philadelphia PA, the chilled beams were stored directly on the
floor that they will be installed. This is eliminates the need for storage rental which adds
extra cost for the owner. However, although the mezzanine level units (1A-4A) would
arrive to site with levels 1-4 (accordingly), the chilled beams on the mezzanine levels are
not installed immediately. The chilled beams on levels 1A-4A were stored from April to
June inside the building. This could be because the as shown in table 19, the mezzanine
levels only have a few units on each level which makes it unnecessary to deliver only a
few units for each floor in 4 separate shipments a few days before installation. However,
storing the units inside the building for long durations adds the risk of possible damage
of the chilled beams which can be costly and undesirable.
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8.6 VAV Supply Chain
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Figure 31: Proposed VAV supply chain map
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The building’s mechanical system before the renovation consisted of a VAV system.
Therefore, this section will focus on the supply chain process of a VAV system as an
alternative choice for the chilled beams. Figure 31 summarizes the supply chain map for
a typical VAV system if it was to be utilized on the URBN Center. The VAV system takes
a total of 10 weeks from procurement to the beginning of equipment delivery. These 10
weeks include 4 weeks for drawings’ submittal and approval by the engineer and a 6
week lead time until the system can be delivered to site.

Since the VAV system is a much more common system than a chilled beam system,
there are many more options regarding vendors. This allows for choosing a local vendor
for the VAV system as shown in figure 31. The vendor chosen is only 3.5 miles away
from site which makes delivery much easier to site.

Also, since the VAV system consists of generally larger components, delivering each
floor at once would make the building very congested. Therefore, each floor can be
divided in 4 different zones and each zone can be delivered to site the day before the
scheduled installation. Having these multiple deliveries is feasible and will not cost
much more since the delivery from the vendor to site would only take minutes. It is even
possible to have the equipment sent to site on the same installation day. Figure 31 gives
the breakdown of how the deliveries would take place to site.

As for the mezzanine levels (4A-1A), each level would be delivered to site before the
scheduled installation separately rather than delivering each mezzanine level at the
same time of the corresponding main floor (4-1). This will eliminate the need to have
this large equipment in the way until they need to be installed.

Figure 1: Proposed zones of equipment delivery for a VAV
system
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8.7 Chilled Beams & VAV Supply Chain Comparison:

By analyzing the supply chain maps for the chilled beams and VAV system, there is no
doubt that the VAV system has an overall advantage against the chilled beams. The
advantages of the VAV system can be summarized as the following;:

e Shorter lead time

e Availability of local vendors
e Same day delivery option

e Avoiding a congested site

Since there are very few chilled beams vendors in the United States, the project team
was constrained regarding the location of the vendor. Therefore, deliveries were made
from Georgia to Pennsylvania which is more expensive and takes two days to arrive to
site. Therefore, the chilled beams on the mezzanine levels were ordered early along with
the main floors and were stored inside the building for as long as two months until
installation. This adds the risk of damaging the chilled beams while they are on site.

On the other hand, the common use of VAV systems would allow the project team to use
local vendors which makes delivery much easier and faster and allows the team to split
the deliveries for each floor by zones as shown in figure32. Splitting each floor by zones
would eliminate congesting the site with equipment since the delivery takes only
minutes from the vendor to the building. Also, the availability of the VAV equipment
locally would make the maintenance and replacement of equipment a lot easier in the
future for the owner since the vendor is in Philadelphia.

As explained above, the overall supply chain process of a VAV system would be more
beneficial to the project’s sequence than the use of a chilled beams system. However, the
question regarding the performance of each system in the URBN Center is still not
identified. Since the use of chilled beams was the biggest value engineering decision
made on this project, the following section will focus on the energy usage comparison
between the chilled beams system and a typical VAV system. The comparison of the
energy usage would conclude whether the overall benefits of using chilled beams during
the building’s life cycle outweighs the disadvantages of chilled beams from the supply
chain stand point.

[This section was intentionally left blank]
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8.8 Mechanical Breadth (II): Energy use Comparison
Introduction:

To further analyze the chilled beams system and the VAV system, this section is
intended to calculate the energy consumption of each system. Understanding the energy
consumptions is necessary to determine the cost benefits for the owner in the long run.

To perform mechanical calculations, TRACE 700 was used to model both mechanical
systems in the URBN Center and use the software to conduct the energy calculation of
each system. The section below summarizes the steps taken to create the mechanical
model of the URBN Center.

TRACE Model:

The first step taken to create the model was to develop templates in the software for
internal load and airflow of typical spaces. Since the most common space in the URBN
Center is a classroom, the templates were designed for classroom spaces. Another
template was made for the atrium in the building’s center using the recommended
density values and energy usage within the software. Figures 33-35 below shows an
example of the classroom template that was created for internal loads and air flow.

[nternal Load Templates - Project =]
Alternative IAItemalive 1 v Apply
Description lCIasstoom LI Cancel

People...

New

Wik

Type | Classroom
Density |20 lsq ft/person L] Schedule |People - College Copy
Sensible {250 Btush Latent {200  Btuth Delete
Add Global
Workstations... S8
Density |1 I workstation/person .ll
Lighting...
Type ]Recessed fluorescent, not vented, 80% load to space LI
Heat gain |1 lWr‘sq ft L] Schedule |Lights - College L]
Miscellaneous loads...
Type IS!d School Equipment LI
Energy |U.22 !W,’sq ft L‘ Schedule |Misc - College L]
Enr::e'?y I Electricity L]
Internal Load I Airflow ] Thermostat ] LConstruction ] Boom ]

Figure 33: Internal Load template for classrooms
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Airflow Templates - Project >l
Altemative ]Alternalive 1 | Apply
Description I classroom j Cancel
Main supply... Augiliary supply...

Cooling | |To be calculated LI Cooling | lTo be calculated L' New
Heating I ITo be calculated L] Heating I ITo be calculated v Copy
Wentilation... Std 62.1-2004/2007...
Delete
Apply ASHRAE Std62.1-2004/2007 IYes - Clg Ez |Ceiing clg supply, ceiing retu v | [to0 % i
obal
Type ]Classrooms [age 9 plus) HtgEz l Ceiling supply > trm+15°F(8°C ;] ISU %

&

Er IDefauIt based on system type L.I [—

DCY Min D& Intake I lNone v

Room exhaust...
Rate IU ] air changes/hr _:]

Peop-based IT 0 Icfm/’pelson

Areabased |0.12 Icfm/sq ft

Led Ll Led Lo

Schedule  |Available (100%)

Infiltration...

Type  [Neutal Average Const.  v| Schedule |Available (100%) =l

Cooling |06 Iair changes/hr _'_] VAV control...

Heating IU.G Iair changes/hr :J Clg Y& min | l°/° Clg Airflow l.l

Schedule | Available (100%) ~| Hig Vv max | |%Cgsifon  ~]
Schedule  [Available (100%) ~
Type |Defaull j

Internal Load Airflow l Thermostat ] LConstruction ] Boom

Figure 34: Airflow Template for Classrooms

The next step to develop the model was to create the different rooms in the building.
Each floor was modeled as one single room with consideration of the amount of glazing
on each wall. Also, the atrium space was modeled as a single room. Figure 35 shows an
example of the step to create the room in TRACE700. Also, the designed internal load
and airflow for different space type was applied to each room.

Alternative 1
Room description IFInov 2 L] LCancel
Templates... Length Width
Room |Classroom v Floor... 185 185 ft New Room
Intemal | Classraom v Roof.. @ |0 ft |0 ft C
0Py
Airflow | classroom v " Equals floor Delet
5 Delete
Tstat | Default >
Wall...
Constr | Default 3

Description Length (ft] Height (ft] Direction % Glassor Gty Length (ft] Height [ft) ‘Window
fwall-2 [185 [14 [180 25 [0 o [ |
[wal-3~ [1es [14 IED] 265 o Jo [ ~_|
fwall-4  [185 14 jo 27 o 0 [ v~

Intemal loads... Aiflows....

People fZU— [sq ft/person v Peop-based [1_0—— cfm/person v

Lighting [1— Wisqft v Area-based W cfm/sq ft -

Misc loads W m Cooling V&Y min [— W
Heating VAY max [_ [WI

Rooms I Roofs ] Walls I Int Loads | Aiflows I Partn/Floors

Figure 35: Example of creating a Room in TRACE700
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The next step was to insert the mechanical system along with the equipment needed and
assigning the rooms to each system. After the systems are included in the model, the
energy calculation is conducted to compare each system. Figures 36 and 37 show the
schematics of the VAV and chilled beam systems.

optional
exhaust/returm
fan

VAV terminal

o o=

main heating/
reheat coil

primary
fan

preheat cooling
coil coil

-

Figure 36: VAV System Schematics

aln coaling cails
active chilled beams

coaling

" fan I I

preheat!  main
main heating  coaling
coll coll aux heating ool
comvective or
forced flow
apace heater

[ ]
-"‘-

’r‘

active chilled beams
._'-

7 1% 7 1%

Figure 2: Chilled Beam System Schematic
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Results:

Table 20: Energy Consumption summary 26193

------- Monthly Energy Consumption ------

Utility Jan Feb Iar Apr May June July Alg Sept Oct Nov Dec Total
Electric
On-FuCons. [dWh] 33,858 34,827 48528 54571 77301 88457 101,885 96520 70183 606M B0BI0 41765 7H7 432
On-Fi Demand 280 279 251 224 292 492 584 434 478 337 M3 284 5G4
Chilled Beam System
Electric

On-Px Cons. (kWh) 40,730 38837 43424 40870 72908 98112 113808 104830 85126 47587 40241 38986 '{41,239

On-Pk Demand (W) 185 185 352 288 446 07 BE2 g0e 452 86 282 185 B2

Table 20 provides a summary of the monthly electric consumption for the VAV and
Chilled Beam Systems in the URBN Center. These results are from the TRACE report
generated for the building. As shown in the table, the chilled beam system can
potentially consume 26193 KWH less than the VAV system per year. This is a 3.5%
reduction in electricity usage per year. Also, in terms of CO2 emission, the chilled beam
system is also the more environmentally friendly system as expected. Figure 36 shows
the CO2 emission of both systems per year. The VAV system can potentially emit 38.1
Million Ibm/yr. While the chilled beam system is comparatively lower at 36.8 Million
Ibm/yr.

CO2 EmissionComparison
38,500,000
38,000,000
37,500,000
37,000,000
36,500,000
36,000,000
COZ2 Emmision (lbmfyr)
mvAaY mchilled Beams

Figure 3: CO2 Emission Comparison

Finally, in terms of electric cost savings, Table 21 shows the return savings for the owner
over a 30 year life cycle period. The table uses 0.156$/KWH?18 with an assumption of 1%
inflation every year in utility wage. The potential savings for the owner by using chilled
beams are approximately $140,000 over the 30 year life cycle.
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Year Cost(%/KWh) Savings/yr Coumlative Savings

Table 21: Life Cycle Savings

1 0.156 4086.11 4086.11
= 0.157 4112.30 8198.41
3 0.158 4138.49 12336.90
4 0.159 4164.69 16501.59
5 0.16 4190.88 20602.47
6 0.161 4217.07 24909.54
T 0.162 4243.27 2g9152.81
8 0.163 4269.46 33422.27
9 0.164 4295.65 37717.92
10 0.165 4321.85 42039.77
11 0.166 4348.04 46387.80
12 0.167 4374.23 5o762.05
13 0.168 4400.42 55162.46
14 0.16g9 4426.62 595849.08
ig 0.17 4452.81 64041.89
16 0.171 4479.00 68520.8¢g
17 0.172 4505.20 73026.08
i8 0.173 4531.39 F7oav-47
19 0.174 4557.58 82115.06
20 0.175 45835.78 86698.83
21 0.176 4b0g9.97 g1308.80
22 0.177 4636.16 95944.96
23 0.178 4662 35 100607.31
24 0.179 4688.55 105295.86
25 0.18 4714.74 110010.60
26 0.181 4740.95 114751.53
a7 0.182 4767.13 119518.66
28 0.183 4793.32 124311.98
29 0.184 4819.51 1209131.49
30 0.185 4845.71 133977.20
Total Savings 133077.20

18: http://www.bls.gov/ro3/apphl.htm
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8.9 Conclusion

By looking at the supply chain comparison between the VAV and the chilled beam
system, the VAV system certainly has more advantages than the chilled beams. VAV
systems are more common which opens the options to use local suppliers whereas
chilled beams have very limited suppliers in the United States. This effects the delivery
to site methods and gives the project team more options in terms of delivering the VAV
system in zones to the project site.

Also, the VAV system is more common which makes the maintenance and replacements
of equipment easier for the owner due to the variety of supplier options. Therefore, in
terms of supply chain, VAV system is easier to obtain than the chilled beam system.

However, the energy analysis concluded that the chilled beam system is more beneficial
to the owner during the life cycle period of the mechanical system. According to the
TRACE700 energy results of the building, the chilled beam system can potentially save
$140,000 for the owner in electricity cost over a 30 year life cycle period.

Although it is important to remember that these results are based on a model of each
floor as one room and the atrium space as one room. The simplicity of the model might
have impacted the accuracy of the energy results. Therefore, a more detailed model of
each room in the building modeled separately would provide more detailed results.
However, the time constraints and the scope of the breadth did not allow for the
creation of a model at such heavy details.
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9.0 Final Thoughts

The URBN Center construction project was analyzed by the student with theoretical
changes to the construction process. These proposed changes do not in any way imply
that the project team made any mistakes on the project. These analyses simple used the
challenges on this project as research opportunities.

After analyzing the demolition of the project, it is determined by the student that the
project team’s methodology of demolition the steel is the most efficient way to perform
the demolition. Although the alternative methods analyzed by the student would be
possible solutions to the structural concerns during the demolition, keeping the existing
beams in place as the project team decided to do was the best decision. Unlike using x-
bracing, the decision to keep the beams in place had the least impact on the following
construction activities such as the steel erection, which is a critical path item.

As for the schedule acceleration opportunities, there were two scenarios analyzed in this
report: short interval production scheduling and prefabrication. The short interval
production was analyzed on the steel erection and it was theoretically successful as a
tool to accelerate the project schedule by 2.12 work days.

Prefabrication is also a powerful schedule acceleration tool. However, it was determined
that it is not feasible to use prefabrication as a schedule acceleration scenario as a
solution to a project schedule conflict. Prefabrication of major system such as curtain
walls usually have long lead times, which means that the prefabrication process begins
very early in the design due to the long procurement periods. Therefore, it is highly
effective to design for prefabrication rather than attempting to prefabricate an existing
design.

Finally, the last analysis was pursued because using the chilled beam system was a
major value engineering decision for the owner. It was determined that the supply chain
of common alternative systems such as VAV is much simpler than the supply chain of
new systems such as chilled beams. However, the energy comparison calculation
determined that the chilled beam system can be cost beneficial for the owner and more
environmentally friendly.

Over all, researching the URBN Center was an excellent learning experience, especially
learning about renovation work and the type of challenges the construction team may
face with such project. This research was made possible by the generous sponsorship by
Turner Construction and the permission of the building owner, Drexel University.
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APPENDIX (A)
SITE PLANS
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APPENDIX (B)
Detailed Schedule




ID Task Name Duration  |Start Finish Oct2,'11 |Nov 27, '11 |Jan 22, '12 | Mar 18, '12 | May 13, '12 LJul 8,'12 [Sep 2,'12 |Oct 28,

w s | 1t m | ¢ | 1 s I w /|l s [ 1/ wmM | 1t s | w/l s |7
1 RB R 46 da 0 O on 9/24 EE———————————————————essssssss_—mM_sassassasas—_—_—_—_—“MfMsm_—_—_—_——tsm—_——_—_——_——tsrppppppaappaapapnnasy) URBN CENTER
2 O O on 9/10 I —A—A—A—8S—™Ba—a—9—Mti__—__——————— CONSTrUCTION
3 Notice to Proceed 0 days Mon 10/17/11 Mon 10/17/11 & Notice to Proceed
4 4 ele on 9/10 R —Aiiiitieezeassesiiiimmmsmy) At floor
5 Structural Demolition 70 days Mon 10/17/11 Fri 1/20/12 Structural Demolition
6 MEP Aerial Rough-in 55 days Fri1/20/12 Thu4/5/12 Ciimma MEP Aerial Rough-in
7 Structural Framing 4 days Tue 1/10/12  Fri 1/13/12 @ Structural Framing
8 Sliding and Pivoting walls 38 days Mon 5/21/12 Wed 7/11/12 Ciaaa Sliding and Pivoting walls
9 Finishes 82 days Mon 3/26/12 Tue 7/17/12 Gl Finishes
10 4th floor ready for punch list 0 days Thu 6/28/12 Thu 6/28/12 ¢ 4th floor ready for punch list
11 Furniture Instalation 5 days Mon 7/16/12 Fri7/20/12 @ Furniture Instalation
12 Final Clean 11 days Mon 8/27/12 Mon 9/10/12 G Fina| Clean
13 d Floo ey 31d FloOT
14 Structural Demolition 106 days Mon 11/7/11 Mon 4/2/12 Ly Structural Demolition
15 MEP Aerial Rough-in 66 days Fri2/10/12  Fri5/11/12 Ciimmma MEP Aerial Rough-in
16 Structural Framing 4 days Mon 1/16/12 Thu 1/19/12 @ Structural Framing
17 Sliding and Pivoting walls 37 days Tue 6/5/12 Wed 7/25/12 Cia Sliding and Pivoting walls
18 Finishes 107 days Mon 3/5/12 Tue 7/31/12 Gl Finishes
19 3rd floor ready for punch list 0 days Wed 7/18/12 Wed 7/18/12 ¢ 3rd floor ready for punch Jist
20 Furniture Instalation 5 days Mon 7/23/12 Fri7/27/12 @ Furniture Instalation
21 Final Clean 11 days Mon 8/27/12 Mon 9/10/12 G Fina| Clean
22 d Floo ey 21d FloOT
23 Structural Demolition 52 days Wed 11/30/11 Thu 2/9/12 Ciimaa Structural Demolition
24 MEP Aerial Rough-in 46 days Fri3/16/12  Fri5/18/12 Ciiiaaa MEP Aerial Rough-in
25 Structural Framing 3 days Fri1/20/12  Tue 1/24/12 B Structural Framing
26 Sliding and Pivoting walls 31 days Tue 6/19/12 Tue 7/31/12 Ciaaaa Sliding and Pivoting walls
27 Finishes 72 days Mon 5/7/12  Tue 8/14/12 g Finishes
28 2nd floor ready for punch list 0 days Tue 8/14/12  Tue 8/14/12 ¢ 2nd floor ready for punch list
29 Furniture Instalation 5 days Mon 8/6/12  Fri 8/10/12 & Furniture Instalation
30 Final Clean 11 days Mon 8/27/12 Mon 9/10/12 G Fina| Clean
31 00 gy 15t FlOOT
32 Structural Demolition 63 days Tue 12/6/11 Thu 3/1/12 Ciimmam Structural Demolition
33 MEP Aerial Rough-in 38 days Tue 4/24/12 Thu 6/14/12 Ciaaaa MEP Aerial Rough-in
34 Structural Framing 3 days Mon 1/30/12 Wed 2/1/12 @ Structural Framing
35 Sliding and Pivoting walls 92 days Mon 4/9/12  Tue 8/14/12 O Sliding and Pivating walls
36 Finishes 55 days Wed 6/13/12 Tue 8/28/12 s Finishes
37 1st floor ready for punch list 0 days Wed 7/25/12 Wed 7/25/12 ¢ 1st floor ready for punch list
38 Furniture Instalation 10 days Mon 8/20/12 Fri 8/31/12 Eamg Furniturg Instalation
39 Final Clean 11 days Mon 8/27/12 Mon 9/10/12 G Fina| Clean
40 ezzanine Elevato e e o LGN
Task S, Project Summary v @ Inactive Milestone @ Manual Summary Rollup ================Deadline A4
Project: Detailed Schedule Split v External Tasks S Inactive Summary U Manual Summary PEIIII—==S  Progress
Date: Sat 3/30/13 Milestone * External Milestone ¢ Manual Task O Start-only C
Summary PIII==W Inactive Task (] Duration-only Finish-only |
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ID  [Task Name Duration  [Start Finish [Oct2,'11 |Nov 27,'11 Jan 22,'12 |Mar 18, '12 'May 13, '12 Jul8,'12 'Sep2,'12 [Oct 28,
w | s | 1 | ™ T | s | w | s 1t ! m | | 1 | s | w s |7
41 Sawcut for piles 1 day Mon 2/6/12 Mon 2/6/12 T Sawcut for piles
42 Install Caissons 1 day Tue 2/7/12  Tue 2/7/12 T Install Caissons
43 Excavate pit to subgrade 2 days Wed 2/8/12 Thu 2/9/12 I Excavate pit to subgrade
44 Remove unsuitable soils 5 days Fri 2/10/12  Thu 2/16/12 Ea Remove unsuitable soils
45 Reinforcement & Formwork 3 days Tue 2/21/12  Thu 2/23/12 @ Reinforcement & Formwork
46 Pour Bottom Mat 2 days Fri2/24/12  Sat 2/25/12 I Pour Bottom Mat
47 Pour Walls 2 days Mon 2/27/12 Tue 2/28/12 I Pour Walls
48 Tube Steel Framing 21 days Mon 4/2/12  Mon 4/30/12 G Tube Steel Framing
49 Elevator Construction 20 days Mon 5/21/12 Fri 6/15/12 G Elevator Construction
50 Curtain wall 30 days Mon 6/18/12 Fri7/27/12 Ciaag Curtain wall
51 Elevator Final Alignment and Testing 10 days Mon 8/13/12 Fri 8/24/12 Eama Elevator Final Alignment and Test
52 Elevator Inspection 2 days Mon 8/27/12 Tue 8/28/12 1 Elevator I'Lspection
53 ezza € € P——— Mezzanine Structure
54 CE—— 1A
55 Structural Framing 30 days Mon 2/13/12 Fri 3/23/12 Gl Structural Framing
56 Slab on metal Deck 2 days Fri4/6/12 Mon 4/9/12 @ Slab on metal Deck
57 PE— 2A
58 Structural Framing 30 days Mon 2/13/12 Fri 3/23/12 Gl Structural Framing
59 Slab on metal Deck 2 days Thu 4/5/12  Fri4/6/12 I Slab on metal Deck
60 C——3 A
61 Structural Framing 30 days Mon 2/13/12 Fri 3/23/12 Gl Structural Framing
62 Slab on metal Deck 2 days Tue 4/3/12  Wed 4/4/12 I Slab on metal Deck
63 CE— A
64 Structural Framing 30 days Mon 2/13/12 Fri 3/23/12 Gl Structural Framing
65 Slab on metal Deck 2 days Tue 4/3/12  Wed 4/4/12 I Slab on metal Deck
66 ezzanine Fito 9 Mezzanine Fitout
67 e — A
68 Layout and Top Track 8 days Thu 4/19/12 Mon 4/30/12 E@aa Layout and Top Track
69 MEP Rough in 11 days Fri5/11/12 Fri5/25/12 G MEP Rough in
70 Framing 10 days Thu 4/26/12 Wed 5/9/12 Eaaag Framing
71 Wall Rough in 10 days Fri5/4/12 Thu 5/17/12 Gamma Wall Rough in
72 Drywall Partitions 5 days Fri5/18/12  Thu5/24/12 g Drywall Partitions
73 Lighting 5 days Mon 6/18/12 Fri 6/22/12 = Lighting
74 Chilled Beams/GRD's 6 days Mon 6/11/12 Mon 6/18/12 Eaa Chilled Beams/GRD's
75 Ceiling Framing 7 days Fri 5/4/12 Mon 5/14/12 Eaaa Ceiling Framing
76 Finish Paint 5 days Thu 6/21/12 Wed 6/27/12 Ea Finish Paint
77 Fixtures/Devices 11 days Mon 6/25/12 Mon 7/9/12 Eaaaa Fixtures/Devices
78 Specialties 5 days Mon 6/25/12 Fri 6/29/12 = Specialties
79 Millwork 11 days Mon 6/18/12 Mon 7/2/12 Gamaa Millwork
80 4A is ready for punch list 0 days Mon 7/9/12 Mon 7/9/12 ¢ 4Ais ready for punch list
Task GINNNNNNEE  Project Summary PE————===T  Inactive Milestone @ Manual Summary Rollup Deadline ¥
Project: Detailed Schedule Split v External Tasks G Inactive Summary U—— Manual Summary P——————== Progress
Date: Sat 3/30/13 Milestone ¢ External Milestone @ Manual Task G  Start-only C
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ID  [Task Name Duration  |Start Finish [Oct2,'11 |Nov 27,'11 Jan 22,'12 |Mar 18, '12 'May 13, '12 Jul8,'12 'Sep2,'12 [Oct 28,
w | s T | ™ F T w s [t I m | F 1T s | w S T
81 Furniture 68 days Wed 4/18/12 Fri 7/20/12 Cl 3 Furniture
82 e —— 3 \
83 Layout and Top Track 8 days Wed 4/18/12 Fri4/27/12 Eaag Layout and Top Track
84 MEP Rough in 12 days Mon 5/21/12 Tue 6/5/12 Gaaaa MEP Rough in
85 Framing 10 days Thu 4/26/12 Wed 5/9/12 Eaaag Framing
86 Wall Rough in 10 days Mon 5/7/12  Fri5/18/12 Eaag Wall Rough in
87 Drywall Partitions 5 days Mon 5/21/12 Fri 5/25/12 = Drywall Partitions
88 Lighting 5 days Tue 6/19/12 Mon 6/25/12 g Lighting
89 Chilled Beams/GRD's 6 days Tue 6/19/12 Tue 6/26/12 Eag Chilled Beams/GRD's
90 Ceiling Framing 5 days Thu5/10/12 Wed 5/16/12 G Ceiling Framing
91 Finish Paint 5 days Tue 6/19/12 Mon 6/25/12 Ea Finish Paint
92 Fixtures/Devices 11 days Tue 6/26/12 Tue 7/10/12 Eaaaa Fixtures/Devices
93 Specialties 5 days Tue 6/26/12 Mon 7/2/12 G Specialties
94 Millwork 12 days Mon 6/25/12 Tue 7/10/12 Camma Millwork
95 3Ais ready for punch list 0 days Tue 7/10/12  Tue 7/10/12 ¢ 3Aisready for punch list
96 Furniture 5 days Mon 7/23/12 Fri7/27/12 & Furniture
97 e —— ) P
98 Layout and Top Track 9 days Mon 4/30/12 Thu 5/10/12 Eaa Layout and Top Track
99 MEP Rough in 10 days Tue 5/29/12 Mon 6/11/12 G MEP Rough in
100 Framing 10 days Mon 5/7/12  Fri5/18/12 g Framing
101 Wall Rough in 11 days Wed 5/16/12 Wed 5/30/12 G Wall Rough in
102 Drywall Partitions 13 days Thu5/31/12 Sat6/16/12 Gaaaaa Drywall Partitions
103 Lighting 13 days Thu 6/28/12 Sun 7/15/12 Gamaaa Lighting
104 Chilled Beams/GRD's 5 days Tue 6/26/12 Mon 7/2/12 Ea Chilled Beams/GRD's
105 Ceiling Framing 5 days Mon 5/21/12 Fri 5/25/12 @ Ceiling Framing
106 Fixtures/Devices 10 days Fri7/6/12 Thu 7/19/12 Gaaaa Fixtures/Devices
107 Specialties 5 days Fri7/6/12 Thu 7/12/12 G Specialties
108 Millwork 12 days Mon 7/2/12  Tue 7/17/12 Gama Millwork
109 2A is ready for punch list 0 days Thu7/19/12 Thu 7/19/12 & 2Ais ready for punch list
110 Furniture 46 days Fri 6/8/12 Fri 8/10/12 Clmaa Furniture
111 —_ A
112 Floor Sealer 1 day Fri 6/8/12 Fri 6/8/12 T Floor Sealer
113 Layout and Top Track 5 days Mon 6/11/12  Fri 6/15/12 B Layout and Top Track
114 MEP Rough in 6 days Mon 7/2/12 Mon 7/9/12 Ea3 MEP Rough in
115 Framing 10 days Mon 6/18/12 Fri 6/29/12 Eamg Framing
116 Wall Rough in 10 days Mon 7/2/12  Fri7/13/12 Eama Wall Rough in
117 Drywall Partitions 5 days Mon 7/16/12 Fri7/20/12 = Drywall Partitions
118 Lighting 5 days Mon 8/13/12 Fri 8/17/12 = Lighting
119 Chilled Beams/GRD's 5 days Tue 7/17/12  Mon 7/23/12 Ea Chilled Beams/GRD's
120 Ceiling Framing 5 days Mon 6/25/12 Fri 6/29/12 = Ceiling Framing
Task S, Project Summary ==Y Inactive Milestone Manual Summary Rollup Deadline A4
Project: Detailed Schedule Split v External Tasks Inactive Summary U~/ Manual Summary PE—————== Progress
Date: Sat 3/30/13 Milestone * External Milestone ¢ Manual Task O Start-only C
Summary PIII==W Inactive Task Duration-only Finish-only |
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ID  [Task Name Duration  [Start Finish lOct2,'11 |Nov 27,'11 Jan 22,'12 |Mar 18, '12 'May 13, '12 Jul8,'12 'Sep2,'12 [Oct 28,
w | s T | ™ F T | s | w | s 1t | m | £ | 1 | s | w | s T
121 Fixtures/Devices 5 days Mon 8/20/12 Fri 8/24/12 B Fixtures/Davices
122 Specialties 5 days Mon 8/20/12 Fri 8/24/12 B Specialties
123 Millwork 1 day Fri8/24/12  Fri8/24/12 T Millwork
124 Finish Paint 3 days Thu 8/16/12 Mon 8/20/12 = Finish Paint
125 1A is ready for punch list 0 days Fri8/24/12  Fri 8/24/12 ¢ 1Aisready for punch list
126 eZ23 e Sta & Ra e ® Mezzanine Stairs & Rails
127 Stair A With Rails (1A-1) 36 days Mon 5/14/12 Mon 7/2/12 Claaaaa Stair A With Rails (1A-1)
128 Stair L With Rails (4A-4) 33 days Tue 5/22/12 Thu7/5/12 Ciaaaaa Stair L With Rails (4A-4)
129 Stair G With Rails (3A-3) 29 days Tue 5/29/12  Fri7/6/12 Gl Stair G With Rails (3A-3)
130 Stair B with Rails (2A-2) 26 days Mon 6/4/12 Mon 7/9/12 Gl Stair B with Rails (2A-2)
131 Stair J with Rails (2-1A) 24 days Fri 6/8/12 Wed 7/11/12 G Stair J with Rails (2-1A)
132 Stair K With Rails (4-4A) 23 days Wed 6/13/12 Fri7/13/12 G Stair K With Rails (4-4A)
133 Stair | With Rails (4-3A) 22 days Mon 6/18/12 Tue 7/17/12 Caaa  Stair | With Rails (4-3A)
134 Stair F with Rails (3-2A) 21 days Thu 6/21/12 Thu 7/19/12 G Stair F with Rails (3-2A)
135 Stair H with Rails (2-2A) 27 days Fri 6/15/12  Mon 7/23/12 Cammmaaa Stair H with Rails (2-2A)
136 Stair E with Rails (2-1A) 28 days Mon 6/18/12 Wed 7/25/12 Ciaad  Stair E with Rails (2-1A)
137 Stair C with Rails (1-1A) 27 days Wed 6/20/12 Thu 7/26/12 G  Stair C with Rails (1-1A
138 Stair D with Rails (1-1A) 27 days Fri 6/22/12  Mon 7/30/12 G Stair D with Rails (1-1A)
139 ROO e ® ROOF
140 — Steel
141 Framing 15 days Mon 4/2/12  Fri 4/20/12 Eaag Framing
142 Skylight Supports 12 days Mon 4/9/12  Tue 4/24/12 g Skylight Supports
143 Safety posts 11 days Mon 5/21/12 Mon 6/4/12 G Safety posts
144 e ——— Skylight
145 Constuct Curb 6 days Fri 4/20/12  Fri4/27/12 Eaa Constuct Curb
146 Install Skylight Framing 12 days Mon 5/7/12  Tue 5/22/12 e Install Skylight Framing
147 Install Skylight Glazing 11 days Wed 5/23/12 Wed 6/6/12 G Install Skylight Glazing
148 Demo Room Deck 2 days Fri 6/8/12 Mon 6/11/12 @ Demo Room Deck
149 Erect Platform 5 days Mon 6/11/12  Fri 6/15/12 & Erect Platform
150 Install Steel Plate 5 days Mon 6/18/12 Fri 6/22/12 &= Install Steel Plate
151 Plenum Rough in 3 days Tue 6/26/12 Thu 6/28/12 @ Plenum Rough in
152 Tape and Finish 5 days Tue 7/10/12 Mon 7/16/12 G Tape and Finish
153 Install Louvers 3 days Tue 7/17/12  Thu 7/19/12 @ Install Louvers
154 Paint 3 days Fri7/20/12  Tue 7/24/12 = Paint
155 —— Roof Equipment
156 Demo 5 days Mon 4/23/12 Fri4/27/12 &= Demo
157 Install Dunnage 13 days Wed 4/25/12 Fri5/11/12 G Install Dunnage
158 Place Equipment 1 day Thu5/10/12 Thu 5/10/12 T Place Equipment
159 MEP Connections & Control 17 days Mon 5/14/12 Tue 6/5/12 Eaaa MEP Connections & Control
160 Start up RTUs 5 days Thu 6/7/12  Wed 6/13/12 Eag Start up RTUs
Task S, Project Summary ==Y Inactive Milestone @ Manual Summary Rollup Deadline A4
Project: Detailed Schedule Split v External Tasks Cd  Inactive Summary U~/ Manual Summary PE—————== Progress
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ID  [Task Name Duration  |Start Finish |Nov 27,'11 |Mar 18, '12 'May 13, '12 Jul 8,'12 'Sep2,'12
T | ™ w s |1 [ m | F | 1T | s | w

161 erio 85 da 0 9 e —— EXterior Skin
162 West Elev. Ribbon Windows 20 days Mon 3/19/12 Fri 4/13/12 Ciaaa West Elev. Ribbon Windows
163 South Elev. Ribbon Windows 20 days Mon 3/26/12 Fri 4/20/12 Gaaaaa South Elev. Ribbon Windows
164 North Elev. Ribbon Windows 15 days Mon 4/9/12  Fri4/27/12 Caaa North Elev. Ribbon Windows
165 North Elev. Curtian Wall 24 days Thu 4/26/12 Tue 5/29/12 Ciaaaa North Elev. Curtian Wall
166 East Elev. Ribbon Windows 19 days Mon 4/16/12 Thu 5/10/12 Ciaaa East Elev. Ribbon Windows
167 East Elev. Lighting 5 days Mon 7/9/12  Fri7/13/12 = East Elev. Lighting
168 oading Dock Demo & Close Pe—— | 0ading Dock Demo & CI¢
169 Demo of Existing Slab 3 days Fri 6/1/12 Tue 6/5/12 & Demo of Existing Slab
170 Demo of Existing CMU Wall at 6-line 3 days Tue 5/29/12 Thu5/31/12 @ Demo of Existing CMU Wall at 6-line
171 Pour New Concrete Slab 3 days Wed 6/6/12  Fri6/8/12 @ Pour New Concrete Slab
172 Steel and metal Deck 5 days Mon 6/11/12  Fri 6/15/12 @ Steel and metal Deck
173 Masonry 5 days Wed 6/20/12 Tue 6/26/12 B3 Masonry
174 Install new storfront at 6-line 5 days Wed 6/27/12 Tue 7/3/12 @a Install new storfront at 6-line
175 Demo existing Roll up Door 2 days Thu7/5/12  Fri7/6/12 I Demo existing Roll up Door
176 Install O.H Coiling Door on 6.5 line 5 days Wed 6/27/12 Tue 7/3/12 g Install O.H Coiling Door on 6.5 line
177 Install O.H Coiling Door in A-line 5 days Mon 7/9/12  Fri7/13/12 = Install O.H Coiling Door in A{line
178 Overhead Glass Door 5 days Mon 7/16/12 Fri7/20/12 @ Overhead Glass Door
179 Install Platform Lift 5 days Thu7/5/12  Wed 7/11/12 G Install Platform Lift
180 Substantial Completion 0 days Fri8/24/12  Fri 8/24/12 ¢ 8/24
181 PO 0 0 Post Construction
182 Building Turnerover 0 days Mon 9/10/12 Mon 9/10/12 ¢ Building Turnerover
183 Student Occupancy 0 days Mon 9/24/12 Mon 9/24/12 Student Occupancy

Task S, Project Summary v @ Inactive Milestone @ Manual Summary Rollup ================Deadline A4

Project: Detailed Schedule Split v External Tasks Ll Inactive Summary U Manual Summary PEIIII—==S  Progress
Date: Sat 3/30/13 Milestone * External Milestone ¢ Manual Task O Start-only C
Summary PII==9 Inactive Task (7 Duration-only Finish-only |
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1. BIM Goals and Objectives

GOAL DESCRIPTION

POTENTIAL
BIM USES

High To avoid conflict in the field between different trades 3D coordination
High To clarify the schedule and sequencing of the project 4D Modeling
Med | To create accurate cost data and modify cost as design changes | Cost Estimation

Med

An efficient building system with low building life-cycle cost

Building Mainte-
nance schedule




2. BIM Use Analysis

Value to Additional Resources /

Valueto  Responsible

Capability
Project Party '

Res e

Competencies Required to

Proceed
with Use

Party Implement
High
High / Med Med / Scale 1-3 YES/NO/
| Low Low (1= Low) MAYEE
ol
25|z
=2 [ A S
7| E| =
e | S| @
Building Maintenance Schedule MED Contractor MED 2 | 2| 2 MAYBE
Facility Manager HIGH 3 | 2 | 3 |Reguires training
Owner MED 3 | 2 | 2 |Reguires training
Cost Estimation | MED Contractor HIGH 3| 2| 3 NO
4D Modeling HIGH Contractor HIGH 3| 3| 3 High value to owner due to YES
Infrastructure needs phasing complications
3D Coordination (Construction) | HIGH Contractor HIGH 3| 3 YES
Subcontractors HIGH 1 [ 2] 2 Modeling learning curve possible
Designer HIGH 23] 3
* Additional BIM Uses as well as information on each Use can be found at http://www.engr.psu.edu/ae/cic/bimex/




TTT

END
PROCESS

Program Model

e e e

Schematic Design

Architectural Model

MEP Model

Structural Model

Civil Model

Schematic Design 4D
Model

Schematic Design 3D
Macro Coordination Model

Schematic Design 3D
Virtual Prototypes

Schematic Design
Engineering Analysis Model

o o Ve e

Design Development

Architectural Model

MEP Model

Structural Model

Civil Model

Design Development 3D
Macro Coordination Model

Design Development 4D
Model

Design Development

Design Development 3D
Virtual Prototypes

Engineering Analysis Model

— o

Construction
Documents (WP)

L e o e e e e

Architectural Model

MEP Model

Structural Model

Civil Model

| CD (MP) 3D Macro
ICoordination Model

4D Model

CD (MP) Engineering CD (MP) 3D Virtual
Analysis Model

Maintenance
schedule

Prototypes

Record Model

CD (MP) 3D Micro
Coordination Model
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LEED 2009 for New Construction and Major Renovations
Project Checklist

[14] 4 [ 8 |Sustainable Sites Possible Points: 26
Y ? N
Y] prereqg1  Construction Activity Pollution Prevention
1 creditl  Site Selection 1
3|2 credit2  Development Density and Community Connectivity 5
1 [credit3  Brownfield Redevelopment 1
6 credit4.1  Alternative Transportation—Public Transportation Access 6
1 credit4.2 Alternative Transportation—Bicycle Storage and Changing Rooms 1
1| 2 |credit4.3 Alternative Transportation—Low-Emitting and Fuel-Efficient Vehicles 3
2 |credit4.4 Alternative Transportation—Parking Capacity 2
1 |credit5.1 Site Development—Protect or Restore Habitat 1
1 |credit5.2 Site Development—Maximize Open Space 1
1 Credit6.1 Stormwater Design—Quantity Control 1
1 |Credit6.2 Stormwater Design—Quality Control 1
1 Credit 7.1 Heat Island Effect—Non-roof 1
1 credit7.2  Heat Island Effect—Roof 1
1 Credit8  Light Pollution Reduction 1
[ 4] 2 [ 4 |Water Efficiency Possible Points: 10
T prereq1  Water Use Reduction—20% Reduction
4 |credit1  Water Efficient Landscaping 2to 4
2 credit2  Innovative Wastewater Technologies 2
2|2 credit3  Water Use Reduction 2t04
[12]13] 10|Energy and Atmosphere Possible Points: 35
52 prereql  Fundamental Commissioning of Building Energy Systems
K2 Prereqg2  Minimum Energy Performance
52 prereq3  Fundamental Refrigerant Management
10| 9 credit1  Optimize Energy Performance 1to 19
7 |credit2  On-Site Renewable Energy lto7
2 credit3  Enhanced Commissioning 2
2 credit4  Enhanced Refrigerant Management 2
3 |credit5  Measurement and Verification 3
2 credité  Green Power 2
| 9| 1] 4 |Materials and Resources Possible Points: 14
52 prereql  Storage and Collection of Recyclables
2 1 |credit1.1  Building Reuse—Maintain Existing Walls, Floors, and Roof lto3
1 Credit 1.2 Building Reuse—Maintain 50% of Interior Non-Structural Elements 1
2 credit2  Construction Waste Management lto2
2 |credit3  Materials Reuse lto2

RN <

1

The URBN Center

Materials and Resources, Continued

Credit 4
Credit 5
Credit 6
Credit 7

Recycled Content

Regional Materials

Rapidly Renewable Materials
Certified Wood

113/ | 2 |Indoor Environmental Quality Possible Points:

HI—‘H-<|-<|

[y

[

[uy

[y Y Y P

| 62] 20] 28]

Prereq 1

Prereq 2

Credit 1

Credit 2

Credit 3.1
Credit 3.2
Credit 4.1
Credit 4.2
Credit 4.3
Credit 4.4
Credit 5

Credit 6.1
Credit 6.2
Credit 7.1
Credit 7.2
Credit 8.1
Credit 8.2

Minimum Indoor Air Quality Performance

Environmental Tobacco Smoke (ETS) Control

Outdoor Air Delivery Monitoring

Increased Ventilation

Construction IAQ Management Plan—During Construction
Construction IAQ Management Plan—Before Occupancy
Low-Emitting Materials—Adhesives and Sealants
Low-Emitting Materials—Paints and Coatings
Low-Emitting Materials—Flooring Systems

Low-Emitting Materials—Composite Wood and Agrifiber Products
Indoor Chemical and Pollutant Source Control
Controllability of Systems—Lighting

Controllability of Systems—Thermal Comfort

Thermal Comfort—Design

Thermal Comfort—Verification

Daylight and Views—Daylight

Daylight and Views—Views

Innovation and Design Process Possible Points:

Credit 1.1
Credit 1.2
Credit 1.3
Credit 1.4
Credit 1.5
Credit 2

Regional Priority Credits Possible Points:

Credit 1.1
Credit 1.2
Credit 1.3
Credit 1.4

Total

Innovation in Design: Specific Title
Innovation in Design: Specific Title
Innovation in Design: Specific Title
Innovation in Design: Specific Title
Innovation in Design: Specific Title
LEED Accredited Professional

Regional Priority: Specific Credit
Regional Priority: Specific Credit
Regional Priority: Specific Credit
Regional Priority: Specific Credit

Possible Points:

Certified 40 to 49 points  Silver 50 to 59 points  Gold 60 to 79 points  Platinum 80 to 110

1to2
1to2

15
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APPENDIX (E)
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Bracing of Low Rise Structural Steel Buildings
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The Following section is taken from the AISC Stee; Desogm Guide Series: Erection
Bracing of Low-Rise Structural Steel Buildings (for references only)

5. RESISTANCE TO DESIGN LOADS —
TEMPORARY SUPPORTS

The purpose of the temporary support system is to
adequately transfer loads to the grownd from their
source mn the frame. Temporary support systems trans-
fer lateral loads (erection forces and wind loads) to the
ground. The principal mechanism used to do this s tem-
porary dizgonal bracing, such as cables or stuts, the usa
of the permanent bracing or a combinztion thereof.
Temporary diagenal struts which carry both tension and
COMPression of just compression are rarely used. Cable
braces are often used. In cases when the building is
framed with multple bays in each direction, dia-
phragms are used mn the completed constmetion to trans-
fer lateral loads to rigid frames or braced bays. Before
the diaphragm 15 mstzlled temporary supports are re-
gquired m the frame lines between the frames with per-
manent bracing.

The use of cables to provide temporary laterzl brac-
ing n a frame line requires that the follewing conditions
be met:

1. Functional strut elements (beams, joists, girders) to
transfer the lateral load to the cable braced bay.

2. Functional transfer of the lateral load into the brac-
ing tension cable and compressicn column pair.

3. Functional resistance of the anchorage of the cable
and the column to their respective bases and to the
ground.



gy = 000256(0.57T)[(1.0)60))° = 5.25 psf

F o= (5.25)(1.46)(1.5)Ar=11.5 psf

Ar = LOfL

F o= 115(01.0)=11.5 psf

Fy = (L2)311.5)= 1495 psf

My = Fh¥%2 = (149504052 = 11,960 ft—lhs,
= 1196 ft.-kips

11.96>89 ng.

Example 4-6

Would the columns described in Example 4-3 safely
support a 300 pound load located 13 inches off of the
column face?

Factored load:

Py = 1630 = 480 Ihs.

M, = 480024712 =960 ft.-Ibs,
= (.96 fl-kips

L946 << v,

From Exzample 4-1, the overturning design strength
equals 89 fi -kips.

0.96 << B9 Al —kips ok

4.3 Tie Members

During the erection process the members connect-
ing the tops of columns are referrad to as iz members.
As the name implies, fie members, tie {connect) the
erzctzd columns together. Tiz members can serve to
transfer lateral loads from cne bay to the next. Their
functicn is to transfer loads acting en the partially
erected frame to the vertical bracing in a given bay. Tie
members also transfer erection loads from column to
column during plumbing operations. Typical tie mem-
bers are wide flange beams, steel joists and joist girders.

Since fie members are required to transfer loads,
their design strength mustbe evaluated. Strength evalu-
ation can be divided into three categories:

A, Tensile Strength
B. Compressive Strangth
C. Connectien Strength

4.3.1  Wide Flange Beams
Tensile Design Strength

The tension design strength of any wide flange
bieam acting &5 a tie member will typically not require
detailed evaluation. The design strength in tensien will

almost always be larger than the strength of the connec-
tion between the tle member and the cohmn. Thws, the
tiz member will not control the design of the e Ifthe
tensile design strength of 2 tie member mnst be deter-
mined, it can be determined as the lesser value of the fol-
lowing:

For yielding in the gross section:

o = 0.90

P“ = FT.IL.'-g

For fracture in the net section:

dy = 075

Pn = Fufe

where

My = effective net area, in’

Ag = gross area of member,

Fy = specified minimum yield stress, ks

Fy = specified minimum tensile strength, ksi

Py = nominal axial sirength, kips

Compression Design Strength

For compression loading wide flange tie beams can
buckle since they are not laterally supported. Shown in
Teble 4.1 are buckling desizn str;?fms for the Lightest
wide flange shapes for the depths and spans shown n the
Table. These values cannot excead the connection value
for the type of connection nsed.

Compression
Span Depih Design Strength
ift) {in.) {kips)
20 14 20
25 16 20
30 18 23
35 21 25
40 24 25
45 27 &0
50 30 65
Table 41 Wide Flange Design Buckling
Strengths

The compression design strengths for specific wide
flange beams can be determined from the eolumn equa-
tions contained in Chapter E of the AISC Specifications
and the design aids of the LEFD Manuzl Part 3.

Connection Design Stremgth

Common connections consist of:



1. Beams resting on columa tops.

2. Framing angle connections.

3. Single-Plate Shear Connections.
4. Seat angles.

(LEFD) are shown in Table 4 32 for several spans with
the joist sizes as shown. Provided in Table 4.3b are the
service load (ASD) valoes.

Presented in Table 42 ae comnection design Span Joist Rows of Design
strengths for these comnections. These strengths are fft ) Desig- Elﬁgir'?g Strength
based on the installation of two 3/4" dismeter A323 o nation (kips)
bielts snug tight in each comnection. The controlling ele- 20 10K 2 110
ment is zlso shown. - 141 5 70

_ Design , a0 1BK3 3 7.0

Connection Strength CEFW"'“Q a5 20K4 3 6.0

Type - ement - '
P (kips) 40 20K5 4 70
Beams on Columns 30 Bolts 45 2BKS 4 70
14 in. Framing Angles 10 Frarming =0 28KT 4 7o
Angles Table 4.3a Joist Compression Design Strangth
516 in. Framing Angles| 15 Framing
Angles

. _ _ Span Joist Allowable

38 in. Framing Angles | 22 Framing -:1Et] Desig- E‘?a“s. of Load
Anglas - nation ridging (kips)

1/4in. Single-Plate 0 | Boks 20 | 10K 2 6.0

Shear Connections 25 14K1 2 4.0

) a0 18K3 3 4.0

A2 in. Seat a0 Bolts a5 20K4 3 35
Tahle 4 2 WF Connection Strengths 40 20K 4 4.0

45 JEKS 4 40

50 28KT 4 4.0

432 Steel Joists
Tensile Strength

As for the cese of wide flange beams the tensile da-
sign streagth for & tie joist will geneszlly not require
evalvation. The connection of the tie joist to the columm
is almost always wesker than the tensile design strength
for the joist. If one wants to evaluate the tensile design
strength, it can again be determimed from the aquation

4Ty = 9F,A, 0T F A,

It is snggested that only the top chord ares be used
for A inthe caleulation. The area can be determined by
contacting the joist supplier or by physically measuning
the size ofthe top chord. The vield strength of K and LH
series joists top chords 15 30 ks,

Compressive Strength

Because the compressive design strength of an wa-
bridged K-series joist is low, unbridged K-series joists
should not be relied upon to transfer compression forces
from coe bay to the next. The unbridged strength ts gen-
erally in the 700 to 800 pound range. Once the joists are
bridged they have considerably greater compressive
strength.  Approximate compressive design streagths

Table 430 Joist Compression Allowakble Load

Compressive design strengths for other spans and
joist sizes can be obtained from the joist supplisr.

Conmection Strength

Tiejotsts are typically comected to column tops vs-
g two z-inch A307 bolts. Many erectors also weld
the jaists to their supperts using the Steel Joist Institute’s
minimum weld reguirements (fwo Yy-inch fillet welds
one inch long). Sinee mest joist manufacturers supply
long sletted heles in the joist seats the welding is re-
quired to hold the joists in place. The design shear
strength for the two Ye-inch fillet welds 13 74 kips,
based cn using E70 electrodes.

It should be rememberad that if the connactions arz
not welded a considerable displacement may occur be-
fore the bolts bear at the end of the slot.

The design shear strength for other weld sizes can
be determined from the ATSC LRFD Specification. For
E70 electredes the design shear strength per inch of
weld length can be calculated by oultiplying the fillet
weld size in sixteenths by 1302



432 Joist Girders
Tenzile Strengin

The same comments apply to joist girders as do for
joists acting as tension ties. Connection strengths will
again typically control the design

Compressive Smrength

The design compressive strength of joist girders
can be determined from the ATISC LEFD Specification
column equations. Joist girders should be considerad as
laterally vnbraced until the roof or floor deck has been
secured to the joists. Joists which are not decked may
supply some lateral bracing to the joist girder but the
amount of support cannot be readily determmed.

Shown in Teble 44a are desien compressive
strength (LFFD) valves for joist giders with the top
chord angles shown. Provided in Table 4 4b are the ser-
vice load (ASD) values. In all cases the mimimum avail-
able thicknesses of the angles has been assumed in cal-
culating the values provided in the table.

Conmection Strength

The joist girders are fypically connected to colummn
tops using two '/ -inch A325 belts. The mininmm size
81T welds consist of two Ye-nch fillet welds 1 inches
long. Leong slotted hioles are generally provided in the
joist girder s2ats as in the case ofjoists. The desiza shear
strength for the two Y-inch fillet welds s 29.6 kips.

Span Top Chord Angle Leg Length, {in.)

fi. 212 4 N2 4 5 g
30 3 G 12 18 43 T4
35 2 4 a 13 32 55
40 2 3 7 10 24 42
45 1 2 g & 15

50 1 2 4 [ 16 7
55 - 2 4 5 13

G0 - - 3 4 11 19

Table 4.4a Joist Girder Design Buckling
Strengths (kips)

4.4 Use of Permanent Bracing

The design procedure for tempeorary bracing can be ap-
plied to permanent bracing vsed as part of the temporary
bracing scheme. It avolves the determination of a de-
sign lateral force (wind, seismic, stability) and con-
firmation of adequate resistance. The design procedure
1s dllustrated 15 the following example.

Span|  Tap Chord Angle Leg Length, {in.)

. | 2* 3 3% 4 5 &
30 18 35 71 106 253 435
35 12 25 53 75 188 324
40 12 16 41 58 141 247
45 06 12 29 47 112 194
50 06 12 25 35 94 159
55 - 1z 25 28 TB 128
B0 - - 18 25 B5 112

Table 4.4b Joist Girder Service Load
Buckling Strengths (kips)

Example 4-7: (Service Load Design)

This example is done with ssivice loads for easy com-
parison to Example 3-1.

Given: One frame line braced with permanent bracing.
Bays: §bays at 4000
Transverse bay: 40'-0" to one side of frame
Have height: 250"
Tie beams: W1BX33
Girders: W24X55
Joists: 22K9 @5-0" oc.
Columns: WaN31
Permanent bracing: 2(2) =3 X 3% X% wid)
3" dia. AJ2SN Bolts
Permanent brace force: 38 kips
Wind spead: 73 mph
Exposure: B

Determination of wind load:

From ASCE 7 Tahle 4

F = gq,GCA, Eqg.3-5
whers

q. = evaluated at height Z above ground

G, = givenm ASCE 7 Table 8

C, = gzivenin ASCE 7 Tables 11-16

A, = projected area normal to wind

g = 000256 IVY Eg. 32
K, = ASCE7 Table 6, Velocity Exposure Coefficient
I = ASCE7 Table 3, Importance Factor

V= Basic wind speed per ASCE 7 para. 652

Per the proposed ASCE Standard "V can be redunced
using the 0.73 facter for ean exposure period ofless than 6
weazks.



Calculating:
gz = 0.00256{0.46)(1.0(0.75)75 = 3.73 psf

F = 373156050 A0 = B61(A

The arez of the frame (4)) is computed as follows:
First frame = (400 0.5 (18 12) + 25 (0.5 (B/12)

= 30+ B33 = 3833 fi?

Thus the total frame area is:

33833+ 4 (3833 (10~ 0.15) = 2453 fi.*

The net arza of joists is computed as
(22/12)20(6)7(0.3)(0.7) = 323.4 fi.2

Thns,

Ap = 2453+ 323.4 - 5687 fit.?

F at the level of the roof strut 1s:

F = B61(568.7)=4%96.6 lbs

F = 49kips

Force in diagonal = 4.9 kips (47 240) = 5.3 kips

This force iz less than the bracing foree of 38 kips for

which the permanent bracing is designed.

Oz bolt in each angle 15 adeguate to resist the tempe-
rary bracing force in the diagonal. The permanent brac-
Ing connections are adaquate by inspection.

The roef strut itself s 2 W24X55 spannmg 40 feet. The
strut force 15 4.8 kips. Per Tables 4.1 and 4.2, it can be
szen that this member is adequate to carry the strut force.

A check of PA effects is not necessary for permanent di-
agonal bracing used as part of the temporary bracing
scheme.

Lastly, the column on the compression side of the diage-
nally braced bay must be checked.

The column itselfis adequate by iuipe-:tinn for the verti-
cal compenent of the temporary bracing force. This ver-
tical component i 5.8 (25/47.2) = 1.1 kips which 15 far
less than the column axial capacity.

45 Beam to Column Connections

In the typical erection process, the beam to column
connections are erected using only the minimum mmo-
ber of bolts required by OSHA regulations. This is done
to expedite the process of "raismg” the steel m order to
minimize the nse cf eranes. Fmal bolting 15 not done un-
til the structure 1s plumbed.

In addition to the connection design strength nsing
the minimum fasteners, additional design strength can

be obtained by mnstalling more fasteners up to the full de-
sign sength. This additional design strength can be in-
corporated i the temporary bracing scheme. Because
of the complexity of integrating final conmections in the
temporary supports this topie 13 not developed m this
guide, however the principles are fully developed in
current literature such az LRFD Manual of Steel
Construction, Volume 1T (14) and [ASD] Mammal of
Stee] Construction, "Volume IT — Connections” {13).

4.6 Diaphragms

Roof or floor deck can be used during the ersction
procass to transfer loads herizontally to vertical bracing
locations. The abilify of the deck system to transfer
loads 15 dependent on the number and type of attach-
ments made to the supporting soucture and the type ad
freguency of the deck sidelap connections. Because of
the number of vanables that can occur with deck dia-
phragms in practice, no general guidelines are presented
here. The designer of the temporary bracing system is
simply cautioned not to use a partially completed dia-
phragm system for load transfer until a complete analy-
sis i3 made relative to the partially completed dia-
phragm strength and stiffness. Evaluation of diaphragm
strength can be performed using the methods presented
in the Steel Deck Institute’s "Diaplragm Desizn Mann-
al" (8).

5. RESISTANCE TO DESIGN LOADS —
TEMPOERARY SUPPORTS

The purpose of the temporary support system is to
adequately transfer leads to the ground from their
source 1n the frame. Temporary support systems trans-
fer lateral loads (erection forces and wind loads) to the
ground. The principal mechanism used to do this s tem-
porary diagonal bracing, such as cables or souts, the use
of the permanent bracing or 2 combination thereof
Temporary diagenal struts which cany both tension and
COWIPression of just compression are rarely used. Cable
braces arz often used. In cases when the building is
framed with mmltiple bavs in each direction, dia-
plragins ars used in the completed constmetion to wans-
far lateral loads to rigid frames or braced bays. Before
the diaphragm 15 mstalled temporary supports are re-
quired m the frame lines between the frames with per-
manent bracing.

The use of cables to provide temporary lateral brac-
ing 1n a frame line requires that the following conditions
be met:

1. Functional strut elements (beams, joists, girders) to
transfer the lateral load to the cable braced bay.

()

Funectional transfer of the lateral load into the brac-
ing tension cable and compression column pair.

3 Funectional resistance of the anchorage of the cable
and the column to their respective bases and to the
zround.



The development of the beams or joists as function-
al smut elements requires a check of their design
strength as vabraced compression elements, since their
stabilizing element, the deck. will not likely be present
when the strength of the struts is required. The strut con-
nections must also be checked since the connections
will likely only be minimally bolted at the mitial stage
of loading. The evaluatien of strut members i dis-
cussed in detail elsewhere in this Design Guide.

The development of the cable 13 accomplished by
its attachment to the top of the compression columa and
te the point of anchorage at the bottom end.  In multi-
tier construction the bottom end would be attached to
the adjacent column. In the lowest story of 2 mulfi story
frame or a cne story frame, the lower end of the cable
would be attached to the base of the adjacent columm er
to the foundation itself

51 Wire Rope Diagonal Bracing

Bracing cables are composed of wire rope and an-
chorage accessones. Wire rope conststs of three compo-
nents: (a) individual wires forming strands, (b) 2 cors
and () multi-wire strands lad helically avound the
core. The wires which form the strands are available in
grades, such as "plow steel". "mmproved plow steel” and
“exira improved plow stesl”. Cores are made of fiber,
syathetic material, wire or a strand. The core provides
little of the rope strength but rather forms the center
about which the strands are "laid”. Laying is done in
four pattems: regular, left and right and Lang, left and
right. The left and right refer to counter-clockwise and
clockwize laying. Regu]ar lay has the wires in the
strands laid opposite to the lay of the strands. Lang lay
has the wites in the strands laid in the same dirsction as
the lay ofthe strands. Most wize rope s right lay, regular
lay. Wire rope is designated by the anmber of strands,
the number of wirzs per strands, the strand pattem
{construction), the type of core, type of steel and the
wire finish. The diameter of a wire rope is taken at its
greatest diameter. The wire rope classification is desig-
nated by the number of strands and by the number of
wires per sirand

The sirength of wire rope s established by the indi-
vidual mamufacturers whe publish tables of "MNominal
Breaking Strength" for the rope designation and diame-
ter produced. The safe working load for wire rope is es-
tablished by dividing the MNommez] Breaking Strength by
a factor of safety. This factor of safety ranges between &
and 2 depending on how the wire rope 15 used The m-
formation presented on wire rope in this guide is taken

from two references: the “Wire Fope Users Mamual®
published by the Wire Pope Technical Board (19) and

the "Falsewosk Manual" published by the Stare of

California Department of Transportation (Caltrans) (2.
The Wire Rope Technical Board does not set a factor of
safety for wire rope nsed &s temperary lateral supports.

However, the Users Manual does state that "a ‘common’
design factor 1s 57, This design factor 1s used for shings
and other rigging, but it is wnnecessanly conservative
for the diagonal bracing covered in this guide. The au-
thors recommend the wse of 2 factor of safety of 3 for
ASD and the use of ¢ = 0.5 for LRFD. The Caltrans
Falsework Mamal uses a factor of safety of 2.0 but it ap-
plies to the brezking streagth reduced by 2 connection
efficiency factor. Caltrans assigns the following con-
nection efficiencies:

Sockers-Zine Type 100%%
Weadge Sockets T0%
Clips-Crosby Type 20%

Enot and Clip (Centractor's Koet)  50%
Plate Clamp-Three Belt Type a0%
Spliced eye and thimble
3/% inch to 34 nch a3%
T8 inch to 1 inch 88%

Wite rope connections using U-bolt clips (Croshy
type) are formed by doubling the rope back upon itself
and securing the loos2 or "dead" end with a two part clip
consisting off a U-bolt and 2 forged clip. Table 5.1 15
taken from OSHA 1926231 It gives the minimum
number and spacing of clips for various wire sizes. The
spacing 15 Zenerally six fimes the wire diameter Clip
manufactrers give minimmn installation torques for
the nuts in their literature. When installing the clips, the
U-bolt is s2t on the dead (Joose) end. The clip 13 placed
against the live (loaded) side. "Mever saddle a dead
herse," as the saving goes.

OSHA CFA 1926.251

TAELE H-20 - NUMBER AND SPACING
DF U-BGILT WIRE ROPE CLIPS

“Iumber of l:ll]:IS

Improved plow | i Minimem
steel, rope diameter ]]mp i Other | SPacing
(inches) forged |material (inche i:'
L TP 3 4 3
e, 3 4 33y
Yy . 4 5 41q
g 4 ‘ 5 54
.. 5 & 6
1 I.l'g i il 153."4
1 I."4 f 7 ?L.III
| LR 7 7 Bliy
Wy, 7 | 8 9
Table 5.1 L.l Bokt Wire R'l::-pe Clips

The nse of wire rope (cables) in diagonal temporary
bracing also requires an assessment of the stiffness of
the bra-:e-d panel which is primarily a foncticn of the
elongation of the cable vader lozd. This elengation has
two sources: elastic stretch (rovghly (PL)VAE)) and
constructional stretch, which 15 cavsed by the strands



compacting against one ancther under load. Wire rope
can be prestretched to remove some constmictional
elongation.

Elastic stretch m cable i3 not a lmear fimetion a3
with true elastic materials. The modulus of elasticity
(E) for wire rope varies with load. When the load 15 less
than or equal to 20 percent of the breaking strength a re-
duced E equal to 0.9E 13 used in industry practice. When
the cable load emceeds 20 percent of the breaking
strength the elastic stretch is the sum of A) and Ag as de-
fined below.

0.2{KBS — P)L

& - ADDE Eq 31

_{CDF — 0L2(MBEL 4+ A} = q
Az = A(E) q.3-2
where

Ay and As = cable streich, ft

MBS =Nominal Breaking Strensth Tos.
P = Cable Preload, Ibs.

CDF = Cable Design Force, [bs.

L = cable length. ft.
A = net metallic area of cable, in®
E = nominal modulus of elasticity, psi

Consmuetional siretch is ziven by the following formm-

la:

Applied Load

e (B s

Eq. 5-3

whers

C5% 1s the constmctional stretch percentage supplied
by the manufacturer (usnally between 0.75% and 1.0%).

Ag; = constructional sietch, ft.
L = ceble length f

The load and cable strength are in pounds.

In order for wire rope cables to perform properly it
15 mecessary to provide an imitial preload by drawing
them up to a maximum initial drape. The Caltrans
Falsework Manual provides the following maximum
drzpes for these cable sizes:

Cable 51z¢ Maximum Drape (A4)
18 1 inches
112 2 mches
34 2-3/4 mches

The cable drape (A) 15 a vertical distance measured
at mud-bay between the two cable end points.

Drawing up the cable to the maximum allowed
drape induces a force in the cable which can be calen-
lated from the following equation presemted m the
Falsework Manual

P = gu¥BAcosy. Eq.5-4
where

P = cable prelead value, lbs.

q = cable weight, pounds per ft.

x = horizontal distance betwesn connaction points,

ft.

A = cable drape, fi.

W = angle between horizontal and cable (if straight),
degrees

The Caltrans Falsework Manual also recommends
a minimum prelead of 300 pounds.

It should be noted that the installers should be can-
tioned not to overdraw the cable as this may pull the
frame out of plumb or may overload components of the
frame.

The fellowing eight tables (Tables 52 through 5.8)
Menual” for various classifications, core types and steel
grades. The values for weight and metallic arez are la-
beled spproximate since the actual values are different
for each mamfactarer. The value given for area is that
apprepriate to the particular construction identified (5,
Seale; FW, Filler Wire; W, Warington). The Nominal
Breaking Strength given is the industry consensus val-
ue. Galvamized wire is rated at 10 percent less than the
values given for Bright (umeoated) wire. Data for 2 spe-
cific wire rope (diameter, classification, construction,
core and steel) should be obtained from the manufactor-
er.



6x7 Classification/Bright (Uncoated),
Fiber Core, Improved Plow Steel,
E = 13,000,000 psi

63T (FW) Classification/Bright (Uncoated),
Fiber Core, roved Plow Steel,
E = 11,000,000 psi

‘«Iormuzl Approximate | & opr G!i;jl.'!late Nonumal Nommmal | Approximate "!LEPI o xi:gmte B'cnmi.t_ml
Diameter Weight Metallic Breaking Diameter |  Weight Metallic Breaking
Area Strength' Area Strength’
inches lhs/ft. mw’ Ihs. mches 1z . m’ Ibs.

38 021 0.054 11,720 3B 024 0.060 12,200
16 029 0074 13,860 Ti16 03z 0082 16,340
12 038 0.096 20,600 12 0.42 0.107 21,400
0/16 048 0122 26,000 916 0.53 0133 27.000
58 0.3 0.130 31,800 58 (.66 0.167 33.400
34 034 0216 45,400 34 0.93 0240 47.600
T8 115 0294 61.400 TiB 1.29 0327 64.400

1 150 0354 79.400 1 168 0427 83.600

L= 0.5 for LRFD, ES, = 3 for ASD

Table 52 Mominal Breaking Strength
of Wire Rope

6x19 (%) Classification/Bright (Uncoated),
Fiber Core, Improved Plow Steel,
E =12,000,000 psi

V=05 for LRFD, F5, = 3 for ASD

Table 54 Nominal Breaking Strength
of Wire Rope

8x1% (W) Classification/Bright (Uncoated),
Fiber Core, Improved Plow Steel,
E =9,000,000 psi

Nominal .-".ppr_-:ri_siu{ate . E;zl\ru:;::.';!:.ate Nominal
Diameter | Weight Metallic Breaking
Area Strength'
mches lbs it m’ Ibs.

ER 04 0057 12,200
T4 0.32 0.077 16,540
12 042 0101 21,400
8116 0.53 0.128 27,000
8 066 0.138 33,400
34 0.95 0227 47,500
T8 129 0354 64,400

1 1.68 0.404 83,600

U= 0.5 for LRFD, ES. = 3 for ASD

Table 53 Mominal Breaking Sfrength
of Wire Rope

Mominal | Approximate | Approximate | MNommal
Diameter [  Weight Metalie | Breaking
Area Strength’
inches Ths. /. m’ Ibs.

3R 022 0031 10,480
TIL6 0.30 0070 14,180
12 39 0.092 12 460
%16 030 0.116 23200
58 (.61 0.143 28600
34 028 0206 41,000
78 1.20 0280 55,400

l 157 0.366 72,000

Lip= 0.5 for LRFD, F5. = 3 for ASD

Table 55  MNominal Breaking Strength
of Wire Rope




6x19 (5) Classification/Bright (Uncoated),
IWRC, Improved Plow Steel,
E = 15,000,000 psi

6x37 (FW) Classification/Bright (Uncoated),
IWERL, Improved Plow Steel,
E = 14,000,000 p=i

Nominal |Approximate | Approximate | MNominz] MNominal | Appromimate | Approximate | Nomunal
Diamster |  Weight Meallic Breaking Diameter | Weight Metallic Breaking
Area Streagth’ Area Strength'
mches [bs./ft. in’ Ibs. inches lbs /. in* los.

3 0.26 0.066 13120 38 0.26 0069 13.120
/16 033 0.050 17,780 116 0.35 0.094 17.730
172 0.46 0118 23,000 12 046 0123 23.000
8/16 0.59 0.14% 29.000 216 059 0.156 28,000
38 0.72 0.134 33400 ST 072 0.183 35400
3 14 0.264 5120 34 104 277 51.200

/8 142 0.380 69.200 78 142 0377 69,200

1 1.83 0.470 29,200 1 1.83 0.493 89,800

Lip = 0.5 for LRFD, E5, =3 for ASD

Table 56  MNominal Breaking Strength
of Wire Rope

V=05 for LRFD, F5. = 3 for ASD

Table 5.8 Mominal Breaking Strength
of Wire Rope

6x19 (%) Classification/Bright (Uncoated),
IWRC, Extra Improved Plow Steel,
E = 15,000,000 psi

637 (FW) Classification/Brizht (Uncoated),
IWRC, Extra Improved Plow Seeel,
E = 14,000,000 psi

Nominal |Approximate | Approximate | Nommal Nominal |Approximate | Approximate | Nomunal
Diameter | Weight Metallic Breaking Diameter | Weight Wetallic Breaking
i Area Streugﬂf N Ageq Stren gt':;r
inches lbs /ft. i’ lbs. inches Ihs. /. n’ Ihs.
33 0.26 0.066 15100 38 0.26 0.069 15.100
718 033 0.0%0 20,400 116 0.35 0.094 20,400
12 046 0118 26,600 12 048 0.123 26,600
18 0.39 0.149 33,600 8716 0.39 0.156 33,600
58 0n 0.184 41,20 38 072 0.193 41,200
34 1.04 0.264 58,200 34 14 02717 58,200
TR 142 0.360 79,600 T8 142 0.377 79,600
1 1B5 0470 103400 1 1.85 0493 103,400

'ty = 0.5 for LRFD, ES. = 3 for ASD

Table 57  Nominal Breaking Strength
of Wire Rope

Vip= 005 for LRFD, ES. = 3 for ASD

Table 59  Nominal Breaking Strength
of Wire Rope




Becanse of the relative flexibility of wire rope dne
to its construction, forces can be mduced in the bracing
due to the frame's mitial lateral displacement. This se-
cond order effect is commonly referrad to as a PA effect.
In the case of a cable diagonal in a braced bay the brac-
g must r2sist gravity load instability such as might be
nduced by out of plumb columns and more importantly
st restst the indnced forees when the upper end of the
columnn 15 displaced by a lateral force (wind) to a posi-
tion that is not aligned over the column base.

Gravity lead stability 15 usuvally addressed with a
strength design of the bracing for an appropriate equiva-
leat lateral static force, commonly 2 percent of the sup-
ported gravity load. Other sources have recommended
that a 10 pound per foct lateral load be applied to the
penmeter of the structure to be braced.  This stability
check would not normally govem the design of tempo-
rary bracing.

The forces induced by lateral load displacements
are more significant however. Smee each merement of
load induces a corresponding inecrement of displace-
meni, the design of a diagonal cable brace would
theoretically require an analysis fo demonstrate that the
incremental process closes and that the system is stable.
If the incremental load/displacement relationship does
not converge, the system is unstable. In general the
cables braces within the scope of this gnide would con-
verge and one cycle of load/displacement would ac-
count for 90% of the PA mduced force. In the example
which follows, the induced foree is approximately 20%
of the mitial wind induced force. Using a factor of safety
of 3, a design which resists the indueed wind foree plns
one cycle of PA load-displacement should be desmed
zdequate.

The design procedure for the design of temporary
diagonal cable bracing is illustrated in the following 2x-

ample.

Example 5-1: (Service Load Design)
Given:  One frame line braced with cables.

Bays: 6 bays of 400"

Transverse bays: 40°-0" ezch side of frame
Have height: 250"

Tie beams: W1EX33

Girders: W24X63

Joists: 22K9 @ 547 o

Columns: WEX40

Wind speed: 75 mph

Exposure: B

Seismic coefficients: A =010, A =010

Wind pressure and seismic base shear per ASCE 703
and Proposed ASCE Standard "Design Loads on Strue-
tures Dunng Construction.”

Deternunation of wind load:

From ASCE 7 Table 4

F = qGCA, {(Eq.5-5)
where
g, = evaluated at height Z above ground
. = given im ASCE 7 Teble 8
C, = givenin ASCE 7 Takles 11-16
A, = projected arez normal to wind
q, = 0.00256K, AV (Eq. 3-2)

K, = ASCET Table 6, Velocity Exposure Coefficient
I = ASCET Table 5, Importance Factor
WV = Basic wind speed per ASCE 7 para. 6.5.2.

Per the propesed ASCE Standard V can be reduced us-
ing the 073 factor for an exposure period of less than 6
weeks.

Caleulating:

g, = 0.002360046)[1.0(0.75)73] =3.73 psf
F o= 373(154)(1.5)(AD = 3.61(4,)Ibs.
Determination of Af:

The frame in this example has the following surface area
to the wind. There are seven transverse bays. The frame
area for the first Tame 15 equal to the tributary beam area
plus the iributary column area.

First frame:  2{400(0.3)(18/12) + 25(0.53(8/12)
=600+2833=6833sq. fi.

The szcond through seventh frame have the same area
The total frame area, including the 015 reduction is
thms:

3(68.33)+ 4(68.33)(1.0-0.15)
4373 sq.ft.

The net effective arez of the joists can be computed as
follows. There are seven joists per bay in six bays. The
gTo5s area is:

(221240 Tx6 = 3080 sq. 1.
The effective solid area would be gross projected area

times 03 for net area. The shielding reduction is
(1+n+(n-2)m ¥n = 0.66, use 0.7,

whers
n = DE@Ed=25 =032}
n = Txi=42

Thus the total effective arza of the joists is:



3080m0.3x0.7=0647.8 =q. fi.

The total frame area, A 13

A, = 4373+ 6468 =1084 3q.f1.
F at the level of the roof struts &

F = B8.61{1084) = 9333 Ibs.
Deternunation of stability loading:

“Design Loads on Structures During Constuction”,
proposed ASCE Standard would require a 100 pound
per foot along the 40 foot perimeter or 1 percent of the
total dead load pplied horizontally aloag the strocte

edge.

Total vertical supported dead load:

T columns: 7400235 T.000 Ths.

7 beams: T(3340 - 0800 Ibs.

6 girders: 6 X (6840 16,320 Ibs.

Roof framung*: 6(40)40(5) = 48.000 lbs.
Total §1.120 Ibs.

*Joizts and bundled deck.
In this example the two stability design values would ke

(1000400 = 4000 Tbs.
or
(B112000.02=1622 T

In thiz example neither of these forces would govern as
both are less than the wind design force of 9,333 Tbs.

Determination of s21smic hase shear

V = CW (Eq . 3-3)
Determine C,
- 2.5RA. _ 2.5[2.”)} = 0.050 (Ea 3T
where
A= 010 (ASCE 7 Figurz 2.1 (Building located in
Kansas City))

F = 30(ASCE7 Tahle 93-2
Determme W

W 81,120 Ibs. per calculation above.
v 0030 (81.120) = 4056 Ibs.

Seismic loading does not govern the design.

Desigm of diagonal cable:

The gecmetry of the cable for the purposes of this cal-
culation is

23 feet vertical (colmmnn height)

40 feet horizontal (bay width)

Ustng the Pythagorzan theorem, the diagonal length (L)
iz 472 fest.

The struf force at the brace = 9333 lhs.

The column force component =0333(23/40)=53833 Ibs.
The diagonal cable force = 9333 (4720400 = 11,013 lbs.

Using & facter of safety of 30, the minimum nominal
breaking strength required 15

(11,013)(3) =33.0301bs.

Bazed on Table 5.2 data a 34 inch diameter wire rope
has the following properties:

Designation: 6x7 FC-IPS

(Fibercore - improved plow steel)
Area: 0216, in°
Wi, per foot: 084 Ibs. per fi.
Modulus of elasticity: 13,000 ksi (nominal)
C5h=075%
Momimnal breaking strength = 45400 1bs.
Calculation of cable pre-leading to remove drape:

Per Caltrans the maxinmum cable drape (A) should be
2375 mches.

The preload reguired for this maximum drape (A) is

P o= qiu)¥[8(A)cosy] (Eq 54)
In this example, cosy - (40/47.2) = 0.247

q = 034 [bs. perfoot, cable weight

® = 40 feet, horizontal distance between cable con-

nections points
p = (D.84) (40078 (2.375/12) (0.84T)
=1002 1bs.

The horizontal and vertical components of the preload
force are 349 pounds and 331 pounds respectively.

Calenlation of elastic and constructional strefch:
Elastic stretch:

20" of brezking strength is

0.2(45 4007 = S080 Tba.

which is less than the cable design force.



A = Aj+A;

Ay = [0, 2(45, 400) — 1002](47,2)

(Eq, 5-1)
(L2 16H.9(1 3, 000, H00) .

= DI5fL

fp = (11,013 — 02(45, 400))(£7.2 + ﬂ.IS}rEq_ 5-7)
(0206013, 000, 000)

- 0031,
Ap+A;=0.15+ 003 =018 fL

Constmactional Stretch:

l],{"i ﬂ 5.3
) o (47.2) (Eq.3-3)

Bos = |t
(.65(45, 4000 ) 1

= (13 fi
Totzl elongagon = 018+ 013 =031 .

Teop of column mevement:

B = 472+031 =4751f.

From the law of cosmes:

o -1 402+ 250 — 47.517] _gg 0
B~ cos [ 2(40)25 ]

8 = 9W9-90=049

Determine lateral movement of column top:
$infl (3) = sin 0.9 (25) = 0.016 fi.
Determination of force induced by PA:

P = 81120 Iks. as determined previously.

81,120

Ter R = 81,1200.016)

/ 25
/ =52 Ths.

’
R—» 52 (47.51/40) = 62 Ibs.

81120

Cable force meluding PA affects:

11,013+ 62=11,073 lba.

Cable force: 11,075 Ths.

Allowable cable force =45 4003 =13133 = 11,075 Ths.
Therefore, use a 34" diameter cable.

51 Wire Rope Connections

Wire rope connections can be made in a variety of ways.
If & projecting plate with a hole in it is provided, then a
Spelter Secket, Wedge Socket ar Clevis End fitting can
be used. Cables are also secursd to columns by wrap-
ping the column, either with a ssction of wire rope to
which a hook end turnbuckle 15 attached or with the end
of the diagonal cable itself which iz secured by cable
clamps. If cables are wrapped around an element, such
as a column, a posttive mechamsm should be provided
to prevent the cable from slipping aleng the column or
beam. Alse when cables are terminated by wrapping,
care should be taken to avoid damage to the wire rope by
kinking or crushing. Cables can also be terminated at
the column base by attachment to a plate or angle at-
tached to the ancher rods above the base plate. The plate
ar angle must be designed for the eccentnic force in-
duced by the diagenal cable force. Cables are tensioned
and adjusted by the use of tumbuckles which cen have a
variety of ends (round eve, oval eve, hook and jaw). The
capacities of mrnbuckles and clevises are provided n
mamfacorer's literature and the ATSC hMamal of Steel
Constmiction. Cable and rope pullers (come-a-longs)
are alse used.

327 Prgjecting Plate (Type 4)

The design of a projectmg plate from the face of a col-
umn 5 tlustrated in the following example. Design
strengths for various conditions of cable size, type and
angle of cable can be determuned from the accompany-
ing tables. The location of the hole can be set at the up-

per comer. This would allow a reuse after the plate had
been flame cut from a column.

Example 52

Design 2 projectng plate attachment (Type A) for the
cable force determuned in Design Example 5-1.



Desizn of weld to column:

—_—S T T
&
e—38 11,075 Ibs.
¥ ity A
a A .
W

o

% %\ 175" dia. hole

Fig. 521

Using *5" weld fillets along each side of the wing
plate, caleulate | per LEFD, 2™ ed Table 832

- Pu
CC,.D

Lenin
P, = L3X11.1=144kips

Cy = LOfor E7OXX electrodes
D =3

C is taken from Table 838 with:
k =10

gy = al=3in

a = 075(withatral /=4in.}
cC = 197

Imin = 144 1.97(1.003) = 2.44 in.

se 4 inches for [ and ¥ |6 in. x 4in. fillet welds each zide
of plate.

Diesign of plate:

Check 36" plate.

Cemponent bending the plate (vertical)

Py = 14.4(25/47.2)-7.6 kips

My = 7.6(3) =229 in—kip

Compeonent tensioning the plate (horizontal)
Py = 14.4(40047.2)= 122 kips

Check plate bi't (local buckling):

bt = H33=96

Bty = '55&1'}]]".2 = 95/(36)1 2= 158
per AISC Table B5. 1

Plate iz fully effective

Flexure in plate:
My = 0.9 (F )2,
F, = 36ksi
Zy = bhEd=(313) (4)%4 = 1.252in3
My = 0.9 (36) (1.252) = 40.5 in.—kip
Tension in plate:
oFp = 0.9 (FyAg
= 0.9 (36) (.313) 4= 40.5 kips
§Py = 0.75 (FyAe
- 0.75(58)(313) 2.5 = 340 kips

Checking interaction:

et

2.9, 122 _
m+m = 0924 < 1.0

Check bearing strength at hele per J3.10 of the Specifi-
cation.

GRn = $letFy S o 24401F,
where
¢ = 075

Ly = 1.76", distance from hole centerline to plate
adge

= 5167, thickness of plate

F, = 58ksi, A36 material

d = 1.5in, diameter bolt (hole)

bRy = 0.75(1.776)0.3125(58) = 23.9 kips

but not greater than
0.75(2.4)1.5(0.2125)38 = 48.9 kips

Thus

Ry = 23 9kips

which is grester than the factored cable force of 144

kips

Use 15" x 4" plate.

The plate and weld can alse be found m Table 22 for
the cable type and gecmetry given

5221  Bent Atachment Plate (Type B)

Another means of attachment of the diagonal cable to
the column base is a bent plate on one of the colnmn an-
chor rods as llustrated in Figure 522,

The use of this plate regquires extra anchor rod length to
accommodate it. Ifthe plates are to be left in place, they



l'"

a _:f 320

Base Plate

Fig. 5.2.2

must either be 10 2 buried condition or approval mnst be
obtained if exposed. Ifthe plates are to be removed. the
nut should not be loosened until this can be safely done,
such as when the column end frame are made stable by
other meens than full development of all the anchor
rods.

The design of 2 bent attachment plate (Type B) for cable
attachment is illustrated in the following example. De-
sign strength for varous conditions of cable size, type
and angle of cable can be read from the accompanying
tables.

Example 5-3

Design a bent plate attachment (Type B) for the cable
force determined in Design Example 5-1

Design of bent plate:
Cable foree: 11.1 kips at 32° from the horizontal.

As before the force bending the plate iz P, = 7.6 kips
(vertical) and the force tensionmg the plate 13 F, = 122
kips.

M = 76{)=761)=76mkp

where

e the distance from the bend to the face of the nut
Checka % inch thick plate, 5 meches wide
My = §F,Z, =09 (36) (0.313) = 10.1 in—kip
b o= 08

F = 36ka

Z. = (0.575/4=313in’

Bp = BFy Ay = 0.0 (36) 2.5 = 810 kips

b = 09

Fy = 36ka

A =05(5H=251n"

Combining flexure and tension:

7.6, 122 _

0.1 m 000 < L0 ok

The stength ofthe plate at the anchor rod hole and cable
attachment hole can be determined as in the previons ex-
ample.

Use plate 1" x 5%

The attachment plate can also be found in Table 24 for
the cable type and geometry given.

522 Anchor Rod:

The development of the cable force requires that the an-
chor rods be adequate to transfer the brace force into the
foeting and also that the footing be adequate to resist the
brace force acting as & deadman. The adequacy of the
anchor rods in tension is discussed in Part 4 of this
(Gwde. The anchorrods are also subjected to shear load-
ing. If the base plates are set on pregrouted leveling
plates or are grouted when the cable force is applied then
the procedures presented m AISC Design Gude 7 "In-
dustrial Buildings™ can be used. This method is a shear
friction method o which a anchor rod teasion 15 induced
by the shear. If leveling muts ior shims) are vsed and
there iz no grout at the fime of cable force application,
then another procedure must be used. Such a procedure
15 found m the 1994 edition of the Uniform Building
Cede (17), in Section 1925, This procedurs 15 an ulti-
mate strength design approach and checks both the an-
chor rod and the concrete failure modes. The formulas
of this method are given in the design example which
follows. When leveling nuts (or shims) are used the an-
chor rods are alse subject to bending. In the design ex-
amiple a check for anchor rod bending iz made. The cal-
culation takes as the moment am, one half of the anchor
rod height smee the base of the anchor rod is embedded
in cencrete and the top of the anchor rod has nuts above
and below the base plate.

Design Example 54 illusirates the procedure for eva-
luating the strength of ancher rods with leveling muts.

Example 54

Check the column anchor reds for the forces induced by
the dizgonal cable foree determined in Design Example
5.1, using a Type A anchor.

Determine the design strength of four-1 mech diameter
ancher rods with leveling nuts for resistance to the cable
diagonal force.

Grout thickness: 3 in.

Cable diagonal force: 11.1 kips

WVertical component: 111 (23/47.2) =39 kips
Honzontz] compeonent: 11.1 (40/47.2) =94 kips

Determine net axial load on column:
A3 determined previeusly the weight of the frame tribu-
tary to one interier columm is:



Colonm: 1040025 = 1000 lbs.
Beams: 2(3340(0.5) = 1400 lbs.
Girders: 2(68)4000.5) = 2720 [bs.
Eoof franmng (40040(3) 2000 The,

Total
Gravity load: 13.1 kips lbs.

Wind vertical component: 59 kips

13,120 Ths. = 13.1 kips

Met compression on anchor rods: 72 kips

Usimng load factors per the ATSC LRFD Specification:

P.= 09D+ 13W=09(13.1)-1.3 539)=4.1kips
(compression)

BPo= 12I1D-13W=12(1313-13 (39 =81 kips
(compression)

V., = 13(W)=13 94) =122 kips

Check resistance of (4) 1 . diameter anchor rods.
Grout thickness is 3 in. Anchorrods have heavy hex lev-
eling nuts and 38 in. plate washers. Anchors are spaced
at 10 in. centers and are embedded 12 in.

Anchorrods: ASTM AS6

Conerete: £ = 3500 pa1

Force to each anchor rod:

Awial: 81 = 4=2.0kips (compression)

Shear: 122+ 4 =11 kips

Using procedure from Section 4.2.4 for axial lead:
E =10

A = 0.7854m’

£ = 3.(0.375+1)= 15 in

r = 025({d=0251)=025m.

kLT = 1{1.625)70.25 =65

&cFer = 30.53 ksi per LEFD Table 3-36

OFy = ool Ap) = (30.53) 0.7854 = 24.0 kaips
Bending:

Moment arm =05 (3- (0375 + 1)) =031 m.
M, = 31(081)=24T8Bin-Ib. =25 m-kap
oMy = ¢F,Z, =09 (36) 0.167 =34 m kip
where

Z = &6=(1y/%6=0167in’

F = 36ks

T

¢ = 09
Using LRFD Eg. H1-16(P, /{P, < 0.2)
20 15 _ .
N24.0) T 54 0.50=10 ok

It should be noted that the anchor rods must be adequate-
Iy developed to resist a pumeh through failure per See-
tion 4.2.3.

Design strength in shear using the procedure and nota-
tion i UBC-94:

V. =075 AF,

GVe=  QBOONARRIF )2

Va = 075078558 =341 kips

$Ve=  0.85(S00)(0.785H1HIS0M™ (1/1000)
=315 kips

V., = 31 kips

31<315 ok

In this example the loads, load factors and load com-
binations resulted in a net compressive force on the an-
chor rods. To illustrate the caleulation procedure, using

a net tension force the example continues using a P, =
8.1 kips tension. All other design parameters ramain un-

changed.

Force to each anchor rod:

Axial: 81 = 4=20kips (tension)

Shear 122 + 4=31 kips

Using the precedure and notation in UBC-94
Design srength in tension:

$P= 00 (ALNTY

OF: = (284, + 44T,

where

Ap = ®{5)?=0.785in.2

o = Fy= 58000 psi= 58 kips
$Pg= 0.9 (0.785) 58 = 40.9 kips

b - 0.85

% = 10 for normal weight conerete

(28 A+ 4A) represents the surface of a tnmcated fail-
ure surface cone as presented elsewhere in this guide as:

Ae = w(Lg+ /2 4 4{Lg+cfs) (s+c) - mic)
where



Ly = the embedment depth

1.7 (rod diamster)

¢

$ = spacing, in.

Ao = w{12+1TYH12+ 171041 7)-m (L.TY
= T065m*

oF. = 0.83 (1) 7065 (4) (33000" (1/1000)

$P. = 1421 kips

1421 = 4=355 kips perrod

Deesign strength in shear:

Vi = 075 Apfy
Vo= SROD Ay b (T2
Ve = 0.75(0.783)58 =34.1 kips

OV_= 083 (800) (0.785) (1) (350072 (1/1000)
=315 kips

Combimng tension and shear per UBC-94, para.
192534

2 2
2.0 31y
(3—515) + (—3]15] 0.013 < 1.0 ok,

This establishes the 1esistance based on the anchor rod
strength and concrete sength at the level of the con-
crete. The rods must also be checked in bending.

F.od in bending and tension.

Moment arm = 0.33-1-0373 =081 .
Mg = 3030x 081 m =2478 m-Tb.
=235 1in-kip
My = 4Fy Z, = 0.9(36)0.167 = 3 din_-kip
where
7, = dY6={1)%6=0167 in?
Fy = 36,000 psi = 36 ksi
¢ = 09
Axial fension 15 as calculated above.

Combining bending and tension per ATSC:

2.5, 2.0 _
54 + W6 - 051 = L0 ok

Thes result can also be found i Table 23 where an allow-
able cable force of 12,114 pounds 13 given for this geom-
etry, anchor rod and grout combination. This value ex-
ceeds the actal cable force of 11073 pounds.

Example 55

Check the column anchor rods for the forces induced by
the diagonal cable force determined in Design Example
51, using 2 bent plate Type B attachunent.

This check 15 the same as that of Example 54 except
that the vertical force component is camied by only the
ancher rod to which the bent plate anchor is secured.
The design for bending and shear s the same.

Awial foree: 81 kips (one anchor red only )

Usmg the procedurs in UBC-94 and section 4.2.3. of
this guide.

Diesign strength m tension.

Pss =  409kips as before
¢Pc = & Ai{A (F'0'?
where
¢ = 083
o= 10
2 2
e g ol
where

Ly = the embedment depth, in.
1.7 (rod diameter)
A, = m12¢1 T —w (L2
= S165in°
#P, = 083 (1) 3165 (4) (33000 (1/1000)
P, = 10539 Japs

In this case the rod strength govems. The shear strength
i a3 m Example 34 and thos the imteraction per
UBC-94 i3 as follows:

409 31.5

Checking the rod in bending and tension, the bending 13
as before. The tension is camed by only one rod.

Py = &1 haps
$F, = 400 kips, 25 before
My = 23 in-kips, as before

(M)1 + (11—)2 = 0049 < 1.0 0k,

¢My= 54 in-kips, as before

Combining bending and tensien per AISC:

25, 8.1 _
£5+ 55 = 066 < 100k



Thes resultcan alse be found in Table 25 whese an allow-
gble cakle force of 13,471 pounds is given for this gzom-
atry. anchor rod end grout combination. This value ex-
ceeds the actal cable foree of 11,075 povnds.

The focting must also be evaluated to determine its 1e-
sistance to the cable dizgonal force. In this situation the
footing can be evaluated using the procedure developed
for deadmen, which follows.

£3 Design of Deadmen

On pecasion the erector must anchor cable bracing
to & "deadman". A deadman may be constructed on top
of the ground, near the ground suface, or at any depth
within the soil. They may be shot in leagth or continn-
o,

F3l Swnface Deadmen

The simplest form of 2 deadman 1z a mass of dead
weight sitting on top of the ground surface. A block of
concrete is generally used. The anchor resistance pro-
vided by such a deadman 15 dependent upon the angle
that the bracing cable makes with the deadman and the
lecation of the bracing cable attachment relative fo the
center of gravity of the deadman.  As the angle of the
bracing from the horzontal becomes greater, the resis-
tance of the deadman to horizontal sliding reduces.

The resistance to shiding equals the total weight of
the deadman less the upward force from the bracing
cable, times the coefficient of friction between the dead-
mezn and the soll. A coefficient of frictien of 05 15 gen-
erally used. In equation format:

Ry = 0.3 (W,4-Psinf) Eq.5-6

where

R, = the nominal horizontal resistance of the dead-
man

Wy = the weight of the deadman, [bs.

P = the required brace force, Ibs.

05 = the coefficient of friction

Using a factor of safety of 1.3 for sliding the allowable
resistance 15 thus:

Ry = 0.33 (W, — Psinf) Eq. 5-7

In addition to satisfymg Eq. 57 the overmming resis-
tance of the deadman must be checked This can be ac-
complished by taking moments about the top of the
dezdman. A factor of safety of 1.5 is commonly used for
OVErtning.

332 Short Deadmen Near Ground Surface

On occasion 2 deadman may also be buried mnto the
s0il. The deadman must be designed to resist the verti-
czl end horizontal force exerted by the bracing system.
The vertical force is 1esisted by the waight of the dead-
man. The required weight equals:
Wy = 1.5 (Psin 8)
whese
Wy = the weight of the deadman, Ihs.
P the bracing force, lbs.

0 = the asgle measured from the horizontal of the
bracing cable, degrees

Eq. 5-8

15 = the factor of safety nsed for uplift

The horszontal vesistance varies depending upoa the seil
condition at the site.

Granmlar Soils

Based en sotl mechanics principles the tofal resis-
tance to sliding can be expressed as:

Ty = LiPp-Fy)

+ 13K, y(/K, + /K H tan o Eq. 59
whers
T, = the fotal nominal honzontal resistance, 1bs.

L - length of the deadman perpendiculer to the
force, ft.

Fp = total passive earth pressure, Ibs. per lineal ft.
Fy = total active earth pressuee, lbs. per lineal ft.
K, = coefficient of earth pressure at rest

= unit density of the soil, pef

H
K, = coefficient of passive earth pressure

- depth of the deadman in sodl ft.

K = coefficient of active sarth pressure
H
¢ = angle of internal friction for the sodl, degrees

The fellowing values may be used except in unusual sit-
uations:

(Pp=Pg) =y (2.67)H? = 320H?

Ko = 04
- 120 pef
Ky = 3.0

K, = 0.33



an & = (.6

Thus,

T, = 320LH? + 27H?, lbs. Eq. 5-10
Using a factor of safety of 1.5,

T = 213LHZ + 1307 Eq. 511
where

Ty = the allowable resisting force.

Cohasive Soils

For cohesive soils the ultimate horizemtal resis-
tance provided by the deadman can be calculated from
the following equation:

Ty = LiP,—P)+quH? Eq. 12
where

L = the length of the deadman fi.

Pp = total passive earth pressure, lbs. per lineal f£.
P, = total active earth pressure, Ibs. per lineal ft.

qy = the unconfined compression strength of the soil,
paf

H = depth of the deadman_ ft.

The following values may be nsed i this equation:
gy = 1500 psf (usually conservative)

(Pp— Py) = 2g,H = 3000 H

Thus,

T, = 3000LH + 1500H7 Eq. 53
Using a factor of safety of 1.3,

Ty = 2000LH + 1000H? Eq. 514
Example 56

Check footing as surface deadman.
Footng: 6407 = 6407 = 1.6
Soil: Granular type

Calculate weizht of footing:

W, = 6x6x 130 =0150=281 kips
Caleulate weight of frame

Column: 250400 = 1,000 Ibs.
Beams: 400351 = 1400 Ths.
Girders: 400681 = 2,720 Ibs.

Frammg: 4004005 = 2000 [bs,
Towl 13,120 Ibs. = 131 kips
Rp = DS (Wy—-Psn#) (Ey 5-6)
W, =81+131=212kps
From Example 3-1
11.1 kips
0 o= 3iF

R, = 0.5(21.2-(11.1 (sin 32°3) = 7.7 kips

].'l

Using a factor of safety of 15,
Rai = 0.67F,)=067(7.7) =31 kips
Picosf) = 11.1 (cos 32%) =94 kips
31 =94ng
Check footing as deadman mn ground:
Ty = 213LHZ + 15K (Eq.3-11)
L =length of deadman, £t
H = depth of deadman, ft.
Ty =213 (6) 1.5+ 15 (1.5)"= 2909 Ibs. - 2.9 kips
A thicker footing is required
Treqa =94 kips
Solving for H
9400 = 213(6)="+ 15(x)"
x = 268t
Try & foctmg 640" = 60" x 29"
Check overmrning. The anchor is attached to the foot-
ing top at the center of the footing:
Overturning moment:
(111 =in 3273(3) + (11.1 cos 32°)(2.75) =43.5 £t kips
Fesisting moment-
(GBI TI0.1500(3) = 13.1(3) = 838 fi. Kups
Factor of Safety =892/466= 19> 15 ok

In the foregoing example the size of the footing requirad
to resist the diagonal cable force was substantially larger
than would be commeon i the building described else-
where in the examples. The example indicates that the
footing resistance may often be the limiting factor. The
schedule of a constmction project may not allow rade-
sign and rebidding to account for changes due to the
erection bracing. In this event the footing and founda-
tions must be taken as a limiting constraint to the erec-
tion bracing design. This condition will result in an in-
crezse in the mumber of diagenal bracing cables
requirad.
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12 DESIGN OF FLEXURAL MEMBERS
Table 3-2 (continued)
Z:x W-Shapes F, = 50 ksi
Selection by Z,
o 2 CoMye | Mfidy ooy | BFAY | 0eBF (, ‘: &” ok |
Shape Kip-1t | Kip-R | Kip-f Kips | Kips Kips _
3 LRFD | AS o nln : LRFO |
WS35 | 665 20 | 123 43 | 123 510 150
w1245 | 842 40 1 580 689 | 24 M8 122
Wis<36 | 640 240 148 03| 597 [ 152 | M8 "
Wi4as | 615 21 43 820 547 | 182 | 385 13
wio49 | 604 zr (Y wnleer | ne w2
w8 | sae 24 {7 255 742 (018 | 228 14
wiz«do | 57.0 7" 1% 554 | 685 | 201 | 307 105
WIDd5 | 549 208 12 a9 | 710 | 289 | 248 108
Wiha | 548 x5 128 7551 540 | 156 | 340 120
WIB31 | 540 ? 124 03 49 s 3 131
w1235 | 512 w 120 G451 544 | 166 | 285 113
W848 | 400 154 113 255 738 [ 252 |14 102
w30 | 43 n 1o 695 626 | 149 201 "2
wioas | 468 176 |SIssH 111 378) 698 | 242 2 w7
W26 | 442 156 | G| 1 BEE | 396 | 112 301 106
w230 | 43 162 il 101 506 | 637 | 158 | 238 %9
Wihzs | 402 151 Q7 11 381 | 110 | 245 106
W40 | 298 149 w2 240 721 | 209 | 48 281
w1033 | 388 146 9190 3621 685 {218 [ 1n 847
w1228 | 312 140 0.7 540833 (149 204 52
wina0 | 386 137 BS.1 401 484 |81 |1 ('3
W85 | 347 130 09 24317 (@0 12 5 |
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SHORT INTERVAL PRODUCTION SCHEDULE FOR THE STEEL ERECTION ON LEVELS 1A-2A
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0 Oldcastle

Engineering your creativity

GUIDE SPECIFICATION

SECTION 08900

PART 1GENERAL

1.01 GENERAL
A. Supply and install Oldcastle BuildingEnvelope™ curtainwall, windows, and other
components in accordance with this Section and as indicated on Architectural Drawings.
B. Division One shall be deemed to be a part of this Section.
C. The Conditions of Contract shall be deemed to be a part of this Section. In the

event of conflict, Conditions of Contract prevail.

1.02 RELATED WORK
Section 07840 Fire-stopping
Section 07900 Sealants, caulking and seals
Section 08400 Entrances and storefronts
Section 08520 Windows
Section 08800 Glass and glazing
Section 10200 Louvers

1.03 REFERENCED STANDARDS

AAMA Installation of Aluminum Curtainwalls

AAMA 501 Methods of Test for Exterior Walls

AAMA 611 Voluntary Specification for Anodized Architectural Aluminum

AAMA 2603 Voluntary Specification, Performance Requirements and Test Procedures for
Pigmented Organic Coatings on Aluminum Extrusions and Panels

AAMA 2604 Voluntary Specification, Performance Requirements and Test Procedures for
Superior Performing Organic Coatings on Aluminum Extrusions and Panels

AAMA 2605 Voluntary Specification, Performance Requirements and Test Procedures for
High Performance Organic Coatings on Aluminum Extrusions and Panels

ANSI/AAMA/NWWDA 101/1.S.2-97 Voluntary Specifications for Aluminum, Vinyl (PVC) and
Wood Windows and Glass Doors

ASCE 7 Minimum Design Loads For Buildings And Other Structures

ASTM E 283 Test Method for Rate of Air Leakage Through Exterior Windows, Curtainwalls,
and Doors

ASTM E 330 Test Method for Structural Performance of Exterior Windows, Curtainwalls, and
Doors by Uniform Static Air Pressure Difference

ASTM E 331 Test Method for Water Penetration of Exterior Windows, Curtainwalls, and
Doors by Uniform Static Air Pressure Difference

Insulating Glass Manufacturers Alliance TM-3000(97) Glazing Guidelines for Sealed
Insulating Glass Units



1.04 STRUCTURAL PROPERTIES
A. DESIGN WIND PRESSURE: Design wind pressure for this project is (__) psf
inward acting pressure, and (___) psf outward acting pressure, in accordance with ASCE
7 Minimum Design Loads For Buildings And Other Structures.
B. UNIFORM LOAD DEFLECTION: The maximum allowable deflection of any
principal member in a direction normal to the plane of the wall when subjected to the
specified design wind pressure is (L/__) of its unsupported span, but not more than (_ )
inch. Where plastered, dry-walled, or other materials or components that will be
impaired by the normally allowable deflection are attached, deflection shall not exceed
(_) inch at those locations.
C. UNIFORM LOAD STRUCTURAL: When subjected to uniform loads equal to 1.5
times design wind pressure, the curtainwall system shall display no glass breakage or
displacement relating to the imposed load; no damage to fasteners or anchors; and no
permanent deformation of any principal member impairing the function of the system.
D. DEAD LOAD: Deflection of any principal member in a direction parallel to the
plane of the wall, when carrying its full dead load, shall not reduce glass bite below 75%
of the design dimension; and the member shall have a 1/8” minimum clearance between
itself and the top of the adjacent materials below. Clearance between a member and
operable window or door shall be at least 1/16”.
E. LIVE LOAD: The curtainwall system and its anchorage shall accommodate a
deflection at mid-point between columns of (__ ) inch caused by uniform and
concentrated live loads on floors or load-bearing elements to which the system is
anchored.
F. THERMAL MOVEMENT: Curtainwall shall accommodate expansion and
contraction of component materials as will be caused by a surface temperature range of
140 degrees Fahrenheit, without buckling, breakage of glass, failure of joint seals, undue
stress on structural elements, damage to fasteners, reduction of performance, or other
detrimental effects.
G. OPTIONAL CLAUSE: Window Cleaning Equipment Loads: ( )

1.05 QUALITY ASSURANCE
A. MANUFACTURER: System shall be completely fabricated by the system
Manufacturer. All glazing and backpans shall be factory-installed. Shop Drawings shall
be prepared by the system Manufacturer.
B. CURTAINWALL CONTRACTOR: Curtainwall Contractor shall possess and shall
demonstrate ongoing expertise with work of similar or greater scope over a period of at
least 5 years. Supply supporting references upon request.

C. MOCK-UP LABORATORY TESTING: Curtainwall Contractor shall supply and have
tested (specify quantity) specimen. Specimen shall be tested for air leakage, water
penetration, and deflection in accordance with AAMA 501 with methodologies and
acceptable results defined therein. The specimen shall incorporate representative
construction, and as follows: the dimensions of the specimen shall be (__ ) feet wide by
(__) feet high. Specimen shall replicate configuration on the (__ ) floor(s), located
between grids lines (___)and (__). Glass and finishes need not be project-specific. All
costs relating to Mock-up Laboratory Testing shall be borne by the Curtainwall
Contractor. The Manufacturer and the Curtainwall Contractor reserve the right to receive
reasonable notification regarding, and to attend, all tests.

1.06 SUBMITTALS
A. STANDARD LABORATORY TESTING: Submit documentation certifying
performance characteristics of the system, in the form of Standard Laboratory Testing by
an approved independent agency, as follows:



1. AIR LEAKAGE: Air leakage shall not exceed 0.06 cfm/ft2 with static air pressure
differential of 1.57 psf when tested in accordance with ASTM E 283.

2. WATER PENETRATION (STATIC): No uncontrolled water penetration shall
occur with static air pressure differential of 12 psf when tested in accordance with ASTM
E 331.

3. UNIFORM LOAD DEFLECTION: No principal member shall deflect more than
1/175 of its unsupported span when subjected to 35 psf positive and negative pressure
when tested in accordance with ASTM E 330.

4. UNIFORM LOAD STRUCTURAL: No principal member shall display permanent
deformation exceeding 0.2% of its span after being subjected to 52.5 Ibs positive and
negative pressure in accordance with ASTM E 330.

5. DYNAMIC WATER TEST: While subjected to 25 mph lateral wind velocity with
static air pressure differential of 10 psf, water shall be sprayed for a 15 minute duration at
the rate of 5 gallons per square foot per hour. No uncontrolled water penetration shall be
evident upon conclusion of the procedure
B. SHOP DRAWINGS: Submit Shop Drawings in accordance with General Conditions.
Shop Drawings shall be prepared by the system Manufacturer. Shop Drawings shall bear
the stamp of a qualified locally-licensed Professional Engineer, and shall indicate
configurations of curtainwall, windows, system dimensions, profiles, finishes, glass types,
accessories, hardware, anchors, fasteners, drainage, air and vapor barrier if/as specified
and indicated, masonry opening requirements and acceptable tolerances, and details of
related adjacent construction. Supply (normally one) set of vellums, and (normally six)
sets of prints.

C. ENGINEERED CALCULATIONS: Submit calculations to demonstrate that the
curtainwall or window system complies with all requirements of this Specification.
Calculations shall bear the stamp of a qualified locally-licensed Professional Engineer.
D. SAMPLES: Submit standard samples of curtainwall, windows, glass, and finishes as
requested.

1.07 DELIVERY, STORAGE AND HANDLING
A. All materials supplied by this Section must be handled and stored in such a manner
as to eliminate damages and generally maintain original condition of materials.
Protection of installed work is not the responsibility of this Section.

1.08 WARRANTY
A. Curtainwall Contractor shall warrant for five years from the date of Substantial
Completion that the work is not defective in workmanship or materials, and conforms to
the final approved Shop Drawings, except for reasonable variances not impairing the
usefulness thereof. The warranty shall be in lieu of all other warranties expressed or
implied. The warranty excludes unusual use and abuse, and acts and omissions of other
parties.

PART 2 PRODUCTS

2.01 MANUFACTURER
A. Drawings and Specifications are based on Oldcastle BuildingEnvelope™ curtainwall
manufactured by Oldcastle BuildingEnvelope™ Windows. Other manufacturers will be
considered provided that they are in complete compliance with this Specification; that
they meet all specified requirements; that they can demonstrate ongoing expertise with
work of similar or greater scope; and that they receive the written consent of the Architect
10 working days prior to tender closing.



2.02 SYSTEM DESCRIPTION
A. Curtainwall shall be Oldcastle BuildingEnvelope™ UNITIZED CURTAINWALL with
depth of system as indicated on Architectural Drawings.
B. Curtainwall shall be of “unitized” design, whereby the entire system shall be
fabricated and installed as individual frames or “units”. Assembly shall be by means of
screw-spline joinery. Shear block or “spigot” joinery is not acceptable.
C. Frames shall be self-mulling, with self-locating vertical coupling mullions. “Stick”
curtainwall systems are not acceptable.
D. On multi-storey installations, frames shall mate by means of stacking horizontal
mullions, normally located above the floor-line, which shall allow for total of %4” vertical
movement per storey, while maintaining continuity of air seal.
E. Glazing caps shall be standard 34" rectangular profile, except as otherwise indicated
on Architectural Drawings.
F. Design shall isolate individual frames to eliminate “stack effect”. At 4-way
intersection of adjacent frames, the system shall incorporate an extruded aluminum load-
transfer bar to maintain frame alignment.
G. Assemble system using #400 stainless steel fasteners. Attach pressure plates with
#300 stainless steel fasteners on 6” centers. Fasteners shall maintain integrity of system
when subjected to specified loads and movements. Fasteners breaching the air-seal line
shall be back-sealed.
H. If the system as indicated is inadequate to satisfy all requirements of this
Specification, Curtainwall Contractor shall allow for substitution of larger members,
reinforcement or bracing of members, or other appropriate modifications, and shall advise
Architect of same prior to closing of tenders or prior to commencement of preparation of
Shop Drawings.

2.03 OPERABLE WINDOWS
A. Operable windows shall be (__ ), and as indicated on Architectural Drawings.
Windows shall meet or exceed (___ ) Performance Grade, in accordance with
ANSI/AAMA/NWWDA 101/1.S.2-97.
B. Finish and glazing of operable windows shall match those of adjacent vision areas of
curtainwall, unless otherwise indicated. Windows shall include insect screens unless
otherwise specified, and shall conform with applicable building codes, including
requirements for limited travel, emergency egress, etc.

2.04 FABRICATION
A. WORKMANSHIP: All members shall be accurately and neatly cut, machined, and
assembled to form hairline joints. Seal all joints, plugs, and components as required to
maintain performance characteristics of system as specified. Drainage holes and slots
shall be neatly machined to Manufacturer’s specifications.

2.05 MATERIALS
A. ALUMINUM EXTRUSIONS: All members shall be extruded from 6063-T5 or 6063-T6
alloy, and shall be free of die lines and other obvious defects impairing their function or
appearance.
B. GASKETS & SPLINES: Interior and exterior glazing splines and air-seal gaskets
shall be extruded EPDM. Butyl glazing tape is not acceptable. System shall incorporate
a flexible PVC thermal break, to inhibit thermal transfer. Drainage at stacking horizontal
mullions shall be by means of a dual-durometer water deflector. Vertical mullions shall
include a rigid polypropylene “anti-noise” spline, to minimize noise related to normal
movements and shifts of the curtainwall. On silicone structurally glazed systems, all
gaskets and splines contacting silicone must be silicone-compatible.
C. SETTING BLOCKS: Use compatible blocks of 85 +/- 5 “Shore A” durometer of
minimal 4” length, of depth to fully support glazing, and to conform with IGMA
recommendations.



D. ANCHORS: Design anchors to secure curtainwall system to adjacent construction,
and to meet all requirements of this Specification. Anchors shall allow for adjustment to
accommodate specified allowable construction tolerance, and to accommodate stress
from normal specified movements and loads. Steel anchors shall be prime-painted, and
welded in place if/as required. If welding is not allowed, anchors shall be aluminum.

E. EMBEDS: Furnish cast-in-place anchors (“embeds”) to site for installation by
designated Trade, if/as indicated on Architectural Drawings, or as otherwise required.
Prepare and furnish Drawings indicating locations. Apply isolation coatings as required.
F. BACKPANS: Install galvanized steel backpans at spandrel areas as indicated on
Architectural Drawings. Install (specify thickness; often 3”) inches of glass-fiber
insulation, held at 12” centers by welded pins. Eliminate “read-through” of insulation as
required when used with translucent spandrel glazing. Foil-backed spandrel insulation is
not acceptable.

G. DECORATIVE METAL, CORNERS, SILLS, PARAPETS, TRIMS: Supply and install
aluminum shapes as indicated on Architectural Drawings and of minimum (please
specify, if not shown on Architectural Drawings ) inch thickness. Finish shall be as on
adjacent curtainwall profiles. Finish shall be applied post-forming. Apply isolation
coatings as required.

H. INFILL PANELS: Supply and install as indicated on Architectural Drawings and/or as
follows: (
. CONCEALED FLASHINGS: Supply and install galvanized steel or aluminum shapes
of sufficient strength and thickness for application, as indicated on Architectural
Drawings. Apply isolation coatings as required.

J. AIR-VAPOR BARRIERS: Supply and install if/as indicated on Architectural Drawings
and per approved Shop Drawings to correctly interface with adjacent air-vapor barriers,
and to inhibit peripheral migration of moisture and air between interior and exterior of
building envelope. Where practical, all Trades shall leave air-vapor barriers (membranes,
flashings, etc) “long” to facilitate marrying with adjacent elements.

2.06 ADDITIONAL REQUIREMENTS
A. OPTIONAL CLAUSE: Travel Limiters (for operable windows): Travel of operable
sashes shall be permanently limited to (___) inches.
B. OPTIONAL CLAUSE: Emergency Egress Requirements (for operable windows):
( )
C. OPTIONAL CLAUSE: Window Guards: ( )
D. OPTIONAL CLAUSE: Window Washer Anchors: ( )

2.07 FINISHES
A. INTERIOR FINISH: All exposed interior aluminum supplied by this Section shall be
finished (specify color; if anodized, also specify film thickness) in accordance with AAMA
(__) Standard.
B. EXTERIOR FINISH: All exposed exterior aluminum supplied by this Section shall be
finished (specify color; if anodized, also specify film thickness) in accordance with AAMA
(__ ) Standard.

2.08 GLASS AND GLAZING
A. Supply and install in accordance with Section 08800.

PART 3 EXECUTION

3.01 EXAMINATION AND ACCEPTANCE OF CONDITIONS
A. Prior to commencement of installation, Curtainwall Contractor shall perform a
thorough field-check, to ensure that construction conditions are correct, that dimensions
are correct, and that clearances between work of this Section and other Trades have
been correctly maintained. Acceptable construction tolerances are specified in AAMA “
Installation of Aluminum Curtain Walls”.



B. If conditions or dimensions are found to be unacceptable, Curtainwall Contractor
shall suspend work, and shall immediately send written notification and description of the
unacceptable conditions/dimensions to the General Contractor.

C. Curtainwall Contractor shall await written remedial instructions before resumption of
work.

D. Curtainwall Contractor shall not be responsible for any costs or damages relating to
delays or remedial work resulting from any incorrect or unacceptable conditions,
dimensions, etc.

3.02 INSTALLATION
A. Install system in accordance with approved Shop Drawings. Work shall be installed
square and level. Members shall be adequately supported, free from twisting, sagging,
waving, buckling and other obvious defects.
B. Anchors shall hold all components in correct position when subjected to normal
specified movements and loads.
C. All materials shall be isolated from any contact with dissimilar materials impairing the
quality of the system or adjacent construction, by bituminous paint, zinc chromate primer,
non-conductive shims or other suitable material.
D. All components shall be left free of excess dirt and debris relating to the installation,
and shall be free of scratches, blemishes, and other obvious defects.

3.03 CLEAN UP
A. All debris attributed to the installation shall be promptly removed to a convenient
location on each floor designated, and provided free of charge, by the General
Contractor. The General Contractor shall be responsible for removal of debris from the
designated location.
B. Protection of the work from other Trades, additional cleaning, and final cleaning are
not the responsibility of this Section.

END OF SECTION
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