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201 Helios Way

Houston, Texas

General Building Data

423,500 GSF
113’

Office, Conference Center

Structure

n: 24 in” concrete columns and post-
tensioned concrete girders with cylindrical steel columns
and long span steel W-shapes.

\ Concrete moment frames in
combination with rigid diaphragm floor system.

Two systems typically used. Composite
20 gage decking with lightweight concrete topping and
ohe-way pan joist systems.

Spread concrete footings with 4000 psi
strength.

Kevin Zinsmeister

http://www.engr.psu.edu/ae/thesis/portfolios/2011/kzz5000/

Project Team

mner: BP p.l.c.
=ct: Gensler
CM: Bovis Lend Lease Construction Ltd
: Walter P. Moore & Associates, Inc.
VIEP: .LA. Naman + Associates, Inc.
Persohn/Hahn Associates, Inc.
/: CPP and Associates

: Turbine Air Systems

Architecture

The design principle is based upon functional,
pragmatic design. Utilizing a simple box shape, the
building is built in a three stack design to
accommodate for two-story trading floors. A true
campus environment is achieved by incorporating
large expanses of Katy Prairie land in addition to
multiple International Cafes on every floor of the
six-story complex.

MEP Systems

VAV systems with 555,500 CFM
exchange rate. 5 MW natural gas fired combined heat
and power system in combination with chillers.

3¢ 208Y/120V service voltage. 2 UPS
Systems with 3-500kVa modules.

1g: Aggressive lighting scheme with high
efficiency direct/indirect fixtures. 82% of regularly
occupied spaces day lit.
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Executive Summary

The purpose of this report is to present the investigations conducted on Helios Plaza as part of
its redesign. Helios Plaza is an office building that houses the IST and oil trading divisions of its
owner BP. The plaza is located in Houston, Texas in an area zoned for office buildings and

suburban housing. The overall building height is 113" with a typical floor-to-floor height of 15’.

With respect to the structural system of Helios Plaza, the gravity system mainly consists of a
one-way concrete pan joists system supported on concrete columns, but certain areas are
composite steel deck supported on long-span, castellated steel wide flanges. Lateral forces in
the building are resisted by concrete moment frames and some steel moment frames
composed of HSS beams welded to concrete filled steel pipe columns. The overall effect of this
design results in a relatively high building self-weight, requiring the use of large spread footing
foundations and seismic loads controlling design in one direction.

In an attempt to remedy the large building weight, a composite steel system was designed as
an alternative to the existing system. Prior investigations had shown that a composite steel
system was feasible in strength design and had potential to reduce the weight of the building.
The redesign successfully reduced the weight of the building.

The entire structure was redesigned in RAM and ETABS and checked with hand calculations.
Steel pipe braces were used as the lateral resisting system and were chosen for their aesthetic
and strength properties. A typical brace was chosen to be representative of the brace to beam
to column connection and was designed by hand.

Two depths are presented in this report that are related to the lateral braces in particular.
Architectural considerations of the braces will be addressed and analyzed. The analysis shows
why certain decisions were made in placing the braced frames in the building.

The second breadth presented deals with construction management principles. The cost and
schedule of the redesign were compared with the original structure. The findings showed that
the redesign was more expensive, but was able to be constructed much quicker.

As part of the MAE requirements, coursework from Computer Modeling of Building Structures
was utilized in creating the computer models. Additionally, principles from Earthquake
Resistant Design of Buildings were used to design the lateral bracing system and the braces’
connections were designed using Design of Steel Connection course notes.
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Introduction

Helios Plaza is a corporate campus located in Houston, Texas that is comprised of three main
structures. The first structure, which is the focus of this report, is a six-story office building that
houses the IST and oil trading divisions of BP, the building owner. In addition to the office
building, there is a 1,909 car capacity parking deck adjacent to a five megawatt combined heat
and power plant separate from the office building. Construction was completed in September
2009. The office building will be referred to as Helios Plaza throughout the rest of this
document.

The six-story office building is 423,500 gross square feet with an overall building height of 113
feet. The typical floor-to-floor height is 15 feet with exception at the first floor, the lower roof
level and the roof level. The first floor height is 21.5 feet, the lower roof level is 17 feet and the
roof level is 14 feet higher than the lower roof. Figure 1 represents these dimensions below.

Roof —— —
14’
Lower Roof B
17’
6" Floor - Vv
15’
5% Floor - ——
15’
4" Floor - §
15’
3 Floor - § ——
7 15’
2" Floor - Vv
21.5

Figure 1: Building Frame Section

One of the more unique aspects of the office building is a result of the oil trading division
wishes. The traders requested large, open areas to work in and these spaces are
accommodated on the second, fourth and sixth floors. To make these areas more open, the
floors above (i.e. the third floor, fifth floor, and lower roof level) are cut out over the trading
floors to create double story spaces. To further the open feeling, the number of columns used
is limited, which in turn creates long-span situations. Figures 2 and 3 on the next page illustrate
simplified versions of the floor plans.
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One-way joist system

Void space

Figure 2: Cut-out Floor over Trading Floor

One-way joist system

Composite deck

On steel frame

Figure 3: Composite Deck at Trading Floor

Existing Structural System Overview

For better understanding of the main redesign, some existing structural conditions will be
addressed. The main structural system of Helios Plaza is framed in reinforced concrete and
gravity loads are handled largely by square concrete columns, although concrete filled steel
pipe columns are used for aesthetics in larger spaces. For shorter spans, averaging thirty feet,
concrete girders in combination with pan beams are used. For longer spans of forty-five feet,
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post tensioned girders are employed. Finally, for spans of sixty feet, castellated wide flanges
shapes are used to reduce the weight-span ratio while maintaining strength.

The floor is mainly a concrete one-way system that uses 66” span, 6” wide skip joists typically.
In mechanical rooms, two-way slabs are used to distribute the larger live loads more evenly to
the supporting members. Composite decking with lightweight concrete is used over the long
span steel members in the trading rooms.

To resists lateral loads, the building relies on the typical framing members to perform as
concrete moment frames. In the trading floor areas, steel moment frame comprised of 2’
diameter steel pipe columns are filled with 7000 psi concrete and 14” @ HSS steel beams run
the perimeter of the building to transfer lateral load.

Foundation

The site had to be extensively dewatered prior to the excavation for the project because of the
porosity of the soil in Houston. Despite the initial site conditions, the bearing capacity of the
soil was determined to be 6500 psf.

Spread concrete footings are placed at the base of all grade level columns. The typical depth of
the footings is six feet below the member that they are supporting. Their sizes range from
4’ x4’ x15”to 17’ x 17’ x 57”.

Retaining walls are only used in the southeast corner of the building where there is a sub-grade
basement with access to the adjacent parking structure via a tunnel. At level one, the floor is a
slab on grade with thickness ranging from 5” to 12”. Grade beams are also implemented at
level one sized at 42” x 30”.

One of the focal points of this thesis investigation regards the reduction of the foundations due
to decreased building weight. This topic will be addressed later in the report.

Columns

Rectangular concrete columns are the predominant system used in Helios Plaza. For the most
part these normal weight columns are 24” x 24” in size at all floors except level one where
there is an increase in size to 30” x 30”. The concrete strength decreases as the levels increase
from 6000 psi at the basement level and level one to 5000 psi at levels two and three to 4000
psi for levels four through six. The basement level only occurs in the southeast corner of the
building to allow access from the underground tunnel to the rest of the building and accounts
for only fifteen percent of the ground floor area. This space is spanned at level one by post-
tensioned girders and one-way pan joists and can be seen in Figure 4.
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Figure 4: Basement Area

In addition to the rectangular concrete columns, concrete filled steel pipe columns are used in
the double story trading spaces. These columns are 24@ and are filled with 7000 psi strength
concrete.

Floor Systems

As with the rest of the structural systems in Helios Plaza, the floor system is split into two main
categories, one-way pan joists and composite deck. The one-way pan joist system is a 4” slab
that rests on 16” deep pan typically. The one-way system frames into girders that range from
20” to 33” deep with a width ranging from 24” to 36”. Girders also span in the same direction
as the one-way joist system, but these members are there to create concrete moment frames
to resist lateral loads.

Post-tensioned girders are used all along the south face of the building that span in the North-
South direction. This is necessary to meet the strength requirements for the 45’ distance that
these members span. The tendons are typically bundled in groups of four and the minimum
final post-tension force is 351 kips. Their locations can be seen in Figure 5 on the next page.
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Building outline

Post-tensioned girders

Figure 5: Post-Tensioned Girder Locations

Two-way slabs are implemented in areas where mechanical equipment is housed on every
floor. The slabs are typically 10” thick, but in some cases they are 12” thick. Bathrooms usually
share the same bays as the mechanical rooms because cutting holes in this system is efficiently
achievable.

The second main floor system used in Helios Plaza is a composite deck on w-shapes. The
change occurs because of the move to long span castellated beams to accommodate open,
double story spaces for the trading floors. Spans of 60’ dominate these spaces and the
castellated beams vary between CB24x100 and CB30x44/62. In addition to the weight saving
caused by punching out parts of the web, the beams are cambered 1.5” and 1.75” to meet
deflection limits. The composite section used is typically 3 1/2” light weight concrete over 2”
composite deck. Figure 6 below shows all three of the floor systems in adjacent bays of the
building.

e — ¢

Figure 6: All Three Floor Systems in Adjacent Bays
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Lateral Systems

Lateral forces are resisted in Helios Plaza by concrete moment frames. As mentioned before,
girders run in the same direction as the one-way joist system to make up the frames in the East-
West direction, while girders running in the North-South direction carry the pan joist loads in
addition to transferring lateral load. When a double story occurs, several lateral resisting
frames are interrupted and load transfers from the building’s enclosure directly to moment
frames are not possible. The force is instead transferred perpendicularly by horizontal circular
HSS members to the one-way joists or to the floors above and below by the steel pipe columns.
These beams are welded to the steel pipe columns and a detail can be seen below in Figure 7.

iL OF PIPE COLUMN
|
|

— ROUND HS514,
| SEE PLAN (AESS)

\

A

\/

%

ROUND H5514, SEE
PLAN (AESS)

Figure 7: Round HSS Members Framing Into Each Other

Steel members that compose the floor system for the trading areas are not effective lateral
members. They are not framed with moment connections and essentially only function to
make a rigid diaphragm and to carry gravity loads. Overall, the building consists of twenty-two
moment frames. Floor plans can be found in Appendix A.

Existing Lateral Load Conditions

Calculations in Technical Report | showed that the controlling load cases for the East-West and
North-South directions were resultant of seismic loading and wind loading respectively. The
relatively short width of the building compared to its length in combination with the building’s
large mass led to the seismic control in the East-West direction. Story force diagrams can be
seen in Figures 8, 9 and 10.
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Figure 8: North-South Wind Story Forces

The figures were not drawn to scale, which makes the drastic difference between the story
forces seem peculiar. In actuality, the North-South facades have a tributary width of 355" as
compared to the East-West facades which have a tributary width of 195’. This ratio of
approximately 1.8 accounts for the nearly doubled forces in the North-West direction for wind.

47.4k ——>
120.2k
134.8k >
121.5k
116.4k >
110.3k
123.4k >

< 774.0k

Figure 9: East-West Wind Story Forces
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Figure 10: Seismic Force Diagram

Structural Redesign Philosophy

In an attempt to unify the structural system of Helios Plaza, the existing concrete framing
system was redesigned in steel. Of the spaces in the building, only the trading floors were kept
the same due to their unique design. For lateral resistance, a concentric diagonal braced frame
system was picked for design due to potential efficiency and the generally higher cost of steel
moment frames. With these decisions in mind, the design of the gravity system was
approached first, but parameters for design needed to be defined first.

Codes and References

Helios Plaza was designed following all of the applicable guidelines for the state of Texas as well
as the city of Houston. For the purpose of these thesis investigations, the latest design codes
were utilized without specific regional additions.

Original Design Codes

e National Model Code:
o 2003 International Building Code with City of Houston Amendments

e Design Codes:
o Texas Architectural Barrier Act Standard
o ANSI/AWS Structural Welding Code

e Structural Standards:
o American Society of Civil Engineers, SEI/ASCE 7-02, Minimum Design Loads for

Buildings and Other Structures
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Thesis Design Codes

e National Model Code:
o 2009 International Building Code

e Design Codes:
o Steel Construction Manual 13" edition, AISC
o ACI 318-05, Building Code Requirements for Structural Concrete

e Structural Standards:
o American Society of Civil Engineers, SEI/ASCE 7-10, Minimum Design Loads for

Buildings and Other Structures

Materials

In selecting the materials to design with, assumptions were made based upon both the existing
structure and code requirements. Of particular importance was the material strength of the
bracing members. For seismic design requirements, the steel pipe used in bracing needed to be
ASTM A53 grade B steel. A summary of the rest of the design values can be seen in Table 1.

Concrete f'c (psi)
Spread Footings 4000
Basement Walls 6000
Slabs On-Grade 3500
Metal Deck 3500

Reinforcement Fy (ksi)
Rebar 60
Welded Wire Smooth 65

Structural Steel Fy (ksi)
Wide Flange Shapes 50
HSS 42
Edge Angles/Bent Plates 36
Plates 36
Pipe 35

Table 1: Redesign Material Strengths

Redesign Goals

Prior investigations in Technical Report Il showed that there were many potential benefits in
switching the structure from concrete to steel. This thesis attempted to maximize these
benefits while limiting the negative effects of the steel frame. Amongst the detriments of the
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composite steel deck system was higher cost and a larger floor depth. Based upon these
findings, the desired goals of the redesign investigation were as follows:

1) Reducing the overall building weight;

2) Eliminating the controlling seismic base shear in the East-West direction;
3) Minimizing floor plan impacts;

4) Creating aesthetically compatible braces;

5) Reducing the construction schedule; and

6) Offsetting the increased steel structure cost with foundation savings.

Parameters for the design of gravity members were determined at the beginning to select trial
sizes. Prior investigations in Technical Report Il showed that a Vulcraft 1.5VL17 composite deck
with a 3.25” light weight concrete topping was adequate for the spans and fire-rating
requirements. Not only was this deck more than sufficient to carry the loads placed upon it,
but was also able to span between all of the framing members without the use of shoring for
construction. The depth of the topping also allowed for a fire rating of two hours, which would
benefit the cost of the building by eliminating the need for fireproofing on the underside of the
metal deck. The composite deck constituted a majority of the dead load on the structure;
however, additional superimposed dead loads and beam self-weight allocations were added for
gravity design of beams and columns.

Structural Redesign

The main focus of this section of the report is on the redesign of the building from a
predominantly concrete moment frame system to a steel braced frame system. Additionally,
the structural depth involved designing the connection interface of the lateral braces, columns
and beams.

Initial Design

To aid the design of the new system, two computer programs, RAM Structural System and
ETABS, were utilized. To begin the design, typical framing members were designed by hand
with the live load assumptions determined in Technical Report | and the dead load assumptions
addressed above. Once these trial member sizes were determined, a model was built in RAM
to perform initial member sizing for gravity loading to confirm the hand design for beams and
columns. When the columns were laid out, the same centerline locations as the existing 24”
square concrete columns used in Helios plaza were referenced. Hand calculations can be found
in Appendix B.
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In building the model, concepts learned in the Computer Modeling of Building Structures course
were drawn on for accurate input. Column local axis orientations and beam member end
releases were employed to ensure a proper output from the program’s black box. One snafu in
the design process that would need correction after several runs was the orientation of the
steel decking. This initial error resulted in the program placing the entire load on the girders
and columns and designing beams that were mainly W8x10s. Other input parameters that
needed to be addressed were deflection and camber limitations. Without user guidance, the
program would select the member size with least weight within a certain tolerance and camber
the shape to meet standard deflection requirements. Once these program nuances were dealt
with, the output was at a standard acceptable to the user. The completed model can be seen in
Figure 11.

P

===

\

Figure 11: RAM Gravity Design Model

Minor size differences existed between the hand designed framing members and the RAM
model output. The RAM output sizes were favored in several instances due to plastic neutral
axis considerations (PNA) assumptions of the composite section. Hand designs relied on a PNA
that was conservatively chosen at the lowest possible point, resulting in lower load resistance
values. Additionally, the distance from the top of the steel beam to the concrete flange force
was conservatively chosen in hand analysis. RAM was able to calculate the PNA location and
flange force distance more accurately and usually resulted in one size smaller of a member.

Lateral Design
Moving on to lateral resistance of the structural system, initial sizes for the braces were
determined utilizing the seismic provisions guide provided by the American Institute of Steel
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Construction and supplemented by notes from the Earthquake Resistant Design of Buildings
course. Steel pipe sections were chosen for aesthetic purposes and initial design forces were
based on the wind forces in the North-South direction and the East-West since a building
weight had yet to be established. The layout chosen was based upon exterior appearance and
is addressed in the architectural breadth section of this report. In an attempt to limit torsional
effects, the braces in each direction were made equal. This presented a problem in the North-
South direction where there are only five bays. To account for this, the braces in the 45’ bay
were laid out as x-braces as can be seen in Figure 12.

Figure 12: Brace Layout of East Facade

Brace sizes initially ranged from 6 Standard pipe to 12 x pipe based upon the preliminary brace
locations. At this point in the design, the braces were only required to have a slenderness,%,

less than 200. The braces were only located on the perimeter of the building in an attempt to
limit their effect on the floor plan of Helios Plaza. Their relative strengths were designed to
distribute the lateral load between the frames as evenly as possible given the geometry.

Taking these brace designs forward, a computer model was built in the program ETABS to
analyze the lateral brace design. Several assumptions were made when creating this model.
First of all, both the beams and the braces were modeled with major axis moment released to
simulate purely pinned conditions. In defining the material properties used in the building, the
weights and masses were also removed and instead applied by the user to the diaphragm as
unit dead load and unit mass respectively. Another assumption concerning the diaphragm was
assuming that the composite steel deck and concrete were rigid, and thus formed a rigid
diaphragm. The analysis showed that under wind loading, and all load combinations defined by
ASCE 7-10 that included wind, the braces were sufficient in strength. A summary of the basic
load combinations can be seen in Table 2.
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Load Combination

Equation

1

1.4D

1.2D + 1.6L + 0.5(L, or Sor R)

1.2D + 1.6(L, or Sor R) + (L or 0.5W)

1.2D + 1.0W + L+ 0.5(L, or S or R)

1.2D+1.0E+L+0.2S

0.9D + 1.0W

N|oju|h (W (N

0.9D + 1.0E

Table 2: ASCE7-10 2.3.2 Basic Load Combinations

With the members all accounted for, a preliminary building weight could be determined, and

new seismic loads could be calculated. Besides changing the weight of the building, the

Response Modification Coefficient, R, of Helios plaza was increased from R=3 for ordinary

reinforced concrete moment frames to an R=3 % for steel ordinary concentrically braced

frames. This alteration in turn led to changes in the seismic response coefficient, C,, as well as

the approximate fundament period of the building, T.. The combination of all of these changes

resulted in much lower seismic design forces than originally encountered in previous

investigations. A comparison of the final and original seismic design forces and weights can be

seen in Table 3.

Original Redesign
Level Weight (k) | Fy(k) | Shear (k) | Weight (k) | F, (k) | Shear (k)
roof 1089 78.8 78.8 1329 88.2 88.2
lower roof 2961 178.8 257.6 1918 106.9 195.2
6 6332 298.1 | 555.7 4447 1949 | 390.1
5 4304 155.1 710.7 2255 76.3 466.4
4 6332 163.0 | 873.7 4455 109.0 | 575.4
3 4304 70.5 944.2 2270 35.9 611.3
2 7146 58.3 | 1002.5 4116 33.2 644.5
Total 32468 1002.5 - 20790 644.5 -

Table 3: Building Weight and Seismic Force Comparison

These results, although successful in reducing the seismic base shear, did not reduce the

loading enough to eliminate seismic forces as the controlling load case in the East-West
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direction. As a result, the braces needed to be redesigned to meet all of the criteria of steel
ordinary concentrically braced frames. The main repercussion of this switch was ensuring that
the braces met more stringent slenderness requirements. Now the seismic provisions stated

that % < If—y , which in the case of ASTM A53 Grade B steel simplifies to % < 115. With the

unbraced lengths that these pipes needed to span regularly being on the larger side of 30’, the
minimum pipe size that could be used was 10 Standard. The new members were entered into
the ETABS model and the seismic forces were placed on the building. Analysis showed that the
braces all had adequate load resistance so other issues with the design could be addressed.

The addition of so much weight from the braces as well as the effect of lateral forces on the
structure caused several columns to fail. The RAM output as well as hand calculations did not
account for excessive lateral loads and the interaction equation for combined axial and bending
in columns was exceeding 1.0 for many ground floor columns. To correct these failures, the
axial forces in the columns was retrieved from the ETABS output and new members were sized
based on unbraced length using Table 4-1 of the AISC Steel Construction Manual. After the
members were upsized, analysis was run again and forces were checked again. This process
was iterated until no more members failed under any load combination.

Figure 13: Preliminary Bracing Locations in ETABS |

The next check was for deflection limitations. Under wind loading, the deflection of the roof
level was compared to %. The allowable limit for Helios Plaza was 3.39” and this was far

exceeded by the building with a deflection of over 4.5” in the North-South direction. Brace
sizes in the North-South direction were increased to 12 Standard pipe above the third floor and
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to 12 x pipe from the ground to the third floor. Heavier members (the 12x pipes) were used in
the lower stories because these levels saw the most interstory drift. The effect of increasing
the brace size was a decreased deflection, but the value still did not fall below the acceptable
maximum.

Figure 14: Preliminary Bracing Locations in ETABS Il

At this point, 12 x pipe was the maximum strength pipe that still met slenderness requirements.
This meant that either more frames were needed or a different section type needed to be
picked as bracing members to lower the deflection of the building to an acceptable level. As
mentioned before, the steel pipe sections were chosen for aesthetic purposes and were part of
the architectural breadth of this thesis, so the option of more frames was chosen. Placement of
the braces would ultimately affect the floor plan of the building so a maximum amount of
stiffness per floor area was a priority. To achieve this, x-bracing was placed in two bays that
had as minimal effect on the floor plan as possible. The braces would occur on every floor up
until the sixth floor and would be 12 Standard pipe sections. The end result of the addition of
these frames was a maximum deflection of 3.24”.

Relative Frame Stiffness

With the frames finalized for strength and serviceability requirements, the relative stiffness of
the frames was able to be determined. A 1000 kip load was assessed at the top of each frame
and the deflections recorded for each frame. With this data, the relative stiffness of each frame
could be compared for distribution of forces within the building.

The locations of each of the frames in plan can be seen in Figure 15 for the North-South
direction and in Figure 16 for the East-West Direction. A summary of the relative stiffness of
each frame can be seen in Table 4 and 5.
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Frame A

Frame C

Frame D

Frame K

Frame N

Figure 15: North- South Braced Frame Locations

Frame 1
| K= 22 == > = = 3
L
Frame [ZA Frame 7B

Figure 16: East-West Braced Frame Locations
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Frame A K(k/in) | Kreative | Krelative (%)
Al 9.650 103.6 | 0.2834 28.34
C| 22.906 43.7 | 0.1194 11.94
D| 31.919 31.3 | 0.0857 8.57
K| 31.912 31.3 | 0.0857 8.57
N| 6.423 155.7 | 0.4258 42.58
Total 365.6 1 100

Table 4: Relative Stiffness in North- South Direction

Frame A K (k/in) | Kreative | Krelative (%)
1| 6.965 143.6 | 0.5934 59.34
7A | 73.507 13.6 | 0.0562 5.62
7B | 11.797 84.8 | 0.3504 35.04
Total 241.9 1 100

Table 5: Relative Stiffness in East-West Direction

Despite the approximate ten percent imbalance in the relative stiffness in the x-direction the
effects were not strong enough to cause serious torsional problems in the redesign of Helios
Plaza. Analysis showed that the mode shapes for both mode one and two were x- and y-
translation respectively. One effect that the stiffness imbalance did have was one column’s
local axis needed to be rotated. Once this rotation was applied to the member, the member
was well under 1.0 for the combined axial and bending interaction equation.

Controlling Load Cases

Analysis of the redesigned system yielded the controlling loading cases as load combination 5 in
the East-West direction and load combination 4 in the North-South direction. Load
combination 5 means seismic controls in the x-direction and load combination 4 means that
wind controls in the y-direction. As compared with Technical Report lll, the redesign of the
structure made no impact on the controlling load cases. This result was unfortunate since it
negated one of the goals of the redesign, which was to eliminate the seismic control of the
building in the East-West direction. The goal was technically met since the controlling base
shear in the East-West direction was wind, but the design of the lateral system was still based
upon the seismic forces.

Brace Connection Design

An investigation was performed to determine a potential connection method for the circular
steel pipe braces to the wide flange beam column connection. The connection was designed to
be as easily constructible as possible. Several types of steel connections were employed
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between the many elements involved in the interface. The following connections were

designed:

1)
2)
3)
4)
5)
6)

Slotted steel pipe welded to gusset plate;
Gusset plate welded to beam flange;

Gusset plate welded to double angle;

Double angle bolted to column flange;

End plate welded to beam flanges and web; and
End plate bolted to column flange.

Refer to Appendix C for calculations. The end result can be seen in Figure 17.

W14490

W18x40

Figure 17: Steel Brace Connection

In designing the connection, several constructability issues became apparent. The low slope of

the majority of the braces makes non-eccentric connections extremely unviable to erect.

Calculations performed on the above connection showed that for the bottom brace to be non-

eccentric by the uniform force method, the length of the weld for the beam to gusset plate

connection needed to be 47.2”. This long of a connection could lead to major interruption of
other trades plenum spaces and for braces that frame into the base of columns, interruptions in

the floor plan.
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The configuration in Figure 17 resulted in the least impact on the other spaces of Helios Plaza,
but the line of action of the braces does not pass through the centroid of the beam to column
connection. For this to occur in the top braces, the length of gusset plate would appear as in
Figure 18. The length of the gusset plate in this instance is just short of 3’-4”.

The best way for the connection to reduce the gusset plate size would be to have a 3 value of
7.04” for the bottom connection; however, this is not possible. The length of the double angle
connection needs to be 15” to avoid tensile rupture of the bolts connecting it to the column
flanges. The prying action of the double angle severely limits the ability to shorten this
connection length.

/N

Figure 18: Upper Brace Configuration for Non-eccentric Connection

Based upon these findings, it would seem that switching the connections to welded moment
connections could be more advantageous in both terms of constructability and cost. The
connection that was designed has many components that have very specific tolerance that may
be hard to meet in the field. While some parts can be attached in the shop for speed of
erection, such as the double angles on the column and the gusset plates on the beams, this
would seem to create a much more expensive connection due to components. One of the main
reasons for avoiding moment connections is to limit the amount of welding that needs to be
performed in the field, but this connection still requires field welding of the steel pipe to the
gusset plate. This weld is much easier to complete due to the separation from nearby
elements, but the time and labor involved is still substantial.
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Architectural Breadth - Brace Selection and Layout

One of the main design decisions made in this thesis redesign was the bracing selection. To
marry the architecture of the existing spaces, a circular section was chosen because one of the
focal points of the building’s design is the circular steel columns and beams located in the
trading floors. Figure 19 is a picture of one of the trading floors. The large open spaces were a
design goal of both the owner and the architect and the large columns that are sparingly used

stand out as features in this space.

Figure 19: Helios Plaza Trading Floor

The visibility of the braces in these spaces warranted similar geometric properties, hence the
design decision for steel pipe. Several configurations for the braces were explored for aesthetic
purposes and a diamond pattern was chosen to create a simple repeating geometry in the
space. Initial brace design can be seen in Figure 20.

To confirm the choice of the diamond pattern, a Revit model was created to explore the space.
Once the existing conditions were created, the braces were added to the exterior wall line and
a rendering was of the space was run. Figure 21 shows the outcome of the rendering. The
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connections in the rendering are clean moment connections, despite modeling them as pin
connections and designing the connection as a pin connection as a structural depth.

Figure 20: Initial Brace Configuration Considerations

Figure 21: Interior Rendering of Trading Floor with Diagonal Braces
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In an attempt to minimize the impact on the floor plan of the building, the locations of the
braced frames were located originally on the exterior only. As discussed before, deflection
criteria led placing braced frames on the interior of the building. To try and maintain the goal
of minimizing floor plan impacts in this thesis, a location was picked that had limited traffic in
the building. Due to the nature of x-braces, there would be no way for any people to pass
through the chosen bays. The area least likely to be affected by the braces can be seen in
Figure 22 called out in red.

Figure 22: Area of Interest for Interior Braces

At the edge of the trading floor spaces, there is a perimeter walkway on the story above.
Unfortunately, these braces will affect the floor plan of the trading floor spaces since they block
the entrance into a conference room. There is potential for this room to have its entrance
rerouted to the other side and to even keep the glass in place for a viewport into the trading
floor. Because the trading floors only occur every other level, this limits the amount of floor
plan that is hindered by the braces and could even be a feature of the space.

Construction Management Breadth - Cost and Schedule

A key component in verifying the redesign is whether or not it is an economically viable
solution. Investigations in Technical Report Il showed that there would be an increase in
structure cost with the switch from one-way concrete pan joists to a composite steel deck
system. These investigations were based off of RS Means assemblies costing information,
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which are very generalized and not particularly accurate when the assembly does not match
the bay dimensions very well. To determine a more accurate cost difference, a detailed
estimate was performed using RS Means CostWorks.

Foundation Reduction

Before the detailed estimate was performed, an investigation was performed on whether
significant cost savings could be had from reducing the size of the foundations based upon the
lighter weight of the redesign. The switch to steel resulted in a 39.5% reduction in the building
weight, amounting to 11,678 kips.

The redesign of the foundation proceeded with determining which footings were most likely to
have significant reduction potential. The footings investigated can be seen in Figure 23. Output
from ETABS was drawn upon to determine the controlling load case for axial force in the
columns above the footing of interest and analysis was performed in by hand to see if
reductions could be made.
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Figure 23: Foundations of Interest for Redesign

For design of the footings, an allowance of 500 psf was made for hydrostatic pressure, leaving
the allowable bearing capacity of the soil at 6000 psf. Based upon the loads determined in
ETABS, the require area of footing was calculated to keep the amount of force in the soil below
6000 psf. The area was then converted into square dimensions and rounded up to the nearest
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foot. These dimensions were then used to find the corresponding footing already designed for
this project in the technical documents. The results of the foundation reductions can be seen in
Table 6.

Concrete (CY) | Formwork (SFCA) | Cost
Original Design 2012 16131 | $ 319,779.62
Redesign 1756 14355 | $ 280,321.94
Savings 256 1776 | S 39,457.68

Table 6: Foundation Redesign Savings

Superstructure Cost Comparison

The savings for the foundation reduction were not significant enough to offset the switch to a
composite concrete system. After the foundations were investigated, detailed estimates of the
entire superstructure of both designs were prepared and the results can be seen in Table 7.
Cost information was retrieved from RS Means for the majority of materials and processes, but
some material information was not directly available. In these instances, costs and daily
outputs were interpolated or extrapolated from similar materials to arrive at a reasonable
value. For full cost analysis, refer to Appendix D. The cost difference between the two
superstructures can be explained almost entirely by the applications of fireproofing; it alone
accounted for $709,220 of the steel superstructure cost.

Cost Cost (O & P)

S 5,887,030.09 S 7,254,951.27
S 6,866,659.78 $ 8,002,677.32
$ (979,629.70) | $  (747,726.05)
Table 7: Overall Superstructure Cost

Original Design

Redesign

Savings

Schedule Comparison

With the costing completed, the schedules for the two superstructures were compiled and
compared. Several assumptions were made when determining the construction durations of
certain tasks. In regards to the steel superstructure, four crews were used standardly to get
building output. This assumption was related to the assumption that two cranes would be used
to construct the superstructure. Once the erection times were compiled, they were sequenced
in Microsoft Project. The steel superstructure schedule can be found in Appendix E.

The construction process for the existing concrete structure was much more involved than the
redesign since the formwork process needed to be staggered to achieve remotely comparable
construction times. Eight crews were used standardly for the erection of the concrete
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superstructure. Another assumption was that the building would be divided into three parts for
the placing of formwork and concrete, with two of the sections being larger than the third. The
proposed separations can be seen in Figure 24.

Section A

X
l
'
'
'
'
'
|
|
I
'
'
'
'
1
'

Section B

. Section C

Figure 24: Proposed Concrete Pour Separations

A total superstructure build time of 143 days was achieved for the steel redesign as compared
with the build time of 194 days for the concrete structure. This time saving is significant since
the amount of labor used in the construction of the original concrete structure is double what is
used in the steel construction.

MAE Considerations

Throughout the design process, specific tasks were completed with MAE coursework as the
knowledge foundation. For accurate modeling of the structures in the various software
programs, principles and guidelines from the Computer Modeling of Building Structures class
were utilized. In regards to the design of the lateral bracing system, guidelines learned in the
Earthquake Resistant Design of Buildings course were utilized for proper strength, local
buckling, and slenderness requirements. Finally, the Design of Steel Connections course notes
were crucial in the design of the brace to column to beam connection. All three of these
courses were helpful aids in expanding practical Master’s knowledge into this thesis report.
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Conclusion

The redesign of Helios Plaza from a mainly concrete moment frame system to a concentrically
braced steel frame system managed to achieve four of its initial six goals. The goals achieved
were:

1) Reducing the overall building weight;

2) Minimizing floor plan impacts;

3) Creating aesthetically compatible braces; and
4) Reducing the construction schedule.

The two goals that were not met were eliminating the seismic control of forces in the East-West
direction and offsetting the cost of the steel structure by reducing the amount of foundations
needed. As part of the investigations, a typical steel connection involving all types of members
in Helios Plaza was designed.

The design and analysis of the steel structure showed that despite large weight savings, the
controlling load cases stayed the same in each direction. Deflection criteria were of particular
importance in this design since the building had a relatively soft design.

Architectural concepts explore that had the connections been designated as moment
connection and welded in place, the aesthetic of the trading floors would have been upheld.
With the welded connections, the impact on the floor plan would have been minimal.

The benefits of switching to steel were decreased schedule time and a nearly comparable cost.
If further analysis were to be carried out on labor costs as a function of building time, the gap
between costs could potentially close substantially.

Issues with the design that became apparent during analysis were related to the brace
orientations. The slope of the braces was shallow enough that the connections would be very
large and would certainly affect the floor plan and construction process of the building. The
apparent solution to this problem is to make all of the connections welded.

Overall, the design was effective at resisting all loads placed upon it and would be a viable
alternative to the existing structure.
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Appendix B: Redesign Hand Calculations

Vlﬂi,\ %insu;sL—« | /(\A\n Cales l Ys' sP~— Caetin =4 ‘/q
s Deck %‘z\-‘ kssmn.‘ | |
J p X & =f 1-
TR N ! < -ﬁ
| \ \“. ) Iu
CEEE st o W
L) =8 S >
EEE | ' | |
e} o |
i MR tEsansnas
e 5
1] . b4 2
gggg KWM' |(1\?°-$ L A 5 f1* < Yoo f* fie L Gald Zedicekion ‘oot milsivall

wo' 15480 437 = 132 st

: Pk 1SVL7 W] 34" Lise bopping (134" frickeas bk
CL‘:L Ub(L-'ﬂ-) apv {(;- (" ‘f\—g): |°:b" L ﬁ.— o o DLA7
~ Crcl Lond Coprity - Iy pof > 132 pef o okey

Bean. Desiga

K“Ax = Z(q);t-f 549§ F4’ ? Yoo [l' 2 Rie (v-J /(Aﬂﬂll'on a”.wo&'

LL’U'{“”‘ %v) b P {sc

wo* l1(15¢375) 41 e(102) = 1323 f‘[ 2w qlm..“.) LY kL

Jerton”
3 -

g
Mo w’? 4 ! 95. 7 s

A”Sm 2 T yvalse ull“" atlo 1.9 71:3.7Y‘ I’:<).15¢'~ v teed diwe f~ 3w

3

Fro~ Teble 3719 ek g pedo w, Mut 220" € fa_ ne

bege 1(\1-/,):-;,5(.1)/4 > Rs” € atall
e 1Y) = 9 » yos”

a~ fa. L RIS
0.85 (e by OB[35)% 1

. " L
0.0 & |5 assamadt a V‘L‘ . gLA7

Helios Plaza| Houston, Texas



[THESIS FINAL REPORT] _Kevin Zinsmeister

Helios Plaza| Houston, Texas m




[THESIS FINAL REPORT] _Kevin Zinsmeister

Helios Plaza| Houston, Texas m




[THESIS FINAL REPORT] _Kevin Zinsmeister

Helios Plaza| Houston, Texas I_




[THESIS FINAL REPORT] _Kevin Zinsmeister

Helios Plaza| Houston, Texas I!-




[THESIS FINAL REPORT] _Kevin Zinsmeister

Helios Plaza| Houston, Texas I-




[THESIS FINAL REPORT] _Kevin Zinsmeister

Helios Plaza| Houston, Texas I.




‘/LJCA %EANiva /f-Lu.H Cales | Bfact ms"?h

*s

3-0237 — 200 SHEETS — 5 SQUARES

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0137 — 200 SHEETS — FILLER

COMET

Fer ? (o.m F’"‘\ Fyic (o6s% W) ge - 24 s

40" 0 fu Ay - 0A(2nb) 150 = Fes 1% > 2328 -0, o el
Tows la QM"\s

4/ bAF AGe 0.9 (35) 157 1925 > o0 E L ol

7,';._" P ('1(6‘16.05)0.037(2)4 §Y.0 4 Y2-% 4 g_g(l’“.,“) ,,,,/z) fag.0

T o lb'(b-i7§]o.cr7(z\-{n,o+*n_.l() = 4y 3 %

Curbreeed s 2144 F

/r"’ Pise | 3 Y-S)rn? w/ /—z" n-9 ;.."' 6“.‘:0.5’ io o, é‘(";7b7 0. 4§ in
‘)'?‘3 = : oY ia

CL‘—‘.L_ La;..l B""(‘/"Q

A<Dl - 7"'?/111.? » 3.6 36.€ v/\(‘ s °|"7
Clasl  Slecdesmass

‘9.;', |-o (2"1 b2 389 < Ls - ‘1.0{% - OL,.7

2-39

Coﬂrﬂsin QM&L
‘. AR %, s B "(o.m F'/“)F‘I = [oose T )35 s 2355

Fe'. 11£ T\Ileloo)

[
ULL/')L T 885" =230 kA

40.- 0.4 Ay 04(23.35) 111 = 2300 © 22300 ¥ oley

Tamle  Shaatl

TN,

$az 0.4y Ay 0.9 (35) na 7 37017 7 4y 3 ¢ - .L7

2‘_(, Pus b2 (146975 0os ()4 (684 30.2 + e[ b1k 75 f00n000)] = 1927 %
Tu? 0.1 (06,875 0.051(2) .2 +30,2) = y.u %
Lubracel = 243 44

Ty Pite  wshog f b= 182 in® om0 i byt 0903 0y

DESGTR U2 e

Helios Plaza| Houston, Texas m



M-wu 2"nsmis|-v‘ //Ltn‘r Cales | Brece b""'i"‘

3/3

3-0236 — 100 SHEETS — 5 SQUARES
8-0237 — 200 SHEETS — 5 SQUARES
3.0137 — 200 SHEETS — FILLER

3-0235 — 50 SHEETS — 5 SQUARES

COMET

(R[N Bw‘s"'%

)\’ b't" b b3 /I‘YCI = 65 < 3‘4’/\({ oLay
Clacl  8loed turess

R T PIR IERRE 200 O L

L ik P 3 g,
Aj"l.afi»‘, baon T 0-320 00 Lpet B30 ;- ' Dr 8635 > 2.9,

(el Local BML':%_
/\—. b,{,r g.l.?/o-} ~2%.8 il o - )" & °‘“'7

e Lefarg)r (E
ry 4%, 1 A58 bl B o —El - 0""‘/
Congressive  She b
|5 Fr/re 35 /%y % 5
¢ 77’ ref—_;—.'. Et : {.“si )F,' /h‘f’ ).‘Y =23.Y "-S,
F( = N [E 2 1‘1 uo.o)
L —!e_s._v‘— ot

4‘-. 0.9 F"Aa: 0.% (73,y)7 15 - 'LS.‘;‘< (8317 7{7 P‘ﬂ 1o shd.

A«o"l‘-‘lh‘, bion® 0347 i~ buc® 0390 ia , DT 10D (7303 in

Lacle |/
/\f ‘)l[r’ l°-3/o.z\y 31 % <365 ‘/\(s o 9‘0-7
Clel Sb-ulum“

NVENCT S VAR ER (TIPET SRRt (S b
Wife < "7/'{% s Fee ¥ 0653 ke F7 :(o,bfs “,Y“)"Y =270

L E & °
Fe” Ty = 2B o

¢fns 0.4 G.ﬁ’ 0-?(27..)1:4 43 By bt W 15 5

Helios Plaza| Houston, Texas



[THESIS FINAL REPORT] _Kevin Zinsmeister

Appendix C: Brace Connection Design

Helios Plaza| Houston, Texas I_




[THESIS FINAL REPORT] _Kevin Zinsmeister

Helios Plaza| Houston, Texas I.




[THESIS FINAL REPORT] _Kevin Zinsmeister

Helios Plaza| Houston, Texas I_




[THESIS FINAL REPORT] _Kevin Zinsmeister

Helios Plaza| Houston, Texas I_




Wewia  Zimmayles | Tlsis Cales | Brace Connuchion Dasize Y/b

3-0236 — 100 SHEETS — 5 SQUARES
8-0237 — 200 SHEETS — 5 SQUARES
3-0137 — 200 SHEETS — FILLER

3-0235 — 50 SHEETS — 5 SQUARES

COMET

(hee Bols ¢
Bemcing € Tamrout ?
kgle - br. 075 (29) b, Fo & = 925 (24) Yo [6) 05 = 3227 (8)
o 2o fia) Lt * 075 (115K 53 fos) T 2777 (79)
&’ 015 (24) *fy (45) 0200 =62.3 " (B)
4025 (r2) [15- 2% Jes (orus) = 4.0 “ (70)
ofav = 47 0.5 (12)[ 3 °""-%“] ss(os): s7.2° (7)
?(/.’ q(3e2) s 2 1305 % 27575 o ebay
Clect Plate 4o Angle
Ueld  Ruphere @ gl |37 Ol
p.> 12az (Dig2)* 1502 % 2 ubs* . .L-7
Base kel Shrgh = o= §(04) P b
Aw)l. S 0.7v(0b) vafrg)(0sNe = V6T TR >k o slesy
Piute - 0.3 (o) S8 (86 = fye7% 5 pes e - oliny
Plale \ielding = 4 o2 bEs 4y
{nn 0:9(3¢) el ix) * we.3* 205 . by
Pk fephe - éu-‘{ﬂ. Ae
{d.. = 0.95(%8) Y h2) < 1Y6.9% > e 9" - okey

(.'um :

lhm- o Columan Counul’in-

'éwmin g ./‘I 3
weld 2o phae ® be. t3az(p)L, [1s)
Ardospase welh
+L‘- 392 [w)[z(‘.oz)uv;] EAESIE TR R ) .,L.7
Base bkl Shegb d 0= floe)r bos
Qe fo's‘(u-‘)bf[m.o‘\)o:fu+n.\'(¢,1,‘)]- e e . .L7

Plede - o.'K(..QSY(v-S){'/W'/,‘) P23 > 95 L okey

Helios Plaza| Houston, Texas



[THESIS FINAL REPORT] _Kevin Zinsmeister

Helios Plaza| Houston, Texas E-




[THESIS FINAL REPORT] _Kevin Zinsmeister

Helios Plaza| Houston, Texas m




[
(W}
+—
o
Q
£
(%]
=
N
=
>
()}
4

[THESIS FINAL REPORT]

Cost Analysis

Appendix D

LTTSE ST S| GODEDRES 5

EFSGOREE S| DET DR S EEsEs LS | HYEELS SEVER 5| 06TeE 5 e ET6ET Bl wpoy o oo ‘edepd up e Bupsopupmy 05 ZD0ROT TZED| SE% & 10T

ST 66 BEE % | BSsEETTE HAECSHET R - S| ESEE & | DBTRE & o L[ZSETT s wpoy § o Ues S0 U Esls Bunaopusy OSTODSOT TZED| TOIT SRV ESE

SEERT L H ey E i SRl 5 | H0 § | OFD |t 5 e e L& Lol paals Buppep sooj [Fhay DOESOSET LESD| ELEES

OO0T S [T SETS -y EDns EEDS fra 475|000 oy 3| usdo jaa0s Bupyied ool ELSN D0 FOGETT 5 D00SE

TLTEER0T S| LFETETLT slwTE H S g FHEL s |IsT 3 “q|S00n CDFS ¥ BT S S URLEL) Lo<kin s adig DOS0DDBET IT 50

B LEDIR 5 | DO gRO'eER SlerERE 5| 0FGE 5| ST % | OEE S| SEIRE & FLLOD sor 5J wepepodene &l o2

95 BERE ¢ | ooser e A ETEE R e cloee oz & |econ 00T 53 uonEodenTE A 0wz

O Ow'6E 5 | o9 sEe'0R S| ererd 5| wewE S | el §leeE 5 |oswr & iy 61 63 PeODT “bad Uil 815 RIS OO S EEET S0\ 00E

RESRE BT S S|SEWE S| BEEE S| BST & [ soE S|ET S FTIDD e 53 0T "HE0 LUBAL |BE1S [EINENILS O9505L ETTT S0[ 57081

OF9ET 9 HEEEAT slecae s | swewet & |t HES: HEEGE I1|6900 e1T &3 IO "I ML [ S RIS OFSHSLETTTSD(0ET

DT SL5 58 5 | DEOzneE SlEderl § | el 5[ I 3 | SFE S SURIT & FL900 L 53 [PACENT ] LI O S JENE XS DOTHSLEL T S0( 0w

LEITLEE o | s oeesr slieser s|leer s|ovt HEESE s “feson [} 53 uonejedenTE A 717

SHESSES 5 | oorsrres Slevent s|srwm S| vl legE 5| alem 5 900 iTa 53 uopepedencs & ong

v EELTR o | 0 GeE"SE S wEDRT 5| TUHT S| EFT S| REE S|EIET S L800 DETT 53 00T "JEG LUBAL | BEYS [EINENILS DOESSEETET SO(08E

OF IEEF9 < | DT 0eE S slvroet sliser 5 |ewt HESS HELSZE L9000 01t 53 T e e e DOSSSLETTTSD(OTS

eI 5 | DOrOZTEr R 5|t 5| BFE B 5 L800 oGl 53 e | [

DT ETEE G| T ERnvE SITESTE & | Wowel & | 69T g |9TE S|SET & 9400 oeor &3 THODT 450 MBI 5515 [EAINILE DELSSLEZTTSD|EEEEEERRET

LFEpELlE 5 | BronESET HEAANILE A 9| 9LE S| T & 9400 sor 53 (PG ] LML Y S N XS OFESSLEEETSD|EREEEETRET

BB S IE BRG] BEEEIEREEEED slete  sloret & w00 ey 53 (0T 10U |31 [EMINIG O0FG 54 E7 71 50| FEEEEER 65

OF D6V LE & |0 siveE HEEIEEEE G Sleoe sloeem & 2000 orre El e e s ODESSS B2 £1 50| 09E

SETREVE BB Sledse S |@val 5| ST S| soE I (A ZL00 oI 53 OGO BB IBALI |BELS [EMENLLS ODErSLETTTS0 |6

OO FG & | o oeE"E SIDSEL S| TEEE & |TRT & |TZE SloreEm & 5400 wolr &3 00T “FE0 MBI 5515 [EAINILE DOEWPSLEZETSD|OET

DUB0E [ 5 | DRl Sloeal 5| soEm & (IR 5| e S ECiEs & 5400 Lk 53 [PACENT ] LI O S JENE XS DOTFSLEL ET 50| s

0 BRIl s |overs slveer s|evee 5 |emt Slsee s s EEag Fat 53 (0T 120U |31 [EMINULS DO S E7TT 50|00 T

OFERL'F s |oeerey HESEE R HESE LS ERlEY [l I e e e e e ODLESL EETT 50|08

DO ETE o | oEms’er Sloese S |TELS 5| LT S [asE S| EEIs 5 FI|esnD 6 53 00T "JEG LUBAL | BEYS [EINENILS DOSESLETET S0 |08k

GEELEEET & | DO EDFETT & | EESS &) &S LT & [9%E Sl & "|E800 096 &3 UOfIE B A | ZTRT

BLESETS 5 | BOrOLT e 5| 95k 5| EUEE 5| LT 3 | 95F 5 | st 5 FEE0 il 53 e

O EE o | o e’y SlIS0s S| ERMr 5 | LT G| E9T Sleror S F|7800 il EE] BH(0T "Jog US4 |BaYS MM O0R S E7 2T S0( 08

BYOETE S| TOREE HEEEE SR L S| £EE S| mEEE & F1|9500 oot L] PO " L [ RIS DOLTSLETTT 50| £995 598 TSL

ETEENR o | TOESETE S|0TEr 5| TELE 5| IET S| BEE S|EE S FIEsn0 GG FE] 0T "3 AL | B3YS [EINENLS DOGTSEETET 50| L5505 0 55T

TT 4968 & | S TREE S|S0EE G| SEIE S | TET 5| BSE S|SEE & A|Fe00 =g 3 00T "JE MISAL 3515 [EANINUIS DOETSLEZZT 50| L9955 08 SET

DIFELE L 5 | DY E6ET S 0EEr S| 5 | W % | SEE I WEEDD s &3 PIRQIT a0 LBAL |B8Y § [EENNGS) DOBOSLELELSD{ 06

0TS E" Y o BT EeEE gleTar s | ere & TED G| ZRE & = g AIZED m1 o 1B “Bup el B1aU0 BTN OOZEQLSDTEED| STRVT S o5 E

OTELS 9T S | DEELITT B A HERE B “RI[9ERD ot 5 s FUp el as U0 RIS OOEFDESDTEED| LDRLSTTOOT

TSEOTESTT S| wrorwWelT G| GFEFT G | HYSET S - g - S| mrcET S A APl APERY BRI [EINTNILG) OF SO0TST TEE0] J06E 7 6oy /

EEWETE HEES0 AR S HEEE S 3 “Kajesrn o1 072 [#F Fuped HE0000 EmINIg DOFTO¢ SOTEED| EEEEE EEEDE

BIFLS'SLE S | porpEe'ssT G L R A L § SRt e] 0F3  pog Bupend B1em0noo EmEng OSO00 SOTEED| i SDEEHIEE

B RS ETE S| BEDERDE S [ U Y R o] S| ELE s s A2rD et o0 (e “BupD el BRADOY [EMINILSE DOSESDTEED| TITISRTIOE

EBFO0T0E 5 | BEERETE HiIEEE LS B B “hBERD 6 [ifa) 102 FUp gl S Rs UGS RIS DOSDOSDTEED| IDIT0ITRER

0% (T9'5E s |semeew BECIEIELA s - s |ewrzr s =] Ul ADESI B1IUDE [EMINILG TTE05E SOTEED| 6T 6T 68 66T

SOEGT(F B EiE HEESIEETE S HEE HEEDE e Xl ApESH B30 UG [EMINILS DOPOSESDOTEED| SETSETS EEZ

85 15" 00 § | LT ELE S |stat 5| e 5 § 5| tves 5 L s A B U RN OOEDSESOTEED|EEEEEETLLE

FYTIYTL B EEETES S| PR S| 9TE s - s |ETE S| BE&D s WS |98 TLE 12 5 PLO0) U 0L LRI "D DSCSSFRETTTED|TETST

DOFOFL ST & | oorooetEr H L HES H HEE H S H WIIE|EEDD =5 (=) [Py ape s Rl o) SR Ln ) ) OSODDSET 1T ED| 0SS

O G5 R S| e ERT g |sTa S| 1T g G | BFE S| E0 g YIS |RET'D T | &) (5 UG0S "SAL IO BRBENUHY OSeesT ETTTE0| WrTES

[T 5| S5 EERE g |ews | i0w & - & | ZEE &l &0 & WOEE|SITD SRE [&) WE: SULIES “SALL IO | SL3EYUDD " DOSZOTETTTED|S9EEG

DreEeel 5 | BESTERIT ER L S BF 5 5| 50F S| w0 5 > ES10 SIE (=] L0 AL L IO SRR L DOSTOEET TTED| SETRDSENE

07 ERDTOET & | ooz TOET 5 [SEs | 55 s - 5| BYE S| ST s TOTD SR [ PB1EAS]E T 0| SIRIBU0D DOSESEETTTED|DETTES
4F0 1) o] 4w0 mal 10 L] usauding 3 gy Eumeny wunfncy soge]  andyng Apeg) ma ] e ] A ey

IS

Existing Concrete Cost Analysi

Figure 28

53

Helios Plaza| Houston, Texas



[THESIS FINAL REPORT] |GVl Al =S iEs

O Laber Meurs [unkt Materla Lk wnt |Tetal Total D&&
13E | ? 1 1 o) =T ] (W H S 345 |4 284 5 ] N
S4EAEAT |IE13ISISET00 [ty A0 CUEES |, § 5 398| 4 264 |5 S48 | 4 4114
1848 |oE1assesion |Sweckuna S50 Cutsa | § i e8| % 181 |5 28| %8 ri 1] ]
:
"":j'"' TR T T T Ei T L. i Eagn|s ria| % 1615 LN 4510 Bt
el e e I T 1000} CUOSE LB, TR 180 | & G E 45 | 4 AEAERE0 | £ ST saE00
DE12ER 1000 [Srechuna 0] S|, i a4z |s neal s 100 |4 e 501 | & Itasa k4 |4 55, FLO.08
LB e a6 (L. ¢ asgm|d ssa|s 1rvr|s stea|s sres |2 TASAA0]T  EBMENO
ORISR0 [Srecturna E= CUOEE LB, ] FEEEAE 158 | % HEHNE [ I
E12ER AT [Srectuna 411 CutaE | i ] RN E 1m! [4% L E e HAES 40 | & 9, 545 B0
06 1 255 S 4100 1084 uae L. ] [EEFE 161 |4 g20s | 8 s 3 mivnce|i WEEETY
05125 e B0 1064 =) ] 5 3n|4 A EH TRID |4 TSS1a40 |3 [T e]
1P EGT |1 IR 0S 4000 111 [=Tar] (8 ] P 1 184 |5 pg A5.0e | 4 1SESEIM0 | & 1Setaris
e O b B P AT 1115 [=Nar] (N § 5 A 4 184 |5 EAAs | g g5.r4 | & 1911975 |4 Pt W]
130G (681N TEER00 1110 [=Xark] N g L S| 4 184 | & SIAR A4 110, 78780 | £ d84 Rides
1uas  |mEiassesason 1115 [FRTF ] FEEEE 184 [&  tmaar 11518 118,358,00 | & 13655500
1325 |miaisesEiran Erectuna 10s0) CUIE |, - EOI T E 183 | & lagas 15894 LES, B0 | & 208 EaT.20
240 |miadisien [Srectun 353,00.40 [ £ BV, 0450
w0 11500 UEET L. 3 wmm|s rE| s 148 |4 113331 | & 136 24
o mEiaisessnta [Sroctura <] 11500 ubE T L. 3 inan|s rm| % 1ai |4 imoaa]d 1404 | 5 8308800 |4 S, 150 B
bzi.:r.l EEEEET T ETE T IO 1300 anarin 3 imigs|s zasls iarls  issaz|s LR ] F4,LE 08 |4 [FR T
21 AkAT [mE1aasesanan  [Srectunal vieal n] S 11300 4 2mm|s am| g 183 |5 ] e LA |4 Sl oSS
M0 by eetrapo atken EL 100 FEEETI PR TIE] 164 |4 ] F=T T CFEE E B S0E FT
130 by metragoatks ] 1000 P PR T 163 1% ] ] Hasis0 |3 i mens
240 iy eerecoalken <] s L 2eAan & san|d 159 |4 § pr. i ] ] E1AE7 80 |4 £, 52T T4
M0 |y eerecoalien <] s L arasn|& sa4|% 159 |4 § tean | &7 980000 | § 78,857 B0
A195a0 2)E 1R 00800  |Fps supsoct ras] B2 S ] 18118 G| s 003 |4 § & a4 & ELOe4ET ) &
188|iE1Esrs0Ta0  [rectunal ileal i EX 50 I E FIH A ] Srrals Foet o | 5
S2|0S12STS0000 |Swectural vinal | EZ £ i EAEs]|s 4 2] s e E [ EEEE
2055 by metraguiathon EZ 4] L End i sas 201 |4 L40E | & [TXE] e
24 [ty metrapoiatien EX = T EEET 201 |4 L4 | & TLE ]
&N |81 15 TR L1580 Sircrbura wies | ER T L &8s 38| 4 FO B ToaE | 4 1 FEEEEED
S liy ssarpaatien E2 s I EEEETE FEAE R E [LEF] TL e | g
sotfiEiasransen  Parechuna dea n|  EX = & manls a6 s 201 |5 A | § Soke 4,267.00 |4 I 19605
500 iey Istarpaiation EX Ty I E EEEE FE1E sk | & 11154 FREE S0, 86008
1I0J081235051 000 [Erectunal iteal il EX 5 ] FEEESE 1 sane |5 11155 11095450 | 4 13,3800
1800k issarpaiatien E2 5 L am|d A LAt |5 12203 1981100 |3 21 dme 5]
1S0|E1ESIS LT [Srec il ileal | EX % 4 am| 4 240 |5 119583 bk ] rl 8. |8 Pl il ]
200 by eemrapolaticn 1 E2 H 5 sazl| 3 i | Eelida | & Said | g 17 584096 | £ 1967 08
LOME &R 1SS IR fSracbural il ﬂ E2 E F o 214 |& i¥ad|$ 1603 | 5 13748A8 | & 248 1805)
T S|y i=tarpoiatien [F] ] L im| % FEE] E 1E3 9% | £ 14E6E | 3 i 358 &0 |4 aF a1 85
275wy Istarpaiathon E2 H £ am|i 2200 |4 L&7.38 | & Il E 35008 |1 5, E810
FEE|E12ES 500 [Srectural vieal ] EX % FEE] 221 |5 16193 1781% | & 5011454 |6 &, 500
515 |by eetragoiatien EX H FEE] 2218  irmaz|s 19748 016288 |4 16,170 85
146 by metrago atks E2 H L 1m 223 |4 185.0 | & ZLE.EE e 183573
105 | by metrag o atkn E2 FEEEE I R 223 |4 21388 | & T EEE 24,847.18
5.5 by eetragoiatien EX L o2saA2]s am 2214 2045 |E E i E [ E 9, 141.0%
215 by merrepaathn EX & FER:] FEE] E A58 | & R FEETEH & 14T 7§
I |y metregaiatin E2 H L 1m 233 |8 maiE|E BlE R EIE 28, 50062
teap sl arsinoton (Mo supeat ras]  E2 ] L oW el 1es] 5 Tid| % 1RImEer|L  mdEIrTr
AWLTES|OTEL IR O0S00  [Speayed comantl] G2 ] L o%a| g nns |3 nas | % 1P % teSsedna ] £ masrs ey
FEET |0V ELIELDOT00 o2 H S GEa| g oas )4 1|4 LEE | 4sa )i SAEILESE
LOELEE )T EL1ED 00500 7} H S Gaild a3 |3 i =% £9 35190 |3
Se41 06 by merego atien  |weld stug, 37479 ELD H £ arili [EAE [T E [ E Soass40 | £
it s] by rmanpwton | Matal oo dece|  E2 ol [, H L oan|d [Tl E FEEE] 0] & TeE T | &
as41 w07 |mastaentain  [Srectunal concrale o % - L 13506 [ 3 LEa [ 3 aradnEs | & sassarmy
SE000 851 ST |iatal rood deckls| B4 400 ST [l 083 S0.0% L1586 FFE] 454 SR00o0 70, AanS
2e00)idi1 135000580  |CUP fo| o sl QS [SFCA [] K] ] 340 |4 488 | & 1870000 | & ]
3208 P06 s 0250300 SRécid ] el C 4 EET |8 5 -] meEr | § 02| 8 3T0E40 |8 47EAET
1141 16| m i  naS00 ih 115 CLAEE fE Y ] - |i 1aes| s nay [ % 1108 | § 1650 | & 12178835 | 8 1810014
LTEE DM | IR 07 0 [=] 120 Q4T H - i ar|d [E K 1005 | § el | & 1T EAET |8 2540574
1113455050 [ ar Q& [3FCA [] [P ] 318 |4 444§ 458 E & 2 T8
0SS 0 00 Wkl wina I'uhu 2 Resis 3_E| DT ICEF. § 13D |E e | § -] XA |E s BT |8 11942814
4 GAEMESATE |0 SO0TEYTSD

Figure 29: Redesign Cost Analysis

Helios Plaza| Houston, Texas [k
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Original Schedule and Tasks Follow
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ID Task  |Task Name Duration  [Start Finish Predecessors | Jul '07 Aug'07  |Sep'07  |Oct'0 Nov'07  |Dec'07  |Jan'0 'Feb'08  |Mar'0 | Apr '08
Mode 1/8115/22/29] 5 [12/19)26] 2 | 9 16/2330] 7 [14/21128] 4 [11/18]25] 2 | 9 |16/2330 6 [13[20/27] 3 [10/17]24] 2| 9 |16/23[30] 6 132
1 o Superstructure 194days Mon 7/16/07 Thu 4/10/08
2 = Slab On Grade 0 days Mon 7/16/07 Mon 7/16/07 7/16
3 % Formwork 3 days Mon 7/16/07 Wed 7/18/07
4 % Place Rebar 3 days Thu 7/19/07 Mon 7/23/07 3
5 % Place Concrete 3 days Tue 7/24/07 Thu7/26/07 4
6 = Finish 3 days Fri 7/27/07  Tue7/31/07 5
7 = 2nd Floor 0 days Tue 7/31/07 Tue7/31/07 6 o 7/31
8 = Shakeout 1 day Wed 8/1/07 Wed 8/1/07 6
9 = Place Baseplates and Grout 1 day Wed 8/1/07 Wed 8/1/07 6
10 % Frame Concrete Columns A (Ground to 2nd) 2 days Thu 8/2/07  Fri 8/3/07 9
11 = Frame Concrete Columns B (Ground to 2nd) 2 days Mon 8/6/07 Tue 8/7/07 10
12 % Frame Concrete Columns C (Ground to 2nd) 2 days Wed 8/8/07 Thu8/9/07 11
13 = Erect Steel Columns (Ground to 3rd) 2 days Thu 8/2/07  Fri 8/3/07 8
14 % Frame Concrete Beams A 4 days Mon 8/6/07 Thu8/9/07 10
15 % Frame Concrete Beams B 3 days Fri 8/10/07 Tue 8/14/07 14,11
16 % Frame Concrete Beams C 4 days Wed 8/15/07 Mon 8/20/07 15,12
17 % Frame Slab A 6 days Fri 8/10/07  Fri8/17/07 14
18 = Frame Slab B 5 days Mon 8/20/07 Fri8/24/07 17,15
19 % Frame Slab C 6 days Mon 8/27/07 Mon 9/3/07 18,16
20 % Set Reinforcement A 3 days Mon 8/20/07 Wed 8/22/07 17
21 % Set Reinforcement B 2 days Mon 8/27/07 Tue 8/28/07 18
22 = Set Reinforcement C 3 days Tue 9/4/07 Thu9/6/07 19
23 % Place Concrete A 1 day Thu 8/23/07 Thu 8/23/07 20
24 % Place Concrete B 1 day Wed 8/29/07 Wed 8/29/07 21
25 % Place Concrete C 1 day Fri9/7/07 Fri9/7/07 22
26 % Finish Floor A 3 days Fri 8/24/07 Tue 8/28/07 23
27 = Finish Floor B 3 days Thu 8/30/07 Mon 9/3/07 24
28 % Finish Floor C 3 days Mon 9/10/07 Wed 9/12/07 25
29 % Erect Steel Beams (2nd) 1 day Thu9/13/07 Thu9/13/07 28
30 = Bolts/Welds 2 days Fri9/14/07  Mon 9/17/07 29 i%l
31 = 3rd Floor 0 days Mon 9/17/07 Mon 9/17/07 30 9/17
32 = Shakeout 1 day Tue 9/18/07 Tue 9/18/07 31 ‘ii
33 % Frame Concrete Columns A (2nd to 3rd) 2 days Tue 9/18/07 Wed 9/19/07 31
34 = Frame Concrete Columns B (2nd to 3rd) 1 day Thu 9/20/07 Thu9/20/07 33
35 = Frame Concrete Columns C (2nd to 3rd) 2 days Fri9/21/07 Mon 9/24/07 34
36 % Frame Concrete Beams A 3 days Thu 9/20/07 Mon 9/24/07 33
37 % Frame Concrete Beams B 2 days Fri9/21/07 Mon 9/24/07 34
38 % Frame Concrete Beams C 3 days Tue 9/25/07 Thu9/27/07 35
39 % Frame Slab A 3 days Tue 9/25/07 Thu9/27/07 36 i)
40 % Frame Slab B 2 days Fri9/28/07 Mon 10/1/07 39,37 ﬁj
Task S, Project Summary PR Inactive Milestone Manual Summary Rollup e===============Deadline A4
Project: original schedule.mpp Split External Tasks Inactive Summary U Manual Summary PIII—=== Progress
Date: Thu 4/28/11 Milestone * External Milestone @ Manual Task CEd  start-only C
Summary PIII==W Inactive Task ( | Duration-only Finish-only |
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ID Task  |Task Name Duration  [Start Finish Predecessors | Jul '07 Aug'07  |Sep'07  |Oct'0 Nov'07  |Dec'07  |Jan'0 'Feb'08  |Mar'0 | Apr '08
Mode 1/8115/22/29] 5 [12/19)26] 2 | 9 16/2330] 7 [14/21128] 4 [11/18]25] 2 | 9 |16/2330 6 [13[20/27] 3 [10/17]24] 2| 9 |16/23[30] 6 132

41 % Frame Slab C 4 days Tue 10/2/07 Fri 10/5/07 38,40

42 % Set Reinforcement A 2 days Fri9/28/07 Mon 10/1/07 39

43 % Set Reinforcement B 1 day Tue 10/2/07 Tue 10/2/07 40,42

44 % Set Reinforcement C 2 days Mon 10/8/07 Tue 10/9/07 41,43

45 % Place Concrete A 1 day Tue 10/2/07 Tue 10/2/07 42

46 % Place Concrete B 1 day Wed 10/3/07 Wed 10/3/07 43,45

47 % Place Concrete C 1 day Wed 10/10/07 Wed 10/10/07 44,46

48 % Finish Floor A 3 days Wed 10/3/07 Fri 10/5/07 45

49 % Finish Floor B 3 days Mon 10/8/07 Wed 10/10/07 46,48

50 % Finish Floor C 3 days Thu 10/11/07 Mon 10/15/07 47,49

51 % Erect Steel Beams (3rd) 1 day Tue 10/16/07 Tue 10/16/07 50

52 % Bolts/Welds 2 days Wed 10/17/07 Thu 10/18/07 51

53 % 4th Floor 0 days Thu 10/18/07 Thu 10/18/07 52

54 % Shakeout 1 day Fri 10/19/07 Fri 10/19/07 53

55 = Erect Steel Columns (3rd to 5th) 2 days Fri 10/19/07 Mon 10/22/07 53

56 % Frame Concrete Columns A (3rd to 4th) 2 days Fri 10/19/07 Mon 10/22/07 53

57 % Frame Concrete Columns B (3rd to 4th) 1 day Tue 10/23/07 Tue 10/23/07 56

58 % Frame Concrete Columns C (3rd to 4th) 2 days Wed 10/24/07 Thu 10/25/07 57

59 % Frame Concrete Beams A 3 days Tue 10/23/07 Thu 10/25/07 56

60 % Frame Concrete Beams B 2 days Fri 10/26/07 Mon 10/29/07 59,57

61 % Frame Concrete Beams C 3 days Tue 10/30/07 Thu 11/1/07 60,58

62 % Frame Slab A 6 days Fri 10/26/07 Fri11/2/07 59

63 % Frame Slab B 4 days Mon 11/5/07 Thu 11/8/07 62,60

64 % Frame Slab C 6 days Fri11/9/07  Fri11/16/07 63,61

65 % Set Reinforcement A 3 days Mon 11/5/07 Wed 11/7/07 62

66 % Set Reinforcement B 2 days Fri11/9/07 Mon 11/12/07 65,63

67 % Set Reinforcement C 3 days Mon 11/19/07 Wed 11/21/07 66,64

68 % Place Concrete A 1 day Thu 11/8/07 Thu 11/8/07 65

69 % Place Concrete B 1 day Tue 11/13/07 Tue 11/13/07 68,66

70 % Place Concrete C 1 day Thu 11/22/07 Thu 11/22/07 69,67

71 % Finish Floor A 3 days Fri11/9/07 Tue 11/13/07 68

72 % Finish Floor B 3 days Wed 11/14/07 Fri 11/16/07 71,69

73 % Finish Floor C 3 days Fri 11/23/07 Tue 11/27/07 72,70

74 % Erect Steel Beams (4th) 2 days Tue 10/23/07 Wed 10/24/07 55

75 = Bolts/Welds 3 days Thu 10/25/07 Mon 10/29/07 74

76 % Place Metal Deck 3 days Tue 10/30/07 Thu 11/1/07 75

77 % Deck Edge Forms 1 day Fri11/2/07  Fri11/2/07 76

78 % Place Deck Concrete 1 day Wed 11/28/07 Wed 11/28/07 77,73

79 % Finish Deck Concrete 3 days Thu 11/29/07 Mon 12/3/07 78

80 > 5th Floor 0 days Mon 12/3/07 Mon 12/3/07 79 ~12/3

Task S, Project Summary PR Inactive Milestone @ Manual Summary Rollup Deadline A4
Project: original schedule.mpp Split External Tasks Inactive Summary U Manual Summary PIII—=== Progress
Date: Thu 4/28/11 Milestone * External Milestone @ Manual Task CEd  start-only C
Summary PIII==W Inactive Task ( | Duration-only Finish-only |
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ID Task  |Task Name Duration  [Start Finish Predecessors | Jul '07 Aug'07  |Sep'07  |Oct'0 Nov'07  |Dec'07  |Jan'0 'Feb'08  |Mar'0 | Apr '08
Mode 1/8115/22/29] 5 [12/19)26] 2 | 9 16/2330] 7 [14/21128] 4 [11/18]25] 2| 9 |16/2330 6 [13[20/27] 3 [10/17]24] 2| 9 |16/23[30] 6 132

81 = Shakeout 1 day Tue 12/4/07 Tue 12/4/07 80 N

82 = Frame Concrete Columns A (4th to 5th) 2 days Wed 12/5/07 Thu12/6/07 81

83 % Frame Concrete Columns B (4th to 5th) 1 day Fri12/7/07  Fri12/7/07 82

84 % Frame Concrete Columns C (4th to 5th) 2 days Mon 12/10/07 Tue 12/11/07 83

85 % Frame Concrete Beams A 3 days Fri12/7/07 Tue 12/11/07 82

86 % Frame Concrete Beams B 2 days Wed 12/12/07 Thu 12/13/07 85,83

87 % Frame Concrete Beams C 3 days Fri 12/14/07 Tue 12/18/07 86,84

88 % Frame Slab A 3 days Wed 12/12/07 Fri 12/14/07 85

89 % Frame Slab B 2 days Mon 12/17/07 Tue 12/18/07 88,86

90 % Frame Slab C 4 days Wed 12/19/07 Mon 12/24/07 89,87

91 % Set Reinforcement A 2 days Mon 12/17/07 Tue 12/18/07 88

92 % Set Reinforcement B 1 day Wed 12/19/07 Wed 12/19/07 91,89

93 % Set Reinforcement C 2 days Tue 12/25/07 Wed 12/26/07 92,90

94 % Place Concrete A 1 day Wed 12/19/07 Wed 12/19/07 91

95 % Place Concrete B 1 day Thu 12/20/07 Thu 12/20/07 94,92

96 % Place Concrete C 1 day Thu 12/27/07 Thu 12/27/07 95,93

97 % Finish Floor A 3 days Thu 12/20/07 Mon 12/24/07 94

98 % Finish Floor B 3 days Tue 12/25/07 Thu 12/27/07 97,95

99 % Finish Floor C 3 days Fri 12/28/07 Tue 1/1/08 98,96

100 % Erect Steel Beams (5th) 1 day Wed 1/2/08 Wed 1/2/08 99

101 % Bolts/Welds 2 days Thu1/3/08  Fri1/4/08 100 %

102 % 6th Floor 0 days Fri 1/4/08 Fri 1/4/08 101 1/4

103 = Shakeout 1 day Mon 1/7/08 Mon 1/7/08 102 )

104 % Erect Steel Columns (5th to Lower Roof) 2 days Mon 1/7/08 Tue 1/8/08 102

105 % Frame Concrete Columns A (5th to 6th) 2 days Mon 1/7/08 Tue 1/8/08 102

106 % Frame Concrete Columns B (5th to 6th) 1 day Wed 1/9/08 Wed 1/9/08 105

107 % Frame Concrete Columns C (5th to 6th) 2 days Thu 1/10/08 Fri1/11/08 106

108 % Frame Concrete Beams A 3 days Wed 1/9/08 Fri1/11/08 105

109 % Frame Concrete Beams B 2 days Mon 1/14/08 Tue 1/15/08 108,106

110 % Frame Concrete Beams C 3 days Wed 1/16/08 Fri1/18/08 109,107

111 % Frame Slab A 6 days Mon 1/14/08 Mon 1/21/08 108

112 % Frame Slab B 4 days Tue 1/22/08 Fri1/25/08 111,109

113 % Frame Slab C 6 days Mon 1/28/08 Mon 2/4/08 112,110

114 % Set Reinforcement A 3 days Tue 1/22/08 Thu 1/24/08 111

115 % Set Reinforcement B 2 days Mon 1/28/08 Tue 1/29/08 114,112

116 % Set Reinforcement C 3 days Tue 2/5/08 Thu?2/7/08 115,113

117 % Place Concrete A 1 day Fri1/25/08  Fri1/25/08 114

118 % Place Concrete B 1 day Wed 1/30/08 Wed 1/30/08 117,115

119 % Place Concrete C 1 day Fri2/8/08 Fri 2/8/08 118,116 f

120 % Finish Floor A 3 days Mon 1/28/08 Wed 1/30/08 117 T
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ID Task  |Task Name Duration  [Start Finish Predecessors | Jul '07 Aug'07  |Sep'07  |Oct'0 Nov'07  |Dec'07  |Jan'0 'Feb'08  |Mar'0 | Apr '08
Mode 1/8115/22/29] 5 [12/19)26] 2 | 9 16/23(30] 7 [14/21128] 4 [11/18]25] 2 | 9 |16/2330 6 [13[20/27] 3 [10/17]24] 2| 9 |16/23[30] 6 13]2

121 % Finish Floor B 3 days Thu1/31/08 Mon 2/4/08 120,118

122 % Finish Floor C 3 days Mon 2/11/08 Wed 2/13/08 121,119

123 % Erect Steel Beams (6th) 2 days Mon 2/11/08 Tue 2/12/08 104,119

124 % Bolts/Welds 3 days Wed 2/13/08 Fri2/15/08 123

125 % Place Metal Deck 3 days Mon 2/18/08 Wed 2/20/08 124

126 % Deck Edge Forms 1 day Thu 2/21/08 Thu?2/21/08 125

127 % Place Deck Concrete 1 day Fri2/22/08  Fri2/22/08 126,119

128 % Finish Deck Concrete 3 days Mon 2/25/08 Wed 2/27/08 127

129 % Lower Roof 0 days Wed 2/27/08 Wed 2/27/08 128

130 % Shakeout 1 day Thu 2/28/08 Thu2/28/08 129

131 = Frame Concrete Columns A (6th to Lower Roof) 2 days Thu 2/28/08 Fri2/29/08 129

132 % Frame Concrete Columns B (6th to Lower Roof) 1 day Mon 3/3/08 Mon 3/3/08 131

133 % Frame Concrete Columns C (6th to Lower Roof) 2 days Tue 3/4/08 Wed 3/5/08 132

134 % Frame Concrete Beams A 2 days Mon 3/3/08 Tue 3/4/08 131

135 % Frame Concrete Beams B 2 days Wed 3/5/08 Thu3/6/08 134,132

136 % Frame Concrete Beams C 2 days Fri3/7/08 Mon 3/10/08 135,133

137 % Frame Slab A 3 days Wed 3/5/08 Fri3/7/08 134

138 % Frame Slab B 2 days Mon 3/10/08 Tue 3/11/08 137,135

139 % Frame Slab C 3 days Wed 3/12/08 Fri3/14/08 138,136

140 % Set Reinforcement A 2 days Mon 3/10/08 Tue 3/11/08 137

141 % Set Reinforcement B 1 day Wed 3/12/08 Wed 3/12/08 140,138

142 % Set Reinforcement C 2 days Mon 3/17/08 Tue 3/18/08 141,139

143 % Place Concrete A 1 day Wed 3/12/08 Wed 3/12/08 140

144 % Place Concrete B 1 day Thu 3/13/08 Thu3/13/08 143,141

145 % Place Concrete C 1 day Wed 3/19/08 Wed 3/19/08 144,142

146 % Finish Floor A 3 days Thu 3/13/08 Mon 3/17/08 143

147 % Finish Floor B 3 days Tue 3/18/08 Thu3/20/08 146,144

148 % Finish Floor C 3 days Fri3/21/08  Tue 3/25/08 147,145

149 = Erect Steel Beams (Lower Roof) 1 day Wed 3/26/08 Wed 3/26/08 148

150 % Bolts/Welds 2 days Thu 3/27/08 Fri3/28/08 149

151 % Roof 0 days Fri 3/28/08  Fri3/28/08 150

152 = Erect Steel Columns (Lower Roof to Roof) 2 days Mon 3/31/08 Tue 4/1/08 151

153 % Erect Steel Beams 1 day Wed 4/2/08 Wed 4/2/08 152

154 = Place Metal Decking 2 days Thu 4/3/08  Fri4/4/08 153

155 % Bolts/Welds 2 days Mon 4/7/08 Tue 4/8/08 154

156 % Place Shear Studs 2 days Wed 4/9/08 Thu 4/10/08 155

Task S, Project Summary PR Inactive Milestone @ Manual Summary Rollup e===============Deadline A4
Project: original schedule.mpp Split External Tasks Inactive Summary U Manual Summary PIII—=== Progress
Date: Thu 4/28/11 Milestone * External Milestone @ Manual Task CEd  start-only C
Summary PIII==W Inactive Task ( | Duration-only Finish-only |

Page 4




Redesign Schedule and Tasks Follow

Helios Plaza| Houston, Texas



ID Task Task Name Duration Start Finish Half 2, 2007 Half 1, 2008
8 Mode J J | A | s | 0 | N J
1 S:P Superstructure 143 days Mon 7/16/07 Wed 1/30/08 =
2 = Steel Structure (Ground Floor to 3rd Floor) 0 days Mon 7/16/07 Mon 7/16/07 ¢ 7/16
3 = Place Baseplates and Grout 1 day Mon 7/16/07 Mon 7/16/07 i
4 % Shakeout 1 day Mon 7/16/07 Mon 7/16/07
5 % Erect Columns (Ground Floor to 3rd Floor 2 days Tue 7/17/07 Wed 7/18/07
6 % Erect Beams (2nd Floor) 3 days Thu 7/19/07 Mon 7/23/07
7 % Erect Braces (2nd Floor) 2 days Tue 7/24/07 Wed 7/25/07
s |H % Erect Beams (3rd Floor) 2 days Thu 7/26/07 Fri7/27/07
9 % Erect Braces (3rd Floor) 2 days Mon 7/30/07 Tue 7/31/07
10 |E = Place Metal Decking (2nd Floor) 5 days Wed 8/1/07 Tue 8/7/07
11 |E = Place Metal Decking (3rd Floor) 2 days Wed 8/8/07 Thu 8/9/07
12 % Place Shear Studs 3 days Fri 8/10/07  Tue 8/14/07
13 = Bolts/Welds 3 days Fri 8/10/07  Tue 8/14/07
14 = Steel Structure (3rd Floor to 5th Floor) 0 days Tue 8/14/07 Tue 8/14/07 8/14
15 = Shakeout 1 day Wed 8/15/07 Wed 8/15/07 :1
16 = Erect Columns (3rd Floor to 5th Floor) 2 days Wed 8/15/07 Thu 8/16/07
17 % Erect Beams (4th Floor) 3 days Fri8/17/07  Tue 8/21/07
18 % Erect Braces (4th Floor) 2 days Wed 8/22/07 Thu 8/23/07
19 |[E = Erect Beams (5th Floor) 2 days Fri 8/24/07  Mon 8/27/07
20 % Erect Braces (5th Floor) 2 days Tue 8/28/07 Wed 8/29/07
21 = Place Metal Decking (4th Floor) 5 days Thu 8/30/07 Wed 9/5/07
22 = Place Metal Decking (5th Floor) 2 days Thu9/6/07  Fri9/7/07
23 % Place Shear Studs 2 days Mon 9/10/07 Tue 9/11/07
24 % Bolts/Welds 2 days Mon 9/10/07 Tue 9/11/07
25 = Steel Structure (5th Floor to Lower Roof) 0 days Tue 9/11/07 Tue9/11/07 9/11
26 = Shakeout 1 day Wed 9/12/07 Wed 9/12/07 [
27 = Erect Columns (5th Floor to Lower Roof) 4 days Wed 9/12/07 Mon 9/17/07
28 % Erect Beams (6th Floor) 3 days Tue 9/18/07 Thu 9/20/07
29 % Erect Braces (6th Floor) 2 days Fri9/21/07 Mon 9/24/07
30 = Erect Beams (Lower Roof) 1 day Tue 9/25/07 Tue 9/25/07
31 % Erect Braces (Lower Roof) 2 days Wed 9/26/07 Thu 9/27/07
32 = Place Metal Decking (6th Floor) 5 days Fri9/28/07  Thu 10/4/07
33 = Place Metal Decking (Lower Roof) 2 days Fri 10/5/07  Mon 10/8/07
34 % Place Shear Studs 2 days Tue 10/9/07 Wed 10/10/07
35 = Bolts/Welds 2 days Tue 10/9/07 Wed 10/10/07
36 = Steel Structure (Lower Roof to Roof) 0 days Wed 10/10/07 Wed 10/10/07 0110/ 10
37 = Erect Columns (Lower Roof to Roof) 2 days Thu 10/11/07 Fri 10/12/07
38 % Erect Beams (Roof) 1 day Mon 10/15/07 Mon 10/15/07
39 % Erect Braces (Roof) 2 days Tue 10/16/07 Wed 10/17/07
40 = Place Metal Decking (Roof) 2 days Thu 10/18/07 Fri 10/19/07
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ID Task Task Name Duration Start Finish Half 2, 2007 Half 1, 2008
Mode J J A s 0 | N D J
41 =|::> Place Shear Studs 2 days Mon 10/22/07 Tue 10/23/07
42 = Bolts/Welds 2 days Mon 10/22/07 Tue 10/23/07 gl
43 =|::> Slab On Grade 0 days Tue 10/23/07 Tue 10/23/07 10/23
44 =|::> Formwork 3 days Wed 10/24/07 Fri 10/26/07
45 =|::> Place Rebar 3 days Mon 10/29/07 Wed 10/31/07
46 =|::> Place Concrete 3 days Thu 11/1/07 Mon 11/5/07
47 = Finish 3 days Tue 11/6/07 Thu 11/8/07
48 = 2nd Floor 0 days Thu 11/8/07 Thu 11/8/07 11/8
49 =|::> Formwork 2 days Fri11/9/07 Mon 11/12/07
50 = Place WWF 3 days Tue 11/13/07 Thu 11/15/07
51 =|::> Place Concrete 3 days Fri11/16/07 Tue 11/20/07
52 % Finish 3 days Wed 11/21/07 Fri 11/23/07
53 = Spray Fireproofing 1 day? Mon 11/26/07 Mon 11/26/07
54 = 3rd Floor 0 days Mon 11/26/07 Mon 11/26/07 0111/26
55 =|::> Formwork 2 days Tue 11/27/07 Wed 11/28/07
56 % Place WWF 2 days Thu 11/29/07 Fri11/30/07
57 =|::> Place Concrete 2 days Mon 12/3/07 Tue 12/4/07
58 = Finish 2 days Wed 12/5/07 Thu 12/6/07
59 = Spray Fireproofing 1 day Fri 12/7/07  Fri12/7/07 0
60 = 4th Floor 0 days Thu 12/6/07 Thu 12/6/07 12/6
61 =|::> Formwork 2 days Fri12/7/07 Mon 12/10/07
62 =|::> Place WWF 3 days Tue 12/11/07 Thu 12/13/07
63 =|::> Place Concrete 3 days Fri 12/14/07 Tue 12/18/07
64 % Finish 3 days Wed 12/19/07 Fri 12/21/07
65 = Spray Fireproofing 1 day Mon 12/24/07 Mon 12/24/07
66 % 5th Floor 0 days Fri 12/21/07 Fri12/21/07 12/21
67 =|::> Formwork 2 days Mon 12/24/07 Tue 12/25/07
68 % Place WWF 2 days Wed 12/26/07 Thu 12/27/07
69 =|::> Place Concrete 2 days Fri 12/28/07 Mon 12/31/07
70 = Finish 2 days Tue 1/1/08  Wed 1/2/08
71 = Spray Fireproofing 1 day Thu1/3/08 Thu 1/3/08 0
72 = 6th Floor 0 days Wed 1/2/08 Wed 1/2/08 011/2
73 =|::> Formwork 2 days Thu 1/3/08  Fri 1/4/08
74 = Place WWF 3 days Mon 1/7/08 Wed 1/9/08
75 =|::> Place Concrete 3 days Thu 1/10/08 Mon 1/14/08
76 = Finish 3 days Tue 1/15/08 Thu 1/17/08
77 = Spray Fireproofing 1 day Fri 1/18/08  Fri1/18/08 0
78 = Lower Roof 0 days Thu 1/17/08 Thu 1/17/08 1/17
79 =|::> Formwork 2 days Fri1/18/08 Mon 1/21/08
80 =|::> Place WWF 2 days Tue 1/22/08 Wed 1/23/08
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ID Task Task Name Duration Start Finish Half 2, 2007 Half 1, 2008
& Mode J J S 0 N D J
81 =|::> Place Concrete 2 days Thu 1/24/08 Fri1/25/08
82 % Finish 2 days Mon 1/28/08 Tue 1/29/08 L
83 = Spray Fireproofing 1 day Wed 1/30/08 Wed 1/30/08 (
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