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Purpose:

Utilize a Return Air Plenum System as
Opposed to the Return Air Ductwork

Parameters

Return Air Ductwork Removal
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Plenum Rating Materials

System Requirements
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Cost and Schedule Comparisons

Current Design
| item |  Cost |

Cost Savings from Plenum Design

- Current Design = $2,435.70

2.435.70 * Proposed Design = $948.10

« Savings =$1,487.61
PLENUM DESIGN

| tem | Additional Cost
Ductwork Insulation Wrap S 948.10

Cost Savings from Plenum Design

)
+  Savings per SF of Area = $1.19
o

» Total Area of Building = 150,000

. Total Potential Savings = $178,512.94
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Schedule Information For Current Design
| Adivity | Duration |
Prefabrication

Raise and Hang 195 minutes
Install Piece that Penetrates Wall

Insulation Wrap = 1 Hour

Savings in Area (Hours) SF of Area Savings/SF
6 | 1250 0.0048

Total Area of Building Savings/SF Total Savings
150000 0.0048 720.00
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Mechanical Breadth and Conclusions

Airflow Duct qi’l-' Velocity
(CFM) {in.) (FPM)

Round (in)

Rect, most square (1:1 ratio) {in.)
Rect, flattest (4:1 ratio) {in.)

Rect, enter one side (in.)

Rect, duct size (in_)

Equivalent Duct Sizes

Owal, enter one side (in.)

Owal, duct size (in.)

Duct Sizing Increment

o |Duct Material

Absolute Roughness Factor (z)
AiTomperature Geg /1 70
Altitude () | 0]

Friction
(in. wg/1007)

Duct Calculator Results Provided by
KLING STUBBINS

 Amount of Space in the Plenum = 31-3/4"
 Most Square Piece Necessary = 20"x20”
» Flattest Piece Necessary = 34°x12"
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Schedule Time

6 hours in Area

Cost

$1,497.61
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Cost and Schedule Comparisons

I. Introduction
Traditional Excavation Takeoff

Unrippable Soil

A. Project Overview

B. Project Features

' - B
I Analysis 1 - Stair Tower Redes JPerimet ty Radius . . iy .
nalysis tair OYV-er .e esign | {3 te e ‘e‘ ‘ .. y‘ LA _ 50.00 $186 875 00 BlaStlnq Schedule Time Traditional Schedule Time
A roblem deniicaion s overvew [T Kae” i, @R WDV W GG 4 Blasting Totals Blasting = 14 D Unrippable Soil = 12 D
B. Structural Breadth | N mal : Blasting Estimate $ 95,000.00 asting = ays nrippanle Soll = ays
Vanpower Takeoffs | 5 74,954.96  Excavation = 8 Days * Rippable Soil = 15 Days
A. System Research $186,825.00 « Total Time = 22 Days « Total Time = 27 Days
B. Cost and Schedule Comparisons ; _ $356,779.96
| _ parisons. 1F e e
C. Mechanical Breadth and Conclusions 4 Flageer Force Personnet RS . . .
—— B Time Savings From Blasting
_ _
. Blasting vs. Rock Hammering 5 DayS

C. Research and Conclusions

Cost Savings from Blasting

V. Conclusion & Recommendations
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Research and Conclusions
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A. Project Overview
B. Project Features
Il.  Analysis 1 — Stair Tower Redesign Blastlnq Tradltlonal
A. Problem Identification & Overview
B. Structural Breadth

Rock Hawg

110 ton, 630 hp Machine
Top-Down Cutting Technology
Material Recycled for Backfill

Royex Technoloqgy
« Minimal Fly Rock
« Minimal Rock Vibrations

Schedule

C. Cost and Schedule Impact Analysis

lll. Analysis 2 — Return Air Plenum

« Lower Noise Levels

. System Research Cost

. Cost and Schedule Comparisons * Faster
. Mechanical Breadth and Conclusions Safety o Minimal Personnel Required
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A. System Research
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Conclusions & Recommendations

Analysis 1 — Stair Tower Redesign

Potential cost savings of $121,398.29

Critical schedule savings of 24 days

Improved quality and safety

More logical to use steel braced frame on future projects

Analysis 2 — Return Air Plenum

Potential cost savings of $1,497.61 in area

Schedule savings of 6 hours in area

Reduce amount of coordination necessary in ceiling space

Industry standard to plenum rate materials - return air plenum is more
logical

.? MassarO Bohlln CywmskluJackson
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Analysis 3 — Alternative Excavation Options

Blasting was cheaper due to lack of shoring necessary
Blasting saved an estimated 5 days of schedule time
Traditional rock hammering is a major noise disruption
If the schedule allows, blasting is preferred
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Appendix

Current Stair Tower Design

STARAILEVEL1-TOPOFSTRUGTURE | | | um | spwum | Toms
T 1 T [ e wex  aee| s [ | ]
 Joowcmesew || | [ w| o | mw| s
— ews [ [ [ s Jwev]  eme| e | 00| sz
 owne || | [ em| e
Rusene | ||| | ewmo| s
I N IR I N B
sara || Tcosteemcumcvmn |
7S N
I —

Pump Truck $ 1,00000 [ § 5,000.00

S 40,750.00

-COST PER SQUARE FOOT
CIP WALL @ STAIRA -SUBTOTAL $147,032

Summary for Current Design
Manpower Takeoff for Current Design . s 147, 031.50
' S

Type of laborer Number of Workers Hours Per Worker Per Level # of Levels | Total Number of Hours
2 5 Equipment 40,750.00
| wboer | 03 | 4« | 5 | &0  [s 2914]$ 17484.00] S ey > 27,029.20

| CraneOperator | 1 | 4 | s | = 20  [$ 435[$ 870800
PumpOperator | 1 | 08 [ s | @ a0  [$ 4304]$ 1,72160
- [s 57002

| Totall $  244.810.70
Schedule Time

Christopher Graziani | AE Senior Thesis | Construction Management Option




Penn State Health and Human Development Building
State College, PA

A p p en d |X @ ‘v Massa ro Bohlin Cywinski Jackson

CM SERVICES, LLC
PennSiaio. ’

Architecture Planning Interior Design

Structural Breadth Calculations

14’ Floor to
Floor Height

591.7 plf
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Structural Breadth Calculations

14’ Floor to
Floor Height

Live Load = 70 psf
Dead Load = 30 psf

Total = 150 psf
Distributed Load = 2.1 KLF
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Steel Design Summary
| size | Quantity|Length (ft) [Sum of Lengths| LB/LF | Lbs | Tons |Material Cost/LF | Labor Cost/ LF |Equipment Cost/LF | Total/LF | Cost/Ton | Total Cost |
Hss4-1/2x4-1/2x3/8 | 10 [ 108 | 108 |98 (302436196 [ | | |  ]$300000]$ 588654
Hsséx6x1/4 | 10 | 205 | 295 |1902[se09| 282 | | [ [  |$300000[$ 841635
wiaxoo | 8 | 28 | 24 | o0 [o2060]1008[$  17200]$ 28| 159  [$17645]  |$39524.80
wiexoo | 4 [ 14 | s6 | o0 [sos0 [25 [$ 172000 28| 159  |$17645]  |$ 9,881.20]
wiodo | 10 | 26 | 260 | 30 [ 7800 | 39 [$  4700]$ 499 277  [$ 5476  |$14237.60]
wioaz | 10 | 14 | 10 | 17 [ 230 | 119 [$  3150]s  4as8[ 254  [$ 3e2|  [$ 540680

Fireproofing

| Equipment | Total | Inches | Total Cost |
- 5315 0.60

0.08 1. 2.

0.0 1. 2.

: - 0.60

‘ 8 5315 0.60 5 64995
(30 0.08 1L 2 5

S
W1
Wi
14 S 0.60
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Appendix

. Matera
 Desaipon | Quantiy | Unit | Marerial Unit Cost]_Total Cost _
[ Sound Attenuation Blanket | 4000 | SF | oa4 |5 176000
- sxmwn

Type of Manpower | Quantity | Unit | CostperUnit | Total Cost
0

|5 861370

»w Massaro

CM SERVICES, LLC Architecture Planning | 25ign

Bohlin Cywinski Jackson

Steel Members
| size |Quantity|Length(ft)| Sumoflengths | Tons |  Toms/Day [Daily Output/LF| Days |
Hss4-1/2x41/2x3/8 | 10 | 198 | 198 | 1% | 3 | | 007 |
Hssex6x1/4 | 10 | 205 | 25 | 28 | 3 | | 009 |
w0 | 8 | 28 | 24 | 1008 | | %0 | 023 |
w0 | 4 | 1.4 | s | 252 | | %0 | 006 |
wioso [ 10 | 2 [ = 20 [ 3 [ [ 50 | o047 |
wio7 | 20 | 1.4 | w0 | 119 | | 0 | 023 |

Fireproofing
Daily Output/SF Total SF | Total Days

Description mm otal Time Needed (Days)
6" Studs @ 16" O.C. [ 40 | ¢ | 10 | ¥ | 4
5/8" Drywall - Taped and Finsihed .

Joint Sealant
Sound Attenuation Blanket
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CHECK STEEL MANUAL
19.642 ps¢ x28' = 41.05 pig 4 iy 5 S o - ° IDEAL FRoM 4 COM
S el > p ¥ v L> CHECK Comf
10,642 ps x 24" = 471408 ol

E oAl FoR 30' LENGTH
TENSTON —> Yiecorme =174 | RupPTuge = (7ik /

¥ Eoch Floor
39PLF

WM Cor Column_sizing
[

plice el togetter

36+ Rax =0
Rax = ~36%

= Ray +Regy =0
Ravs = (9.4

“iox 30]

3. 3
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RA Ductwork Takeoffs

mmm-—
| a2 | 0 30 | 1830 65| 3 | 1950 | 13%9135 8505 117.89
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Appendix

Supply AirTakeoff

Size
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85.1
93.3
55.1
26.7
123.4
60.5
39.6
483.7

* Requirements say that the insulation wrap needs to be 1/2 inch thick
According to Subcontractor Cost per SF Total Cost  |Minutes/SF

1" Vapor Barrier Wrap 484 | S

948.10 -

»w Massaro

CM SERVICES, LLC

| sciepuiemroRmation | 0 0 [ [ [ 00} 000 [ |
PREFABRICATION - 1hrlabor per 200 Ibsof sheetmetal | | | | | |
| 2 [  hetota [ 0000000 000 00|

15 MINUTES TO RAISE AND HANG ONE RECTANGULAR PIECE OF DUCTWORK ]

| wfpieces [  15|minutes/piece | 195 |
]

ADD 15 MINUTES OF INSTALL TIME FOR EACH PIECE OF DUCT WHICH PENETRATES A WALL

| ofpiecesthatPenetraste [ 15|minutes/piece | 30 |
[ MINUTE TO SEAL 24 LINEAR INCHES OF DUCTFLANGE BETWEENPIECES | | |
———
--———

10 Minutes/10 LF

Bohlin Cywinski Jackson
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Penn State Health and Human Development Building
State College, PA

Appendix (> » Massaro Bohlin Cywinski Jackson

CM SERVICES, LLC
PennSiaio. ’

Manpower Takeoffs

Type of Personnel Hours/day Number of days Total Number of Hours Total Cost
roject Manager 2 28 95.00 2,660.00
ite Managers (3) 85.00 7,140.00

uperintendent 100.00 2,800.00
enior PM 100.00 2,800.00
ntern (2) 35.00 1,960.00
roject Engineer (3) 75.00 6,300.00
LSF Laborers (6) 4,895.52
Douglas Blaster In Charge 5,061.28
Douglas Personnel 5,061.28
lagger Force (10) 24,570.00
Excavation Operators (2) 11,706.88
74,954.96

Excavation Takeoff For Blasting

CY needed to be Excavated [ Cost/CY

| Type of Personnel |

Blasting Mats S 6,000.00

$ 1,000.00
$ 7,000.00
$95,000.00

7473 S 25.00 | $186,825.00
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A p p en d |X @ & Massa ro Bohlin Cywinski Jackson

CM SERVICES, LLC
PennSiaio. ’

Architecture Planning Interior Design

Traditional Excavation Takeoff

Assumed half unrippable material and half rippable because dolemite
rock works like a sin graph
Unrippable Soil

Cost/CY cy/day
50.00 315
Rippable Soil
Cost/Cy CY/Day
25 500
otal
Additional Costs
General Conditions
Subtotal
Shoring Requirements
otal
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