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Building Overview 
 

Architecture 

Architecture:     

151 First Side is an 18 story 82 unit condominium with units ranging from 1,000-4,000 SF.  It 
features an open and adjustable floor plan to allow customization by the resident.  The first three 
floors are resident parking with a central entrance.  The 4th level is a terrace level with levels 5 
through the Penthouse consisting of one to four living spaces per floor. The upper levels are set 
back to allow large outdoor terraces.   

Building Envelope:    

The exterior walls consist of 8” CMU covered with a 4” veneer.  The roof system is comprised 
of Hambro joists with 1½” steel deck topped with 3¼” normal weight concrete.   

Building Systems.   

Mechanical System: The building temperature is controlled by a 36.7 ton roof top unit by 
AAON.  Each unit as well as each major common space also has its own heat pump with wall 
mounted thermostat.  Hot water for the building is provided by three boilers located in the sub-
basement. 

Electrical System: The main power system provided by the Duquesne Electric vault is a 
120/208 3 phase system.  The main switch is rated at 1800A.  Heating and cooling equipment 
run at 208V. while the boilers and general building uses 120V. 
 
Lighting System: The units are primarily lit by incandescent downlights.  Corridors contain both 
fluorescent downlights as well as wall washers.  Offices and general areas contain recessed 
indirect troffers with electronic ballasts.  The parking area has surface mounted fixtures with 
magnetic ballasts.  The outdoor canopy lighting is provided by recessed metal-halide downlights 
with electronic ballasts. 

Construction Details: The owner is a cooperation of three individual companies, Zambrano 
Corp., Ralph A. Falbo, Inc., and EQA Landmark Communities.  The largest of these companies, 
Zambrano Corp., is also the general contractor.  This building was completed as a design-build 
project.  Physical construction was typical, with crane tie-ins on the 8th and 16th floors.  A 
vertical survey had been preformed and designs changed to accommodate an older building 
which was leaning 3” into the property. 
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Structural System 

Foundation: 
 
The foundation was designed based on soil reports prepared by Engineering 
Mechanics, Inc. and Ackenheil Engineering, Inc., dated April, 2002 and July 1, 2005 
respectively.  Due to the close proximity of the Monongahela River pressure injected 
auger cast piles, 18” in diameter were used. Pile tips were placed at an elevation of 
674’-0”, which gives an average length of 52’.  Each pile has a capacity of 120 tons.  
Pile caps are made of concrete with a 28 day strength of f’c = 3000psi.   

 

Slab on Grade: 
 
The sub-basement and basement floors consist of slab on grade at elevations 725’-0” 
and 728’-0” respectively.  Slabs are made from 5” of concrete with a 28 day strength of 
f’c = 4000psi and are reinforced with 6x6 w2.1 x w2.1 welded wire fabric.  Concrete was 
placed above 4” of AASHTO 57 well graded compacted granular stone. 

 

Structural Frame: 

The structural framing is made of steel W shapes.  Beams range from W10 to W16 with 
the most common size being a W14x61.  The columns are W12 shapes with weights 
ranging from 40 to 336 pounds per linear foot.  Common column splices occur at every 
second floor. 

 

Floor and Roof System: 
 
The parking levels on the first three stories as well as the terrace level have poured 
concrete floors.  All parking floors are 4” of light weight concrete on a 2” 20ga. 
galvanized composite metal deck with the exception of some highly loaded areas of the 
ground floor in which there is a 6” slab.  The 4” sections on the parking levels are 
reinforced with #4 rebar spaced at 12” in both the bottom and the top of the slab with 
the top bars continuing for ¼ of the span length past the supports.  The 6” sections 
contain 6x6-W2.9xW2.9 welded wire fabric while the terrace level has 6x6-W1.4xW1.4 
welded wire fabric for its reinforcement. 
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The residential and mechanical levels, as well as the roof, contain an MD200 composite 
floor joist system provided by Hambro.  A typical floor plan can be found in figure 1.  
There is a 3¼” thick slab made from concrete with a 28 day strength of f’c=4000psi.  
Reinforcing within the concrete is a 6x6-W2.9xW2.9 welded wire mesh.  The concrete is 
supported by 22ga. 1½” galvanized steel deck.  Joist depth is 16” unless otherwise 
noted.  The top chord is an “S’ shape piece of cold-rolled, ASTM A 1008, Grade 50, 
13ga. steel which works as both a compressive member as well as a shear connector 
while the bottom chord is made of two steel angles.  Both chords have a minimum 
Fy=50,000psi.  The web is formed from 7/16” hot-rolled steel bars with an Fy=44,000psi.  
The roof is also topped with a waterproof membrane. 
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Figure 1 
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Lateral System: 
 
The lateral system is composed of both braced frames as well as special moment 
frames.  Lateral bracing is provided on column lines E and F (Figure 2) and column 
lines 2, 3, and 4 (Figure 3).  Each of these column lines contain both moment 
connections and braced frames made of W12’s or back to back channels. 

 
Figure 2 
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Figure 3 
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Codes 
 
Building Code: 

International Building Code (IBC), 2003 edition 
 
Structural Concrete: 

Building Code Requirements for Reinforced Concrete (ACI 318, latest edition) 
 
Specifications for Structural Concrete (ACI 301, latest edition) 

 
Steel Design: 

Specifications for the Design, Fabrication, and Erection of Structural Steel for  
Buildings (AISC, 9th Edition)  
 
Code of Standard Practice for Steel Buildings and Bridges (with exception of  
Section 4.2) 
 

Building Design Loads: 
ANSI/ASCE-7 2002 
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Design Loads 
General Loads: 

Floor Live Loads 
Load Area Design Load Minimum Load (ASCE 7-05) 
Common Areas 100 psf 100 psf 
Corridors 100 psf 100 psf 
Parking 40 psf 40 psf 
Residential 40 psf 40 psf 
Mechanical 150 psf n/a 
Partition Allowance 20 psf where 

applicable n/a 

Dead Loads 
Item Design Value 
Superimposed Dead Loads 
     Mechanical , Electrical, Sprinkler 20 psf 
     Ceiling Finishes 5 psf 
     Floor Finishes 5 psf 
Structure Varies 
Other Dead Loads Where Applicable 

 

Wind Loads: 

The wind pressures and resulting base shear and overturning moment were calculated 
based on an exposure category B.  The following spreadsheets give a detailed view of 
the pressure applied to each height level, and the corresponding floors.  See the 
Appendix for my original calculations and diagrams regarding wind.   
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h (ft) P (psf) h (ft) P (psf)
0-15 6.72 0-15 -9.43 16.15
20 7.31 20 -9.43 16.74
25 7.78 25 -9.43 17.21
30 8.25 30 -9.43 17.68
40 8.96 40 -9.43 18.39
50 9.55 50 -9.43 18.98
60 10.02 60 -9.43 19.45
70 10.49 70 -9.43 19.92
80 10.96 80 -9.43 20.39
90 11.32 90 -9.43 20.75
100 11.67 100 -9.43 21.10
120 12.26 120 -9.43 21.69
140 12.85 140 -9.43 22.28
160 13.32 160 -9.43 22.75
180 13.79 180 -9.43 23.22
200 14.15 200 -9.43 23.58
250 15.09 250 -9.43 24.52

Pressure
Wind from the North/South

Windward Leeward
Total

 

h (ft) P (psf) h (ft) P (psf)
0-15 6.68 0-15 -9.26 15.94
20 7.26 20 -9.26 16.53
25 7.73 25 -9.26 16.99
30 8.20 30 -9.26 17.46
40 8.91 40 -9.26 18.17
50 9.49 50 -9.26 18.75
60 9.96 60 -9.26 19.22
70 10.43 70 -9.26 19.69
80 10.90 80 -9.26 20.16
90 11.25 90 -9.26 20.51
100 11.60 100 -9.26 20.86
120 12.19 120 -9.26 21.45
140 12.77 140 -9.26 22.03
160 13.24 160 -9.26 22.50
180 13.71 180 -9.26 22.97
200 14.06 200 -9.26 23.32
250 15.00 250 -9.26 24.26

Pressure
Wind from the East/West

Windward Leeward
Total
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Floor Height 
(Ft.)

Story 
Height 
(Ft.)

Trib. 
Area 
(Sf.)

P-total 
(psf)

Story 
Force 
(Kip)

Total Shear 
(Kip)

Overturning 
Moment     
(Ft.-Kip)

1 (ground) 0 0 0 16.15 0.00 473.61 556969.93
2 13.33 13.33 1242.50 16.15 20.07 473.61 6314.85
3 23.33 10.00 1215.88 17.21 20.93 453.55 10582.79
4 192.83 12.83 1251.38 18.39 23.01 432.62 83424.05
5 180.00 10.67 1136.00 18.98 21.56 409.61 73729.99
6 169.33 10.67 1136.00 19.45 22.10 388.05 65710.08
7 158.67 10.67 1136.00 19.92 22.63 365.96 58065.11
8 148.00 10.67 1136.00 20.39 23.17 343.33 50812.23
9 137.33 10.67 1136.00 20.75 23.57 320.16 43968.57
10 126.67 10.67 1136.00 21.69 24.64 296.59 37568.25
11 116.00 10.67 1171.50 21.69 25.41 271.95 31546.44
12 105.33 11.33 1171.50 22.28 26.10 246.54 25969.16
14 94.00 10.67 1136.00 22.28 25.31 220.44 20721.62
15 83.33 10.67 1136.00 22.75 25.84 195.13 16261.16
16 72.67 10.67 1153.75 22.75 26.25 169.29 12301.69
17 62.00 11.00 1171.50 23.22 27.20 143.04 8868.53
18 51.00 11.00 1171.50 23.22 27.20 115.84 5907.65
Penthouse 40.00 11.00 1544.25 23.58 36.41 88.63 3545.26
Mech. Level 29.00 18.00 1544.25 24.52 37.86 52.22 1514.52
Roof 11.00 11.00 585.75 24.52 14.36 14.36 157.98

Wind from the North/South

 

 

North/South Direction: 
 Base Shear:  473.61 Kip 
 Overturning Moment:  556969.93 Ft.-Kip 
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Floor Height 
(Ft.)

Story 
Height 
(Ft.)

Trib. 
Area 
(Sf.)

P-total 
(psf)

Story 
Force 
(Kip)

Total 
Shear 
(Kip)

Overturning 
Moment     
(Ft.-Kip)

1 (ground) 0 0 0 15.94 0.00 468.27 550854.54
2 13.33 13.33 1242.50 15.94 19.81 468.27 6243.61
3 23.33 10.00 1215.88 16.99 20.66 448.47 10464.19
4 192.83 12.83 1251.38 18.17 22.73 427.80 82494.47
5 180.00 10.67 1136.00 18.75 21.30 405.07 72912.39
6 169.33 10.67 1136.00 19.22 21.84 383.77 64984.40
7 158.67 10.67 1136.00 19.69 22.37 361.93 57426.38
8 148.00 10.67 1136.00 20.16 22.90 339.56 50255.38
9 137.33 10.67 1136.00 20.51 23.30 316.66 43488.44
10 126.67 10.67 1136.00 21.45 24.36 293.36 37159.44
11 116.00 10.67 1171.50 21.45 25.13 269.00 31203.98
12 105.33 11.33 1171.50 22.03 25.81 243.87 25688.08
14 94.00 10.67 1136.00 22.03 25.03 218.06 20497.85
15 83.33 10.67 1136.00 22.50 25.56 193.03 16086.03
16 72.67 10.67 1153.75 22.50 25.96 167.47 12169.50
17 62.00 11.00 1171.50 22.97 26.91 141.51 8773.53
18 51.00 11.00 1171.50 22.97 26.91 114.60 5844.52
Penthouse 40.00 11.00 1544.25 23.32 36.02 87.69 3507.53
Mech. Level 29.00 18.00 1544.25 24.26 37.46 51.67 1498.52
Roof 11.00 11.00 585.75 24.26 14.21 14.21 156.31

Wind from the East/West

 

 

East/West Direction: 
 Base Shear:  468.27 Kip 
 Overturning Moment:  550854.54 Ft.-Kip 
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Seismic Loads:  
Even though Pittsburgh is not known for its seismic activity, a simplified check has been 
performed to ensure that wind loading is indeed the controlling case.  The building has 
been analyzed as a seismic design category B with ordinary concentric braced framing 
as its main seismic force resisting system. I have used software from the USGS website 
as an aid in calculating the required data.  I have also preformed a vertical distribution of 
the seismic load.  A sketch of the resultant loads can be found within the Appendix.  

When I checked my value for the design base shear with that of the designer I noticed 
that mine was almost 1% off.  When I investigated this further I found that the designer 
and I had started with different values for spectral response acceleration (S1 and Ss).  
This can be accounted for based on the method of obtaining these values.  I determined 
these values based on the output of the USGS software after inputting the longitude and 
latitude.  It seems that the designer had used the then-current generic values for south 
eastern Pennsylvania.  This discrepancy does not affect the overall design as both 
values are still less than the wind loads. 

The following pages include a print out of the USGS website displaying the values that I 
have used for my analysis in addition to a spreadsheet showing the vertical distribution 
of the seismic load and final base shear. 
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Level wx (Kip) hx (Ft.) wxhx^1.67 Cvx Fx (Kip)
Roof 1304.04 216.17 10336846.93 0.1342 40.88

Mech. Level 1304.04 205.17 9473474.13 0.1230 37.47
Penthouse 1304.04 187.17 8126668.00 0.1055 32.14

18 1304.04 176.17 7344860.53 0.0953 29.05
17 1304.04 165.17 6595099.13 0.0856 26.08
16 1304.04 154.17 5878073.59 0.0763 23.25
15 1304.04 143.50 5214751.14 0.0677 20.62
14 1304.04 132.83 4583674.00 0.0595 18.13
12 1304.04 122.17 3985675.73 0.0517 15.76
11 1358.64 110.83 3529424.99 0.0458 13.96
10 1358.64 100.17 2980658.20 0.0387 11.79
9 1358.64 89.50 2469726.52 0.0321 9.77
8 1358.64 78.83 1998066.39 0.0259 7.90
7 1358.64 68.17 1567363.51 0.0203 6.20
6 1358.64 57.50 1179640.56 0.0153 4.67
5 1358.64 46.83 837396.93 0.0109 3.31
4 1358.64 36.17 543850.54 0.0071 2.15
3 1473.20 23.33 283650.10 0.0037 1.12
2 1473.20 13.33 111406.21 0.0014 0.44

1 (ground) 1473.20 0.00 0.00 0.0000 0.00
Totals 27025.08 1.00 304.70

Vertical Distribution of Seismic Load
K=1.67     Vb=304.7

 

 

Seismic Loading: 
 Base Shear:  304.7 Kip 
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Lateral Force Distribution 
 
151 First Side achieves its lateral force resistance through a combination of ordinary 
concentric braced framing and moment connections.  The building was originally 
designed to only use ordinary concentric braced framing, but due to a change in 
architectural plan the framing was altered to its current state.  The parking levels rely 
solely on two sets of braced frames.  Moment connections were used in many areas of 
the residential levels so that none of the rentable space would have a diagonal brace 
within it.  This resulted in diagonal braces near the central core with three sets of 
moment connections in the N-S direction and two sets in the E-W direction.   

Lateral loads are transferred from the façade to the framing and into the floor system.  
Since the Hambro floor system creates a rigid diaphragm, the loads are taken from the 
floor and applied to the lateral frames as both a moment at the moment connections 
and as an axial compression force at the braced frames.  These loads are carried 
through the columns and distributed through the foundation to the surrounding soil.   

Due to the somewhat complex nature of this dual system, a RAM Structural System 
model was created to further analyze the distribution of lateral forces and the effects 
they have on the building.  The original design documents were converted into a 3d 
computer model which could be analyzed using RAM Frame.  
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Initial Comparison Overview  

Systems Analyzed: 
 
Hambro Composite Joist System (Current) 
Steel Composite System 

 
Design Criteria: 
 
Live Load: 40psf + 20psf partition allowance (except common areas) 
Superimposed Dead Load: 30psf 
Self Weight: Varies 
 
Deflection: 
     Steel: 
 Total = L / 240 
      Live = L / 360 
 
Fire Rating: 2 Hours 
 

Area of Design: 
 
The area being analyzed is the residential levels as these contain the typical framing 
system of the building and provide the most opportunity for change.  Depending on the 
system being analyzed, either a single worst case bay or a worst case frame will be 
used.  I will then use these values to determine general properties for the entire system.  
These values will be conservative due to the methods used to obtain them, but this will 
allow for special details and situations which will not be discussed in this section.  Note 
that only gravity loads were considered in the preliminary analysis. 
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Hambro Composite Joist System (Current) 
 
Overview: 

The current floor system is a MD2000 Hambro system which contains proprietary 
composite joists.  It is comprised of a 3¼” slab with 16” composite joists resting on 
W14x61.  These values are higher than what the Hambro design guide recommends.  
After discussion with a Hambro representative, I have found that the concrete slab was 
increased in depth by ½” for both vibration and acoustical reasons.  The deeper joists 
were used due to slightly higher loads than what the design guide is written for, the 
need for larger mechanical openings, as well as the ability to hang the ceiling from the 
joists without interference from the beams. More information can be found in the 
Appendix on pages 47 and 48. 
 

Advantages: 

The Hambro system has many advantages.  Since the lateral conditions are controlled 
by wind loading, the lighter weight of the joist is desirable.  The open webs of the joist 
also allow for easy penetrations of mechanical, fire protection, and electrical equipment.  
The composite action of the joist also allows for a smaller system depth.  This system is 
also relatively quick and easy to install. 
 

Disadvantages: 

Joist systems do have some inherent disadvantages.  Because of the relative flexibility 
of the joists, the system can have problems with deflection and sound transmission.  
This has been taken into consideration in 151 First Side and the slab was made thicker 
to compensate.  Also, more work is needed to obtain the required fire rating of 2 hours.  
Typical methods include spray-on fire protection or a fire rated suspended or gypboard 
ceiling, both of which can be costly and/or time consuming. 
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Typical bays H2-F4 for the Hambro System 
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Steel Composite System 
 

Overview: 

I chose to analyze a more conventional steel framing system consisting of composite 
beams and composite steel deck.  Using the United Steel Deck design manual I have 
determined that a USD 2” Lok-Floor with 2½” of concrete would be the best choice in 
decking without requiring shoring.  Using a RAM computer model, I have found that the 
majority of the beams would be W14x22 shapes with an average of 10 studs per beam.   
 

Advantages: 

Conventional steel systems are used often because of their many advantages.  For 151 
First Side the column grid would not need to be adjusted as the beams and decks could 
be adapted to fit the current layout.  The floor would not need any extra fire protection 
and the beams could be quickly protected by a simple spraying process.  Construction 
is also relatively quick with conventional steel framing, especially when the floor does 
not require any shoring.  In addition, most of the materials that are needed will be 
readily available for quick delivery. 
 

Disadvantages: 

The obvious disadvantage of conventional steel framing is the extra labor involved in 
placing more beams as well as creating composite action.  Another disadvantage is the 
closed webs.  Penetrations may have to be made for mechanical equipment as well as 
sprinkler systems.   
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Potential typical bays H2-F4 for the Steel Composite System 
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Depth Topics and Proposal 
 

In the second technical report, it was determined that a composite steel floor system 
would be a viable option with the possibility of cutting costs.  This type of system has 
the potential to cost less in raw materials, as well as provide savings in fireproofing.  
During my research for the third technical report, I found that the building was initially 
designed with concentrically braced frames as the sole lateral support.  It was later 
decided by the architect that the planned location of braced frames would be too 
intrusive in the open-floor plan.  Because of this, the braced frames in those locations 
were changed to moment frames.  While converting the previous design to the current 
design may have provided economical benefits in terms of engineering man hours, I feel 
that with further study a system can be found that will provide the required lateral 
stability while reducing material and installation costs.   

Breadth Topics and Proposal 
 

In addition to my proposed structural redesign I will consider its affect on other systems 
in the building.  I will also be exploring some of the primary concerns of the owner and 
engineer in regards to serviceability.  From these two topics, I have decided on two 
topics for my breadth studies. 

My first breadth study will be an acoustical analysis.  The current floor system design 
had an extra ½“of concrete added to help in both sound transmission and vibration.  I 
will be looking at the effects of my proposed floor system on the acoustical properties of 
the residential areas.  I will also look at possible ways to reduce the noise from the 
rooftop mechanical unit as the most common complaint from people touring the building 
is that sound carries from the unit to the 1,000 SF outdoor terrace of the Penthouse. 

The second area I will investigate is within the construction management field. Since 
this project was designed with cost and schedule as major components of the design 
process, I will be analyzing the effect of my proposals on both of these criteria.  Using 
RS Means, computer software, and information obtained by the contractor and owner, I 
will perform a cost analysis and schedule impact between the current system and the 
proposed floor system, including acoustical additions. 
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Structural Depth 

 

The structural depth covers two topics which were chosen since the original designs 
were unconventional.  The original design for the floor system uses the MD2000 
Hambro system, which is a proprietary composite joist system.  The lateral system that 
was used during construction consisted of a mix of braced frames as well as moment 
connections.  Alternative designs were assessed and analyzed for both of these topics.  
All original design guidelines as well as owner and architect applied criteria were 
acknowledged and followed in the analysis of each of these alternatives. 

As an aid in analysis a previously designed RAM model was used.  It was found during 
the 3rd technical report that RAM can give wrong information when a framing column is 
ended at a transfer girder instead of continuing down to the support.  To solve this issue 
the RAM model was modified so that all columns within the lateral framing system 
extended down to the base supports.  In the areas where there is no actual column, the 
added column was modified so that it had a cross sectional area of 0.01 in2 and a 
moment of inertia of 0.01 in4.  Also the yield strength was reduced to 0.01 ksi. This 
fulfilled the need for columns to extend to base supports while not affecting the actual 
design.   

 
Floor System: 
 
151 First Side was designed with a composite joist system by Hambro.  The original 
idea was that a proprietary system, though possibly more costly, would provide a good 
floor system that met and surpassed the serviceability needs for the residential levels of 
the condominium.  As part of the structural depth, alternative floor systems were 
analyzed. During the second technical report it was decided that a good alternative may 
be a composite steel system.   

Due to acoustical considerations that will be discussed in the Acoustic Breadth section, 
it was decided that light weight concrete would be the best decision.  It was found that a 
suitable deck system would be a 4” total depth of light weight concrete on top of B-LOK 
decking with 1 stud per foot.  Most bays have been split into 3 equal sections to allow 
easy installation and provide small enough spans as to not require any shoring which 
will save time during construction.  A typical floor plan can be seen on page 29. 

The 4” of light weight concrete will actually weigh less than the 3¼ ” of normal concrete 
used in the current Hambro system.  A takeoff was performed to see if the addition of 
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beams added to the overall weight of the structural steel.  Columns were also resized 
using the RAM model, which can be seen on page 30.  The final takeoff including all 
gravity and lateral structural steel came to 1,167 Tons of steel.  This is actually less than 
the estimated weight of structural steel for the Hambro system which was 1,308 Tons.  
These numbers were close enough to the original design that they will have little to no 
effect on the lateral system design.  Also, the original structural engineer confirmed that 
the same foundation could be utilized with little to no change.   

Due to the mass and moment of inertia of the beams, there will be less of a vibration 
problem which can be found with a joist system.  Also, since the spacing of the beams 
is not always uniform due to the different size bays, the beams themselves vary in size.  
While this may not be as cheap as a system with all the same beams, it is helpful in 
dealing with vibration.  According to the AISC Design Guides for serviceability and 
vibration, having beams or joists of the same size can causes a “wave” effect which 
sends a vibration along the deck perpendicular to the beams or joists.  The difference in 
moment of inertia from the different sized beams, as well as the different effective width 
from the composite action with unequal spacing will cause the “wave effect” to 
disappear completely.   
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Typical Floor Beam Design 
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Column Redesign Using RAM Model  
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Lateral System: 
 
Due to a change in architectural requirements, the lateral system of 151 First Side was 
modified to its current complex combination of braced framing and partially restrained 
moment frames..  As part of the structural depth research, multiple alternatives have 
been considered.  The primary alternative systems examined were a system consisting 
of a concrete core, one consisting of only braced frames, and one consisting of only 
moment connections. 

The first system looked at was the concrete core.  This system has the advantage of 
keeping an open floor plan while providing a rigid central core that also doubles as the 
required fire protection for the stairwell.  However, this system was quickly discarded 
after discussions with the owner/contractor.  The owner/contractor was firm in his 
position to not mix different trades whenever possible.  Because of this position, it would 
unfeasible to have a steel framing system while using concrete shear walls. 

The second lateral system considered was a set of braced frames running the height of 
the building.  It was found that a suitable configuration would be concentrically braced 
frames along grid lines 2 and 4 between gridlines E and G for the north-south direction.  
In the east-west direction braced frames could be placed along grid lines E and F 
between grid lines 2 and 4 as seen on page 32.  This system has the advantage of low 
torsion forces due to its relative symmetry around the center of mass of the building.  
This idea was discussed with the architect and the owner.  It was determined that, while 
this system would adequately meet all of the structural and serviceability needs, it would 
not be sufficient in this situation since the diagonal bracing needed between grid lines F 
and G do not comply with the open floor plan.   
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Braced Frame Lateral System Layout 
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The third lateral system considered was one that consisted solely of moment 
connections to resist the lateral loading. After further research, it was determined that a 
system of partially restrained moment connections would not be suitable for a building 
taller than 10 stories.  It was also decided that a system of fully restrained moment 
connections would not be a feasible alternative.  This is due not only to the high cost of 
making a fully restrained connection, but also to the increased cost due to larger 
columns.  Many columns are part of the lateral framing in both the north-south and east-
west.  Because of the large moments applied by a fully restrained connection, the 
columns would need to be increased so that they would not fail in the weak direction. 

Because of these issues it has been determined that none of these systems would be 
an intelligent alternative.   
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Acoustic Breadth 

One of the concerns during the initial design of 151 First Side was sound level and 
sound transmission.  In the original design the floors were adjusted to improve their 
acoustical qualities.  This helped sound transmission from one floor to another.  While 
each floor can be sold as multiple units, the partition walls are not part of the original 
design and are to be custom made and constructed as per the tenant’s needs.  This 
allows for the tenant to have walls with high acoustical qualities if that is what they 
desire.   
 
The acoustic breadth is being performed for two reasons.  First, the proposed floor 
system will be analyzed and compared to the current Hambro system to ensure that the 
same acoustic qualities can be met or bettered.  Second, the mechanical system will be 
considered to see if the sound level on the penthouse terrace can be lowered. 

Floor System: 
 
As discussed in the structural depth, a composite system utilizing light weight concrete 
has been chosen as an alternative floor system.  The 4” of light weight concrete has 
slightly less mass than the 3¼” of normal weight concrete.  While less mass would 
normally indicate a lower STC, the difference is very small.  As a benefit, however, the 
lower density light weight concrete can actually outperform the more massive normal 
weight concrete in its absorption of low end noises.   

The introduction of steel beams in place of the steel joists helps with the overall 
structure born sound by reducing the susceptibility to vibration.  The IIC of this system 
would be comparable to that of the Hambro composite joist system.  The IIC could 
easily be improved by adding a thicker padding between the concrete floor and the floor 
covering.   

Overall the system should achieve an STC of approximately 51 and an IIC of 35 without 
considering additional floor coverings or ceiling treatments.   

 

Mechanical System: 
 
151 First Side is serviced by a 36.7 ton AAON RN series rooftop unit.  The current 
location of this unit is above the penthouse near approximately 1,000sf of outdoor 
terrace.  Unfortunately this unit is in direct line of sight of the terrace.  One of the most 
common complaints by engineers, construction workers, and potential tenants was that 
the rooftop unit was loud and distracting while on the penthouse terrace.   
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Since the perception of loud is quite subjective, a representative of the manufacturer 
was contacted regarding acoustical data on the specific unit.  The representative was 
unable to provide any relevant data on this unit so another method had to be used to 
find the sound level.   

The Electrical Engineering West building on the University Park campus of Penn State 
has a 40 ton RK series unit.  The RK series is a predecessor to the RM series, which is 
similar to the RN series used in 151 First Side. Using a Pocket PC equipped with an 
IVIE IE-33 Real Time Audio Jacket the sound levels of this unit were obtained at 10’ and 
20’ away from the unit.  In the figure below the red line shows an average over time 
from 10’ away and the green line shows an average over time from a distance of 20’.  
As can be seen, the maximum sound level occurs at a frequency of 250Hz at 
approximately 73dB from 10’ away.  During the testing, the Real Time Sound Analysis 
showed a peak sound level of 83dB from 10’ away.   

 

 

 
IVIE IE-33 Graph 
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These values have been compared with values obtained by a 3rd party acoustician.  
Unfortunately the chart of values obtained by the acoustician is not to be published as 
the project for which they were obtained is still under construction and is on a secure 
site.  While these values concern a different manufacturer, they are extremely close to 
those found by the IVIE program, confirming that the values obtained are believable. 
The values obtained by the acoustician will be available for personal discussion and 
verification.  

The original proposal to limit the noise level on the terrace was to install acoustical 
shielding.  Acoustical shielding can theoretically lower the sound level by as much as 
17dB for a semi-infinite sound barrier according to Architectural Acoustics.  In practice, 
this value is usually closer to 14dB or 15dB.  When installed on a rooftop in an urban 
area, as is the case with 151 First Side, this reduction is limited to around 6dB due to 
reflection and refraction of the sound as well as the finite length available on the roof.  
While this reduction would be welcomed, it does not bring the noise level down to an 
acceptable level. 

To lower the sound level even more, alternative locations have been examined.  It was 
found that the rooftop unit could be placed on the other side of the mechanical room 
with little effect on the mechanical system.  The proposed layout can be seen on page 
37.  While this would place the unit in direct line of sight with a balcony, this would be 
preferable to its current location near the much larger, and more likely used terrace.  
This would lower the noise level in two ways.  First, the unit will be 30 feet further away 
which would reduce the noise level by approximately 15dB if the unit produced sound in 
a non-directional way.  Since the unit produces more sound from the supply end, and 
this end will now be facing away from all balconies, an additional decrease of 3dB to 
5dB will occur.  Second, the mechanical room will block a portion of the sound by 
providing multiple transitions in sound transport mediums.  This will easily produce a 
transmission loss of 20dB which brings the overall sound level on the outdoor terrace to 
under 40dB which is well within acceptable levels.     
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Construction Management Breadth 

 
A main part of any project is cost and scheduling.  151 First Side is no different and both 
of these played a large role in the original design.  It was determined that in addition to 
meeting all of the original criteria, any alternative designs should be analyzed to see if 
they could meet or better the scheduling and cost of the original design. 

Schedule: 
 
It was found that the original design schedule was controlled by the placement of the 
structural steel.  The placement was scheduled at 177 days.  After discussions with both 
the contractor and the Hambro joist representative it was learned that the steel joists 
from the Hambro proprietary system were considered part of the structural steel.  These 
joists are installed quicker than steel beams, but are placed closer together.  Because of 
this Hambro recommends scheduling their placement within the same time frame that it 
would take to erect a conventional steel frame.   

The pouring of the floor system for the Hambro composite joist is quite time consuming.  
The Hambro system must be poured in smaller sections, installing a proprietary 
composite top chord to each joist.  The original schedule allowed for 3 days per floor.  A 
composite beam system can be installed in as little as half of the time it takes to install 
the Hambro system.  A conservative estimate of 2 days per floor was used.  
Unfortunately, since the structural steel still controlled the critical path, the overall 
project length was not shortened.  There are, however, cost savings as will be 
discussed in the next section. 

Another benefit of using a steel beam design over a steel joist design is fireproofing.  It 
was estimated that a conservative 10 days of the original 130 days could be saved due 
to the easier application of fireproofing to a beam over a joist.  Once again, while this 
may not affect the critical path, it will save money through labor. 

While the proposed braced frame lateral system was not found to be a suitable 
alternative, such a change would have affected the critical path.  Based on information 
provided by the engineers and the contractors, an estimated 5 days could have been 
saved on the project.  However, since this design does not fit the criteria set forth by the 
architect and the owner, this is a moot point. 

In the original thesis proposal, it was proposed that an acoustical shield be placed 
around the rooftop HVAC unit.  This would have added another task to the schedule.  
However, after research it was determined that a more economical and effective 
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approach was to move the unit.  This move, including extra ductwork, does not increase 
the scheduling. 

A gnatt chart for the original design can be found in the appendix on page 57.  One for 
the proposed floor system is also within the appendix on page 64. 

Cost:  
 
As with most things in life, cost was a major factor in the design of 151 First Side.  
Therefore, a cost analysis was performed on the proposed changes in design to see 
how they would affect the overall budget.  All of the values are either from RSMeans, 
sample projects that were provided by a contractor and estimator, or given values from 
representatives. 

The Hambro composite joist system, for a building the size of 151 First Side, is 
approximately $2.41/SF for decking materials only.  The materials used for the 
composite beam deck system are approximately $1.79/SF.  This is approximately 35% 
cheaper than the Hambro system.  However, this system uses light weight concrete and 
has a thicker slab.  The slab thickness required is 17% larger than the composite joist 
system.  Light weight concrete also costs an estimated 15% more than normal weight 
concrete.  When combined, these add an additional 35% to the cost of the system.  
Therefore there is virtually no change in the cost to the floor system. 

The real savings, however, come with the lower amount of steel in the project.  As 
discussed in the structural breadth section, the redesign of the beam and column 
system that support the new floor system would result in a decrease in steel by 
approximately 131 Tons.  This results in approximately $228,000 worth of savings in 
material alone. 

In addition to saving on materials, there is savings in labor as was discussed in the 
scheduling section of the construction management breadth.  The savings in labor can 
be conservatively estimated at $30,000 over the course of the project.  It is important to 
note, however, that these total savings of $258,000 are partially based on the original 
internal steel estimates.  Actual savings may not be as high if the original design was 
over estimated. 
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Conclusions 
 

While 151 First Side was designed to meet and exceed all codes and criteria, it may be 
possible to improve upon the original design.  The two main topics explored in this 
thesis are the structural depth and the acoustics breadth.  Of these two sub categories 
were also analyzed. 

Within the structural breadth both the floor system and lateral system were considered.  
During the analysis of the floor system, it was found that a composite beam system with 
light weight concrete could be used in place of the current Hambro composite joist 
system with normal weight concrete.  By implementing this system and redesigning the 
supporting beams and columns, approximately 131 Tons of steel could be saved, in 
addition to much labor. 

During the lateral system analysis 3 separate styles of systems were examined.  
Unfortunately the concrete core and braced framing systems were unable to fulfill the 
criteria put forth by the architect and contractor/owner.  The third system consisting of 
only moment frames would be possible, but due to the high cost of fully restrained 
moment connections this system is not a suitable alternative.  Therefore, the existing 
system consisting of both braced frames and partially restrained moment connections is 
still recommended. 

With the recommendation of a new floor system, the acoustical effects were analyzed.  
The results showed equal or better acoustical qualities than the original design.  
Additionally, the mechanical system’s acoustical qualities were analyzed.  It was found 
that a drastic improvement in sound level on the penthouse terrace could be achieved 
by relocating the rooftop unit to the opposite side of the mechanical room. 

In addition to the structural depth and the acoustics breadth, the scheduling and cost of 
each proposed system was analyzed.  Each proposed system was found to be either of 
equal or even potentially lesser cost than the original design.  
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