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Project Overview

Analysis 1: Clean Room Coordination

* Reorganize project organization chart, along
with creating and analyzing Clean Room
coordination schedule & process

Analysis 2: Roof System Redesign

» Propose a feasible alternative to the Fully-

Adhered TPO roof system

Project Overview

(Courtesy of Jeremy Feath)

Uniwversity Engineering Building
Mid-Atlantic University, United States

Analysis 3: Underground Spring

« Propose an alternative to the permanent sump
pump to manage the underground spring
located underneath the UEB’s foundation

Analysis 4: FM Information Delivery

* Research and study the methods of information
delivery from CM to FM and utilizing that

information to manage facilities
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Analysis 1
Clean Room Coordination
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Analysis 3: Underground Spring ' S |
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Results b i i e i . Problem Identification:
Mechanical Breadth CenturySteel
Steel Subcontract
s v NS P eel Suboontractor * Both Massaro and Hodess have separate contracts w/ the Owner
Final Recommendations B ... Coordination Cost Corp. WG Tomko. » Coordination for the Clean Room is extremely intensive
Masonry Subcontractor HVAC & Plumb Subcontractor

» Scopes of Work
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Clean Room Coordination Mid-Atlantic University, United States

Analysis 1: Clean Room

Coordination santee . T— B University v Original Contractual Obligations:
Arch./Engr. Owner CM Agent
Project Organization Results L

. * Hodess used for Design Coordination, contracted

————————————

to Owner at time

, * Massaro chosen as General Contractor,

[ Innovate Labs ] [ Barber & Hoffman ' - BRI d
Clean Room Designer Struct. Engr | contracted to Owner
! 1 —
L R z | l « Quwner unsuccessfully attempted to transfer

CenturySteel
Hodess’ contract to Massaro

Contractual Obligations

---------- Coordination Cost Corp.
Masonry Subcontractor

HVAC & Plumb Subcontractor

Prime
Subcontractors

LighthouseElec.

Electrical Subcontractor

Original Design-Bid-Build

Hodess contract w/ Owner

(Courtesy of Jeremy Feath)
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Clean Room Coordination Mid-Atlantic University, United States

Analysis 1: Clean Room

Coordination [ ) T BN University Original Contractual Obligations: [ Stantec i University BN University FM
Arch./Engr. Owner CM Agent St ote 13 " > i
Project Organization Results e Arch./Engr. J « Owner r gent

* Hodess used for Design Coordination, contracted

I
___________ -3

to Owner at time :

Massaro.

* Massaro chosen as General Contractor,

\ G / General Contractor
odess Constr. ]
[Emg | =] contracted to Owner ,, ,,

’ . J [ Innovate Labs ] [ Barber & Hoffman
B e | l *  Owner unsuccessfully attempted to transfer S b Straeh Fogr
| Hodess’ contract to Massaro S——— CentmyStee]
———————— Contractual Obligations New Contractual Obligations ¢ RS o S A S
""""" Cagrdineion HVAC & Plumb Subcontractor « Hodess has preconstruction contract with Owner CostComp:
p Contractual Obligations HVAC & Plumb Subcontractor
;'gtht';g‘fEf’ef i * Massaro awarded bid, contract with the Owner  ceeeaaoo- Coordination T p—
« Hodess now acts as a subcontractor, construction
Original Design-Bid-Build

contract with Massaro an-Bid-Bui
Hodess contract w/ Owner New Design-Bid-Build

Hodess contract w/ Massaro
(Courtesy of Jeremy Feath)

(Courtesy of Jeremy Feath)
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Clean Room Coordination Mid-Atlantic University, United States

Analysis 1: Clean Room

Coordination Pro b le m Areas:
ID  |Task Name Duration  Start Finish |Sep 16,'12 |sep30,'12 loct 14, '12 Oct 28, '12 [ Nov11,'12 [ Nov 25, '12 | Deco, 12
Flt slwis 17 /m|[ 717! s w s 1 wm[fel71 slwls |  17[m|[Fr|[T1 s |w ® Cl R L y h F y
3 z 1 Awarded UEB Project Odays  Mon9/17/12 Mon 9/17/12 /17 49/17 ' ' ' ean oom lg t X tureS
Coordination Results 2 Finalize Subcontractor  4days  Mon 9/17/12 Thu9/20/12 9/17 lezo .
Contracts ® MeZZClnlne AHUS
3 Preliminary Coordination 1 day Fri9f21/12  Fri9/21/12 9/21 iTl . .
cl Ceiling Grid
4 3D Cooridnation Model 20 days Mon 9/24/12 Fri 10/19/12 9/24 9 9-10/19 ° ean Room el lng rl
5 Mechanical Model 4 wks Mon 9/24/12 Fri 10/19/12
6 Electrical Model 4 wks Mon 9/24/12 Fri 10/19/12
7| ambingModel  4vle  Mondfa#/12 101971 (Courtesy of Jeremy Feath) (Courtesy of Jeremy Feath)
8 Structural Model 4 wks Mon 9/24/12 Fri 10/19/12
9 Clean Room Model 4 wks Mon 9/24/12 Fri 10/19/12 i -
10 Combine Models 5 days Mon 10/22/1ZFri 10/26/12
11 Run Clash Detection 5 days Mon 10/29/1%Fri 11/2/12
12 Clash Detection Meeting(s) 10 days Mon Fri 11/9/12 1/9
10/29/12 |

13 Clean Room Coordination 25 days?  Mon 11/12/1:Fri 12/14/12 11/12 7 g 12/14 | I

|T CR Ceiling Grid Hangars 5 days Mon 11/12/1ZFri 11/16/12 11/12 16 |
15 MEP Transitions 10 days Mon 11/19/1%Fri 11/30/12 11/19 11/30 |
16 Mechanical Fittinas 5 days Mon 12/3/12 Fri12/7/12 12/3L—UL | I l I

F Electrical Equipment 5 days Mon 12/10/1zFri 12/14/12 12/10 12/14 N
T8 Clash Fixes 25days  Mon 11/12/12Fri 12/14/12 1L 2 —— 12/14 1.
19 Designer Coordination 25days ~ Mon Fri12/14/12 1 2 ) —— 12/14

on Potential RFls 11/12/12
20 Determine Long Lead 25 days Mon Fri 12/14/12 1 1 2 ) —— 12/14
items 11/12/12
21
il = ==

(Courtesy of Jeremy Feath)

(Courtesy of Stantec)




Analysis 1 Cle an Room Coordination University Engineering Building
Clean Room Coordination Mid-Atlantic University, United States

Analysis 1: Clean Room

Coordination Problem Areas: Tools: S aving S.

ID  |Task Name Duration  Start Finish |Sep 16,'12 | I Sep 30, '12 | | |o:r| 14,'12 | Oct 28, '12 | [ Nov11,'12 | I Nov 25, '12 | | [ De1|: 9,12 . . . .
F T s w s T M F T s w s T M F T s w s T M F T s | w
tOrg | el Qb N 912 12 1 4 7 | | | * (Clean Room Light Fixtures * 3D Model Coordination * Less RFIs, COs
Coordination Results 2 Finalize Subcontractor  4days  Mon9/17/12 Thu9/20/12 8/17 9/20 . . e
Contrcts * Mezzanine AHUs « Hodess Precon experience « Fewer Constructability Problems
3 Preliminary Coordination 1 day Fri9f21/12  Fri9/21/12 9/21 iTl . . . . . .
e ation ool 10 darsion 8/247L2 i 0735712 e o 1055 e (Clean Room Ceiling Grid « Early Problem Identification « Potential Schedule Savings
5 Mechanical Model 4 wks Mon 9/24/12 Fri 10/19/12
6 Electrical Model 4 wks Mon 9/24/12 Fri 10/19/12
T hmbmgMoll  fwle  Mondoeds MY | | M —e | e T S VS (Courtesy of Jeremy Feath) (Courtesy of Jeremy Feath)
8 Structural Model 4 wks Mon 9/24/12 Fri 10/19/12 I
9 Clean Room Model 4 wks Mon 9/24/12 Fri 10/19/12 ; i -
10 Combine Models 5 days Mon 10/22/1ZFri 10/26/12
11 Run Clash Detection 5 days Mon 10/29/1%Fri 11/2/12
12 Clash Detection Meeting(s) 10 days Mon Fri 11/9/12 1/9
10/29/12

13 Clean Room Coordination 25 days? Mon 11/12/1:Fri 12/14/12 11/1279 y 12/14
14 CR Ceiling Grid Hangars 5 days Mon 11/12/1ZFri 11/16/12 11/12 16 |
15 MEP Transitions 10 days Mon 11/19/1%Fri 11/30/12 11/19 11/30 |
16 Mechanical Fittings 5 days Mon 12/3/12 Fri12/7/12 12I3L—UL |
17 Electrical Equipment 5 days Mon 12/10/1ZFri 12/14/12 12/10 12/14 - ’2
18 Clash Fixes 25days  Mon 11/12/12Fri 12/14/12 1L 2 —— 12/14 ‘ i
19 Designer Coordination 25days ~ Mon Fri12/14/12 1 2 ) —— 12/14

on Potential RFls 11/12/12
20 Determine Long Lead 25 days Mon Fri 12/14/12 1 1 2 ) —— 12/14

items 11/12/12
21

e

(Courtesy of Jeremy Feath)

(Courtesy of Stantec)
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Analysis 2:
Roof System Redesign
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Lab Roof: 14,000 SF
€—— Office Roof: 10,000 SF




University Engineering Building
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Analysis 2
Roof System Redesign

Background

S —
= ——
Project Overview
l . . l \\ (5\/2 ) FULLY ADHERED, SINGLE-PLY TPO : Sof g = i -
Analysis 1: Clean Room \ 1 ROOFING SYSTEM; EXTEND UNDER By
. . — 1l H
Coordination o s |57 PRORLIION BOARD — 1o
Background oo fo I L] = - :
g 0 g ' B e !
Project Organization Results 14 e i Original Project Schedule
inati =470 to -
Coordination Results - M. | Bullding Roof & Exterior Enclosure 133 133 11-Nov-13 19-May-14
T/ LEVEL 2 | | | |
HESME A 1153-8" P‘—- 1 11-Nov-13 19-May-14
HH T = -—-+40 e T
i e e DECKING, SEE = | | 12-Dec-13 10-Mar-14
= , STRUCTURAL DRAWINGS i == 1 Lab-30000 Roof Blocking - Lab Roof 5 5 0%  12-Dec-13 18-Dec-13
Schedule Results - STEEL BEAM WITH SPRAY ON o 07 | | Lab-30010 Roof Drains - Lab Roof 4 4 0%  13-Dec13 18-Dec-13
Cost C . - FIREPROOFING. SEE = TRNE T
ost Lomparison ] STRUCTURAL DRAWINGS s Lab-30020 Roofing System - Lab Roof 15 15 0%  11-Feb-14 03-Mar-14
" - : ‘
Structural Breadth | ol T .2 Lab-30030 Lightning Protection - Lab Roof 5 5 0%  Od-Mar14 10-Mar-14
: = | —1e Lab-30035 Install Roof Crane 5 5 0%  O4-Mar-14 10-Mar-14
Analysis 3: Underground Spring / / (CQUI"[GSY of Stantec) = B o i
. | ' , I — — o ,.
Background . o | 5 - — 1 Lab Roof Activities — Total Duration: 61 days
Results = a1
. H — - e B
Mechanical Breadth jﬁg}g L 15 Office | 25:Nov-13 17-Apr-14
H — — ____4 — —————————————————————————————————————————— T 1
. . : :'ﬁ : | = ]; L | Office - Roof : ‘ |
Analysis 4: FM Information Delivery ““"‘% 3‘_“‘i 21— 0f+30000 Roof Blocking - Ofice Roof 5 5 0% O7Janid 13nJan-14
= e
Final Recommendations Vi T > 0f¢-30010 Roof Drains - Ofice Roof 4 4 0%  OBJan-1d {3nJan-14
et =t 0f-30020 Roofing System - Office Roof 20 20 0%  14-Jan-14 10-Feb-14
Acknowledgements ; 0f-30030 Lightning Protection - Office Roof 5 5 0%  11-Feb-14 17-Feb-14

Lab Roof: 14,000 SF

= Office Roof Activities — Total Duration: 30 days
<—— Office Roof: 10,000 SF

(Courtesy of Massaro)
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Project Overview
\ D . @ 3 @
. \ (5\2) FULLY ADHERED, SINGLE-PLY TPO (:)i" 5 E— .
L —— oo o =" Roof System Problems:
Coordination i N | A PROIL I ON BOARD || -
Background - 15//:\ ol @iliw e, I T° o o . o] .« rop
—SLOPE MINIMUM 1/4" PER FOOT TO ROOF ¢
T o U e Tt 1 * DR (- Original Project Schedule * Cold-Weather Constructability Difficult
: : N : : He-- 1@ -
Coordination Results |§ ™ = ! Ve 2 el T l Building Roof & Exterior Enclosure 133 133 11-Now-13 19-May-14 . .
| e AT ese e I 1Moy 14 « Increased General Conditions Costs
| F S = VETALDEOKNG, SEE il B | 12-Dec-13 10-Mar-14
= , o WiN : af =g = ! Lab-30000 Roof Blocking - Lab Roof 5 5 0%  12-Dec-13 18-Dec-13 . . .
Schedule Results STEL AT P ine N b oot RefBrm-oroa | B SR R e * Delayed Interior Work (Fireproofing, MEP Rough-Ins)
Cost Comparison STRUCTURAL DRAWINGS : » ’L__@ | Lab30020 Roofing System - Lab Roof 15 15 0%  f1-Feb-14 03-Mar-14
Structural Breadth ' - | Lab-30030 Lightning Protection - Lab Roof 5 5 0%  0d-Mar-14 10-Mar-14
/ : = —-T° Lab-30035 Install Roof Crane 5 5 0%  04-Mar-14 10-Mar-14
. . L P | =y
Analysis 3: Underground Spring e e ! (C9urte§y of Stantec) = ]\‘ —-tf o I . d
Background = " j | - aees] Lab Roof Activities — Total Duration: 61 days
Results 1 — il
Mechanical Breadth S =0 Office Nov-13 17-Apr-14
3 } = . =D [ = [ | |
. . . = o =] ) Office - Roof | 30] 07-Jan-14 17-Feb-14
Analysis 4: FM Information Delivery ““‘"“T‘}?‘_‘" el I 030000 Roof Blocking - Offce Roof 5 5 0%  O7-Jan-id 13-Jan-14
Final Recommendations = P | o000 Roof Drains - Office Roof 4 4 0%  08-Jan-14 13~Jan-14
i} 0Oft30020 Roofing System - Office Roof 20 20 0%  14-Jan-14 10-Feb-14
Acknowledgements 0f-30030 Lightning Protection - Office Roof 5 5 0%  11-Feb-14 17-Feb-14
Lab ROO\f' 14,000 SF Office Roof Activities — Total Duration: 30 days

° e i B
—— Office Roof: 10,000 SF (Courtesy of Massaro) (Courtesy f‘ J éfémy Feath)

(Courtesy of Jeremy Feath)
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Roof System Redesign

Project Overview

Analysis 1: Clean Room

Coordination
Background
Project Organization Results * o
Coordination Results Pr Op Osed S Olutlon' .
‘F‘ res t one UltraPly™ TPO InvisiWeld™ System 5, 10, 15, 20 Year
Red Shield™
Firestone TPO InvisiWeld System BUILDING PRODUCTS Yariols Bocks izl
Schedule Results
Cost Comparison - 7 1. Firestone UltraPly™ TPO Membrane
Structural Breadth " s 2. InvisiWeld™ System Attachment
- 3. Mechanically Attached or Adhered Cover Board
Analysis 3: Underground Spring (Optional)
Back?round 4. Mechanically Attached Insulation
Results 5. Steel, Structural Concrete, Wood or Metal Buildin
Mechanical Breadth I mproved COld- Weather Recover °
Analysis 4: FM Information Delivery Cons trllCtablllty & AN
Final Recommendations Sample Assembly Shown :f . § A l oo i ooz 2
Acknowledgements eets Owner Ap P roval & ‘/ | Proper X | Too tight: L Too loose;
g . . 1 1 E4 installation E4 plate buckles B4 plate spins
Contractor Experience (Courtesy of Firestone Building Products) 2
U g §
§

(Courtesy of Firestone Building Products)
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Analysis 2 Uniwversity Engineering Building
Roof System Redesign SChedule Results Mid-Atlantic University, United States

InvisiWeld Plate Weld Durations

. 4'x8' Avg. # of Total # Total
Location # Boards
Analysis 2: RoofSystem Redesign Board (SF) Plates Plates Plates/Hr. Hrs.
4 300

Schedule Results 14000 32 437.5 1 6125 20.42 2.55

10000 32 312.5 14 4375 300 14.58 1.82

Note: 300 plates/hr. based on Firestone literature

Roof System Duration Comparison

. Office Total
Roof System Lab Duration . ]
Duration Duration

Fully-Adhered TPO 61 30 61

35 25 40

Built-Up Roof 51 47 65

(All Courtesy of Jeremy Feath)



Analysis 2 Uniwversity Engineering Building
Roof System Redesign SChedule Results Mid-Atlantic University, United States

InvisiWeld Plate Weld Durations

InvisiWeld Construction Schedule
. 4'x8' Avg. # of Total # Total - — , , , , , , , , , ,
Location # Boards ID o Task Name Duration  Start Finish DSec‘S,Tls‘ o \Sn‘ec'v}s‘, va‘ - Dsec‘Z%r, TsT ‘ -l’D‘ecMZQ‘, vlvg\ - Jasn ‘5 T14| — ‘SJa‘nI\:/LIZ,‘ \1:; » JaSn ‘19% 1‘4 N !a‘nl\iﬁ,‘ \1,3 - ng ‘z,le‘L — S\FTb 9, |13V P sz
Analysis 2: Roof System Redesign Board (SF) Plates Plates | Plates/Hr. HIs: 1 Lab - InvisiWeld Roof 35days  Thu12/12/13 Wed 1/29/14 12/12 v 1/29
2 Roof Blocking - Lab 5 days Thu 12/12/13 Wed 12/18/17 12/12;12/18
Schedule Results Lab 14000 32 437.5 14 6125 300 20.42 2.55 3 Roof Drains - Lab 4 days Fri 12/13/13 Wed 12/18/13  12/13 pomssssssn12/18
4 Roof System 12 days Tuel/7/14 Wed1/22/14 1/7% 1/22
10000 32 312.5 14 4375 300 14.58 1.82 5 Insulation & Cover Board Install 5 days Tue 1/7/14  Mon 1/13/14 17
6 Invisiweld Plates Install 2 days Tue 1/14/14 Wed 1/15/14
Note: 300 plates/hr. based on Firestone literature ! Membrane Install Sdays  Thu1/16/14 Wed1/22/14
8 Plate Welds 3 days Mon 1/20/14 Wed 1/22/14
g Tightning Protection S days Thu 1723714 Wed 1726714 1/29
10 Install Roof Crane 5 days Thu 1/23/14 Wed 1/29/14 1/29
1 Office - InvisiWeld Roof 25 days Tue 1/7/14 Mon 2/10/14 1/7 @ g 2/10
12 Roof Blocking - Lab 5 days Tue 1/7/14  Mon 1/13/14 1/7 /13
o o 13 Roof Drains - Lab 4 days Wed 1/8/14 Mon 1/13/14 1/8
Roof System Duration Comparison 14 Roof System 12 days Wed 1/22/14 Thu 2/6/14
Office Total 15 Insulation & Cover Board Install 5 davs Wed 1/22/14 Tue 1/28/14
Roof System Lab Duration ! ) 16 Invisiweld Plates Install 2 days Wed 1/29/14 Thu 1/30/14
Duration Duration 17 Membrane Install 5 days Fri1/31/14 Thu2/6/14
18 Plate Welds 2 days Wed 2/5/14 Thu 2/6/14
61 30 61 9 Tightning Protection S days Tue 274714 ™ion 2/ 10714 2/10
35 25 40
Built-Up Roof 51 47 65

(All Courtesy of Jeremy Feath)




Analysis 2 = University Engineering Building
Roof System Redesign COSt Comp arison Mid-Atlantic University, United States

Fully Adh TPO M Roof Esti
207 C SRR VO BT S e Original General Conditions Estimate

DT quantity Unit Cost/Unit  Total Cost P R = Increase in Temporary Heating & Enclosure:

Analysis 2: Roof System Redesign 24000 SF $1.03 $24,720.00 5;956;2;;?6%0 . Protect Penthouse Equipment & Stored Materials
40 600 SF $145.00 $5,800.00 50

Cost Comparison 450 LF $2.00 $1,600.00 « Enable interior rough-in work to continue

24000 SF $0.53 $12,720.00 Revised General Conditions Estimate
24000 ¥ $065  $15,600.00 ot [ [ 161850500 |
100 1 gal. Pail $75.00 $7,500.00 $1,962,000.00
100 1 gal. Pail $67.00 $6,700.00 534;4: 15 -
24 100 SF $25100  $6,024.00 ° | Note: The increase in GC does not occur for BUR or
54 450 SF Pail $145.00 $7,830.00 . .
e 5" HD 1000/Pail $190.00  $4,750.00 Fully-Adhered TPO System InvisiWeld
80 10 LF $7.00 $560.00 General Conditions Increase - $7,700
$93,804.00

(All Courtesy of Jeremy Feath)



Analysis 2 = University Engineering Building
Roof System Redesign COSt Comp arison Mid-Atlantic University, United States

Fully Adhered TPO Membrane Roof Estimate Traditional Built-Up Roof

m Quantity Unit Cost/Unit Total Cost m Quantity Unit Cost/Unit Total Cost
Analysis 2: Roof System Redesign 24000 Sk $1.03 $24,720.00 96000 SF (1 - Layer) $0.85 $81,600.00
40 600 SF $14500  $5,800.00 S ton $820.00  $24,600.00
Cost Comparison 800 LF $2.00 $1,600.00 (2) 2" Rigid Insulation 24000 SF $0.65 $15,600.00
24000 SF 50.53 512,720.00 24000 SF $0.53 $12,720.00
24000 SF $0.65 $15,600.00 T
100 1 gal. pail §75.00  $7,500.00
54 450 SF Pail $145.00  $7,830.00 ey | WIS | BRI e G
e 5"HD 1000/Pail  $190.00  $4,750.00 61 $100.00  $800.00  $48,800.00
80 10 LF $7.00 $560.00 65 $100.00  $800.00  $52,000.00
$93,804.00 40 $100.00  $800.00  $32,000.00

(All Courtesy of Jeremy Feath)



Analysis 2
Roof System Redesign

Uniwversity Engineering Building
Mid-Atlantic University, United States

Cost Comparison

Fully Adhered TPO Membrane Roof Estimate Traditional Built-Up Roof

InvisiWeld TPO Membrane Roof

Analysis 2: Roof System Redesign TPO Membrane (80 mil) 24000 SF $1.03 $24,720.00 Ply VI Membrane (4 Layers) 96000 SF (1 - Layer) $0.85 $81,600.00 TPO Membrane (80 mil) 24000 SF $1.03 $24,720.00
Multipurpose Adhesives 40 600 SF $14500  $5,800.00 S ton $82000  $24,600.00 800 LF $2.00 $1,600.00
. . 1/2" Protection Board 24000 SF $0.53 $12,720.00
i 800 LF $2.00 $1,600.00 (2) 2" Rigid Insulation 24000 SF $0.65 $15,600.00 _ ' *
S BT RO LU _ (2) 2" Rigid Insulation 24000 SF $0.65 $15,600.00 Total Cost S avings:
1/2" Protection Board 24000 SF $0.53 $12,720.00 24000 SE $0.53 $12,720.00
. . : e Single-Ply Memb. Sealants 100 1 gal. Pail $75.00 $7,500.00
2) 2" Rigid Insulation 24000 SF 0.65 15,600.00
Single-Ply Memb. Sealants 100 1 gal. Pail $75.00 $7,500.00 Sheet Flashing 24 100 SF $251.00 $6,024.00 $26, 760. 00
Sealant Primers 00 gal. Pail $67.00 $6,70 Labor Cost Estimate 25 5" HD 1000/Pail  $190.00 $4,750.00
Sheet Flashing 24 100 SF $251.00 $6,024.00 Duration InvisiWeld Plates 21 500 Pail $90.00 $1,890.00
Roof Type Hourly Rate  Daily Rate Total Cost .. .
Bonding Adhesive 54 450 SF Pail $145.00 $7,830.00 (days) Y Y InvisiWeld Machine 1 EA $7,500.00 $7,500.00
m 25 5" HD 1000/Pail $190.00 $4,750.00 Fully-Adhered TPO 61 $100.00 $800.00 $48,800.00 5250 EA $0.44 $2,310.00
Metal Termination Bar 80 10 LF $7.00 $560.00 Built-Up Roof 65 $100.00  $800.00  $52,000.00 10 EA 2300 Sz
Total $93,804.00 InvisiWeld TPO 40 $100.00 $800.00 $32,000.00

(All Courtesy of Jeremy Feath)



Analysis 2 Uniwversity Engineering Building
Roof System Redesign ROOf DeCk Study Mid-Atlantic University, United States

(Courtesy of Vulcraft)
FREEERAEY TPO vs. Garden Roof

Purpose:

L]
e To studu th t d 1.5 B, BI, BA, BIA, BSV
O0S e ajject increase 8 S5k BN R >
Maximum Sheet Length 42'-0 < sl Y
roof load has on metal deckin S > '
ICC ER-3415
g FM Global Approved? o B s l . ] L ] |
5 C wrs 7
lob _Koof. @ A5 | YUniver 2 Eg_‘nwm! 61”{"&;1 Serewz Foacth OFfice Roof Caleulotigns University E%\'M\n’ni Ruuiloling Jeewy FSE#’\
T 7
. il - + TPQ st
Analysis 2: Roof S Redesi iy W St | il Beoft TPO Rt
natyss 2: OOf stem Redesign O NPy l k . » [ Intrlocking sido lap <24 4 . @ 54
Yy Yy 9 riginal Deck: 1-1/27, 20 gauge T g wa 20430 130+ 100 prt @ S fpan, S e MERT X IO TOT PO T AR NEN
| 30" OR 36" | Try 1.S8 Valerott Roof Deck Toy 158 Vileratt Roof Brck
.y C >
| 4
SECTION PROPERTIES |
| - . - 10* (Table) > 5' 9% (Given) - OK s
. — ; Secton Prepaten ! =fsteapatinn apat. bl B 28 ks ot « For mox consheuction span, nees! B2Y —> 57- 10" (Table) 2 50+ (Given) - OK
s — - - - | * W For stength, B24 carris 128 psf = 100 psf (Given) & Conolition " 3 o) - -
_ S * g For shee B2Y carries /54 pof = 80 psF (Given) - Conolition dlots ot Control
50239 m 107 1 0,13 a3 X Ob deo ] i ’
Structural Breadth F E e = e st vt Conr T
820 0.038 214 0201 024 0247 v ) . %4 . e 0 o« » >%o
oo oone 20 ozee o v by e s : © Max losol for 7340, B2Y carvics 90 pof for o, 901 52 = 120 pof > 00psF Ao f°°°‘+‘ for 7240, B2 :";"—‘ 12Oyt (0% TWsic (60 psf 230 p1F
18 0.0474 82 0.28¢ 0318 0327 70 71 - B .}\ Lac on: ¥
s e s ot e = s § *t Conolition ofoes not Cowtrol 2 o e £ i 0
Type B (wide rib) deck provides excellent structural load carrying i %
ACOUSTICAL INFORMATION ‘capacity per X 24
Deck Absorpion Coafient Woise Reduciion e s ents Use B2Y Beck b B ek
PJXF’ [ 125 17256 T500 11000 2000 [4000 |  Coefficient' 1* or more igid insulation is required for Type B deck.
1.58A, 1.5BIA n 8 66 1.02 061 033 0.60
Acoustieal deck (Type BA, BIA) is particularly sutable in sinuctures
Source: Riverbank Acoustical Laboratories. such as auditoriums, schools, and theatres where sound control is
Test was conducted with 1.50 pef fiberglass batts and o e csted w :
2 inch polylsocyanurate foam insulation for the SDI. o ¥g eghgly ) Gatelin Roof': (Garglun Zoof:
tib openings 1 absorb up 1o 60% of the sound srking the deck. | £
et . 4 + - @ S0
VERTICAL LOADS FOR TYPE 1.58 e Wy = 2444100 430 30 * /66 orf @ -4 span, 3 or more I —in = BT 100+ 0 130~ /96 pov € S0 span, |3 r:mere
wo | oo Rl T PP L G D L2005 TVl Trr 12 Bl Vleredt Pocf Deip Tey 1.5 8 VuleroFHt Roof Baclt
o 3 5~ 10" ]2 5'-0(Gins) & 0K
- *For wax conshruckion span. neasf Bif —> 917 (Table) 2 5= 4 (Giwn) i+ OK For miax construction span, pesot B2 =2 57 107 (Tabls 0" (Gina) = 0
pro . > 196 pof (Given) 2. Comakii ot Contro (
s1s “ Wi For s‘(’nnj'“a, RIB carties 174 f‘,’; o /Géf:f (Gran) o) Chmbitin oot i Gaschid W For s'hv.mj"\/\. B2Y cores 154 ps¥ > /96 pr @z ) o1 oloes no atro
822 240
2 820 ¢ 240 1 ‘ 4 = > ?
oo * Max (ool F 7340, B carcies 207 poF for 7240, 217 % T7a * 289> 166 pst M‘é c:;.iﬁ/ J/Z‘m.*@l“ :nmv 120 psf, 120 X 76 * /60 psf * 196 ps
i W, % 0 0 Y P LT onalition ofoes wot canteol
v [ o o)
p——— 54
— — - Use BIF Deck Use B2 A2
Notes: 1 beanng 1,50 inches. Mi required s 3.00 inches. |
" o e choctad. ! i
2. FM Giobal approved numbers and spans avallable on page 21 1

ﬁigia ' I ‘
(Courtesy of Jeremy Feath)
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Analysis 3:
Analysis 3: Underground Spring U nderground Spring
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T | B | Analysis 3 B a ckgr()und Uniwversity Engineering Building

Underground Spring Mid-Atlantic University, United States
Problems: Proposed Solution:
« Spring & Rain delayed construction during « Addition of Waterproofing Membrane to Lab

F ' P
Excavation & Foundations oundation Wall w/ Sump Pump backup

. ___-"' Eﬂ.ﬂi .'\--'_ ._:.l_'u:'.

« Spring was NOT discovered during GeoTech

Investigation

Analysis 3: Underground Spring
Background

(Courtesy of Jeremy Feath)
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Analysis 3 University Engineering Building
Underground Spring BaCkground Mid-Atlantic University, United States

Problems: Proposed Solution: Project Team Solution — Permanent Sump Pump

« Spring & Rain delayed construction during « Addition of Waterproofing Membrane to Lab
Foundation Wall w/ Sump Pump backup

ADVANCED ENGINEERING
...RESEARCH BUILDING
4 STORY

F.F.EL=1139.00
L.L.EL=1115.00

Excavation & Foundations

« Spring was NOT discovered during GeoTech

/4

b /st
Iy WAL e

Investigation

Sump Pump System Estimate

77k . i
R =
Y Material Quantity Cost per Unit | Total Cost
1 EA

$120.00 $120.00
Sump Pump (Permanent) 1 EA $215.00 $215.00
2" PVC 160 LF $12.09 $1,934.40
Check Valve 1 EA $37.25 $37.25
90° Elbow 1 EA $46.86 $46.86
45° Elbow 3 EA $36.48 $109.44

Analysis 3: Underground Spring
Background

Sump Pump (Temporary)

(Const. DWGs Courtesy of Stantec)
(Photos & Table Courtesy of Jeremy Feath)

Total $2,462.95




\G¥ .

~£ ,‘ 7 ' ® [} [} [ ) [} [} [}
T B F Analysis 3 Results Uniwversity Engineering Building
el O Underground Spring Mid-Atlantic University, United States

Underground Spring Solution:

Tamko TW-60 Waterproofing ..| = i T I—
‘5_?__-:__%_?!_4_ | Lo Ll bt _
Membrane - R AR e
| N ! I
rJ'“ ______ _rla."_J[____ ﬁ"_!_ ______ ; :J ________
| T sJ
: : _* NLine1-6 _;fg,_l_ _____ P
Analysis 3: Underground Spring . 6LineN — G %.;3 | e 1
- GLine1—-6 ++}==

Results

- e 1LineG-N

g5l 7] T
|
:

(Const. DWGs Courtesy of Stantec)
(Photos & Table Courtesy of Jeremy Feath)

Cortesy of Tam ko)




Analysis 3 Uniwversity Engineering Building
Underground Spring Results Mid-Atlantic University, United States

Underground Spring Solution: Cost Estimate Impact

Sump Pump System Estimate

Tamko TW-60 Waterproofing

. T . ) )
& | [ | Tamko TW-60 Material Foundation Wall Costs
2 . T NG . Quantity Cost per Unit Total Cost
. PO ' (R o ¥ Level 0 & Roll Width Area #Rolls | Cost per
eniitmniionl.; | ds U g e e Wall Area Total Cost
M embrane , g jul I - T : Mezzanine (Lab) (in.) Coverage Needed Roll 1 EA
- ' | 200 18

Check Valve 1 EA $37.25 $37.25

] ! J i | i Sump Pump (Temporary) $120.00 $120.00
| | | i
l l i » ’J o N Line1-6 39.375  39.375"x61' 3404.88 $292.00  $5,256.00 Sump Pump (Permanent) 1 EA $215.00 $215.00
i —*E‘T"”*T mj‘fib* I E— 2" PVC 160 LF $12.09 $1,934.40
i - | : 6LineN-G 39375  39.375"x61' 200 417336 21 $292.00 $6,132.00
|

|
ri.i,‘._._ ----- e, Glinel-6 39.375 39.375" x 61" 200 2496.96 13 $292.00  $3,796.00

Analusis 2: Und d Spri § _* NLine1-6 | 90° Elbow 1 EA $46.86 $46.86
nalysis 3: Underground Spring : e 6 Li.ne N-G i LTJ | e 1 2o Elbow 5 A S P——
Results : * GLine1-6 - ' 1LineG-N 39375  39.375"x61' 200 2210.18 12 $29200  $3,504.00 - 5 G
' =+« 1LlineG-N
» el SR sasa00
: =T Vit we AR 1 T, = « Cost difference made up from Roof System change
7 g e 1 =~ - —4 e —-
o | e a . ' ot Note: Labor Costs do NOT change : . o
- _ 1 [ .,mm,_, I g » System is necessary to combat the Spring in combination
— ] :
[ 3 B | e [ L . .
| | | Total System Cost - $21,151.00 with heavy rainfall
O, [ | AR s A B e feft Bl
» —" b e O — Te (Const. DWGs Courtesy of Stantec)

(Courtesy of Tamko) (Table s Courtesy of Jeremy Feath)
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Analysis 3: Underground Spring

Results

Analysis 3 Uniwversity Engineering Building
Underground Spring Results Mid-Atlantic University, United States

Underground Spring Solution:

Schedule Impact _
9| ~ Nlinel-6 27 days Tue4/2/13 Wed 5/8/13
= qT a =)
| peieesit—— . . 10 Bituminus Seal 1da Tue4/2/13  Tue4/2/13
Tamko TW-60 WaterI)rOOﬁng | @ S T Foundation Waterproofing Membrane Durations — Y 12/ 12/
. | J_ é;"’] ™ * 11 Excavate Grade Beam 2days  Tue4/2/13  Wed4/3/13
R —— S B R S A W m:—-———- .
Membrane I ; el R T = Level 0 & Mezzanine * Coverane Wall Daily Daily Output | Coverag E’ Place Geo-Foam 1day Wed 4/3/13 Wed 4/3/13
i | | | | | il A (Lab) & Height Output (LF) (SF) e Area 13| FRP Grade Beams 4 days Thu 4/4/13 Tue 4/9/13
L rg%.ﬂ [ Efil?? | N = _ 14 FRP Walls N Line1-3 2 days Fri5/3/13 Mon 5/6/13
T = — - — - — A - - — - Bl — - — - — - il — . _ — >
T T ke 7 | b NIEEHIES Ll e Ed 2220 ol oty 15| Install Sheet Waterproofing 1day Tue5/7/13  Tue5/7/13
| |l L i 6LineN-G 173.89 24 80 1920 4173.36 2.17 ‘ NLlLinel-3
|
_* NLine1i-6 4| P T » - o | oaes e 16 FRP Walls N Line 3- 6 2days  Mon5/6/13  Tue5/7/13
e 6LineN-G i 17| Install Sheet Waterproofing 1 day Wed 5/8/13  Wed 5/8/13
e« GLine1—6 1LineG-N 157.87 14 80 1120 2210.18 1.97 ‘

‘ NLine3-6

» Each Wall section follows same pattern

=+ 1LineG-N
| R

R
Ll 45 18
18

Total Schedule Change = +4 days » Duration from Table, broken down based on # of pours for the Wall

Roughly 1 extra day per Wall section section

» Schedule increase acceptable, work can be completed around steel
erection

e — o R R | A ' | (Const. DWGs Courtesy of Stantec)
(Courtesy of Tamko) (Table & Schedule Courtesy of Jeremy Feath)




Analysis 3
Underground Spring

Uniwversity Engineering Building
Mid-Atlantic University, United States

Sizing of a Sump Pump

HTS33A1T -

SUMP PUMPS F 33 / F 50 / m PANEL NAME VOLTAGE INFORMATION PANEL INFORMATION FEEDER |NFORMATION
° 33 — ( : : Suvonomaic | | PLN-GB7 VOLTAGE 2081120V BUSS 200A FROM JDPLN-GB
Te Chnlcal D ata : HP / HPSO A HTS33A1 Ideal for applications with Submersible sump pump = il - LD MAIN BREAER - 1508 LYPE _JorMAL
o Wi 4 A 4 : GROUND FLOOR WIRE 4 AIC RATING 10,000 SIZE |SEE RISER ON E601
el b e e TE small diameter sump pits Hyonomaric designed for high — o)
temperatures up to 194°F : temperatures up to 194°F LOCATION/ITEM watTs |NOTES| WRE [ COND | BREAKER | OKT | PHS | CKT | BREAKER [ COND | WIRE [NOTES| . oo LOCATIONATEM
R S Ste Ca aci 0 GPM RCPT LAB 009 540 12 | a4 | 20AP | 1 20A1P | 34 | #12 540 |RCPT LABOT1
144! = RCPT LAB 009 540 #12 | a4 | 20A1° | 3 20A1P | 34 | #12 540 |RCPT LABO11
y p ty 3 bt sttt ] sl Eondinasatiibilodit s RCPT LAB 009 540 #12_| 34" | 20A1P | & 20A1P | 34 | #12 540 |RCPT LABO11
Capatities Up 10 62 GPM (235 LPM) Capacties up to 45 GFM (170 LPM) RCPT LAB 009 540 #12 314" 20A-1P 7 20A-1P 314" #12 540 |RCPT LABO11
Heads Upto 32, (35 m) Heads Upto 21 ft, (6.4 m) Typical Application Basement sumps, dewatering, light effluent, Typical Application Boiler blow-down, condensate pits and hot RCPT LAB 009 540 #12 314" 20A-1P 9 20A-1P 34 #12 540 |RCPT LABO11
Becica vt 3k o B 115,10, 120RA 60H2 water transfer water transfer RCPT LAB 009 1000 #10 | a4 | 30AP | 11 30A1P | a4 | #10 1000 |RCPT LABOT
151,19, 104,600 Vet 1/3HP shaded pole Wi tema overoad, = — ” — RCPT LAB 009 1000 #0 | 34 | a0AP | 13 30AP | 84 | #10 1000 |RCPT LABO11
e el W e e m’t’;q S Sepacie a i eaod ) Capaclied D05 SENCTTOLEN) SPC RCPT LAB 009 1200 #10 | 34 | 30A2P | 1 30A2p | & | #10 1200 |SPC RCPT LAB 011
° T t l D © H d 5 Corinuous Ligud emperatre  130°F (54°C) 200% (93°C) manud_ Heads upto 32t (9.8 m) upto21ft. (64 m) 1200 17 1200
O a yna , , 1 lc ea —_— 1 4 :wg:\as‘::mmum 10° (254 cm) ;nu::\‘l;»;eec[:nmmea 18°(457.2 mm) Electrical 1/3 HP 115V, 10,9.84, 60Hz; Flectrical 115, 10, 12.0 FLA, 60Hz SPC RCPT LAB 009 :;gg #10 34 30A-2P ;l: 30A-2P 34 #10 ::gg SPC RCPT LABO11
. S . H d _ ’ . P 2B BN A 287 Ol Motor 1/3 HP shaded pole with thermal overload, FUME HOOD 000H 400 w12 | a& | 20A1P | 20A1P | a& | #12 400_|[EVISHWR
tatic Head =10 e e = e Motor 1/3 or 1/2 HP shaded pole with themnal 1550 RPM FUVE HOOD 000K 10 w2 | s | ooatp | % T SPRRE
° 3 Discharge Ste 14/2" NPT (38.4 mm) Discharge Size 1.4/2" NPT (381 ) overload, 1550 RPM : — e oS RCPT LAB 000H 540 #12 34" 20A-1P 27 20A-1P SPARE
Analysis 3: Underground Spring ° F A ! { _ S T g i o1 ) — = Sonmmbasicps IEnperiie S 14 PG 0) Wil st RCPT LAB 000H 540 712 [ 3@ | 20A® | 2 20A 1P SPARE
rlc th n e a —_ 3 ° 2 Power Cord 10° 0120, 16/3, STW-A, STW Pawer Cord 20',16/3, SIOON-A/SION Continuous Liquid Temperature 130°F (54°C) 200°F (93°C) manual RCPT LAB 000H 540 #12 3/4" 20A1P 31 20A-1P SPARE
Minimum Recommended 10" (25.4 cm) Minimum Recommended 18" (457.2 mm) SPARE 20A1P | 33 20A-1P SPARE
el aisas | B e SUTIEDREIEEEC | Sump Diameter Sump Diameter e = g8 i S
\emmal ovarioa tection, sha ‘motor with no I or rala) . 3 e ‘with n In| 0 . 3 SPARE 20A-1p 37 20A—1p SPARE
Mechanical Breadth e e e ey e e e e Automatic Operation 2-Pole float switch Automatic Operation Wide-angle float switch (manual available) SPARE 20817 | 20 20A1P SPARE
Lubricated ball bearings and shaft seal for longer senvice lfe Maintenance-free oparation g g 7 : 9 5 P 0A-1P 41 1P PAR!
Easy held-senvicaable pump, Intake screen volute base, switch and power cord Wide-angle, mercury-free, high-temperature machanical float switch Matenals Of COﬂSil’UCtIOﬂ Casl L] Matenals Of cons"ucuon caSt iron %Oq"ég 2 20A— s E
(Actual + Equivalent)(Friction Loss) e S ke et impelle Themoplastc vortex ype impeler Castirn |
R e s DR e Discharge Size 1-1/2" NPT (38.1 mm) Discharge Size 1-1/2" NPT (38.1 mm)
- -
1 0 0 : Solids Handling 1/2" (12.7 mm) Solids Handling 3/4" (19.1 mm)
F=—— ke Power Cord 10' 0r 20', 16/3, STW-A, SITW Power Cord 20/, 16/3, SJOOW-A/SIOW
o, TSR
o, HTS33A1 Porkormance @ 70°F Water Tomporsture] [~ ~ o
(150 + 30.8)(1.81) i « Level 0 Panelboards have th 'ty to handle th
=327 : \ ; evel o Panelboards have the capacity to handle the
. 3 3
1 00 =0 usoem 2 4 & us P 2 3 a

X2 wypromaTic:

USA Wholesale/ Residential Products » 888-957-8877 + Orders Fax: 800-426-9446
Canada Kitchener, Ontario + 519-896-2 163 « Onders Fax: 519-896-6337

www.hydromatic.com HID1015T el 2710

(Const. DWGs Courtesy of Stantec)
(Equation Courtesy of Jeremy Feath)
(Literature Courtesy of Hydromatic)

additional load of a sump pump




Analysis 4 . . . . R
CM to FM Information Summ ary University Engineering Building
Delivery

Mid-Atlantic University, United States

Project Overview

Analysis 1: Clean Room
Coordination
Background
Project Organization Results
Coordination Results

BUILDING INFORMATION MODELING

Analysis 2: Roof System Redesign
Background
Schedule Results
Cost Comparison
Structural Breadth

Key Takeaways:

Understanding the impact and value « Necessary to weed out critical information from
of enterprise asset management

PLANNING GUIDE FOR FACILITY OWNERS : ‘ ' o
Aow ALLIAREE eReIECY Implementing IBM Maximo Asset Management to enable your smarter physical infrastructure

ILbine SMARTY™ 1AmC
VERSION 2.0 JuNE 2013
u,row

excess
Analysis 3: Underground Spring
Background
Results
Mechanical Breadth

« It’s not always the information itself, but the

NN STATT

& means of using that information for O&M

T
WA

¢ ® ® o K. Ve

Final Recommendations

Acknowledgements

(Images Courtesy of Google, Penn State & IBM)
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T AP Jeremy Feath . - University Engineering Building
woas .M F Construction Option Flnal Recommendatlons Mid-Atlantic University, United States

e

Analysis 1: Clean Room Coordination: Analysis 3: Underground Spring:

- Reorganize project team chart to reflect new * Add Waterproofing Membrane in addition to the sump

contractual obligations for Hodess pump solution of the project team.

: D . « Schedule I ti ligibl
* Creation of Coordination Schedule to maximize early creduie fmpact s negagiote

e Cost Impact, while substantial, can be offset by Roo
coordination for the Clean Room D ffset by Roof

. savings
e Recommendation: PROCEED

Recommendation: PROCEED
Analysis 2: Roof System Redesign:

Analysis 4: CM — FM Information Delivery:
* Replace Fully-Adhered TPO with InvisiWeld TPO

* Qutline created to help Owners/FM incorporate

system.

Final Recommendations te chnologles

*  Saves 20+ working days on schedule » Means of using information more important than

* Saves $27,000 in costs information at times

* Recommendation: PROCEED o : o o . Recommendation: PROCEED
(Courtesy of Owner)




Project Overview

Analysis 1: Clean Room
Coordination
Background
Project Organization Results
Coordination Results

Analysis 2: Roof System Redesign
Background
Schedule Results
Cost Comparison
Structural Breadth

Analysis 3: Underground Spring
Background
Results
Mechanical Breadth

Analysis 4: FM Information Delivery

Final Recommendations

Jeremy Feath
Construction Option

A Special Thanks to ...

w Massarc

Q Stantec
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University Engineering Building
Mid-Atlantic University, United States
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(Courtesy of Stantec)
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Jeremy Feath 7 University Engineering Building
Construction Option QueStlonS Mid-Atlantic University, United States

Analysis 1: Clean Room Coordination: Analysis 3: Underground Spring:

Analysis 2: Roof System Redesign:

Reorganize project team chart to reflect new » Add Waterproofing Membrane in addition to the

contractual obligations for Hodess sump pump solution of the project team.

Creation of Coordination Schedule to maximize early J~= ——— W » * Schedule Impact is negligible

coordination for the Clean Room » Cost Impact, while substantial, can be offset by Roof

Recommendation: PROCEED savings

e Recommendation: PROCEED

Analysis 4: CM — FM Information Delivery:

* Qutline created to help Owners/FM incorporate

Replace Fully-Adhered TPO with InvisiWeld TPO

system.

, technologies
Saves 20+ working days on schedule

, * Means of using information more important than
Saves $27,000 in costs

Recommendation: PROCEED

information at times

(Courtesy of Owner) « Recommendation: PROCEED




