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FACADE The facade is made up of brick and aluminum veneer Project A/E Firm

walls as well as large glass panels in a curtain wall and mullion

system that preserves the modern look and feel of the

building.

NEW Structural systems used in the Moore building Addition STRUCTURAL
and Renovation include a braced frame system that runs

throughout the building’s structure. The structure is primarily

composed of structural steel and composite decks (4000psi).

The floor-to-floor height for all floors is 12'-6".

EXISTING The existing steel structure of the north wing will be

used and the new structure will “wrap” around it,

MECHANICAL M.E.P.
*  Structure houses two main AHUs (29 & 48 BHP) in
basement level - feed chilled beams and VAVs
* Low pressure steam used
*  Two 905 GPM Chilled water pumps, one @130 GPM
LIGHTING/ELECTRICAL
Main luminaire used: 55Watt T8 lamp (lights 85% of
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Electrical connection made in manhole #201
Power is stepped down from 12.47KV via transformer,
Distributed as 3Phase 480Y/277V.

CHALLENGES

* Over-crowded football weekends during fall semester
requires extra safety and schedule-related pre-cautions

* New and old structure must be connected; requires Mohammad Alhusaini
underpinning and merging steel structures Construction Management

» Student safety concerns and traffic precautions necessary www.engr.psu.edu/ae/thesis/portfolios
/2011/mha119
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Executive Summary

This report focuses on methods and technologies that would allow the Moore Building Addition to be
constructed at a faster pace, which would allow the occupants, including those displaced, to have a more
permanent location to conduct their business. The research provided is impartial to the greatest humanly
possible degree and does not favor any outcomes over any others.

Analysis | had a research goal of determining the possibility for demolishing the entire North Wing section of
the existing Moore Building as opposed to selective demolition for reasons of reducing total project schedule
time and determining a possible difference in cost. As a result of the research performed, demolition or
deconstruction would cost roughly $425K versus the original $237K for selective demolition. This assumes no
asbestos abatement, which would not affect the cost as it is constant for both approaches, as outlined in the
research. However, the demolition/deconstruction would reduce the schedule time by at least 10 work-days.

In the analysis I, the benefits and implications of replacing the current stick-built facade with a near identical
(if possible) pre-cast fagade were explored. The research suggested that, based on the system provided by
Oldcastle Precast Systems, the precast system would not be exactly identical nor would it be cheaper ($304K-
363K precast vs. $300K stick-built), but, it would weigh slightly less and perform better mechanically,
requiring no structural redesign and saving $2,300 per year. Most importantly, the reduction in schedule time
is 67 days. This includes time for mobilization, lead times, and waiting for the steel structure to be completed.

For analysis Ill there was an initial desire to consider a contract type with the steel prime contractor in order
to streamline the process of delivering and erecting steel that would involve OPP holding the contract with
steel prime contractor. This was already the case and a shift to study the effect of a design-assist contract on
the process in order to develop the case, as OPP does not have the manpower for such a move. Based on
research and analysis, the design-assist contract method would be beneficial to the project assuming
allocation of funds was not an obstacle. Quantitatively, the benefits would be seen in the form of a schedule
reduction of 12 work days and just over $100K in savings. This would also come at a risk of about 14$ percent
of the project total, which would be a risk of $3.6M.

Finally, the last analysis (analysis IV), which looks at the viability of integrating an AE program with OPP in
order to have a dual-benefit approach of allowing the students in the program produce B.l.M. models for OPP
in order to be used for, but not limited to, preventative maintenance, asset management and geographical
representations of on-campus buildings. This idea is based on the notion that students in the AE program
would be modeling buildings either way, and OPP could benefit from this and pay a lower premium which
would, in turn, benefit the AE department. Based on past trials and controversial aspects of the entire
project, as well as intensive research on the project, the most appropriate and effective approach would be
to hire students to perform the modeling in an internship setting. This solution, although extremely simple,
entitles OPP to all their desires for a model and prevents long lead times as well as provides resume-friendly
experience.

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |



Final Report 2011

Contents
Y o S 2
ACKNOWIEAZEMENLS.......cceeeeceieiecceiirie e reie e s rereeesrenas e seenasseseennsssseennsssseennssssesnsssssesnsssssesnnssssesnnsnsnennn 3
EXECULIVE SUMMIAIY...ccuuiiieiiiiiiiiiiiieiiiiaiiieiniesiitneiireesrsassrenssrsasssrasssrasssssssstenssssnssssasssrasssssnsssenssssnssss 4
The Moore Building Addition.........ccceiiiiiiniiiiiiiiiiiiiiniiiiiisieseiiesssiesisstsssssssssssssesns 10
BUilding SyStemS SUMMAIY ......ciiiiuiiiiiiiiiiiiiiiiiieniiiienisiiemisiiessisttensistssssistssssssstssnsssssensssssssnssss 11
=4 gTe] 14T ] o TP PP PTO PP PRRRPRRRT 11
SErUCEUNAl STEEI FIamI@ ...ttt st sttt e b e s bt e s st e e st e et e e sbeesbeesnnenas 11
CaST N Place CONCIETO. ..ottt ettt ettt et e bt e she e sat e st e e bt et e e beesbeesaeesaeeebeenbeesbeesneenas 11
M ECANICAl SYSTEIM .. et e e e e e st e e e st ee e e e sbteeeesabeeeeesasteeeessssaeeesseeeessnnes 12
[ =Tl g ot | I =Y o o SRR 12
V= T-o ] o1 Y 20PNt 13
CUFTAIN WL Lttt ettt e bt e bt e s bt e s bt e sab e e bt e b e e b e e sbeesaeesateeateebeesaeesanenas 13
U] o] o Jo] g fe] il = Cor= 1Yz Y o] o PSP 13
Project COSt SUMMAIY ..c.iiuiiiiiiiiieiieeiieniieitaitenitessteseraseraessssssssesssasssnsssnssenssasssssesasessssssssssssasssnsssnseen 14
Site Plan of EXisting CONAItIONS.....c..civeiiieniiiiiiiieierieiitiecreenerennerenneeensereserassersassssnsessnssesensssensessnnans 15
LOCAl CONAILIONS.....uuuiiii s s 17
Client INformation.......cociiiiiiiiic s 18
[T 1Yot g 0 L [1V7=T VAR VES 1 =T 1 4 R 19
3 =1 11 T3 o - T o TRt 21
Detailed Project SCREAUIE ...ttt ree e ssse s esesasssssenasssssennsssssenesssssanenas 22
) (=T TP PSP PRPRPPRTUPPRUO 22
STEE-WOTK ettt st ettt e bt e s be e sae e sae e et e e bt e r e e saeesane e 22
Demolition and AsSbestos ADAteMENT ........cciuiiiiiiieiiee ettt s 22
a1 0=T o RSP PRRTOT 22
Detailed Structural EStimate.........ccovvveeeuiiiiiiiiiiiiciirrr e 23
ASSUMPLIONS & FACTS...ociiiiiiiiiiiii ittt e e e s sre e e e e e e s s saabaaeeeeeessssasbbaaaeeeessssssssseaaeeessssssssanes 24
General Conditions EStIMAate .......ccovviiiiiiiiiiiiiiii s 25

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |



Final Report 2011

ANalySis |: DEMOIIION .....ceeeneiiieeeciiiiicecirrece et ee s e e s s e raese s s e eassessennssessennssessennssessennssessennnssssennnnanns 26
F N 1Y A S [10] o Yo L o =T ol T PP 26
o] oToTY=To I o] 11 A o) o VOSSNt 26
Possible Drawbacks t0 SOIULION .....cueiiiiiiee e s e 26
V=1 VoY Fo] o} -V 2SRRI 27
R OY Yo T ol=XY A e Yo KT SR TR 27
N oJ=Tor=Te @101 doo] o o TSROt 27
Performed Research and RESUILS ......cc.eeiiiiiiiieeece ettt bbb 27
DeMOIEION RESEAICH ...cvtiiiie ettt st sttt b e b e e s be e saeesaeeennean 28

(DL gTe) [dTo T g T S L=T oF- [ =Y o o [P URPR 29
Project Management Costs & Demolition TiME ......coiviiiiiiiiiiei e 29
SCNEAUIE TIME .ttt ettt et e sttt e bt e e s abeesabeeesabeesabeeenteesabeeesabeesabeesbeeesabeeanns 30
ASDESTOS RESEAICI ...ttt sttt et e b e s bt e s et e st et b e b e e be e saeeeaeean 30
F N o1 (o I N F= 1AV 2] PP 31
ASDESTOS ADBTEMENT ...coniiiiiiiie ittt et b e st s e sttt e b e b e be e sae e st e eaee s 33
RECONSEIUCTION ANAIYSIS .eiiiuiiiiiiiiiie ettt e e st e e e st e e e e s ebeeeeesbteeeesbteeeessteeessnseaeessnseenensnsen 36
ANGIYSIS REVIBW ...eiiiiiiiiei ittt ettt ettt e e ettt e e et e e e s et e e e e e abe e e e e sbaeesessbaeeeeassaeeeasnseeeeensseeesansseeeaennsenns 38
SUPPIEMENTAl RESEAITH ....viiiieie e e e e e e st e e e st e e e e s abeeeeensbeeeeenbeeas 38
[0 MViTgeT a0 =T ) 7= T o] o ¥= ot £SO 38

L8 To [T o 10T a1 =SS SRPRN 39
ACTUAT EVENTS ...ttt ettt s st st e et e bt e s bt e s et e st e e bt e bt e b e e reesneesaeeeneen 41
(600} 3Tl (D13 o o -SSP P RO PRR PR PRRORPRPRO 41
RECOMMENTATIONS ...ttt et et e bt e s re e sanesanesaneereens 42
1Ny =1 V2 E3 L - Vo= e [ URRRPPR: a4
F N 1N A I 1] o Yo o =1 ol TP PR PR 44
oY oo TY=To I o 1 [V T o SRRt 44
Possible Drawbacks t0 SOIUTION ....cc.eiiuiiiiiriiee ettt 44
V=7 VoY Fo] o} .Y 2SS 44

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |



Final Report 2011

[T UL ol =XY A o Yo ] - 45
N oJ=Tord=Te @101 doo] o o TSRSt 45
Performed Research and ANGIYSIS .....ccuuiii ittt e e e e e e tte e e e e bte e e s eabeaeesesraeeesanes 45
o g Tor 1 - Tor Lo [T O P T URPPPOPPPRR 45
o I Al D LTy P-4 B =1 =Y o d o T o SRS 45
SCNEAUIE EFfECT.....eiiiiiiet ettt et e s e s bt e e st e e st e e bt e e sabeeesaseesareesabeeesabeeaans 49
SErUCEUNAl Breadth. ... oottt sttt e st e sbeesaee e 50
MeEChaniCal Breadth ........coouiiiiiieeeee ettt sttt sttt b e b e b saeesaee e s 54
(00T a1 { (ULt =1 o 11 11 A PSP 56
[0 <4 oL OO PP UPPPTTN 58
CONCIUSIONS <.ttt ettt e st e st e s bt e e s abee s bt e e sabeesabeeesabeesabeeeanbeesabeeenaseesaseesanbeesabeeanns 60
Architectural IMPlICAtiONS ... ..vii i e e s e e e s e e e e e eabeee e e sareeas 60
RECOMMENAATIONS ...ttt e b e s bt e sae e et e et e et e e sbeesaeesaeesabesaneenbeennes 60
ANalysis l: SErUCEUIral SEEEI .....ceeuniiieeeciiieeccirrceerrereerereee e s eens e e s eenssessennssessennsseseennssessennsssnsennnnnnns 61
o oToTY=Yo I ] [V 4 o) o VUSRS 61
Possible Drawbacks t0 SOIULION ....couviiiiiieiie ettt e s 61
V=1 VoY Fo] o} .Y 2SR 61
RESOUICES/TOOIS .viii ittt ettt ettt ettt e ettt e e e eab e e s e stbteessaabeeessaabeeessabaeeessaabeeessasbseessssbaeessssbaeessssbesesssnes 61
o T Yo [ @ TUN ol ] o oSSRt 62
Performed ReSearch and ANGIYSIS ......c.ueii ittt e et e e e ebt e e e e e breeeesabseeeeeasraneesanes 62
(014 =T Tr-) d (0] o VO PP TP PPP PP 62
LTy = o I X £ A ) SRR 64
Direct Correlations to StEEI (PrOffer 1-4).....ccueiiieeeii ettt ettt e e et e e et 66
REIATION 10 IMIOOIE ...ttt ettt b e s bt sae e st e e b e et e e sbeesaeesaeesabeeaneebeennes 67
RISKS INVOIVEA ...ttt et e s b e e sae e e sar e e saneeesareeesnnes 68
SUNVEY RESUIES .ttt e e e et e e e e e e et ete e e e e e e e e e nbaaaeeeeaesesanssaaeeeaeeeesannteaaneeaeeanans 69
[ o) (oY [T aF=1 I @ oY [ a 1o o T3P 74
Conclusion & RECOMMENTALION ....eoiuiiriiiiiieieeee ettt sttt st e e b e saeesane e 75

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |



Final Report 2011

Analysis IV: BIM through AE (Critical INdUStIy ISSUE) ......cceeeeeeiiiieeeiiiieiecrreenresrrreeesreenneseennnsessennnnenns 76
o] oTo1Y=To I o] 11 4 o) o VS UUPNE 76
Possible Drawbacks t0 SOIUTION ....cc.eiiuiiiiiriiee e s e 76
V=1 VoY Fo] o} -V 2SRRI 76
R OY Yo T (ol=XY A e Yo KT SOS RO RRORTRRN 76
o =Tord=Te I @ 101 oo o o= TSP STTUPPN: 77
Performed Research and ANGIYSIS ......cuuiii ittt et e et e e e e tre e e e e bte e e e eabaaeeserraeeesanes 77
(03 iToTcl o il o VA or= |l 2 - T | SRR 77

LS 1IET o Te I =3 o OO USSP PROPRRRPRR 77
The StUdents and The Class ......co.uii ittt e bt e e sabe e s bt e e sabeesneeesaree s 78
WHhat iS OPP LOOKING FOI? ....iiiiiiiiieiiiiee ettt ee ettt e sttt e e st e e e e ata e e e ssba e e e sabaeeeessaeeesnnsaaeesnnnseeenan 78
VAIUE ettt sttt et st e e h bt e sttt e a b e e bt e e bt e e s bt e e hbe e e abe e e beeesabeeebeeeanteesneeenareenn 79
The URIMATE GO ...eeueeiiiiiiieiie ettt et ettt ettt sttt e be e b e s beesmeesaeeeneean 79
A BENETILS. ..ottt sttt et e b e bt e s ae e sae e st e e bt e b e e beenbeesaeesateeaeean 80
OPP GUIAEINES ..ottt ettt e bt e s bt e s ae e st e st et e bt e s bt e saeesaeeenbeebeenbeesaeenas 80
T Iy 1 N o= ol U A TP 80
ANOLher SIdE 10 the STOIY ...euiiiiiee e e e e e e e st e e e st e e e e e sabeeeeenareeas 81
Guidelines for Developing this PrOJECE .......ciiviiii it saae e e 81
Putting the INformation TOGETNET...........oo i et e et e e et e e e e areeeeeanes 82
THE FIrSt IO ..ttt sttt et et e bt e s bt e sate st e et e e beenbeesbeesaeesateeneean 83
FAN oY QY=o A o] o] o - o] o I PSPPI 83
Dual-Benefit Option 1: A SIMple APProach.........cccieiiiciie i e e sree e e 84
Dual-Benefit Option 2: Dealing With DetailS........ccueiiiiiieiiiiiie e 84
BPY (BUIIAINGS PEI YEAI) c.eeiiieiiie ettt ettt ettt e e e e ettt e e e et e e e e eabae e e e abaeeeeanbeeeeennbaeeeesnseneeennsenas 86
[T T 1T 11 428 USRS 86
ool T Yo o I 1Y = o NSRRIt 87
AE222 et b e bt h ettt et e Rt h e e b e e sae e e aa e e bt e bt e beeareeeaeeeareeeeen 87
ProCeSS IMEENOM ...t sttt et r e e 88

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |



Final Report 2011

BIM INTOIMATION...coutiiiiiiiee ettt b e bt sae e st e e et e e sb e e s bt e saeesabesaneenbeenres 89
KEEPING I REAI! ... et e e et e e e et e e e e e bt e e e s ebteeeesbteeeeeasteeeesnstaeeeaseeeessnnes 91
T o q o= =1 o o [P R 91

THE SOIULION .ttt et ettt e st e e st e s b e e e sabe e s be e e s abeesabeeesabeesabeesaneeesareeesareenn 92
[a1e=T g 01 a1T oI Y o] o] o Y- ol s HPS PP 92
CONCIUSION ..ttt ettt et e st e e bt e e st e e e s bt e e s abe e s beeesabeesabee e sbeesabeeeanseesnseesanenesareeanns 93
RECOMMENAATION. ...ttt sttt be e s ettt e b e et e e sbe e sbeesaeesanesabeenbeennes 94
FiNal CONCIUSION ......uuiiiiii s s 95
Appendix A — Existing Conditions Site LayOUL.........cccceueiiirenieiiieenceiiiennierieennsereennssessennssessennssessennsenns 97
........................................................................................................................................................ 98
Appendix B — Detailed Project SChedule...........civeiiieiiiiiiiiiiiencieeereeecereneereenereaseernsessnssersnsssensessnsans 929
Appendix C — Material Take-Offs and Detailed Structural Estimate....cc..cccceeveeiereniiencreccneencereenenenn. 110
Appendix D — General Conditions EStMate .......cccciiieeeiiiieeeiiiieiriiireneessreneneeerenenessrenssssssennsesssennnes 117
Appendix E — Visual Representation of Fagade Panels .......cccccoireeeeiiieeeciiieeeceniececssrenencessenaneesnennnes 119
Appendix F — Structural Calculations and Details........cccccoireeeeiiieeeiiiieicciireccrreeeccereneeee e renaeeeesenanes 122
REFEIENCES....cuuiiiiii s s 129

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |



Final Report 2011

The Moore Building Addition

Moore Building is an existing building on campus and it houses the department of psychology.
Throughout its existence, the program has grown at a steady pace and so has its faculty and students.
Interest in the field is much greater than it was when the Moore Building was initially constructed, a few
decades ago. With the department of psychology now being one of the largest departments on the Penn
State University campus, an equally monumental expansion was due; The Moore Building Addition &
Renovation.

Split into two phases, this structure will be constructed to the highest standards, and satisfy the needs
of the entire department, whilst keeping in mind economic decisions and “green” construction and
operation practices.

The Moore Building Addition is located on the — —
intersection of Fischer Road and Allen Road on the  BUilding Statistics

university campus of The Pennsylvania State  Building Name Moore Building Addition
University, on the Northeast side of campus. Building Location University Park, PA 16802
Logistics will be an easier task than previously o 5 cpevehol

ccupanc epartment of Psycholo
anticipated due to the student traffic in the area pancy P Y &Y
which is much less than that of central campus.  Classification B (Business)
This is also in-part due to the fact that the building  gyiiding Size if)'?tiOWisnF + 16,000 SF
is close to Park Avenue, which is connected to the g

Project Start/Finish 06/2010-01/2012

highway and where some material may find itself
coming through. Although the roadways leading Building Cost $26.1 Million
into and out of the areas are tight, the utmost  project Delivery Method ~ Design-Bid-Build

effort will be put forth by all parties to ensure the

. Table a-1: Building Statistics
success of the project.

The building’s design sports the new Penn State trend of modern mixed with historical architecture. This
is primarily evident in the extensive use of red brick infuse with aluminum paneling and glass curtain
wall systems (Figure a-1). Its design allows the building to stand out and provide more for the image of
the university, while maintaining its function very well.

Figure a-1: Moore Building Addition
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Building Systems Summary

Demolition

In order for construction to begin demolition must occur at the site of the original structure. This is due
to the fact that the Moore Building Addition and Renovation must tie into the old building, and the old
building’s facade must be removed to allow for this to happen. This will be followed by removal and
asbestos abatement of the original building before the new structure can be erected. Another large
demolition requirement is the removal of the existing building’s asphalt parking lot and concrete
walkways, which have to be removed so that excavation can take place. This process suffered two
sinkholes occurring during first weeks of construction.

Structural Steel Frame

Moore Building Addition and Renovation consists of a typical structural steel system. The structure
consists of a predominantly structural steel system that is cross-braced from north to south and from
east to west of the building. The typical structure is followed through from the 2" to 4™ floors, as they
are very similar. The first floor and basement and the high roof have a few structural differences than
the rest of the building. The cross bracing system includes HSS7x7x.25 from the 3" floor to the high roof,
and HSS8x8x.25 from the basement floor to the 3™ floor, with a few exceptions for some of the pieces.
The north side of the building’s steel is sloped downward for bracing purposes.

The existing building’s north wing’s structural system was taken down to its structural steel elements
and that will be used and built around as a cost-saving method. It also helps tie in with the existing
building.

Although a crane and boom size has not yet been specified, the planned and approved location for a
crane will be the north side of the building. However, there is a higher possibility that this will be
substituted for two cranes on the east and west sides of the building in order to increase productivity
and for safety reasons. This also makes transporting the cranes easier as they are smaller in size.

Cast in Place Concrete
Cast-in-place concrete will be used for the strip footings, spread footings, foundation walls, basement
slab, SOG, composite decks from the first floor up to the high roof.

The pouring method that will be used to place the concrete will be pump trucks. Typical formwork will
be used for the foundations with plywood and steel used. Also, the wood used will be recycled after the
limited number of uses in order to comply with the 70% recycling goal for the project.
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Mechanical System

In the basement level of the Moore building are chilled/hot water pumps along with the secondary

chilled water pumps, all raised 4” on a concrete pad of their own. Two of the Chilled Water Pumps
produce a flow of 905GPM, whilst the last produces a flow of 130GPM. The secondary chilled water
pumps’ flow is rated at 245GPM and the hot water pumps’ flow is rated at 500GPM. There also exists a
condensate pressure pump as well as several unit heaters. The Hot water supply and return pipes are
capped for future phase Il. They are located in the basement as well.

There are two main air handling units. The first is
supplying a chilled beam system (19,000CFM AHU
29.85BHP @ 1800RPM) whilst the other is
supplying the VAVs in the building (31,000CFM
AHU 48.80BHP @ 1800RPM). The building consists
of both variable and constant air volume systems.
The new AHUs are located in the basement level of
the new building. There is an existing AHU in the
penthouse of the existing structure as well.

Electrical System

The electrical system is quite sophisticated in
Moore Building Addition. The main equipment
panel board has a distribution of 3 Phase 480V.
The demand on this panel board is 336KVa. Most if
the rest of the panel boards are 480Y/277V 3 Phase
wiring with some 240Y/120V three and single phase
wiring.

Electrical connection is made in manhole #201. Also
at manhole #201 is an emergency connection rated
at 4160V. A 1000KVA transformer is used with
12.47KV Primary and 480/277V Secondary coils
which provides power to the building and is
provided by Office of Physical Plant. Main
Switchgear has a rating of 42,000 AIC. Also, there
are both a standby service voltage switch and
standby distribution panels for the addition.

1F1 \UON. [
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Masonry

The Moore Building Addition and Renovation consists of a brick facade accompanied by glass and
aluminum in order to both retain a traditional look as well as to suggest growth and foresight. This
means that the brick is a veneer setup as opposed to load-bearing, which it is not. As shown in figure a-2
the assembly consists of the brick veneer separated from the insulation by an air space and tied to the
building using an adjustable wall tie. The brick is surrounded by both glass and metal panels of
aluminum, and although it may seem to cover a lot of surface area, the typical installation is the same
throughout the entire facade except for a few special brick types for the edges of the building.

The other instance where masonry used is in the roof assembly where the steel deck meets the edge of
the wall and a CMU bond beam can be used for the blocking as shown in figure a-3.

Curtain Wall

There is an aluminum curtain wall system that covers most of the first floor. This same curtain wall
system is used throughout the facade of the building on the higher levels and is surrounded by glass and
brick veneer assemblies, held by mullions. The transition between the lower and higher facades is
separated by ornamental metal. The top of the curtain wall system that is held by the mullions is braced
for lateral loads, in order to prevent it from being damaged.

Support of Excavation

As support for the excavation shoring will be used to keep the excavated area in place. This process is
succeeded by foundation work and, more importantly, the underpinning of the existing structure, which
requires care and extra support to keep the existing building from collapsing.

For dewatering systems, there are two standby pumps to remove water should it become a problem. So
far, they have not been utilized as there hasn’t been a problem with the area in terms of water table.
This makes the pumps a safety measure, and they are temporary.
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Project Cost Summary

Building Areas

Addition
Renovation
Total Area

57,000 Sq. Ft.
16,000 Sq. Ft.
73,000 Sq. Ft.

Building Costs

Construction Cost (CC)

$19,200,000

CC/SF $263.01/SF
Total Cost (TC) $26,100,000
TC/SF $357.53/SF
Building Systems Costs*

Roofing $433,170
Curtain Wall $1,293,556
Asbestos Abatement $210,365
Excavation, Shoring, Demolition, Concrete, $1,778,000
Waterproofing, Landscaping, Site Furnishings, etc.

Masonry $314,000
Structural Steel $1,228,500
Windows, Metal Panels, Curtainwall $1,283,886
Interior Walls $3,284,000
Elevator $361,800
Fire Protection $288,688
Plumbing $769,000
HVAC, BAS Controls 3,494,000
Electrical $1,987,000

*Data obtained from bid results

Table a-2: Project Cost Summary
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Site Plan of Existing Conditions

The Moore Building Addition lies on the north-east side of the Pennsylvania State University’s main
campus. Although this area of the campus is less crowded with pedestrian traffic than the core of
campus, it still receives some traffic. However, the site is much easier to manage in terms of pedestrians
as the buildings here are more sparsely laid out and re-routing is an easier task here. The main
construction trailer site will be directly opposite to the project’s site. This makes it more convenient for
the project managers and personnel. It also provides more space for laydown areas where the “Existing
Asphalt Parking Lot and Landscaping” is, as that has been removed and will be used for major laydown
for when materials reach the site.

The North Wing of the Moore Building has been intentionally shown as it will be “renovated” as part of
the addition phase since it has been stripped to its steel structure and that structure will be
incorporated into the addition.

The existing utilities have been shown and most connections will be made in the manholes including
electrical connections whose details are contained in the Building Systems Summary portion of this
report. There are no gas lines mapped out in this section of campus that are included in the drawings as
this building uses steam instead. The boundaries of the site are not defined as the area involved is Penn
State owned land. The maximum area of disturbance coincides with the fence lines, and they may be
considered “property lines.”

Figures a-4 and a-5 show aerial view of the site of the Moore Building Addition. The construction trailer
shown in figure a-5 is a temporary site for the duration of the project only.

=7
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Figure a-4: Bing Map Aerial View
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Figure a-5: Bing Map Aerial View

Parking for the project workers will be a combination of the parking lot on the west side of the
construction trailer site as well as off-site parking (the stadium lots on the east side of campus).

See APPENDIX A for more details.
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Local Conditions

The Moore Building Addition is located on the North-East side of the University Park campus and is part
of a construction initiative that aims to better the quality of the facilities at Penn State University as well
as expand them. The benefits of construction projects on the University Park campus include the relative
leniency with the construction site, availability of laydown areas off-site especially if the project is in an
area of high density pedestrian traffic. For the Moore Building Addition the project location is at an
advantage.

Building methods at the Pennsylvania State University campus are focused on quality structures that can
withstand the cold temperatures as well as the hot temperatures, and typically consist of structural steel
for the buildings skeleton. This is mainly due to cost and keeping them down than any other factor
alone. This is especially true for this project as there are state-funds (DGS Money) involved so low
bidders are chosen for some of the building systems.

The subsurface water condition of the site is typical of what is seen on the University Park campus and
although there are standby pumps as a safety measure, excavation is not expected to reach the water
table.

Seven test borings were used for the Moore Building Addition and were performed by CMT Labs, inc.
and ranged from depths of 36 to 55 feet below grade. A groundwater table was not established during
these tests but it was possible that the fluctuation in water tables occur due to change in season. This is
why there were standby pumps on site. The surface of the site where the parking lot consists of 6
inches of asphalt which lays on top of gravel subbase that is 6 inches deep as well. The areas not
covered in asphalt contain a topsoil layer 6 inches thick, and is organic in nature and is highly
compressible. There is also fill material around the site which starts at about 2.5 to 5 feet below grade
and consists of clay, gravel and shale fragments. Under all different fills there is a consistent layer of
natural residual cohesive soils which include silty clay, sand, gravel and weathered dolomite. This layer
extends to depths varying between 20 to 36 feet below grade.

The results conclude that the recommended foundations will be conventional shallow foundations
consisting of spread footings as well as continuous wall footings.
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Client Information

One of the main reasons of this project is to expand the abilities of Penn State’s psychology departments
and, in turn, its collective abilities. With the departments of Psychology being one of the largest
departments on the University Park Campus and the expected tenure-track faculty number to grow
from 42 to 50, the addition will be a fitting one for this department.

“A building that effectively serves the varied research activities of the Department is a central goal of the
addition to and remodeling of Moore. This will require different lab sizes and configurations, with an eye
toward flexibility to accommodate future changes in faculty and research programs.”

--Moore Building Program

As the quote above states, Moore Building Addition will aid in research efforts and help the department
grow substantially over the coming years. This is in part due to the fact that cramped space for research
and makeshift research areas have strangled the efforts of those here at the department of psychology.
This addition plans to provide new facilities that keeps in mind all the needs of the department and has
a specific goal in mind to provide more and more to the department.

At the Pennsylvania State University there are people who are very particular about the quality,
progress and, most importantly, the safety of all construction projects on their campus. These people
range from those at OPP to the board of trustees to the students themselves. The bettering of the
campus is an interconnected web of relationships between everyone who shares any experience in or at
Penn State.

Safety goes a long way at Penn State and could sometimes be considered the number one factor on
many projects; Moore Building Addition is no exception and every effort has and is being made to keep
that standard. This is reflected on both the university and the contractor so no chances are taken in this
department. A strict selection of pre-qualified companies may even bid. The criteria here include EMR
ratings among other things.

Cost of the project, as with any project, is a defining factor as well. This is mainly due to the fact that
state funding is being used for the Moore Building Addition and so, a low bidder has to be chosen. This
means that although Penn State would like to have the utmost in quality, they are also bound to
choosing a low bidder for this job for some of the systems. This is especially true because at the Moore
Building there are state of the art communications and laboratories equipment included in the
specifications and job requirements. So, a low cost will be favored but quality will also be pursued as
that is also part of the job’s specifications and Penn State’s values as a research institute.

The factors above rely on a trust placed by the owner (PSU) in the companies involved in the project as
well as their active participants from OPP ensuring that the project proceeds with as few “hiccups” as
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possible. There is a mutual responsibility. The building will be turned over and occupied while as soon as
it is done and the renovation phase will begin on the existing building in a phased occupancy strategy
that allows work to be done in one building while the other is being worked on.

Project Delivery System

The Project delivery system being used on this project is a Design-Bid-Build. This is due to the fact that a
design has to be agreed on by the board of trustees as well as the university architect, David Zenghut,
before a design can be cleared for building. This process ensures that the university’s vision of the

Director at OPP

Figure a-6: Organizational Chart
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campus design and theme can be maintained. Also, a defined program can be achieved with more
confidence before building even begins.

This method was also chosen because of the way that construction works on Penn State’s campuses; it is
overseen by the Office of Physical Plant (OPP), and they have a big hand in keeping costs down as they
are an owners representative that is capable of a lot of in-house maintenance and minor construction

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |

19



Final Report 2011

and act as a much more competent owner side. This cuts costs of tuition, which is another goal for
construction on budget.

Organization structure includes a project manager from OPP, who oversees the Architect/Engineer Firm
(Kling Stubbins) as well as the contractor (P.). Dick) as well as the Geotechnical Firm (CMT) on the
project. All these entities are contractually bound to the university and the project manager ensures and
facilitates communication between the three. This is done with the project manager’s team of in-house
engineers at OPP. The main assistant to the OPP project manager is the construction administration
specialist, who oversees the project site and handles RFls and such, in order to keep a better “flow” on
the project.

The contract held by the OPP and the CM firm is a GMP (Guaranteed Maximum Price). The
subcontractors hold a lump sum contract with the CM firm, PJ Dick.

The Testing and Inspection agency (CMT Labs) is responsible for a certain degree of quality control
assurance including, but not limited to, compaction tests, concrete testing, rebar testing, bolts and
welds testing and testing mortar samples in the brick. P.J. Dick, the CM firm holds official contracts
between themselves and the subcontractors, and, the bidders for all subcontracting work are pre-
qualified to the CM firm’s standards.
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Staffing Plan

1

' CM Firm Organizational Chart
P.J. Dick

Project
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Project Manager

Administration

Assistantinterns

Project
Superintendent
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Project
Accounting

Scheduling Safety Officer

Engineer

Figure a-7: CM Firm Organizational Chart

The staffing plan for P.J. Dick is structured for efficiency. The project manager on this job is the main
person communicating with the OPP, and the communication is mainly between the OPP Project
Manager, the construction administration specialist at OPP and P.J. Dick’s Project Manager. This is not to
say that no other communication lines exist. The project Executive handles all major aspects of the
project and can report to OPP when necessary, and coordinates communication between his team. This
is because he is in charge of more than one project.

There is a meeting held at the OPP on a bi-weekly basis, and this includes the project manager of the CM
firm as well as the project manager at OPP and his construction admin specialist. Other attendees to this
meeting are the project architect as well as some OPP engineers. Another meeting is held by the OPP
construction administration specialist and the CM firm and all its employees on the job. These sets of
meetings facilitate all problem solving issues and get things resolved in a more timely manner and
induce communication between all parties involved.
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Detailed Project Schedule

The construction of the Moore building addition consists of removing the original brick facade of the
existing building and asbestos abatement of the original structure. This will be done for all floors in the
beginning and will allow for the removal of the existing concrete and asphalt on the ground level. The
structure and foundation will be done in two sections; West, followed by North and East as one section.
This will occur for the basement and first floors since the basement is only on the west side and the first
floor consists of slab-on-grade. After the first floor is done, the building will be done together.

Although the schedule comprises of many grouped items, the general direction of work will start from
the west section followed by the North and East sections of the building. This is due to the way that the
new structure will tie into the existing structure. One benefit of this is that time will be freed up by the
sections that are completed early, so that work can proceed in segments.

The schedule is broken down into the actual structure as a whole portion, whilst the interior fit-outs
(including MEP and Electrical) being sectioned by floor.

Steel

The most important lead time in this process is the structural steel’s which will take 40 days to arrive
from the time in which it is ordered, making it arrive in October. So, many activities need to either be
held off up until that time, or, some need to occur before the arrival of the steel.

Site-Work
One major area in the schedule, as this project is a renovation is the site-work involved, which will take
about 100 days. The details of this activity are shown in the schedule.

Demolition and Asbestos Abatement
The demolition and abatement phase takes up about 45 days for the first portion to occur and the last
part cannot occur until the last ten days of December.

Interiors
Interior fit-outs begin almost immediately after the final slab is poured on the fourth floor, with the first
floor layout of the track being done about two weeks after pouring the slabs.

The sequencing of work from floor to floor occurs in a highly orchestrated manner; the crew working on
an activity on the first floor would finish and immediately start the same work on the next floor allowing
the next tradespeople to start work on the previous crew’s finished activity.

See APPENDIX B for more details.
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Detailed Structural Estimate
The detailed structural estimate was done using RSMeans Costworks to organize and tabulate the costs
and line items of the takeoffs, which was done by hand.

Structural Systems Estimate Summary

System Type Estimated Estimated Cost (incl. Added Waste Factors
Cost OH&P) (10%)

Concrete System $687,248.47 $786,814.72 $855,539.57

Structural Steel System $567,265.28 $661,384.49 $718,111.01

Table a-3: Summary of Estimated Costs for
Structural Systems

There was no information provided as to the exact actual cost of the concrete system. This is due to the
fact that the concrete for the Moore Building Addition is part of a larger package that includes
excavation, shoring, demolition, waterproofing, landscaping, site furnishing, fences, paving and
stripping. However, the rough total was around $1 Million estimated by the CM firm, and this number
was stated to be inflated due to several factors including this price being part of the GMP (guaranteed
maximum price). The subcontractor’s prices did come in less than this, but the actual amount, as stated
before, cannot be deduced. So, this estimate has come up about ~$145K short of the actual amount
which could be attributable to differences in required tolerances of concrete placement, differences in
waste factor calculation, and the exclusion of items such as dewatering, concrete curbs, concrete stairs
and waterproofing from my estimate.

For the structural steel system, the estimate came about ~S$500K short of the estimated value by the
lowest bidder (~$1.2 Million). This, according to the CM Firm PJ Dick is very close to the actual cost of
the structural system. This is due to the fact that no ornamental steel has been taken into account (this
includes stairs, rails, steel panels and other such items and was estimated to be ~$500K) as the
structural steel package for the Moore Building Addition takes into account ALL steel for the project.
Metal decks have been included as part of this package as well.

Although the comparison is based on the low bidder’s estimate, the rest of the bids are a bit higher and
that may be because of the added cost of aligning the new structure and making sure that the floors and
framing line up with the existing structure. Also, performing work in State College, PA may be a little
more costly due to some “invisible” costs that may include laydown, storage and transportation to and
from the site. However, although the floors may need to line up, the new structure is independent of
the previous structure.
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Finally, although the estimate is very close to the actual cost, it may have been slightly lower if the wide-

flange members were all priced exactly based on member type. This was not possible through RS Means

Costworks as not every member type is included or available with its own costs.

Assumptions & Facts

Foundation wall heights have been averaged because the difference is minimal.

NW Concrete on 2” 18 Gage G60 metal decks (actual).

WWF Reinforcing W2.9xW2.9 (actual) in all slabs.

No rebar was calculated as part of reinforcing due to time constraints and minimal amount.
Wide flange and HSS members were grouped as not all member sizes were available for cost
.purposes in RS Means Costworks (e.g. if columns were W12X20 and the nearest PLF was
W12x22, all members will be estimated based on the assumption that they are W12X22
members).

Lateral Bracing members were assumed to be 63 members at 14’ each; no option for total
length was given.

New Structure and existing structure will be independent structurally speaking.

See APPENDIX C for more details.
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General Conditions Estimate
For the General Conditions Estimate, the layout was broken down into two main sections;
Staff/Personnel and Office expenses/OH (including Temporary Utilities), as shown in table a-4.

General Conditions Estimate Summary

Category Cost
Staff/Personnel $1,193,900.00
Office Expenses/OH $214,685.00
TOTAL $1,408,585.00

Table a-4: Summary of Estimated Costs for
General Conditions

The total cost of $1.2 Million is 5.39% of the entire project cost. The costs do not necessarily reflect the
costs of the CM firm PJ Dick, but some items used are accurate in comparison to the project’s general
conditions estimate, and were derived from the actual General Conditions Estimate, whereas a few
other items were added to accommodate for this assignment’s requirements. The costs of these added
items were estimated.

It was assumed that there is temporary power coming in to the trailers, although this may not be
completely true depending on whether the trailers are connected through an existing building or not, as
the trailers are directly next to a building on the opposite side of the road to the construction side.

See APPENDIX D for more details.
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Analysis I: Demolition

The Moore Building Addition is set to tie into an existing structure of structural steel members. This
existing structure is 16,000SF and will be stripped to its structural steel and concrete decks before any
work can or will be done. This portion is called the North Wing and is an independent structure, so,
there will not be a need for any structural ties to the new structure that will be built around it.

This North Wing will undergo Asbestos removal and abatement during the “Demolition and Abatement”
phase of construction. Most of this demolition and abatement phase will be from June 2010 to up until
the beginning of September 2010. So, the process will take about 90 days to complete, and whilst that is
part of the schedule, there may be room to accelerate the schedule by eliminating this process entirely.

Analysis’ Importance

Although the Moore Building Addition is scheduled to be both on schedule and under budget, it's a
building long over-due, and its early completion can begin to bring both research and revenue to the
department of psychology at Penn State. The idea is not simply for profits, but the Moore Building’s
operation is symbolic of the department’s growth as well a new beginning for the program at the
university. So, a building handed over early means that the next phases of construction can begin early
as well, since there is an entire renovation of the existing building that follows the construction of the
new building.

Proposed Solution
The proposed solution to the issue at hand — finishing the building earlier — is to, instead of stripping
down the North Wing of the existing building to its structural steel and concrete decks, demolish it and
build it back up as part of the new structure. The idea focuses on seeing the entire new portion of the
building as one new piece, and treating it as that instead of reducing the North Wing and then rebuilding
around it and renovating it.

Possible Drawbacks to Solution

Since this solution proposes to demolish the existing structure, there may be more foundation work
involved with the new building, and a possible redesign may be imminent. Also, the demolition may cost
more than would be beneficial to the project and cause a large amount of waste on site, which would
contribute to the cost of the demolition, making it less cost-effective. Finally, the process requires very
specialized companies to carry out the process, since the North Wing is attached to the current Moore
Building and a Demolition may require extra attention as not to compromise the structural integrity of
the building through a miscalculated demolition, or careless preparations. In other words, there are
quite a few risks involved with the operation that may render it useless.
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Methodology

e Research and determine cost and schedule time required for Asbestos abatement and removal
per square foot.

e Research and determine cost and schedule time required for constructing a superstructure of
16,000SF made up of four levels.

e Research the costs involved with tying in two structures, if any.

e Data of the Asbhestos abatement and removal of the current structure will be obtained in order
to compare to the researched data, from available documents or from project team on the site.

e Analysis of labor costs of both methods will be evaluated and a comparison made.

e Additional costs due to quality control of tying in will be assessed from current job data and
compared to the final costs of both systems.

Resources/Tools
e Project Manager at PJ Dick
e Project Leader at OPP
e Available estimates of Moore Building Addition
e Available schedule of Moore Building Addition
e Applicable publications

Expected Outcome

An expected outcome would be that tearing the entire north wing down and building it back up as part
of the entire structure would be a more cost effective option than preserving its structure. Another
expected outcome would be that the schedule time would be ultimately reduced as well due to this.
This is due to less time spent on the intricate details involved with preserving the structure as well as
removing the asbestos in it, and instead, being able to build right up from the site. Also, space on site
will be less congested due to this.

Performed Research and Results

The Moore Building Analysis is, as mentioned previously, a 73,000 SF structure which will consist of a
57,000 SF new structure which will be built surrounding the existing North Wing (16,000 SF). This North
Wing will initially be stripped down to its bare structure and following this, the two structures will be
seamlessly merged. This will occur along with the removal of the brick facade of the original structure,
which will be covered by the new structure. So, there will be a demolition crew on site to begin with, as
this will be removed as well as the existing pavement and parking lots that are a part of the original
building.
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The existing North Wing of the Moore Building will then be, by definition, “deconstructed.” This means
that as opposed to demolition where it will be torn down, the building will be stripped but with care
taken in order to keep certain parts intact. These parts will be load-bearing and their preservation will
be essential as the North Wing is not structurally connected to the new structure that will be erected
around it.

Demolition Research

Demolitions are not necessarily explosions. They are a controlled method of bringing a building down on
top of itself, and require lots of preparation and a very skilled professionals in order to allow for a
building to “go down” nicely and cause as little disruption and debris as possible. The use of explosives is
not always necessary, but when it is, the preparation becomes extremely time-consuming. The idea is
that there will be a lot of debris and flying pieces of concrete and other materials, so, in essence, there
will need to be a lot of work before a building can even be fitted with the explosives. Also, the focus of
this analysis will be deconstruction; a type of demolition, although the term “demolition” may be used
to refer to “deconstruction.”

This work comes in many shapes and forms, with one of these being the removal of certain objects like
copper, non-load-bearing items like drywall, and partitions. And, interestingly enough, one more
unforeseen thing that must be done before a demolition can occur is asbestos abatement (Loizeaux).
However, there are techniques which allow for asbestos to be contained, rather than removed and
costing the project; controlled demolition in which the floor columns are removed and replaced by
computer-controlled hydraulic jacks, and lowered on these jacks so that deconstruction is more efficient
and tidy. This eliminates most debris and risks involved and streamline the process. This has been
proven on buildings up to 20 stories high and would not be a problem to use on the Moore Building
Addition since it is only 4 stories high ("Popular Science").

One aspect of a demolition that may, however, be beneficial in an environmentally friendly way is the
recycling of the rubble from the demolition as use in aggregate in the concrete to minimize waste on site
and reduce the cost of removal of the waste. Also, if the aggregate is of no use to the concrete used in
the Moore Building Addition, it can be stored and used for future roadways and other construction in or
around campus. This can even be taken further and the rubble used as aggregate for mortar, and as a
recycled product (Corinaldesi, Giuggiolini, and Moriconi 893-99).

The real problem here is, though, the demolition process considering two attached structures. With the
Moore Building currently consisting of a North Wing that is attached to the existing structure, it may be
a much more difficult job than simply demolishing a free-standing building. This poses question that
really challenges the viability of this proposed solution.
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Demolition Preparation

Before demolition may begin, preparations must begin in order to ensure both the success of the
endeavor and the safety of the general public. Assuming that both are taken care of in the same
preparation period, the time for this period must be examined, as well as some of the necessary physical
preparations that must take place.

In preparing for demolitions (explosive or non-explosive) the process may take anywhere from two
weeks to 3 months. For the Moore Building Addition’s North Wing, the period will most likely be within
one month, or 30 days, since it is small in size, however, no definite answer can be given unless the
structure is examined by a professional.

Based on information obtained from an unnamed vendor, there will be no ability to determine the exact
amount of time taken to actually demolish or deconstruct the building. This may take up to 1-2weeks
depending on many factors, especially since the North Wing must first be isolated from the existing
structure.

Project Management Costs & Demolition Time

Through conversations with an experienced project manager, there has been determined to be a
different approach to this entire analysis. By comparing two buildings with studies based on selective
demolition and full demolition, one can apply the same knowledge to the Moore Building Addition.
However, the figures presented are all relative, and may or may not skew the reality of the costs to the
actual building. Important factors to note are that both projects require asbestos abatement.

Expert Analysis
124,000 SF 6 Weeks Demolition 100% building
8 Weeks Selective Demolition 1/3 of building

Factor = 1/3 for time to demolish Vs. selective demo.

Hence...

16,375 SF

Selective Demo. Schedule Time : 29 Days (~5wks)

Complete Demo. Schedule Time : 29%2/3 = 19 Days (~3wks)

GC Costs: $1.4M/570days = $17,200/Wk.

Saving 2wks
GC savings = $34.4K

Table 1-1: Expert Analysis
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Based on the figures provided, one can deduce that the amount of time required for demolition of the
North Wing would be 3 weeks, including the removal of all waste materials. With this time, the required
amount of asbestos that would need to be removed before rendering the process non-cost-effective
would be 15,000 SF of asbestos removal.

Schedule Time

Also based on expert opinion, there would be a very significant change to the results presented, in that
the schedule time required to build the North Wing would be technically negligible. Since the schedule
time considered is extremely conservative at 29 days, the amount of time taken can be further reduced
by simple good practice. Another large factor considers the simple structure of the North Wing, and the
ability for its construction as part of the rest of the structure to be able to reduce its schedule impact by
2/3 of the time. This means that it would only really add about 10 days to the total schedule time,
making the proposition much more viable.

Asbestos Research
“Asbestos’ is a generic term used for the fibrous forms of 6 naturally occurring minerals. They
are all flame retardant, heat insulating, acid resisting, nonconductive and exceptionally stronger
than steel. There are only 3 main types of asbestos fibres that are commercially used:

1. Crocidolite (also known as ‘blue asbestos’)
2. Amosite (also known as ‘brown asbestos’)
3. Chrysotile (also known as ‘white asbestos’)

There is no simple test to identify the different fibres; laboratory examination is required (you
cannot always distinguish by colour alone). All fibres can be dangerous in their raw form (as are
nearly all industrial raw materials), but blue and brown asbestos fibres are known to be much
more dangerous than white asbestos fibres.” (An Introduction to Asbestos)

With the current state of affairs, the removal of asbestos is a requirement for all new construction and
renovation work, and so is the case in the Moore Building Addition. And, to make matters more
complicated, the asbestos in the Moore Building is friable, meaning that it can easily vaporize in certain
areas and be inhaled. This means that excessive vibrations that may be cause by explosives can result in
fibers of asbestos being released and posing a threat to all those around the building as they are
extremely fine and can easily be inhaled. These fibers, when inhaled in higher than normal
concentrations have detrimental effects to one’s health. So, without removing the asbestos, no
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demolition can occur unless the new technique — described in the last section — is utilized where
hydraulic jacks slowly bring down the building.

Another, more appealing technique is to “enclose” the asbestos. This means that the asbestos-sprayed
areas or asbestos insulation is sealed so that no fibers or particles can contaminate the atmosphere
around them. This may still not work for demolition that involves explosives, but may be utilized in
demolition where the computer-controlled hydraulic jacks are employed, as vibrations are minimized.

Asbestos Analysis

A preliminary cost analysis was done to determine the cost-effectiveness of the demolition of the North
Wing and rebuilding it. The data was obtained from the available cost breakdown of the Moore Building
Addition and Renovation of the North Wing.

The data was taken from two main sections. First, the asbestos abatement and removal costs were
determined, and the time taken was considered. The line items included asbestos abatement and
removal as well as the selective demolition that was performed on the structure in order to remove
necessary pieces. Included was also the allowance for the temporary equipment used to aid in the
removal of the asbestos in a safe and efficient manner.

Costs involved with asbestos abatement and removal were followed by the schedule time taken, based
on the available schedule of the project. The total time to remove the asbestos was recorded and will be
used as a comparison tool. This all pertains to the 16,000 SF North Wing and is shown in Table 1-2.

Asbestos Abatement Cost Analysis - North Wing

Item Unit Cost / Unit

1 Asbestos Abatement & Removal 16,375 SF $20/SF $327,500

2 Selective Demolition for Asbestos Preparation 3,986 SF $10/SF $39,860

3 Temporary Equipment for Abatement 1EA $25,000 $25,000

4 Selective Demolition for North Wing 16,375 SF $12.10/SF $198,080

5 Demolition of Concrete, Casework etc. 16,375 SF $2.4/SF $39,303
Total $629,750

Table 1-2: Asbestos Cost Analysis
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As shown, the total cost for asbestos abatement and removal in the North Wing of the existing structure
is just under S630K. Since the project is being built almost $6Million under budget, the monetary savings
will be mitigated by the possibility of schedule acceleration. The reduction in schedule time would not
only need to be significant to the entire project, but all risks involved with the demolition would need to
be low. The reason for this is that if the demolition of the entire North Wing poses more of a risk to the
timely completion than its possible benefits, then it would be no longer feasible as an alternative.

Asbestos Abatement Schedule Impact Analysis — North Wing + Selective

Demolition

W/0 Basement Abatement W/ Basement Abatement Total Area (SF)

Total Days 93 days 207 days 16,375 SF

Only Workdays 80 days 177 days

Schedule Day/CSF 0.4885 days/CSF 1.0809 days/CSF
Schedule Hrs./CSF 11.7252 hrs./CSF 25.9420 hrs./CSF

Table 1-3: Asbestos Schedule Analysis

As shown in Table 1-3, which was taken from the final schedule of the project, the process for asbestos
abatement is a time-consuming one.

In order for work to begin on the project, asbestos must be removed from the existing building. This is a
lengthy process and will occur before most processes. However, once the above-grade floors’ asbestos
is removed, work will begin and foundations will start. But, the basement’s asbestos will not be removed
for another ~3months after the first portion occurs. This will not exactly delay or hold-up any
construction activities, but will cost time in a very indirect way, and although this is the case, it can be
eliminated altogether with the demolition of the structure.

So, the total time required to carry out the abatement as well as selective demolition is 93 days plus the
10 days it will take to remove the asbestos from the basement, which adds up to 103 days. This is time
that could be potentially used to begin constructing the building, and, in turn, completing early.
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Asbestos Abatement

Through research, it has been determined that a crucial part of preparing for demolition is the removal
of asbestos, if it is posing a health hazard (friable). This unforeseen condition may mean that the time
necessary to remove asbestos will not be mitigated by demolishing the North Wing, but it will be an
addition to the entire process of demolishing and rebuilding the structure.

The only way to determine the amount of time that will be required to contain or remove the asbestos
in the North Wing, in a manner that prevents the substance from becoming airborne and dangerous, is
to determine the amount of asbestos that is, in fact, friable. And, whilst this task is not exactly possible
to determine objectively, some characteristics of asbestos must be looked at once more.

In order to understand how much time would be required to contain/remove the asbestos and then
demolish the structure, the structure itself must be examined completely in order to visually identify the
way in which the asbestos has aged and been placed. This aging process plays some role in determining
whether or not the asbestos is harmful, and whilst asbestos poses no threat if it is sealed away from
human interaction and cannot spread its particles into spaces where humans are active in, it can still be
dangerous if not contained properly.

Asbestos may also appear in places not documented before, as has been found on the Moore Building
Addition. This is due to the discrepancies between the construction documents and the as-built
documents. It would not be surprising to find asbestos in more unexpected places, which makes the
prospect of completely removing the North Wing much more appealing. The method in which it was
applied plays the most important role. Flocking, the act of spraying small fibers onto a surface, is one
common method of asbestos’ application during its prime. Since it had great fire suppression
characteristics, it was sprayed liberally on surfaces, especially since it is a very light material. However,
these fibers can be dislodged so easily especially after a little amount of time. Another way in which
asbestos was used was in sheets, that were almost “rubbery” yet had a carpet-like texture, and these
sheets were used in applications like floor tiles and as insulation. The floor tiles, in their non-friable state
may never be problematic, but the insulation may weather over time and its fibers would easily
dislodge, returning us to square one.

So, how does one tell what has happened over a long period of time without searching the building of
asbestos; it is generally a tough situation. Once maintenance operations occur, the fibers may easily be
dislodged from minor vibrations and handling of the asbestos or the material it coats. Hence, safety
preparations are crucial if any type of asbestos related work is to take place, and this means that there is
a cost for asbestos containment.

Illustrated in graphs 1-1 & 1-2 is the amount of asbestos that can be removed before the process
becomes more costly than the current proposal. Since the total time to remove the asbestos from the
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North wing and perform selective demolition is 103 days, and it would take 29 days to reconstruct, in
theory, the North Wing, then there are 74 days left in which asbestos abatement can take place along
with demolition (3 weeks as discussed in section “Expert Opinion”) itself before the demolition proposal
loses its cost-effectiveness. So, to determine the amount of asbestos that can be removed and, at the
same time, preserve the demolition proposal’s effectiveness the graphs have been created to present a
clearer picture.

From graph 1-1 we can deduce that in 74 days, ~17,000 SF of asbestos can be removed, after which the
demolition of the North Wing can occur whilst posing no threat to the schedule. However, if there is
more than 17,000 SF of asbestos to be removed (which is impossible!), then the operation would
become a cost to the project.

Furthermore, graph 1-2 illustrates the cost of removing asbestos based on square footage, deduced
from the original calculation as follows:

($327,500 + $25,000) / 16,000 SF = $21.52 / SF

Cost to abate 16,000 SF Allowance for asbestos SF of asbestos to
asbestos (no removal preparations removed
preparation costs)

Hence, it can be also deduced that in order to remove 17,000 SF of asbestos, it would cost ~$366K. This
means that although the cost may be quite high for the entire operation, it would all come down to the
savings in schedule time, if at all possible.

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |



Final Report

2011

Schedule Time Taken V. SF Asbestos
Removed

~
o

D
o

(%)
o

w
o

N
o

=
o

/

Schedule Time Taken (days)
S
o

/

O T T T T T T T 1
0 2,000 4,000 6,000 10,000 12,000 14,000 16,000 18,000
SF Asbestos Removed
Graph 1-1: Schedule Time Taken V. SF Asbestos
Removed
Cost V. SF Asbestos Removed

$400,000
$350,000 r
$300,000
$250,000

g $200,000
o
$150,000
$100,000
$50,000

S0

/

/

~

0

2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000

SF Asbestos Removed

Graph 1-2: Cost V. SF Asbestos Removed

35

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |



Final Report 2011

Reconstruction Analysis

In the reconstruction analysis, the cost and schedule time impact for rebuilding a four-story, concrete
deck and structural steel structure that’s 16,000 SF was studied. The cost data was used from the
“Technical Assignment Two” cost estimates that were done for the entire structure’s superstructure
(table 1-4). The reason for this is that the estimates performed for the technical assignment were
extremely close to the original, and would not skew the results enough to be dismissed.

Since the object being considered is simply the structure, which consists of structural steel and concrete,
the cost of those items is what was going to be used in order to keep the analysis streamlined. If the cost
does not seem reasonable, a re-analysis would be performed.

The costs taken from the existing data have been broken down into “Dollar Value/SF” and used to
determine the cost of the 16,000 SF North Wing, should it be rebuilt as part of the rest of the structure
(table 1-5).

Structural Systems Estimate Summary (58,000SF)

System Type Estimated Estimated Cost (incl. Added Waste Factors TOTAL

Cost OH&P) (10%) S/SF
Concrete System $687,248 $786,814 $855,539 $14.75
Structural S8 $567,265 $661,384 $718,111 $12.38
System
Structural Steel (NO EEIVRIT] $589,104 $648,015 $11.17

HSS BRACING)

Table 1-4: Superstructure Estimate

Cost of North Wing Superstructure Construction

Total Area 16,375 SF
Concrete Cost $241,542
Steel Cost $182,908
Deconstruction Costs $81,875.00 (=16,375 SF X S5/SF)
Asbestos Abatement $391,860

Total Cost $898,000

Table 1-5: North Wing Superstructure Estimate
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Since the cost of concrete and structural steel (no miscellaneous steels added, but decking included) are
$14.75 and $12.38 per square foot, respectively, it is simple to determine the cost of the North Wing’s
steel and concrete (Note: The cost includes labor). The final cost would be ~$900K. Note: This calculation
performed assuming the new structure would NOT be laterally braced with HSS beams, as per a
conversation with a project manager and through analyzing the steel drawings.

In order to determine the deconstruction costs, $5/SF was used as a conservative figure obtained by a
study to determine the cost of deconstruction before salvaged materials were sold (Frisman) in
conjunction with an expert’s opinion being that as a general rule of thumb, Selective Demolition would
cost roughly twice the amount of demolition or deconstruction (Faust). Deconstruction is the method of
choice due to the size of the building and its location.

The final portion will demonstrate the schedule time taken in order to erect the four-story, concrete-on-
metal-decks and structural steel structure. This estimate of the time taken has been produced by
reducing the original schedule time allotted for erecting the Moore Building Addition (the portion which
surrounds the North Wing) to “Days/SF” by determining the amount of days per the original 58,000 SF.
This is shown in Table 1-6 and has been multiplied by the North Wing’s 16,000 SF in order to estimate
the amount of days it would take to construct it.

Schedule Time to Erect North Wing

Total SF Schedule Time Taken Days/SF
Calendar Days 58,000 105 0.0018
Workdays 58,000 90 0.0016

Calendar Days 16,375 29 0.0018
Workdays 16,375 26 0.0016

Table 1-6: North Wing Superstructure Schedule Impact

As can be observed, the schedule time to erect the North Wing as part of the rest of the structure would
be 29 Days, which would be added to the schedule. This numerical value represents total days, including
days-off. If Sundays and holidays are removed, the total work days become 26. The latter number is
used purely as a comparative value. Note: The 29 days include all time for excavation, shoring, backfills,
and steel structures and pouring concrete on metal deck; it is the total time required to independently
construct the North Wing and is a highly conservative value.

The values were derived by determining the “Days/SF” for the 58,000 SF since they are allotted 56 days
for superstructure construction including the pouring of the concrete on decks. This value was then
multiplied by the 16,000 SF in order to determine the amount of days required to erect the North Wing.
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Analysis Review

The most important factors come to play in the understanding of how “do-able” or realistic the proposal
of demolishing the North Wing and rebuilding it as part of the entire structure is. It is important to note
that no finishes, mechanical, electrical, plumbing or any other construction has been considered in this
analysis so far and this is with good reason; the comparison is between stripping the North Wing down
to its basic structure, which consists purely of concrete on metal decks and structural steel.

With the North Wing, there will be removal of a few parts (e.g. the stairwell will be removed midway
through the project, but will be used as vertical transportation for personnel working on site) of the
concrete that exists. This has been included in the asbestos and abatement costs as “selective
demolition” and covers all removal of concrete from the North Wing during construction.

Had the North Wing been demolished, the necessary costs to consider would be the asbestos
abatement of friable asbestos — as it is harmful — as well as the cost of the concrete and structural steel.
This has been broken down into a “cost/SF” type of measure due to the fact that the North Wing would
not be erected separately in the case that it was demolished. Instead, it would be built as part of the
entire superstructure. In reality, this would reduce the overall “cost/SF” of the superstructure, but for
simplicity’s sake, and in order to be as logical as possible, it will be assumed that the cost/sf will not
change by rebuilding the North Wing as a part of the whole structure.

Based on the current information, a preliminary analysis can be made by comparing the two methods in
terms of cost and schedule time. This is tabulated in Table 1-7.

Preliminary Comparison

Method Selective Demolition Demolition/Deconstruction Ratio (Original
+ Reconstruction Demolition)
Cost $629,700 $898,200 1:1.426

Schedule Time 103-74 =29 29 1:1

Table 1-7: Preliminary Comparison of Proposed Ideas

So far, the time necessary for demolition has not been included purposefully in order to understand if
the rebuild time and cost are cost-effective or not to begin with, which they seem to be.

Supplemental Research

Environmental impacts

In demolition comes great waste in the form of rubble, and most importantly, particulate matter, with
the latter being more harmful than the former. But, how harmful are the particles emitted from a
building like the North Wing of the Moore Building, considering it was built over 40 years ago, is the real
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guestion to be asked. And, considering that there is asbestos in the North Wing, demolition options
must be studied closely as not to disturb the fibers of asbestos and pose an even greater risk.

The first issue, with particulate matter, is to determine how realistic it is to consider. Or, in other words,
the degree to which dust from demolition, be it by explosive charges or an excavator removing chunks
at a time, actually affect the air quality of the surrounding environment must be determined. In fact, the
size of particulate matter at distances up to ~50m away from the demolition site may increase in size up
to 9-fold, thus becoming a threat to those exposed (Dorevitch, Demirtas, Persky, Erdal, Conroy,
Schoonover, and Scheff 1022-32).

Underpinning

Based on expert opinion, it was determined that should the North Wing be demolished, it would allow
for a larger basement to be built as there would no longer be a need for underpinning (figure 1) the
structure, since not all of the structure is below grade, as it is a means to keep structural stability. This
would reduce the cost of construction by $81,000.
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Underpinning Elimination and Basement Expansion
Analysis

Condition HI{Iy! Quantity Unitcost Totalcost
Existing SOG Basement 5,788 SF  9.26 $53,596.88
Deduct Underpin North Wing 1,620 SF 50 $81,000.00
Add SOG New Basement 5,461 SF 9.26 $50,568.86
Add Concrete Deck Fill New 5,461 SF 6.41 $35,005.01
Deduct Strip Footings 18X12 136 LF 130 $17,680.00
Add Strip Footings 24X12 500 LF 140 $70,000.00

Total Cost $57,000

Table 1-8: Underpinning Elimination Analysis

Based on the calculations in table 1-8 the total cost to increase the basement’s square footage by 5400
SF will be about $57,000 due to the elimination of underpinning at the North Wing. The extra space will
be able to house more mechanical equipment, and this would only be a viable option with the
demolition of the North Wing.

Actual Events

Based on a conversation with a project manager on the site of the Moore Building Addition, the
asbestos abatement and selective demolition that occurred on the site went “very smoothly and caused
no delays,” nor were there any issues with the operation. The second part, which took place from
December through to January did take longer than expected but did not affect any other activities. This
was due to the tightness of the crawlspace in the basement which required more attention due to the
need to reroute a few plumbing lines and remove asbestos around them.

Also, through the same conversation, it was determined that there is at least 10,000 SF of asbestos in
the North Wing alone.

Conclusions

To conclude, the factors discussed all come into play. The main goal for the proposed demolition idea
was for it to simply save time. No more was expected of this idea and incurring a cost was not abnormal
of the proposal. In fact, with general rule of thumb, to save time you need to pay money.

There are many factors that both deter from the idea of demolishing the North Wing and make the idea
appealing. The stripping-down of the North Wing would require several activities to occur before it is
ready to become part of a new structure. First and foremost, the North Wing must have all finishes,
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furnishings, mechanical, electrical and plumbing equipment removed. This activity could, in theory be
mitigated by a demolition. Finally, asbestos must be removed from the building in order to render it
safe.

Secondly, one must consider the required activities should a demolition occur. The first look shows us
that preparation time is not a constant but can fluctuate, and whilst its fluctuation may even cause it to
occur earlier than normal, its lateness could affect the entire flow of activities on the project as asbestos
abatement is a critical path item. Although risk is normal on all construction projects, in this case, the
demolition directly affects the short schedule for construction of the Moore Building Addition. Another
very large factor is the fact that all friable asbestos must be removed, which means that asbestos
abatement will occur regardless of whether there is a demolition or a strip-down. This poses the
greatest question of whether or not the entire demolition is even necessary given that the North Wing
will need to be stripped down regardless. The next argument is that technically, demolition cannot occur
before the project begins, as it would typically be part of the contract with the Construction
Management firm.

Based on the data collected, the proposition of demolishing the North Wing would be cost effective in
quite a few scenarios. This is due to the possible demolition in a significantly shorter time frame of only
10 days, and a cost only slightly higher than the original proposed cost. Assuming that 10,000 SF of
asbestos was to be removed, the savings would be in the range of 25 days including demolition of the
structure, time to prepare (which would be done before the project even begins according to an expert)
and all tasks related to demolition. Not only would this reduce schedule time, but the general conditions
costs that would be saved are substantial as well at roughly $43,000.00. Again, this is considering only
10,000 SF of asbestos that needs to be removed, but that is the risk involved.

Recommendations

Asbestos Present

In the case of the Moore Building Addition, given all the factors discussed, the risk of demolishing the
North Wing is not a great one at all. It is in fact a better proposal than the original one to perform
selective demolition. This is due to several factors including the fact that it would take 15,000 SF of
asbestos removal in order for the demolition to suffer a loss. In reality, most of the asbestos that will be
brought down in a demolition will be removed, but non-friable asbestos would only need to be
contained in order to make sure that the fibers do not spread. The recommendation considers an extra
week to examine and prepare for the building’s demolition and as shown above, frees up a decent
amount of money.
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Asbestos Absent
Assuming that there is no asbestos in the building, there would still be good reason to demolish the

structure and bring it back up. There would be time savings, but it would still cost more than the
deconstruction.

Final Comparison (no asbestos)

Selective Demolition Demolition/Deconstruction

$198,08  Selective Demo. North Wing Total cost for Demo.
0 $506,326
$39,303  Demo. of Concrete, Casework etc. ($81,000) Underpinning
($34,400) GC Savings
$237,00 TOTAL TOTAL
0 $390,200
Duration 29 Days 10 Days to erect
(work days)
9 Days to Demo.

Table 1-9: Final Comparison (no asbestos)

As can be deduced from table 1-9 the cost to deconstruct even in the event that no asbestos is present
in the structure may benefit the project. With the schedule a little tighter as no asbestos abatement will
take place, there will still be time saved.
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Analysis II: Facade

For the facade of the Moore Building Addition all masonry and panel work will be installed on site by
masons. This is a time-consuming process that will produce large amounts of waste as well as
congestion and possibly quality control issues. However, the most important part of this is that the
process is time-consuming. The ability to mitigate this can prove to be very beneficial to all those
involved in the project.

Analysis’ Importance

Although the Moore Building Addition is scheduled to be both on schedule and under budget, it's a
building long over-due, and its early completion can begin to bring both research and revenue to the
department of psychology at Penn State. The idea is not simply for profits, but the Moore Building’s
operation is symbolic of the department’s growth as well a new beginning for the program at the
university. So, a building handed over early means that the next phases of construction can begin early
as well, since there is an entire renovation of the existing building that follows the construction of the
new building.

Proposed Solution

A prefabricated facade system may be extremely beneficial to the Moore Building Addition; it may
potentially reduce the time taken for erecting the facade whilst eliminating a lot of the waste involved
with erecting the facade on site. This, along with the reduction in congestion is a very appealing
combination and could potentially accelerate the schedule as well as improve the overall safety of the
site.

Although not the most important benefit, the decongestion of the site that will occur is typically very
noticeable on the project. It will allow for much better coordination between the trades and reduce
coordination time between them, and that alone may be worth the benefits.

Possible Drawbacks to Solution

Some concerns of the proposed solution is that the transportation may cost a significant amount, and
the size of the trucks may be a concern in that the roads leading to the Moore Building Addition are very
tight and can pose a safety hazard as well as logistical issues. Also, the picks must be coordinated
thoroughly as well as the possible laydown areas for the fagade pieces that are fabricated off site and
brought to the campus.

Methodology
e Research and determine the cost and schedule time required to erect the facade system
currently approved for the Moore Building Addition.
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e Research and determine cost and time required to pre-fabricate a near-identical fagade system
through interaction with the industry.

e Determine transportation and erection costs involved with a pre-fabricated facade system as
well as schedule time required to erect the system.

e Research and determine any change in structure to the Moore Building Addition that may be
required in order for this system to be viable.

Resources/Tools
e Available estimates of facade system
e Available schedule time to erect facade system
e Prefabrication company — facade
e Construction transportation company
e Structural Faculty and/or peers @ PSU AE

Expected Outcome

The most likely outcome of this research analysis topic would be that the pre-fabricated system’s total
cost would not exceed the total cost of the currently approved system, and the schedule time would be
greatly reduced; enough to create a desirable impact on the project’s overall schedule.

Performed Research and Analysis

Precast Facades

A precast facade is one where the veneer brick or masonry units are fabricated off-site, and then
brought to the site and erected by lifting the pieces off the truck that they are brought in through, or by
laying the pieces down near or on the site and erecting them once they are needed.

In the case of the Moore Building Addition, the most suitable method to prefabricate the facade is to
have precast concrete with half-brick as part of the facade system, in order to be applicable under code.
Although less aesthetically pleasing, the cost difference and schedule impact may play an important role
in changing the consensus on the idea.

Precast Design Selection

In order to make the proposal the most effective it can be, a very specific type of precast system was
chosen. Oldcastle Precast Systems provided some information on a system that could be used to fulfill
the requirements of the Moore Building Addition’s brick facade. There would be no need to change the
metal panels’ design as they are lifted onto place in the same manner as the new precast facade system
would be. The glazing will also be left the same for this portion.
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As shown in table 2-1 the costs associated with the current system of masonry on the Moore Building
Addition are as follows:

Masonry Construction Costs

Item Quantity Unitcost Totalcost
Metal Panels 2,020 SF 40 $80,800
Window Sills 585 LF 35 $20,475
$101,275
Masonry Veneer 13,360 SF 20 $267,200
Stone Base - Granite 168 SF 100 $16,800
Caulking & Sealants 13,360 SF  0.75 $10,020
Rigid Insulation 3" 13,260 SF 25 $33,150
$327,170

TOTAL $428,500

Table 2-1: Masonry Construction Costs

The costs consider the entire assembly, but more importantly, the cost of the brick masonry assembly
including insulation and caulking is around $330K. The Granite stone base will not be part of the precast
system as it is on ground level and there would be very visible quality differences between the two
systems.

In the current system there are recessed bricks every 11-12 bricks up. There bricks will not be seen, but
will house the mullion caps, which are an aesthetic feature when installed on the brick. With the precast
system, these recessed areas can be concrete and will eliminate the need to purchase the extra brick in
order to install them. This will save money.

As shown in table 2-2 all the details of the two systems can be compared. The rigid insulation will be
calculated with the brick due to the precast system including insulation in its configuration as the
insulation will be “sandwiched” in between the concrete. The system comes in an 8” configuration due
to the insulation that is included in between the concrete layers. The original system has 4” brick
followed by a 2” air cavity and 2” of rigid insulation. This will allow the new system to be tied into the
beams using the same shelf-angles that are currently to be used by the existing system.

NOTE: Original calculations were based on 3-4” rigid insulation for the original system, but due to a
discrepancy in drawings and actual values, the final value came out to be 2”. This has been considered a
negligible decrease and will not affect structural breadth or further calculations.
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Systems Comparison
Precast Panel
Cost $25(-3)/SF Cost to install at jobsite
Details Insulated
Picks 10-12 Panels / Day 200 LF / Day 45 Min / Panel
Size 12'X 8" X 30' Largest Piece
Weight 20,000 lbs Largest Piece
95 pcf (TOTAL includes insulation)
43 psf (6” concrete + 1.5 psfinsulation required

thinbrick)
Brick Veneer
Cost $22.5/SF Cost to Install at jobsite
Details W/ Insulation
Schedule Time North 28 Days
East & West 70 Days
TOTAL 98 Days
2X8 4" Depth

138 pcf (TOTAL includes insulation)
40 psf (4" thick Brick) 6 psf insulation required

Table 2-2: Systems Comparison

Panel Sizes (8" thick)

North Count South Count East Count West Count
12 x 30 2 12 x 15 4 3 x 24 4 4 x 24 2

12 x 20 4 12 x 17 4 12 x 19 8 12 x 24 8

3 x 24 8 8 X 24 2 9 X 24 2 3 x 24 2

12 x 17 4 12 x 19 4 4 X 24 2 6 x 24 2

6 X 24 2 12 x 16 1 7 x 16 1
Total Panels = 66 Total SF=12,160

Total CF = 8,106.67 (w/ insulation) 6,080 (w/o ins.)

Table 2-3: Panel Sizes

See APPENDIX E for visual representation of panels.
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Quantitative Comparison

of two Facade

Systems
Precast Panel Brick Veneer

Cost $25(-30)/SF * $304,000.00 (- §22.5/SF * 13,360 SF $300,600.00
12,160 SF $363,000)

Schedule 66 panels/10 panels 7-20 days Based on schedule 98 days

time per day

Weight (86 pcf * 6,080 cf)+ 541,120.03 Ibs (138 pcf * 4,453.33 cf) 614,559.54 lbs
(9 pcf *2,026.67 cf)

Lead 30 days per batch Materials available almost immediately

times

Table 2-4: Quantitative Comparison

WEEFS

S
NPT

v

A

DN, W P

l
SECTION DETAIL

P T b

SPECIAL BRICK SHAPE #1

_————— COMPRESSIBLEFILLER

SEALANT & BACKER ROD

® CFMF GALVANIZED MTL FOR BRICK.
v J\ -
5 e THIRD FLOCOR
: — HRD FLOOR g

RECESSED BRICK COURSING
: CONT. SHELF ANGLE

BRICK ANCHOR

Wi SLOTTED
CONNECTION ALLOWING FOR
UP AND DOWN MOVEMENT

STEEL HANGER. SEE STRUCTURAL

FIRE STOPPING - SECURE TO EDGE
OF SLAB. SEQUENCE TO INSTALL
PRIOR TO SHEATHING.

SILICONE SHEET A FLASHING
SEAL AROUND STRUCTURAL PLATE
BRICK WALL ASSEMBLY

DEFLECTION TRACK

MEMBRANE AV FLASHING BEHIND
STEEL HANGERS - TYP

DRAWINGS. SEAL AROUND W/
MEMBRANE AN FLASHING

SPRAY APPLIED FIRE PROTECTION AS
SCHEDULED

MULLION CAP-2 APRLIED TO BRICK
WITH PRESSURE FLATE

Diagram 2-1: Original Fagade Section

Diagram 2-1 shows the wall section of the existing wall. The blue arrow shows the section that will be

replaced with the precast system, only. The backing is cold formed metal framing and it will NOT be

changed.
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Based on the information from tables 2-3 & 2-4 one can deduce which of the two systems will save more
money and which will save more time. Although the precast panel system will cost slightly more than
the brick veneer system, it is not a significant, at less 1.5% of the total cost. This considers the lower
cost, which could rise up to $360K. Although a higher cost, it is still not a cumbersome cost to the
project. Either way, there is an inescapable increase in cost for producing a pre-cast system that doesn’t
compromise efficiency, as will be discussed in the mechanical breadth section. The cost that will be
discussed is the lower cost, for ease of comparison.

The information for cost (installed in state college and based on the Moore Building Addition’s shape
and size), weights and lead times were obtained from Oldcastle precast systems’ office in Maryland. The
schedule time, although misleadingly short, is based on the information also obtained from Oldcastle
precast systems. The number used was 10 panels per day in order to account for possible delays on the
construction site. This number may go up to 20 days based on site access, laydown areas and other
factors. Nevertheless, 20 days is a much shorter duration than the original 98.

For the weight of the precast panels, 6,080 cf was used for the 6” of thin brick and concrete, whereas
the 2,026 cf was used to determine the weight of the insulation. Note: Assumed insulation sandwiched
between concrete in precast panel is 2”. With this information, the total weights of both systems were
determined and the change to a precast structure would not necessitate a redesign of the structural
system due to its lower weight. The full brick system’s weight was calculated along with 4” insulation at
6 psf.

In terms of the square footage used for the cost only 12,160 SF was used for the total of the precast
panels as there would be no need for a waste factor as it is almost identical to the actual square footage
of the current system. For the brick veneer system a 10% waste factor was added bringing up the total
square footage to 13,360, which is what the construction management firm had done as well.

Schedule Effect

The precast fagade system will require at least 30 days before materials arrive. This means that there
must be that much time before the masonry is scheduled. Otherwise, there might be inefficiency. Based
on the schedule, masonry is not set to begin until the 11" of January 2011. This means that there is
plenty of time to have the precast panels ordered, fabricated and delivered to the site. With the precast
panels being able to be installed only when the superstructure is complete, there might be a delay as to
when the precast erection may begin. With the structure being complete on the 7" of February, almost
30 days are lost, but despite this delay, the total reduction in schedule time is 67 days.

Although hard to quantify, there may be a delay due to mobilization of cranes/equipment needed to
carry out the erection of the precast facade. However, this is mentioned in order for one to understand
that there may be additional time-consuming factors involved with the precast approach.
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Structural Breadth

In order to demonstrate the difference of having each of the systems as a facade in terms of the
structural implications, a portion of the steel structure which carries brick the whole way through has
been used to model the different loads, reactions and deflections caused by the weight of the facade
systems.
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Figure 2-1a: Elevation View of Selected Columns Figure 2-1b: Plan View of Selected Beams
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Shown in figure 2a is the elevation from the 2™ floor to the high roof where the beams and columns
have been modeled in order to determine loads and deflections produced by the two fagade systems.
The reason these two columns were chosen is because the entire facade between the two columns is
made up of brick. In figure 2b it can be seen that the columns modeled have one moment connection
and one pin connection, which have also been taken into account when modeling the bays.

6 7 (L 7

14 i 4

—000zkip | 18 X = 0.002 Kip 19 18 19
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Figure 2-2a: Elevation View of Modeled Columns and Figure 2-2b: Elevation View of Modeled Columns and
Beams Reactions with Precast Facade Beams Shear & Moment with Precast Facade
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Figures 3 & 4 show the reactions, shear and moment diagrams of both systems. Whilst the reactions are

visibly different, in both figures 3a & 4a, the other two figures are diagrammatic representations of the

values provided below.

Beam

Max .Deflection — x (in)

Max. Deflection —y (in)

Resultant Deflection (in)

2 Precast HSS
3 Precast HSS
4 Precast HSS
5 Precast W

2 Brick HSS
3 Brick HSS
4 Brick HSS
5 Brick W

O O O o

o O o o

-0.059
-0.055
-0.068
-0.032

-0.061
-0.057
-0.07

-0.034

0.059
0.055
0.068
0.032

0.061
0.057
0.07

0.034

Table 2-5: Deflections due Precast v Brick Facades

Table 2-5 shows the different maximum deflections of both systems, at different points in the system.

This comparison can be used to determine whether or not the new system would be suitable for the

current system of shelf angles that hold up the brick system.

Note: The STAAD Pro model was modeled using a line load, and not separate loads due to the limited

information available about the locations of the shelf angles. Also, there have been minimal factors

added to the model due to its comparative nature.

With the above information, one can deduce that there needn’t be any structural redesigns due to

heavier loads and larger deflections, as the new system is lighter than the old system, despite having a

larger mass of solid.

See APPENDIX F for line load calculations and more details.
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Mechanical Breadth
The intent of this study is to determine which of the two facades would be a more efficient one
considering the change in materials used and the difference in thickness of both facades.

The first step was to determine the typical R values of the materials being used in the two facades,
whilst using the same value for the same materials in order to be consistent, and prevent unfair
advantages to the results of one of the systems over the other.

R & U Values for Different Systems

Material R Value/Inch Brick Fagade Precast
Facade
Concrete 0.08 0.00 (0”) 0.40 (5”)
Brick 0.11 0.44 (4”) 0.11 (1”)
Air Film 1.00 (0.5” —4") 1.00 (2”) 0.00 (0”)
Rigid 4.00 8.00 (2”) 0.00 (0”)
Insulation
Polyurethane 6.25 0.00 (0") 12.50
Insulation (2"
Sum of R Values 9.44 13.01
U Value (1/R) 0.1059 0.0769 BTU/(ft> *°F * h)

Table 2-6: R & U Values of Fagade Materials

Variables Used

AT 100°F-75°F= 25 °F
Area of Brick 12,100 ft?
Time 1vyear = 8,736 hours

Table 2-7: Variables Used

Energy Through Fagade Systems

g=U*A*AT
Brick Facade g=0.1059 * 12100SF * 25 F 32,044 BTU/h 279,900,000 BTU/year
Precast Fagade q=0.0769 * 12100SF * 25 F 23,251 BTU/h 203,100,000 BTU/year
Difference 76,800,000 BTU/year
22,500 kWh/year
$0.1026/kWh Commercial 2010 Data Cost Saving = 22,500*0.1026 = 2,310 $/year

Table 2-8: Energy through Fagade Systems
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Table 2-6 shows the R values per inch for four different materials, all of which are used in either one or
both facade systems ("ColoradoENERGY"). Again, this does not include the cold-formed metal framing
backing as that is considered a constant for both systems. This allows for the next step in the procedure,
which is to determine the actual energy loss per year of heat through only the brick portions of the
facade (table 2-7). Whilst this may not be the entire structure, the difference is quite significant as
observed in table 2-8. There is a savings of just fewer than 8 Million BTUs per year, which translates into
$2,310 a year of savings on the facade’s efficiency based on $0.1026 per kWh ("Electric Power
Monthly").

While this may not seem like much, it is the cost associated only with the savings of the brick portion of
the facade, and it goes to show that the precast system is even more efficient, thermally, than the brick
system. Finally, the precast system is assumed to use polyurethane insulation, which allows it to become
more efficient than the original system. With this knowledge, the lowest savings for the Moore Building
Addition by changing the facade system would be $2,310 and in practice would save even more money
due to its actual higher thermal efficiency.

Insulation Types Used

In order to prevent any confusion as to the differences in cost of the rigid insulation and the
polyurethane insulation, there cost for polyurethane comes in at $1.25-2.50/SF for a typical type with a
lower R value (RoofHelp.com). In contrast, higher end rigid foam insulation; with R values similar to
those used in the calculations come in at a cost of $0.54-1.12/SF whilst these numbers are different, the
increase in cost of using polyurethane would be as follows:

Rigid Insulation Polyurethane

Cost Average $0.83 $1.88
Cost * 12,100 SF $10,043.00 $22,687.50

Savings/Year $2,310.00
Investment $12,644.50
Payback 5.47 Years

Table 2-9: Investment and Payback of Insulation

Shown in table 2-9, one can deduce that increase in investment in the polyurethane insulation would be
paid back within 6 years of operating the building, and this is a cost included in the original cost of the
entire system, not an added cost.
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Constructability

With the elimination of the majority of the time required for masonry installation, the benefits are
immediately realized. During the time in which the superstructure is being built, there will be less clutter
on site due to masonry activities, which also reduce a large amount of waste especially due to corner
brick. Some HVAC rough-ins as well as pump installations, electrical rough-ins and other rough-ins will
be able to occur a little more smoothly as there will be much more laydown areas for all of the
equipment, and much less congestion on site. All these activities can be seen in figure 6, where many
rough-ins are occurring all at once.
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Figure 2-4: Schedule Activities that Overlap during Masonry
(New Schedule)
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INSTALL CARFET/BASE 10days  Thu7/28/11 =
ELECTRICAL DEVICES 2 TRIKI 10days  Thu7/28/11  Wed 8/10/11 =
VOOD DOORS | S days Thu 8/18/11 : Jim]
FAIN TOUCHUPS Sdays  Frig/19/11 Thu 8/25/11 o
FINAL CLEANING Sdays  Tue8/23/11  Mon&/29/11 o
PUNCHLISTS 22days  Tue8/30/11  Wed 9/28/11
{IN-HOUSE/ARCH/W ORKOFF)
: —
INSTALL FURNITURE Sdays  Fril0/28/11  Thu11/3/11 : ]
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Figure 5 shows the new schedule and what it would look like if masonry occurred starting February 7
2011 and showed a worst-case-scenario duration of 20 days. The activities that would occur during the
same time are many similar activities, although the precast erection crew would be off site in a matter
of less than three weeks. Both figures 5 & 6 highlight the activities that occur simultaneously with the
masonry erection.

Logistics

The panels shown in table 2-3 are not estimates, but are actual sizes that would be used in order to
fulfill an identical facade appearance in precast masonry instead of the current masonry option. Each
panel has been sized appropriately for each side of the building. The panel sizes will be used to
determine the number of truckloads that need to occur as well as maximum weights and sizes that can
be loaded per semi-trailer. Note: all panel sizes are within limits of the manufacturer in Maryland.

A typical semi-trailer size, for steel platform flatbeds is 53’ X 102” (8’-6"”) wide and these
dimensions will be used to determine the maximum number of panels, laid side-by-side that can be
delivered in one trip with a maximum load capacity of 55,000lbs. Note: This is not to determine the cost
of transportation as this has

Trailer Trailer Trailer Trailer Trailer already been accounted for in the
S 1(x2) 2(x2) 3(x3) 4 (x1) 5(x2) cost section.
1 12x30 6x24 12x19 9x24 12x24
12x20 12x17 3x24 9x24 12x24 Assuming that each panel s
2 12x30 6x24 12x19 4x24 12x24 delivered with a wood base with 3”
12x20 12x17 24 Ax24 12x24 on either side to prevent panels
: x4 1217 3x24 had 12x24 from colliding, the total amount of
12x20 12x17 3x24 4x24 12x24 & i
12x15 space per panel would be 14”. This
4 3x24 12x17 12x19 3x24 12x24 would mean that 7 panels can be
12x20 12x17 12x19 3x24 12x24 laid side-by-side safely, without a
12x15 high risk of damage. Lengthwise,
- 324 12x15 12x15 ox24 the total length that can be used
3x24 12x17 12x19 6x24 o
17%19 per panel is 51’ for offset purposes
6 3x24 12x15 12x19 12x16 and to keep the panels on the
3x24 12x17 12x19 7x16 truck within a reasonable amount.
12x19
7 3x24 8x24 12x19 Table 2-10 shows that 10 deliveries
3x24 8x24 12x19 are required to deliver all panels,
Table 2-10: Panels & Trucks and in a fashion that allows each

fagade to begin at a certain time (i.e. does not disrupt coordination). The multiples are shown where the
weights of a truckload exceed 55,000 Ibs. and, hence, require two trips to fulfill the delivery.
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Figure 2-6: Truck Route to Site

Figure 7 shows the preferred route from the highway to the site via Park Avenue. This roadway, as can
be seen by the scale, is more than adequate for the entry of long semi-trailers.
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Conclusions

Architectural Implications

In order to conclude this analysis one must consider the finished look of the building and whether a
precast facade finish will suffice on the Moore Building Addition. With new innovations and techniques,
the authentic masonry finish can be mimicked very well, and although this will cost a little bit more to
achieve, it will still be done as a prefabricated process, which minimizes more than just waste, clutter
and noise, but reduces risks with on-site injury. Besides the fact that the mortar in between the bricks
may looks a little different since it is concrete in the precast facade’s case, the price may be justifiable,
or even a small increase may be just as justifiable.

Recommendations

Besides the architectural discrepancy that may or may not be an issue, there is a clear “winner” in this
analysis, and that is to produce pre-fabricated panels. This is not only true because of the schedule time
that will be freed up, as well as no need for a structural design or even the fact that the new precast
system would be more efficient thermally as well as almost identical in terms of cost, to the old system,
but because for most categories including the efficiency, the structure and schedule time, the precast
facade system was given worst-case-scenario figures in order to compare with an almost best-case-
scenario set of figures for the brick facade. This is especially true for the weights, yet the ultimate goal
was to be able to compare the two fairly and relatively. In terms of the cost, the cost provided is the cost
of fabricating the facade, delivering it and installing it all the way from Maryland. This is also a
disadvantage to the precast facade as there are many closer prefabricators in the area which would
offset the cost of transportation, again, proving that there is a great advantage to the precast facade.

The most important point to consider is the ability to reduce the schedule time by at least two months,
which has been an important part of the project. It would be very wise indeed to consider a precast
facade system.
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Analysis III: Structural Steel

The structural steel on the Moore Building Addition was and still is the most important critical path item.
This is due to the fact that the structural steel opens the doors for every other subcontractor to begin
putting work in place. However, with the two failed attempts to have the structural steel delivered early,
it is possible that more could have been done to ensure its early delivery.

Proposed Solution

Solving this problem may be in the hands of PSU; if OPP were to award a design-assist contract to the
steel prime contractor, then they would be on board about the time that the CM agency is, allowing for
a head-start on the design and implementation of the structural steel.

Possible Drawbacks to Solution

The biggest concerns with this approach to reduce schedule time are the risks involved with holding
separate contracts and trying to coordinate more than one at the same time. Although it is a very doable
concept, the increase in risk may prove to be costly, since the structural steel is the single most
important critical path item on the project.

Methodology

e Research risk involved with owner-held contract to a subcontractor.

e Determine importance of early completion and value in achieving early completion to the
owner.

e Research risk involved with design changes to contract after awarding steel contract.

e Research time savings and expense of early fabrication as well as overall impact to schedule.

e Determine risk involved with keeping contract with steel subcontractor in long term case.

e Analyze all risks involved against owner’s value for early completion and determine if a separate
contract would be feasible.

Resources/Tools
e Industry professionals
e Applicable publications and articles — risk management
e Steel fabrication company
e Available schedule time and estimates for structural steel erection
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Expected Outcome

The outcome expected of this analysis would be that if OPP was to award a design-assist contract to the
steel prime contractor, as they are well equipped to do so, this would save time and money on the
construction of the Moore Building Addition. This is due to the steel arriving earlier on site allowing all
other work to begin earlier, which, in turns allows the building to operate earlier which increases the
business that it produces as part of its department.

Performed Research and Analysis

Organization

The question of whether or not to hold a contract by the Office of Physical Plant or not in order to carry
out the management of the structural steel is an important decision if the project’s structural steel is to
be erected quicker. This is mainly due to the lead times, and the unavailability of the steel. In reality, if
the structural steel was to go up faster, this could, in theory, allow the precast fagade to go up even
quicker than before, making the construction site more “relaxed.”

Initially, the idea was to create a contract with OPP and the steel prime contractor, which would have
looked as follows:

Owner
(PSU/OPP)

OPP Project
Manager

A” Figure 3-1: Hypothetical
Subcontracors Organizational Chart 1
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The main misconception with the organizational chart shown in figure 8, which will be referred to as
“organization 1,” is that OPP currently holds a contract with the steel prime contractor (as well as all
subcontracts) on the Moore Building Addition, but is managed by the Construction Management firm
(CM Agency). This is because the Moore Building Addition is funded by the State of Pennsylvania
(Bechtel). This requires the OPP to take care of the contracts from their end, and, although that is the
case, there is a better potential solution (discussed later).

The second proposition was that OPP hire a separate subcontractor, which is more in line with the way
the project is actually set up. The main difference is that there is direct communication between the CM
firm as well as the steel prime contractor.

Owner
(PSU/OPP)

OPP Project
Manager

Figure 3-2: Hypothetical
SU bCO ntracors Organizational Chart 2

Since the case with the project is that the steel contract is held by an OPP PM the next question is to
determine whether or not Organization 1 is viable as an option, since there would be cut costs and more
direct communication between the steel prime contractor and the Project Manager from OPP. The idea
here is that the project manager would coordinate with the CM firm, and essentially become the steel
prime contractor, but have more responsibility than simply that; the project manager from OPP’s side
would take care of finances involving the project, ensure communication between CM firm and OPP to
ensure that the project is proceeding as expected. This, along with the role of ensuring that the steel
prime contractor is performing all duties accordingly may be an overload of work for one person. There
simply aren’t enough resources for such an organizational structure to be put into place from OPP’s side
(Bechtel).
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Design Assist (DA)
The next option, as advised by industry experts, is a relatively more uncommon approach to the project
organizational structure, which is called Design Assist. An organization chart is portrayed in figure 3-3.

Owner
(PSU/OPP)

OPP Project
Manager

Figure 3-3: Hypothetical Design-
Assist Organizational Chart

All
Subcontracors |

Steel Prime :
Contractor (DA) 25

In essence, design assist is the awarding of a contract to the most compatible contractor, prior to design
completion, in order for them to assist the architect or engineer of record for a certain project, by using
a design professional of their own. This means that the contractor is “on-board” earlier than they would
normally be.

Primary goals for design-assist contracting are to improve quality and maintain cost of the project at
hand (Hart 1-2). Its best suited construction management methods are design-build, design-bid-build
and construction manager at risk where the owner and architect are in constant communication with
the tradespeople and subcontractors. This allows the parties involved to create much more efficient
designs, have much better trust for one another throughout the project lifecycle, as well as reduce
schedule time due to changes, inefficiencies and bad habits.

One of the main issues with today’s construction industry is not that it lacks innovation or that it is run
by older, more primitive methods. The main issue is that with new technologies and innovations the
main interceptors of these are tradespeople who are manufacturing and or installing the products. The
inefficiencies are a result of less knowledgeable owners not knowing of these new methods etc. This
leaves many owners at the hands of tradespeople who repeat unnecessary and outdated steps in their

64 Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |



Final Report 2011

construction practices, as well as prevent themselves from assimilating with the new technologies.
Whether the reason for these actions is pure habit or opportunistic and exploiting behavior, is another
debate altogether.

Design-assist construction management practices help to eliminate such efficiencies and streamline
most processes in order to save time and money especially with increasingly complex projects.

Design-Assist Process (Hart 1-2)

Phase i. The owner, in this phase, must be very clear of the scope of work that is required of the
project, along with a schedule time (rough) and finally a budget set forth. This must be
coupled with the goals in mind for the design-assist part of the project (i.e. the entire
project may not be design-assist).

Phaseii. Phase two consists of the collaboration between the design-assist professional or
design-assist contractor to help the architect research design goals and together write
specifications for the building to be constructed. The owner pays a fee in order for the
two parties to produce the documentation. The specifications will be ultimately used by
the design-assist contractor, and, if they cannot meet the budget determined by the
owner in phase one, the owner has the right to hire a different design-assist contractor
who can.

Phaseiii.  Finally, the contract must be adapted for the design-assist introduction, and a design-
assist professional is formally selected. If there are no design-assist contractors who can
meet the schedule, budget and scope within a reasonable amount, the owner may
choose to bid the project and utilize the documentation purchased in phase two.

The selection of an appropriate design-assist contractor is almost identical to that of a normal contract
in that there must be an RFP and RFQ issued to those the owner is interested in, except that the
interviews or presentations may be a little more intricate and focus on more complex aspects of the
projects than a typical contractor’s presentation. This is followed by a shortlist and finally a presentation
for those shortlisted in order to have them demonstrate their abilities.

The ultimate benefits of this type of contract are:

By using the methods described above, the owner, architect, and contractor should be able to
deliver a project on schedule, with fewer requests for information and fewer changes (Hart 1-2.)

In contrast, design-assist is almost identical to design-build except that it is focused on one specific
aspect or subcontract of the project. In other words, if only the steel structure needed early fabrication
(as in the Moore Building Addition’s case), then instead of bidding the project as a design-build, or
compromising the public nature of the funds provided to some of the project, a design-assist method
can be applied to the project. This way, the rest of the project’s management and organization is left
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untouched, but with the structural steel prime contractor being brought on board as early as the
construction management firm (as they had been involved for an extended period of time), which would
allow for, in theory, an early design to occur as well as early implementation.

Direct Correlations to Steel (Proffer 1-4)

In this next section, there will be examples of the benefits to a project’s structural steel aspects in
introducing design-assist methods to that specific trade. The company in the titel is the former Havens
Steel, bankrupt after a class-action lawsuit against deceptive financial management of stock ownership.
In other words, their work was credible, but not their bosses!

Case 1: Dakota Dome

According to Havens Steel, this project’s success relied heavily on the ability to use design-assist. The
project was to tear the existing roof that was an air supported fabric, into a conventional steel-
supported roof. This was to be done in a window of 4.5 months, which made this project a challenge.
The most important part of the project was the schedule and with Havens Steel as structural engineers,
a design assist method between all steel-related entities was put into play. This resulted in constant
communication and a much more “team-oriented feel” rather than focus on individual opportunity. This
sense of teamwork served the project very well, as the steel fabricator and the steel designer had
figured out the cost of transportation of steel, fabrication, erection, and all relating durations in a very
tight but realistic manner.

The structural steel had originally been a much more time consuming set of 15’ deep trusses, but as
schedule impact was crucial, this labor intensive design was to be rethought. Instead, the trusses’ size
was reduced to 11’6” and shipped to site with little additional labor needed to install them, as they were
able to fit on semi-trailer for transportation without violating height restrictions. These trusses were
heavier in order to withstand the loads, but were pre-fabricated and required no site-modifications. This
one change, which required collaboration of all parties concerned with the structural steel, meant the
difference between a project completed on time and not; it was a success due to the ability for these
parties to collaborate on the design, taking into account the cost of fabrication and delivery as part of
the actual design.

Case 2: Convention Center/Arena

This, more design-assist-revolving- approach has an appealing quality to it that can be applied to the
Moore Building Addition. This convention center started out as nine pages of conceptual designs and a
GMP contract was put into place for its timely and on-budget completion. The most important part of
this entire project is that the structural steel was design-assist based, and Havens Steel, a local steel
fabricator, knew the “ins and outs” of the industry and could provide the project with real, achievable
designs of steel. In other words, whereas a “foreign” or unfamiliar contractor may have been
conservative with steel designs and what can or cannot be done, the addition of Havens Steel as part of
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the design-assist process meant that they could contribute their expertise in the field and provide
factual data of what they can or cannot do in terms of fabrication, transportation and erection.

Combined efforts of the contractor and Havens Steel provided an advantage to the project in that small
inefficiencies that would cost time and money are eliminated through streamlining the process and
having the steel fabricator on board early. This not only helps produce a smarter design, but one where
no party is left wondering why the other party had designed or produced certain members in an
inconsistent way. For example, suppose that 14’ trusses were designed by the structural engineer only
to find out later that these must be delivered in pieces whose heights did not exceed 12.5’ in order to be
transported (height limits); these pieces would need to be put together on site, costing labor and time.
However, if the same structural engineer had run his design through a fabricator, the fabricator would
have instantly told him that trusses would need to be a little bit shorter in order to be transported to the
site and be installed instantly without further modification.

The ideas set forth above are what the intent of design-assist are; a collaborative approach to the
construction process focusing heavily on critical path items, in order to reduce inefficiencies and create
relationships with contractors who are competent and, through this practice, maximizing efficiencies
and minimizing all waste.

However, these cases cannot be quantified, as there is limited information about them especially since
the entity involved is now dissolved.

Relation to Moore

For the Moore Building Addition, the proposed design-assist idea is a very appealing one. It allows all
structural work to be performed early, allowing the most important critical path item, the structural
steel (fabrication, delivery and erection) to be performed in a manner that reduces the overall schedule
time.

Assuming that all else was equal, there could not have been a design-assist contract put in place as soon
as would be necessary to make a positive impact to the schedule. The benefits may have been to the
cost of the steel contract as there would have been fewer changes to the design. Along with long steel
lead times, this proposal would have hurt the project overall. But, the main reason design-assist would
not have been very viable on the Moore Building Addition is because the funding was not available until
mid-May 2010, which meant that a design-assist contract would have started late, essentially rendering
it useless (Schrenk).

However, if the “money-procurement-barrier” was overcome, design-assist would have accelerated the
schedule, and although not quantifiable, it is clear that there would not only be a benefit to the
schedule, but to the overall cost of the project (Schrenk). This actually makes design- assist for the steel
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contract a much more realistic option. Note: Assume monetary issues resolved, and funding would be
available 6 months in advance.

Risks Involved
Assuming that funding will NOT be an issue, there is a benefit to having a design-assist contract with the
steel prime contractor, but this is not without risks.

The first, most obvious risk is the risk that the steel design is not complete by the time a mill order must
be placed. Although this risk would cost the project a delay in the form of one day extra per day late,
this risk is exacerbated by the inability of trades to perform their work at their allotted times.

Design-Assist Minimum Risk

Contract Value $26,100,000.00
Project Time 577 Days (from ground breaking to project complete)

Project Cost/Day S/Day = 26.1M/577  $45,233.97

Table 3-1: Design-Assist Minimum Risk

As shown in table 3-1 it is clear that there is a sizeable cost to the project for delays. The value of the
entire project was used in order to stay consistent with previous cost comparisons. Also, the duration, as
stated, is from the ground breaking ceremony to the week just before handing over the building. During
this week the building would be complete by all standards. Finally, the cost is a little bit conservative in
order to refrain from always considering the best-case scenario and in order to prevent the owner from
running into costs that they have not been familiarized with. In other words, a cost of $45K per day late,
would not come as a surprise to the owner, should there be a delay.

At $45K a day, it is easy to rack up expenses, and the reason this cost/delay is conservative is also
because there are many other factors that are hard to consider. These factors may include, but in no
way are limited to the following:

e Laborers on available for short intervals needing to leave for other contractual obligations

e Equipment rental overlaps with other clients’ needs and, therefore, loss of rental money and
usefulness of equipment

e Material laydown area complications due to lateness of some items that would have already
been used and put in place had they not arrived late

These are a few of the factors that can prove disastrous, but are accounted for qualitatively in order to
be prepared for the risk. Additionally, the risks would not be so tragic with small delays of a few days,
and the project can recuperate, but essentially, there is a risk with delay on this project, as with any.
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Survey Results

As can be deduced by the qualitative information provided, it is hard to come by figures to help
determine the savings in terms of cost and schedule that may be achievable on this project. So, it was
necessary to create and send out a survey to some industry professionals in order to achieve a more
realistic determination of the savings involved with this approach.

The professionals contacted all had very similar views on the topic, which would allow one to be able to
make solid judgments on the benefits of a design-assist contract held with the steel subcontractor.
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1. What is your role in the construction industry?

50.00%

45.00%

40.00%
35.00%

30.00%

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

2. What is your experience with design-assist (DA)?

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%
0.00%
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3. How much more (or less) effective is a design-assist contract (generally)
in terms of schedule reduction than a typical contract?

70.00% -
60.00% -

50.00% -
40.00% -

30.00% -
20.00% -

0, .
10.00% _— - - ay _— _— -
0-00% T T T T T T T 1
<0% 0-20%  21-40% 41-60% 61-80% 81-100% 100+%  Custom
(schedule (schedule Response

is longer) is shorter)

4. How much more (or less) effective is a design-assist contract for
structural steel in terms of schedule reduction than a typical contract?

50.00%
40.00%
30.00%
20.00%
0-00% 1 T T T T T T T 1
<0% 0-20% 21-40% 41-60% 61-80% 81-100% 100+% Custom
(schedule(schedule Response
is longer) is
shorter)

5. How much more (or less) effective is a design-assist contract (generally)
in terms of cost reduction than a typical contract?

50.00%
40.00%
30.00%
20.00%
10.00% - A r a— A

0.00%
<0% (cost 0-20% 21-40% 41-60% 61-80% 81-100% 100+% Custom
is higher) (costis Response
lower)
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6. How much more (or less) effective is a design-assist contract for
structural steel in terms of cost reduction than a typical contract?

50.00%
40.00%

30.00%
20.00%
A A A A

0.00% -
<0% (cost 0-20%  21-40% 41-60% 61-80% 81-100% 100+% Custom
is higher) (costis Response
lower)

7. How would you quantify the risk involved with taking on a design-assist
contract as opposed to holding a typical contract with a steel subcontractor,
as a percentage of the contract value?

100.00%
L- ' —
0.00% - I I . . ; ; i

0% (no 1-20%  21-40% 41-60% 61-80% 81-100% 100+%
risk)

8. Would you choose to use design-assit on a similar project of your own?

60.00% -
50.00% -
40.00% -

30.00% -
20.00% -
10.00% - - i

0.00%

Yes, itisthe Yes, if the No, itis a No, it is Not Sure Other
best option,  steelisa hassle for unfamiliar
always critical path management territory
item and will cost
more
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9. Design-assist; your opinion on these aspects in terms of applicability. (i.e. in design
development "Average" means no benefit during this phase for DA)

Worst Bad Average/Indifferent Good Excellent N/A
Conceptual/Planning  8.7% 0.0% (0) 13.0% (3) 60.9% 8.7%(2) 8.7%
Phase (2) (14) (2)
Schematic Design 0.0% 87%(2) 4.3%(1) 65.2% 13.0% 8.7%
Phase (0) (15) (3) (2)
Design Development 0.0% 0.0% (0) 4.3% (1) 56.5% 30.4% 8.7%
Phase (0) (13) (7) (2)
Construction 0.0% 43% (1) 8.7%(2) 47.8% 26.1% 13.0%
Documents Phase (0) (11) (6) (3)
Constructability 0.0% 0.0% (0) 8.7% (2) 43.5% 39.1% 8.7%

(0) (10) (9) (2)
Change Order 0.0% 0.0% (0) 13.0% (3) 60.9% 17.4% 8.7%
Prevention (0) (14) (4) (2)

From the results one can assume that there is a great general pull towards using design-assist on a
project that is in a situation like the Moore Building Addition. An average number will be used to
qguantify the results, by multiplying each response with the percentage of professionals that had agreed
with it. For example, for question 3, the formula would be:

(0.6538*10)+(0.0769*30)+(0.0769*50)+(0.0385*70)=15.385%

Results Averaged

Question Average
3. How much more (or less) effective is a design-assist contract (generally) in terms of 15.385%
schedule reduction than a typical contract?

4. How much more (or less) effective is a design-assist contract for structural steel in
terms of schedule reduction than a typical contract?

15.769%

5. How much more (or less) effective is a design-assist contract (generally) in terms of 10.388%
cost reduction than a typical contract?

6. How much more (or less) effective is a design-assist contract for structural steel in  8.462%
terms of cost reduction than a typical contract?

7. How would you quantify the risk involved with taking on a design-assist contract as 13.88%
opposed to holding a typical contract with a steel subcontractor, as a percentage of

the contract value?

Table 3-2: Results Averaged
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The results shown in table 3-2 can be further

Final Analysis

Item % Average Original Quantity Increase/(Savings)
increase/decrease
Schedule Impact  15.769% 71 Days (from design to delivery of (12 work days)

structural steel)
Cost Impact 8.462% $1.28M (structural steel only) (5108,162.03)

Risk Involved 13.88% $26.1M (53.62M)

Table 3-3: Results Averaged

As shown in table 3-3 the savings are clear using conservative numbers. This is because each number
interval has a twenty percent interval, and only the midpoint was considered for each. And, although
this sounds like a bad design for a survey, the maximum was reached that the survey allowed.

Also, as can be shown in table 3-2, the design-assist contract type was very suitable in all phases of
construction, with many professionals accepting its use and its benefits.

Professional Opinions

Some of the survey results were in the form of text, and so, some of the recommendations have been
considered; first many thought it to be necessary to have buy-in by the owner for a successful project.
This is because the owner must be organized and determined when it comes to a different contract
type, and the owner’s response is crucial. This is mainly because the design-assist contract is one that
must be established very early, and being only marginally late defeats the purpose, so finding a
subcontractor to hire in the beginning stages is necessary and will take owner input.

There is also speculation that there is a sort-of “exponential” effect to allowing the design-time
reduction (as calculated) to be only a small amount of the schedule savings in the long run. Although

mentioned several times, the effect cannot be measured.

The reduction in cost also seems not to be directed towards a decrease in steel contract but mostly by
the reduction in change orders, and changes to design that may become costly. This is because the steel
would have lots of time to be “perfected” or come close to a final design very early. There would be
collaboration by the fabricator and erector as well to aid in the design, which would be the reason why
this is possible. Also, another very highly contributing factor to savings would be the ability to design
connections in advance, allowing savings to be realized in that sense.
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Another interesting point brought up by one of the participating professionals is that the purchase of
steel earlier would allow its price to be constant (like buying a stock!), which would offset its future cost
and allow savings in that sense as well. This is a very interesting point that is rarely raised.

Finally, the most important aspect is to select “trustworthy” or credible contractors in order to make
sure that the project goes as smooth as possible. Selecting based on low prices, for example, would
probably lead to much less desired results.

Conclusion & Recommendation

To conclude, the final impact that would be seen from the use of a design-assist contract with the steel
fabricator, are notable. There is a risk involved with the entire operation, and that risk had been
guantified as part of the entire project’s value. This means that the failure of the design-assist to meet
the time required of the original design would probably end up costing the project a significant amount.

All of the quantities used in the final portion were based on consensus rather than take the most voted-
for value, just to add or remove a necessary amount based on the input of the industry professionals.

Moreover, there are many points that point to a design-assist contract with the steel fabricator, all in
order to reduce the schedule time of the main critical path item of the project and allow the project to
finish early, even if only by roughly two weeks.

With the funding being the only factor involved with the inability to hire a design-assist contractor for
the structural steel, the final recommendation would be to — should time reverse itself and OPP found
themselves in the past — pursue this contract type. The barrier is one that can be easily overcome in the
realms of OPP as funding is available from many sources at any given time, and for a project that is
already under-budget, even the losses could cover the risk or borrowing from a different entity.

The whole idea of introducing design-assist is to be able to complete the structural steel earlier than it
would be now. The exact time that it will save cannot be solid, but based on the consensus of those who
answered the survey, there will be at least twelve days of schedule reduction. Simply said, there is a
stronger opinion that points towards there being benefits than not. There have been those who have
seen losses in schedule time due to a design-assist contract, although most design-assist contracts were
performed for the mechanical or electrical portions of the building. Very few professionals had direct
experience with structural steel DA contracts. And, although the results are not entirely based on the
survey results, the survey results do complete the picture, in a sense that they affirm what had been
discussed earlier in the report.
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Analysis IV: BIM through AE (Critical Industry Issue)

The Office of Physical Plant has been expanding its use of BIM by recently writing guidelines, contract
language and leading the way in terms of the implementation of BIM. However, they need lots of help
to generate models of all the buildings on campus and utilize them for all sorts of BIM applications.

Proposed Solution

As has been requested before, the OPP would like, through the AE department at Penn State, to utilize
some of the classes in the AE course in order to produce BIM models for some existing buildings. The
collaboration of the two entities would not only be beneficial to the OPP but also to the students
partaking in the classes.

Possible Drawbacks to Solution

Some of the drawbacks may be rooted in the inexperience of the students in creating models at some of
the earlier stages of their college life. This may emanate through models with insufficient detail, and lack
of other details as well as the possibility that some of the more “slacking students” produce completely
inadequate models.

Methodology

e Research requirements of a model by OPP’s standards, and what is useful and what isn’t.

e Research which classes may be available to take on BIM model producing and the experience of
students required in order to ensure decent models are produced.

e Conduct interviews to understand the typical problems with this approach and where there
would be lost time and money.

e Determine which level students are better suited to produce what type of models; architectural
vs trades.

e Research the amount of money that would come into the department due to this collaboration
and how this would affect the AE program as well as possible incentives for very knowledgeable
and experienced students to get paid in order to privately create models.

Resources/Tools
e Professor Paul Bowers PSU
e Dr. Ed Gannon OPP/PSU
e Dr. David Riley PSU
e Mr. John Bechtel OPP
e Colleen Kasprzack OPP/PSU
e Other PSU and OPP BIM professionals involved

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |



Final Report 2011

Expected Outcome

The expected outcome is that there is a very realistic and possible method to intertwine some of the
classes at PSU AE with the production of models that can be used to benefit the OPP and university as
well as the students through real BIM exposure.

Performed Research and Analysis

The most important part of this analysis was getting information from all parties involved or those that
would potentially be involved with such a project. This would include people from OPP’s side as well as
people from the Architectural Engineering Department, and those involved with the process, the
implementation as well as those involved with the finances and revenues generated from the process
itself.

Office of Physical Plant

The first step was to determine what the “client” wants. This means asking questions and later using
that information to create a concept that will suit both parties. This required the input of OPP personnel
in order to fully understand what is expected of the AE department.

The Office of Physical Plant are currently creating and developing a Building Information Modeling (BIM)
master plan, or a guide, that will help keep all BIM related activities and processes equivalent, to a
certain extent, and allow all projects that originate from within the university to hold many key
components common. Covered topics may include, but are not limited to, the software used to model
buildings, certain information inputs and how exactly to analyze the data.

Trial and Error

As of recently, there had been a trial (by OPP) to produce BIM models through the PSU-AE department
in order for OPP to utilize them for their purposes (discussed later). Some of these models met all
quality control expectations and were geographically accurate in that they represented, to a certain
degree, the actual buildings’ [being modeled] component locations. These include columns, windows,
mechanical equipment and such.

The other side of this equation consisted of some almost useless models, which meant that nothing was
gained nor lost. And, in between were models that could, through minor work, be useable. Small issues
like floating doors and inconsistencies with other “objects” in software like Autodesk Revit were not
uncommon. This is mainly due to the relative inexperience of the students who modeled the buildings,
and these students were primarily “2™ year” AE students who have either never used or had little
experience with Autodesk Revit.
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The Students and the Class

Before understanding the requirements and all the details involved, the students must be examined,;
this means understanding their capabilities and incentive to work. In this case it also means using
resources wisely as well as having a bit of luck.

Students who are working through AE all go through several classes in a universal fashion, and one of
the main classes in focus is AE222. This is an introductory class taught by professor Paul Bowers, and
allows students to experience 3D modeling as it relates to the construction industry. Usually, students in
this stage have no intention of backing out of the program but some do. So, most students are already
convinced of their major and knowing the “higher” standards required of students in order to enter the
major, most will be more committed to their classes and their performance; this is key.

The students are, by the time they reach 2" year, a little overwhelmed by their workload, and are
probably going to need incentive in order to create models that will benefit both themselves and can be
used by OPP. This means that a set of standards must be clear to these students in order for them to be
able to perform. This would prevent confusion.

What is OPP Looking For?

The Office of Physical Plant is looking for useable models. This does not mean that they expect a model
that has been created by a professional, but a model that can be altered slightly, or not at all, and be
used for their purposes. These models would need to be evaluated by OPP staff and verified with typical
landmarks in order to ensure relative compatibility with the existing buildings.

Although the trial and error has not been a resounding success in the past with this approach, it is still a
very viable option as it is now clear that a plan must be put in place before setting off to do this type of
collaboration.

The types of things that the OPP are interested in are, among the modeling of existing buildings,
modeling renovations. This requires renovations block plans, which can be provided by OPP. The same
goes for existing structures whose block plans are all available. In total there are a little over 425
projects that need to be modeled, and although some may take much shorter time than others, they
need to be done.

In order for these models to be modeled, there must be guidelines and standards that are required in
order to deem a specific model useable, or not. This is crucial to the success of the project, as without
guidelines, nothing can be quantified in a reasonable manner; it would be one guess against another in
determining if a model would or would not meet criteria. In fact, having gone through a trial period, the
issues involved with the trials would best be used as a guideline for making a guideline! For example, the
knowledge that floating objects does not render a model useless is a good tool to help evaluate a model
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that suffers from floating objects in several locations. However, it may be extremely important the 2D
drawings be very accurate, whilst the 3D is an added benefit and a learning tool (explained later).

Value
The next question to be addressed is the value of a model. How one evaluates this is very important, as
there is more than one answer.

Typically, a 3D model can cost anywhere from $20K to $S40K for an architect to produce, but with an
influx of information that must be input into a BIM model, the cost can rise to as much as $100K
(Bechtel). Simply put, a 3D model is simply that: a 3D model of a building that shows structure,
enclosure, M.E.P. and possible textures. However, a BIM Model is much vaster, and includes information
on, mostly, the mechanical, electrical and plumbing equipment. The idea is to be able to point and click
at any object and retrieve all relevant data of it, including its manufacturing facility to its specifications.
This eliminates the need for separate data sheets and submittal forms and centralizes all information
into one, albeit large, model file.

In summary, a typical model could be assumed to be worth $30K, for a normal sized building, and
although this is a generalization, this is what will be used as a value for a model with no information tied
to it. A typical model, with information tied to it would cost a total of $70K (assumed as well). This will
be used to quantify results.

The Ultimate Goal

In order to fully understand the OPP side of the deal, one must be extremely clear on the intent of the
project. For OPP, the ultimate goal is to be able to use the BIM models for maintenance, facility
management, and enterprise management system, preventative maintenance, ordering items and
equipment and all categories that fall under the aforementioned (Gannon).

Preventative Maintenance and Maintenance

This is the consistent and constant caring for and maintaining of equipment to make sure that
equipment is operating within acceptable standards, in order to prevent incipient failures or to prevent
major issues or defects from occurring. A BIM model can streamline this process by providing
information in one centralized location, allowing for ease of access. Finally, digital checklists can be
integrated into this process similar to how commissioning would work, and allow for instant information
retrieval and submission. In other words, management does not have to dig for anything.

Facility Management and Enterprise Management System

Also known as asset management systems, the current form is Maximo in OPP, and is already used to
streamline the work-orders and such with maintenance. It is a system designed for OPP’s needs but is
not proprietary. The way that these systems would be further developed in the presence of full BIM
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models is not by simply replacing them, but by actually integrating the entire system; again, a
centralized model that holds all/most information.

The recent developments in this portion of the BIM development phase at OPP includes a collaboration
between OPP and a hardware/software developer to combine the asset management software
(maximo) with the BIM models for total information centralization.

Added Benefits

Some of the added benefits that could be used but would not be deal-breakers include an integrated
B.A.S. (Building Automation System), space management and operational management. Operational
management means things like figuring out how long it takes to clean, for example, a typical room. This
would, in theory, be able to create a very information-wealthy model, whose aim is not to overwhelm,
but to make sure all required information is available at any one given time. Cloud computing would
become a more viable option in the future, but for now, these are the main added benefits.

OPP Guidelines

For the AE department to know what is acceptable or not with these models, there must be a set of
rough guidelines to help clarify all the dos and don’ts. The first thing to be known is that the models do
not need to be 100% exact to the last detail. In fact, that is not what is being pursued out of this project.
In order for a model to be useable, it must be representative of the spaces allotted (i.e. a 100SF room
should be about 100SF +1SF). The spaces should have the ability to, in plan-view, look very similar to the
actual drawings, which could be provided by OPP.

With a 3D model that looks quite similar to the drawings provided by OPP, the model instantly becomes
useable. Walls, doors, and windows should be accounted for but specific materials do not need to be
input into the model, as that can be fixed by appropriate personnel.

Since a push for a much more elaborate mechanical plan is desired, the best situation would be 80-90%
accurately model. Also, with quality control being an issue for the modeling process, there would need
to be some type of qualitative approach to determining the usability of the modeled ductwork, electrical
work, etc. of the models.

In summary, OPP would like models to come out of the AE department, but they are not very picky
about every last detail. In fact, they are more focused on getting what is offered, but would like there to
be a little more added if it both benefits OPP and the student, as ultimately, the students’ main priority
is learning, so if nothing is to be learned, this whole idea is instantly wasteful!

Penn State AE Faculty

The second entity in this operation is the faculty of the AE Department. In particular those whose classes
would provide the bridge required to produce the models. Their willingness to participate and their
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knowledge and vision of what a class is and should be teaching is what will determine the next set of
guidelines to aid in the design of a suitable course in which both parties will benefit from, with
absolutely no cost to the student, as their education is prime in the AE department.

Another Side to the Story

Previously mentioned, there was a trial done in the past in order to help create models for OPP through
Professor Paul Bower’s AE222 class. In the eyes of Mr. Bowers, this was a fairly successful trial with
some students performing below average (as OPP saw) and some exceeding expectations. Models like
that of IST were created and were up to standard. They included structural as well as other building
components and the building representation was fairly accurate. However, that was one year ago in the
spring of 2010, and the AE222 class has shifted back to looking for house models to do from the
internet.

Bang for Your Buck

Most important to the AE department is to provide the students with a learning environment that is
suitable and promotes their learning. Whether they benefitted OPP by creating models that
accomplished the goal of promoting learning was an added benefit. However, it was not foreseen that
creating the models would cost the AE department. In fact, that was counter-productive. There was a
roadblock that stopped the project dead in its tracks, which was a cost of $1/Sheet for the drawings of
the buildings that would be modeled, and this was simply not feasible for the AE department (Bowers).

In summary, assuming 5 groups worked on the drawings of different buildings, and each building
consisted of 500 sheets, that would come to a grand total of $2,500 per semester and S5K per year to
create these models. This was simply not appealing and made no sense whatsoever, especially since the
final product was going to the OPP, who was purportedly going to pay for these models.

To say the least, it was probably lack of communication, lack of guidelines, and lack of a formal
agreement that resulted in this, as it seemed to the observer that neither of the parties fully understood
what the other party wanted.

Guidelines for Developing this Project

For AE222, Professor Bowers has a clear idea in his head of how it is to progress and develop. Some of
the things he wants for his students are universal, regardless of the modeling abilities of the students.
They are as follows:

e Every student that partakes in AE222 should have an equal learning opportunity in learning
(i.e., every student should be exposed to the same exact material and not have each student
performing a single task in order to be brought together as one final product)
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e Tedious tasks like modeling fittings and couplings are not beneficial from a learning
standpoint, and do not promote learning, but waste time

e Students cannot be made to keep re-doing models until they are up to OPP standards, but
they are expected to perform at a certain level (at C grade or above).

Some of the concerns with this approach is that some students, when matched up together, may
produce exceptional drawings, but the class’s focus is not simply that. Ideally, the class should support 5
groups of 5, all with their own project being done and coordinating amongst themselves so that each
student gets an opportunity to experience all levels of the modeling process, from lighting, mechanical,
structural, enclosures and electrical and lighting. This is a tall order and requires a well-designed
approach in order to be fulfilled. A key stressing point is that tedious work is not beneficial to the
students and is not the goal of AE222.

Finally, it was brought forth that new forms of integration have been in the works, and this may be the
missing link; using full building drawings. The new form of integration was performed in the recent 300
level classes, as a way to allow students to learn the integration process side-by-side with all the classes
in the same semester (minus structural class). The benefit is that from class-to-class the students can
relate all building processes. This has value to the OPP/AE dilemma!

Putting the Information Together
In an effort to determine the best route for both parties to go so that they both see a benefit is to find
requirements by both, and determine which ones can and cannot be fulfilled.

Rating Scale

OPP Wants Minimum AE Can Provide

3D Model 4+ 3+

Structural 3+ 2+

Enclosure 3+ 3+ Scale

Mechanical 4+ 2+ 0 No Model

Lighting 3+ 2+ 1 Model Needs Most Work
Electrical 4+ 2+ 2 Model Needs A lot of Work
Plumbing 4+ 2+ 3 Model Needs Some Work
Fittings 1+ 0-1 4 Model Needs Little Work
Details 1+ 0-1 5 Modelis Perfect

Table 4-1: Rating Scale

Table 4-1 shows the relation of what is desired from OPP and what the AE department can realistically
provide. Fittings and details are rated at 0-1 because they are a tedious item for students to model and
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represent little-to-no value from an educational standpoint. Plumbing, mechanical and lighting are the
greatest focus of the OPP and if anything, they would want these to be modeled as best as possible.

The First Idea

In the end, those at OPP need to obtain 3D models should they arrive from a professional’s office or the
students at PSU AE. And whilst doing this work in class during learning is a great idea, modeling small
things and being repetitive with them (like fittings, nuts, bolts etc) may defeat the learning goal of this.
So, as a suggestion, it would make most sense to have a secondary modeling entity that would do all the
tedious modeling, once the students have modeled the main part of the building.

The first idea was to have 2™ year AE students model all components of the building and then have the
4™ year students perform more detailed parts of their work on the building. These may include things
like lighting, mechanical and electrical being refined by 4" year students. So, although the model will still
not be perfect, it would become much more useable; all major equipment would have a space and
designated model to represent them, minus small fittings and, essentially, the nails on the board!

However, this idea is not as easy as it seems. A lot of the work now is removed from the original scope
and there is a great amount of work that is generally not required in those classes, but may still be
beneficial, like inputting information for certain equipment.

A Refined Approach

The first idea is a bit more general to allow one to start thinking “outside the box.” This, however, is not
sufficient. A plan must be put into place, and one that can be adapted for real use within the two
entities.

Classes

The 2™ year class always spoken about is AE222, whilst the 4" year class is AE444. Both of these classes
are taught by Paul Bowers, and are the greatest learning tool for modeling besides 4™ year studio, which
is reserved for creative thinking. So, that class would be best left to the architecture department to use
to enhance the innovative thinking of the AE student. Given models to model in a class such as 4™ year
studio would defeat the entire purpose of the whole project.

Shortcomings

In AE222, the first proposal would have been to have 5 groups each focused on one portion of the
building. So, for example, group A would consist of 5 students creating an electrical model, whilst group
B would start producing the mechanical and so on, until all groups would gather in a fashion similar to
that of a BIM coordination meeting, and bring all the parts of the project together. This seems very
idealistic, especially if you assume that each group is made up of students willing to pursue that option
that they are modeling for. However, this overly-simplified idea has its flaws; first of all, you cannot
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determine what each student wants to do especially during the 2" year. Secondly, every group of
students learns a completely different thing. They are not all exposed to the same material and this is
simply not what the AE department wants.

The second approach would be the exact same idea, except divided into groups of 5, where each
member models one portion of the building, all to be brought together by the same group. This,
although done previously (speaking from experience), exposes the students to each other’s models in
order to coordinate between one another. At that level in college, very few students would completely
retain the knowledge required to benefit from all the different types of modeling. This means that
although the two previous approaches are not ideal, they are quite useful.

Dual-Benefit Option 1: A Simple Approach

The first option, which is much more focused on a quicker production of a model, is the approach that
students in AE222 are grouped into groups of 5, as usual, and each group is responsible for a system of
each floor. The main idea is that there must first be 5 floors to the building, or a building would need to
be split up into portions that would need to be placed back together into one final model. The main idea
is that, for example, group A perform the mechanical, lighting and electrical, structural and enclosure for
the first floor and the rest of the groups do the same for their allotted floor or even their section. This
would be brought together to form an entire model in the final stages of the project.

NOTE: Dual-Benefit refers to approach based on a direct communication between OPP and the AE
department, and not the student directly. Do not confuse with Internship approach.

Challenges

The main challenges would be how to distribute the building, especially since some floors might be less
demanding than others. Also, to coordinate with students that have very limited knowledge of the
subject may be a challenge.

Benefits

The main benefits of this approach are that the entire project is contained in one class, and the models
can be produced on a semester basis, whilst also exposing every student to all options of modeling and
allowing them to figure out on their own what they like more or less.

Dual-Benefit Option 2: Dealing with Details

The second option is what may be called a fully integrated approach. It is based on the idea that the
model-producing can stretch into 3™ year and even 4" year. This would be achieved by allowing the
same students in AE222 to create models similar to those created in option 1, but with much less time
devoted to simply creating models, and more time focused on the rest of the class. This means that
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although each floor is created, to a certain extent, with all the components, there is no need to put it all
together... yet.

With BIM becoming a much bigger industry focus, proper exposure is key to differentiating students.
The way this can be done, in order to have students that have simply seen and done all portions of the
BIM process at one point or another, is by attempting to take all classes that require students to model
new structures (e.g. AE311 modeling rooms for lighting purposes, AE309 modeling an acoustical room)
and using the time to do that, to instead model portions related to the class. So, let’'s assume that
building A has all 5 floors modeled but they are all separate. These would be logical events to occur:

1. The model would be further enhanced by adding lighting fixtures in AE311 and performing the
rest of the class accordingly. In the second portion of AE311, electrical equipment can be added
and analyzed with some data input where necessary.

2. The model would be further enhanced for inputting mechanical equipment data for at least a
few of the mechanical equipment in AE310

3. The model would be tested for reverberation times and such in AE309, and allow the students
to optimize the rooms (which could become an added benefit!)

4. The model would be then put together in coordinated BIM-meeting-setting in AE372. This would
be the coordination of all trades to find clashes, fix them and learn the process first-hand!

5. Finally, since now AE308 is in the spring for most students, the members can be analyzed for
deflection etc. when modeling in STAAD as opposed to modeling arbitrary buildings.

6. If time is not an issue, AE444 can be used to turn these buildings into movie subject, and allow
for decent renders to occur, as well as placing them geographically on a central map. Also items
like textures can be added to some portions like the facades, in order to complete the package.

The idea is simple, but it focuses on as much exposure as possible whilst preventing the focus of the
classes from being all on the BIM portion. It allows portions to be done in each class, but in a relative
manner.

Challenges

One major challenge here is that buildings must be carefully selected in order to be beneficial. Also,
buildings with very sophisticated systems may be tough to model and will fall through in these classes.
What this entails is that a selected building must meet certain criteria in order for it to be useful to the
students. Although just an assumption, this may drop the available projects that can be done from the
total of 400+ to less than 50. Also, coordinating the models’ progression through two entire years may
be a tough process, and one that requires extensive management.

There may be “anomalies” with students who arrive in the spring and try and catch up, which may
expose them to a mix of classes where they may have to sacrifice the singular process of seeing a model
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from beginning to end, although this would not be too much of a sacrifice. The reason this is a challenge
is that there is a very important value to seeing the project’s entire life cycle from beginning to end. It
would definitely take away from the learning experience to jump from project to project, but the “harm”
would be minimal considering that assimilating into a new group would not be a tough part and can be
accommodated.

BPY (Buildings per Year)

The amount of buildings that can be produced each year, or cycle of three years, is debatable. This first
item to consider is that no two buildings are equal, and whilst there may be two 5-story buildings, one
might require very little modeling effort due to repetitiveness and size, whilst the other may take a
much longer time. In order to make the process more efficient, a SF requirement would need to be
made in order to determine, based year to year, how many groups are needed to perform the modeling
process without interfering with their workloads in a detrimental manner, as the goal is not to overload
the students; this is not their job.

It is very difficult for one to simply assume what would be a necessary building size, and the only true
measure would be through trial and error. However, since a building as large as the IST building was
produced by the last class to take this project, the threshold is large. Also, a larger project may require
an entire class to participate in the “floor-to-floor idea” (the idea that each group takes on a system on
each floor, allowing every student exposure to all the systems), while a set of smaller projects (for
example 5 small buildings) can be appropriately divided to allow each student the same exposure to all
systems by alternating between each system on an individual level as opposed to groups created from
an entire class. These are the two extremes. Typically, the goal will be to achieve a consistent SF for the
entire class.

Liquidity

Returning to the assumption that the amount of projects that are usable would fall from 400+ to only
50, and assuming that every three years, five projects would be produced, that gives the entire project
an estimated life of thirty years. Whilst this may sound very limited there are more assumptions to be
made; assuming that each three year model would be up to a very high standard (3D model, with most
systems including some data inputs into the models), there may be upwards of $60K allocated for each
model. In other words, every three years the PSU AE department would earn $300K, or close to $100K
every single year.

The returns would not be seen until the third year, after which each following year would produce an
income for the department. Undoubtedly, each project would be evaluated differently, and whilst the
proposed earnings above may seem good, they are in fact optimistic. However, that is not to say that
they are unrealistic, as they do hold great value to OPP and their ultimate goal as part of a larger system
and the savings they would ultimately generate are probably a large factor in OPP’s investment in them.
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Monetary Challenges

Models produced can be assumed to have an average value of $60K+10K. The margin is large, but it is
important to realize that the money generated cannot be considered a constant. This is especially true
when investing the money into something constant such as hiring a new staff-member. It is instantly
appealing, but the large risk involved with this volatile project puts such investments at risk, especially if
the project does not deliver; there is always a risk involved.

The reason why every year, as certain SF should be targeted is to keep the income more of a constant,
and allow the project to be very systematic and allow all errors to be ironed out throughout the
project’s life. For example, if the SF target was 250,000SF, the buildings may come in sizes of five
50,000SF buildings, one 250,000SF building (not many of those!) or any combination that comes within a
reasonable range of the target. That would allow the above argument that each model come in at S60K
to be somewhat invalidated, and may be the reason to start a cost/SF for modeling.

Process and Design
This section will cover a possible course design, by attempting to simplify all data presented above, with
some more information that can be deemed useful.

AE222

This class, instructed by Paul Bowers is the primary candidate for the models and the syllabus has been
examined in order to determine what would be consistent with the material that it intends to teach and
what may not be. From the syllabus, this is what is required in terms of 3D modeling:

“Create the following, utilizing the latest version of Revit and AutoCAD in accordance to the National
CAD Standards:”

Requirements Relates to OPP Models? (Yes/No/Possibly)
a. BIM Model Y
b. Floor Plans Y
c. Elevations Y
P
P
Y

d. Exterior Wall Section
e. Building Sections
f. Floor Plan/s with Lighting, Electrical, HVAC, Plumbing

g. Reflected Ceiling Plan

h. Title Block

i. Roof Plan

j. Foundation Plan

k. Structural Plan

. Site Plan (Parking, Landscape, Zoning)

< << =<7wT<=<

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |



Final Report 2011

m. Stairs Y
n. Details Y
0. Schedules (Room, Door, Window, Lintel, etc.) Y

Table 4-2: AE222 Requirements

The course clearly covers a lot of what is being asked for by OPP and it would only make sense to
incorporate the two for the benefits that both parties will receive.

A direct inclusion of the topics that are required in AE222 is not established in the 300 level courses, but
the design will cover the basic requirements.

Process Method

OPP & PSU AE collaborate
to select target SF and
cost/SF expected as well
as SF limits (if OPP budget
limited)

Models produced in
“fragments”

Model acoustics analyzed
and optimized in AE309

Preliminary building lists
selected in order to be Model MEP enhanced in
used for modeling; AE 310 and AE 311
drawings prepared

Model completely put
together in AE372 as a
final piece

Model details and
textures enhanced in
some areas in AE444

PSU AE assigns drawings Model structure utilized
to students in AE222 in analyses in AE308

Figure 4-1: BIM Process
The process outlined in figure 10 shows a simplified method of starting at zero and ending with a
product. Its idea is based on a model that can be expanded at each stage in order to make each stage
more efficient. This can then be further improved to remove or even replace stages to realize the
process’ full potential.

Trial and Error

This process requires trial and error in order to become a feasible, sustainable and beneficial project.
Every process must undergo analysis in order to remove small design errors. For example, in order to
determine an appropriate SF count, both historical data on earlier projects, as well as new data can be
used and combined to determine the average square footage that a typical class can successfully model
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without jeopardizing their education. The most important point, as stressed over and over is that the
most important factor to realize is that any part of the project that takes away from the educational
aspect is immediately removed from the design and process. It is important to always keep in mind that
this project is not designed to simply create models for OPP’s sole benefit, but rather a much more
complex approach to designing a process that allows the project to essentially “hit two birds with one
stone” by allowing students to benefit from all the same educational characteristics of the modeling
process whilst creating a model that is not only useable by OPP, but first by the students in a number of
courses that allows them to be exposed to the most cutting edge and be on the frontlines of the new
wave of BIM integration. This idea requires close monitoring and an efficient trial and error process that
allows itself to become more and more streamlined as time passes.

BIM Information
In order to further understand the benefits of BIM, one must understand the components and portions
of BIM that make it what it is and allow its use to be efficient.

Asset
Management

Space &
Operational
Management

Preventative
Maintenance

Figure 4-4: BIM Model Relationship
Chart

Enterprise
Management
System

B.A.S.
Integration

Ordering Complete
Capabilities Item Data

Maximo
Integration

Figure 4-4 shows the different things that can be done using a true BIM model, since BIM is often
mistaken for simple 3D models; It is, by definition, the integration of a 3D model with information that
pertains to the building itself.
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What Isn’t BIM?

One particular issue is that many professionals and owners do not know what is not considered BIM and
why. As mentioned earlier, BIM is not simply a 3D model, as that is simply a 3D model and not a BIM
model! The reason is that the model is a visual representation, but one that cannot be used to aid in
design or integration processes. It also does not aid in the construction process, so it is practically just
visual. Another point is a model with objects whose sizes and parameters cannot be changed, is one that
is not considered to be a BIM model.

BIM for Owners (Eastman)

BIM is often talked about in a sense that is advantageous to the constructors and fabricators and
subcontractors and all entities involved with construction except for the owner. The owner is usually left
out of the equation except in terms of visual representations for “pitches.” The BIM tools used are
actually catered to those entities and not the owner.

One of the biggest issues with BIM models is that typically, once the building is constructed, the model is
not updated. This causes the model’s value to drop exponentially as its use is done and no longer is it
needed or useful. This actually creates a dilemma; to update or not. The value in this may not actually be
realized instantly, and may cost a lot up-front, which is the case for the analysis at hand.

With facility management being one of the most important parts of the BIM models to OPP, one must
consider the actual benefits. So firstly, the models are a long term investment in that they are not
forgotten and “left to rot.” The models must always be monitored and done so to reflect changes in the
buildings systems and geometry. That being said, the gains are very noticeable even from day 1 or the
system being in operation. Inefficiencies due to activities like maintenance and labor entering data by
paper and filling out forms and inputting data at a later time in a computer can be entirely eliminated.
There will be no need to have anybody hired to collect and enter data; instead the laborers can do this
directly to the BIM model. In turn, this can be all viewed by the owner (OPP) in one single location to
streamline the process. In other words, the models will pay for themselves eventually.

The most important point to gain from this is that using a BIM model is going to have benefits, but it also
comes with commitment and the need for the owner to supervise the process and ensure a quality
product results from this.
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Keeping it Real!
Being realistic is the most important part of this project, and while the aforementioned class design may
be appealing, there are some major flaws in it.

Firstly, the program does not look at the problem in which students are almost literally “forced” to carry
out this project. The fact that the entire design of the class emanated from the two parties involved
benefitting does not mean that this should take away any benefits that are already being realized in the
current situation for the students. So, this means that the students should not have their education be
force-infused with the OPP project to make models, no matter how profitable and beneficial they are. In
fact, just the opposite needs to happen (discussed later).

Secondly, the modeling scenario presented in “A Refined Approach” is very optimistic and relies heavily
on all things going well. The issue with this is that there is little or no room for things to go awry, and if a
model does not come out well from second year, the students will need to deal with it throughout third
year as well. This is less than ideal, but also very likely, as the students who make the models are not all
experts and not all is interested in the modeling aspect of architectural engineering. And as things stand
now, not every student that graduates from the program is, or needs to have intensive knowledge of the
modeling process.

Finally, in order to address these issues, students need to be in control of what they are learning to
some degree. So, the fact that what they are doing is producing a product quite literally, is a bit of a
weird position to be in, especially when that may not be their interest.

Real Expectations

Considering that the OPP’s current as-built drawings are a little outdated, the modeling of buildings may
be a challenge. Some M.E.P. systems may not be accurate, and may not be able to be represented in a
fashion that satisfies either party. There will be a lot of wasted time gathering drawings and information
and whilst this seems like a quick-fix, it is not. Some models may not have all required drawings, while
some may. Finding these drawings may be a new issue altogether as there is quite a few buildings whose
drawings are very old, and may need special attention when being handed to students.

Moreover, the expectation that students would be able to model M.E.P. in a manner that is useful is
“expecting a lot” and may be a setback to the OPP in terms of a sunk cost. In other words, OPP’s time
investment as well as possible monetary investment in the project may not be realized when unfinished
models, or unusable models are produced; there must be enough control over what is being asked for,
as well as incentive.
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The Solution
The solution might seem like an “all-inclusive dea

|”

but it is not. It is merely a better method of looking
at this entire project, and understanding the ultimate needs of all parties involved. The risks involved
with taking on a project like this when the end result is actually a product, is high. The whole idea
focuses on the need for models and the ability of OPP to “exploit” the position it is in, in a sense that
they are hitting two birds with one stone (instead of paying a higher premium at a specialized company).

Accuracy

In order to have this work, students CANNOT be expected to model more than just the exterior and
architectural components. In other words, the most valuable portion that can be realistically modeled by
students in a 200 level course in AE, is the exterior and interior walls of the building, with some facade
details. Essentially, this is what they learn anyway, and the model being produced would not affect their
learning.

Internship Approach
Although this seems like a very simple idea, an internship would be a very attractive method of
producing models, and is so very many very good reasons.

e The students who perform well modeling in the 200 level classes can be selected based on
known performance, which can drastically reduce the time necessary to identify possible
candidates.

e The incentive to work and both be paid as an intern, as well as have it shown on a resume is
great for any student.

e OPP would have total control over the required content of the models, and can easily monitor
the process and have a hand in their investment; this is much more appealing than “hoping for
the best.”

e The process can easily be flexible and accommodate students’ needs, as well as the ability for
students to work either in a specific location or in any campus lab.

There are drawbacks as well to this approach as well, with the most noteworthy being the fact that the
AE program will receive very minimal earnings from the process. Since this should not be a political
debate, that shouldn’t be a problem as the opportunity of exposing students to a working environment
is much more beneficial to them than producing a product with little incentive, for another entity’s use.

Off Limits

One final point to consider is that there may be quite a few buildings on campus whose drawings cannot
be accessed for security reasons, and that may not hinder progress, but would possibly require more
debate as to how they would be handled. A simple starting point would be to only model the facade and
exterior walls, with not information provided on anything else in the building.
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Conclusion
To conclude, table 4-3 shows the possible risks and benefits of the modeling process if the in-class
approach was taken.

Risks and Benefits of the Process Method

Benefits Risks

Models provided to OPP May be detrimental to education

Income provided to PSU AE May be extremely time consuming

Students exposed to mechanical BIM modeling May relocate focus of classes

Students exposed to lighting/electrical BIM modeling Possible failure of 2-3 year process if not
coordinated well enough

Students exposed to structural BIM modeling Models not updated lose value

Students exposed to BIM coordination and
management processes

Table 4-3: Risks and Benefits of the Process Method

With technology changing rapidly before our eyes, getting students in the habit of using the tools
provided by the industry is a way of setting them apart from the rest of the graduates in this field. The
ability to enter the market with years of experience with these tools is not only an added benefit to the
students, but to the industry as a whole; it promotes the efficiency of these processes and allows the
students to become leaders. This is perpetuated by their knowledge of the systems that they design, as
they are not only experts in the 3d coordination and integration aspect, but can also perform all that
they learn in theory and apply it to real-life-applications.

The advantage to OPP is that they will receive models that can only get better with time, as the process
will get more efficient and become a dedicated learning tool for the professors at PSU AE, whilst
allowing the models to be used by a separate entity in a manner that benefits both. The foreseeable
benefits are endless, but the process must be closely monitored and controlled to ensure the main goals
are always kept at hand, preventing the process from turning into something that it was not intended to
be; a job.
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Recommendation

In this particular case, despite the effort to realize the potential of a class that will serve the students
and the university, the project is unfeasible. It is true that if all external factors are very highly controlled
and all students produce to their best potential, the process may be very successful. However the risk is
high considering the real situation. The need for many external factors to all be in harmony is too much
of a risk and shows that the approach is extremely optimistic. The factors include:

e Up-to-date models required for all systems

e Very quick Reponses to any queries about the drawings as not to waste-students time looking
for information to be provided

e Students must perform at a high standard for all approaches to work

e Access to drawings must be immediate (finding out midway in the project that certain drawings
are missing would be very wasteful to the student)

Whilst the factors are just a few, they are enough to deter from having the 2™ year students modeling
for an external cause. This is not to say that the success of the project (no internship) is impossible, but
it is highly unlikely as it depends on more than one factor greatly outside both parties’ (PSUAE and OPP)
control.

Finally, it is very wise to consider the internship approach. This is an overly-simplified solution, but
without the resources and time to continue to study the “dual-benefit” approach, one cannot come to a
solid conclusion. However, based on the information provided and the research conducted, there is a lot
of conflicting ideas within both entities, with no clear boundaries drawn on what exactly is
wanted/expected from either entity. And with control being one of the most important issues, the only
way to fully control the product is to directly pay for it. Although it may not seem fair for AE PSU to “give
up” its students to work outside its boundaries, there are clear benefits to that.

LACCD e7

The LACCD (Los Angeles Community College District) employs an internship program that benefits the
university through internship works. It operates under very similar principles and allows students
internship opportunities that benefit the university. One of these programs, called e7 studio
(e7studio.net) does what is very similar to what PSU wishes to achieve. Although communication was
limited with this entity during research, the success of this project is very realistic.

Final Words

In a final conclusion, the most effective approach at based on information provided and received within
this report, the most viable option for the problem statement at hand is to employ an internship based
approach.
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Final Conclusion
To conclude this thesis report, it is important to note some of the lessons that have been learned as a
result of this research, which would not have been learned otherwise.

Analysis 1

In this analysis, it was determined that asbestos is a major contributor to issues and problems when
dealing with renovation work on buildings that were built before the 1980s. It is a crucial part of the
project to understand the health risks involved with asbestos and not to underestimate the importance
of its removal.

There is also the concern of demolition, and that demolition is not necessarily dealing with charges and
explosives. In fact, it may be a carefully choreographed event in which a crane and other heavy-duty
equipment are used to tear down a building.

In terms of the Moore Building Addition, it would be advised to tread cautiously when selecting one
method over the other, as delays in the project may occur due to unforeseen circumstances. Also, the
risk of not shortening the schedule is high considering the short timeframe of the project.

Analysis 2

One important piece of information learned is that there are many variables that go into the selection of
a new design. It is not a simple task to simply take a given design and adapt it for use with a new facade.
In the case of the Moore Building Addition, it would be best to consider a precast facade system as the
savings in time are extremely high. Also, there may be savings in other areas due to the high reduction
of on-site crowdedness. It is without a doubt, a very appealing route to go with for this building.

Analysis 3

In researching design-assist as a possible contract type, one of the most important lessons learned was
that there is an inherent lack of communication between key people involved in some projects. For one,
the information provided as to the structure of the projects was differing from two separate entities in
the physical plant.

It is also almost impossible to quantify ideas with no comparable data; surveys are a very helpful tool in
this situation.

Analysis 4

In the last analysis, the most important lesson learned is that the answer that may be most useful may
also be the simplest. It may not always be that the complex route is the one to provide the best results.
Although it may, the time available made it hard to delve deep enough to find out just that. However,
based on the research, the internship route looks the most promising.
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Appendix A - Existing Conditions Site
Layout
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Appendix B - Detailed Project
Schedule

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |

99



2011

Final Report

T 28eq
— ssaido.ud Ajuo-uoneing SHySe] |eutaIx3
4+ aulpeaq EE— NSBL [BNUBIAL A Atewwng 193f044
C Ajuo-ysiui4 ABUWIWING SAIIDBU|  A— Asewwing 0T/T2/0T NyL :31eq
3 Ajuo-ue1s 3U01S3|IAl dAIIRU| . 3UOIS3|IN 3INA3HIS 1IN4 :128loud
- o Asewiwins jenuepy NSBL BAIJIRU| nds
—— dn||0y AJewwns |enue SUOISTYIA [BUIIX] . ysel
»yomaus €C
NOILDNYLISNOD T
1¢
| T1/82Z/TTUON  sAepyz  ONINOISSINNOD ANY 1SIHONNd| 0T
sz/iT ¢ TT/SZ/TT 14 shep 0 NOILITNOD TVILNVLSENS 1D3roud 61
a TT/8T/TT 14 sheps NOILD3dSNIT¥NId ONIglng) 8T
| 11/82/0T 144 shep og ONILSAL WNOILONNA, LT
| T1/82/0T 14 sheps NOLLDIJSNI ¥NI4 oNiganTd. 9T
.| T1/82/0T 14 sheps NOLIDIdSNITYNI4 T¥2I10313 ST
n TT/82/0T 14 sAepS  NOILD3IJSNITYNIA IWIINVHOIW  PT
e T1/8¢/0T 4 sheps NOILD3dSNI VNI ADYaNI| €T
o T1/82/0T 14 sheps  NOILD3dSNITVNI4 ALITIGISSIDY  CT
| TT/82/0T 14 sAep S NOILDIJSNI TWNI4 NOILDILONd 344 TT
s | TT/LT/OT WO shep 0z JoNvIvaanv isat  OT
INLSAS HILYM
/M TT/ST/6NyL  SAep QT LOH Y04 ONILSILIYNOILNINIYd 6
¥3LVM Q3TTIHD
TI/6/SUoN  shepg 404 ONIISILIVNOLONNATYd 8
3qis
T1/6/5 UoN shep s HIV 4O4 ONILSIL IYNOILINNIYd| L
6/s ¢ TT/6/5 UoN skep0  1Sv3 '8 HLYON NI-A¥d ONIQTING| 9
g8z/t ® 11/82/Z UoN shep o 1SIM NI-AYa ONIgTing S
ge/t * TT/8¢/C uon shep o YIMOd ININVINYId P
xI 0T/%/9 114 Aep T ANOW3Y¥3D ONINYI¥E ANNOYD, €
saNnotsanwn ¢
T

ga4| uer [2aqg[aoN 100 [das |[8ny | nf [unr [Aepy Eq.‘_m_\,_‘o_mu__ uef [23g |AoN | 300 [ das [ 8ny | |nr T unr [Aepy|

(41174

1102 |

uelsuoneing

oLWepN se| al

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |

MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |

100



2011

Final Report

Z 989ed
— ssaifouly e Ajuo-uonneing  pEEEE————— Syse| [eusax3
2 aul|pead P NS [BNUBIAl A Asewwing 3123foud
C Auo-ysiuyy ) ABWWNG SA0BU|  A— Asewwing 0T/12/0T Nyl :21eQ
3 Ajuo-uiels 3U01S3IAl 3AIIRU| * 2UO0IS3|IN 3INA3HIS T1N4 13f0id
D— Alewwing jenueip JSBL BAIIRU| wds
m—— dN||0Y AJEWWNS |Enue . BUOISAIIAl [BUIRIXT  F ysel
dN-135 LINJWNIVLNOD
I 01/4/9 uo shep ¢ INJW3LYEY soLs3asy| b
ININTLVEV
I 0T/L/9uoN  shepg SOL538SV 30vdS IMVHD d3ud|  EV
IN3W3LYEY
I ot/t/ouoiN  shepg S01S38SY HOOT QYE dIdd,  CF
NOILNOW3IAa '8 INJNaLvay| T
oy
| TT/6T/6 UON  shep 0T DNIdVISANYT TIVISNI  6€
| TT/2/6 144 shep T TYDIHLIITI/ONILHOI LIS TIVISNI 8¢
[ TT/7Z/3UON  sAep 6T J13YINOD LS TIVISNI  LE
. 0T/0g/8 U0 SABP T  SALITILN 3LIS LNINVINYIA TIVISNI  9€
(LN3IW3sva B
M 0T/vz/8anL  sAep ST  3LIS) ONIdId INVALS dNIL TIVISNI  GE
(LNIW3sve
] ot/pz/ganL  shepg '3 3LIS) ONIdId VO JWILTIVISNI  VE
107 9¥d ¥va3d/300N
I 0T/9T/8 UOW shep z 35010 8 3DN34 31IS 31v2013Y,  EE
91/8 ¢ 0T/9T/8 U0  shepo AITIVN3dOH CE
I o1/8z/tpam  shepg A3V 3901534 TE
SYILYIH
I or/se/Lpem  shepg YILVM AYVHOdWEL TIVISNI  OE
m ot/ee/L shep £ (A311v) 4IM3S WHOLS TIVISNI| 6T
o 0t1/9/¢ 3ny shep g (A317V) SINIT HILYM TIVISNI 8T
(A31V)
M3 OT/¥T/9UoW  shep ST SANIT HILYM QITUHD TIVLSNI | LT
L9 ¢ ot/t/9uon  shepo A3V 35010 9T
| 01/t/9uoN  sheps WwAOW3Y 3L ST
I 01/L/9 uo shep g ONION3d 3LIs TIvIsSNI - 77C

qa4 | uer [2ag|noN 300 [das [8ny | |nr _c:_.?m_\,__aq.gm_.)_.n_m“__ uer [2ag[AoN| 320 amm.m:i nr .c:;\,ms_.
(41114 _ ‘ ‘ 1102 | ‘ ‘ _ Heisuonelng awen sel al

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |

MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |

101




2011

Final Report

€ 98ed
— ssal8old Ajuo-uoneing syse] |eusan
+ aulpeaq P NSEL |BNUBIA A Atewwns 12loid
C Auo-ysiuy AMBUWWNS SNI0BU|  A— Aewwns 0T/12/0T Nyl :23eq
| Ajuo-peis 3U01S3|IA 3AIdBU| * ENEETI 31NQ3IHDS 11N4 :33foud
Dr— Alewiwns |enuep JSEL DAITIBU| uds
e —— (1[|0Y AJEWIWING |ENUBIA] QUOISIIN |BUIRIXT P ysel
a 01/91/6 YL sheps NOILVAYDX3 8v1s mo13g 99
153IM
— oT/6/6nuL  skeppz  -STIVM/SONILOOS LWss d/u/d #9
or/z/6nuyL  shepy NOLLYAVOX3 3zZnigvis| €9
SIY3E 3aVYD 1SIM B
o 01/97/8NyL  shepS STIVM AVMY3IYV ONV Savisow3a €9
7331S ONILSIX3 NId¥IaNN/
/M OT/€T/g1d  sAepOT  IYOHS B INIWISVE LSIMAvDXa 19
J¥NJ0TS NYHL3¥NLON¥Ls 09
NOLLINYLSNOD ONIaTing 65
8G
IN3IW3ILVaY
= 0T/0Z/ZTUOW  sAep QT  SOLS3ASY LIANSE JHOOW ONILSIXI  £S
I 0T/€Z/guoN  shepS  YOIMILX3 MDI¥E A313 1Svaowaal 9§
I OT/9T/8uoN  sAeps  YOI¥3LXI DI¥E AI1I HLYON OW3a  SS
¥OI¥3LX3
;| ot/v/gpam  shepr o148 NOILYA313 1sIm owaa, S
a ot/v/gpam  sheps STIVM HOIMILNI T4 ISTOW3a,  €§
o or/L/tPoM  shep gl 4 Hiv INJN3LvaY solsaasy|  Z§
I or/9/tenL  sAepgz IN3IW3ILvaV SOLSIASY 14 Hiv d3ud, 1S
. 0T/1z/9uoN  skep T 14 aNZ INJW3Lvay solsaasy. 0§
JOVdS
e 01/8/93nL skep/z  IMVYD INIW3Lvav SOls3gsy| 6F
43IAY3S
S 01/£/9 uow shep zz NIHL 14 QYE INIWILVEY SOLS3ASY 8y
™ 0T/z/9uo  shepeT  ILISNVHL ININILVEY SOLS3asv, LY
IYAOWIY 1INV
=) 01/z/9uoN  sAepOT  ¥OIWLX3 INIW3LVEY SOLs3asy|  9F
| I | OT/z/9uow  shepy INIWN3LVEY SOLSIESY 1ANTdIud  SP
qa4| uer [29g [AoN 320 [das[8ny | |nr [unr[Aey E<.Lm_>_.n_wn__ uer [29g [AoN | 300 [ das [8ny [ |nf [ unr [Aepy [ |
14114 ‘ , ‘ 1oz ‘ ‘ Heisuoneing aWeN JyseL al

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |

MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |

102



2011

Final Report

t 98ed
— ssalgold Ajuo-uoneing  EEEE——— $Hse] |eusaix]
+* aul|peaq P NSEL |BNUBA A Asewwing 303fo.d
C Ajuo-ysiuyy ) AIBLUWNG SAINIBU|  A— Aewwns 0T/12/0T Nyl :21eq
| Ajuo-peis QU013 2A130BU| * U0ISIIN 31NA3IHIS 11N4 33f04d
Dr— Alewwng jenuep YSEL BAIBU|  Hn nids
m—— (N||0Y AJEWWNS |Enuen TS BUOISB|IN [BUIIXT IR Asel
s | TT/t/cenL  shepoz 1SIM - TIVMNIVIEND 98
[ | T1/sz/tenL  shepsg 1Sv3 ANY HLYON - ONIHo0Y, S8
1S¥3 78 HI¥ON
m IT/TT/TanL  sAepOT - ONIHLVIHS ONV ONIWvVY4 1x3| P8
| TT/Ty/TanL  shepog 1SIM - AUNOSYN| €8
] TI/v/13nL  shepsT 1sam-oniHooy T8
15¥3 ANY HLYON
=) OT/LT/2T 144 shep £ -STIVM NOILYaNNO4 TIdova, 18
| oT/0T/zT U4 shep sz 1S¥3 ANV HLHON 1S3M - ddos| 08
S13AT
m otr/ot/et 4 shepot ¥ 38N -SHNOd ¥23aNo avis| 64
15am
=] ot/e/zT shep £ - STIVM NOILYANNO4 TIHIDvE, 8L
m 0T/9Z/TT 14 shepOT 1SV3 8 HLYON 3av¥D NO 8v1s, 4L
S13A31
0z/9z/0T UoW  sAep 0T S 1SIM-S¥NOd M3aNOo8vis 9L
I ot/gT/OTUON  sheps  1SIM IQVHD NO 8V1S INIW3SvE  SL
1S¥3 0L 1SIm
| oT/Tz/0TNyL  shep sz d3yd 8V1S NI/IvL3a/oNDD3al P
[ OT/FT/OTNYL  Sshep sz 15¥3 0L 153IM 13315 10343 €2
L] OT/ET/OT P3M  shepg ONIH00Yd ¥3LYM ININ3svE L
I oT/TT/0TUON  shepg ONIdid AYVLINYS 3LS TIVISN - TL
] ot/cfornyL  shepg Wv3d 30v40 ¥IATILNYD 0L
DNIdId TNI4NIVE ‘AYVLINYS
o oT/p/oTuoN  sAepg 311S A¥OX3 ‘SNIVHa 40014, 69
15v3
| 0T/€7/6NYL  SAep /T '8 HLIYON STIVM/SONILOOS d/¥/4. 89
15v3
] 0T/€z/6NUL  sAep/ '3 ISIM - ONIGWNTD 8v1S Mo13g  £9
1Sv3
| @ OT/9T/6NuL  sAepy '3 1SIM-1WOHILIITA BVIS MOT3g| 99
ga4 | uer [2aqg /AoN 300 [das 8ny | nr ?_.._.?m_...,__aq.._m_\,._‘gm“; uer [2a@ [AoN |30 [das | 8ny | |nr [unr[Aen] [ |
41014 , ‘ 1102 | ‘ ‘ Hejsuonesng SWeN dsel al

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |

MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |

103



2011

Final Report

G 28ed
— mwm._mc._n_ >_C0|CO_FNL:Q T S)se] |eutaixy
+ aullpeaq EEEE——— HSBL [BNUBIA A Asewwng 309fo0.14
C Auo-ysuy -~ ) AIBLUWNG BAIIBU|  A— Arewwing 0T/12/0T NyL :21eq
| Ajuo-peis 2UOISI|IN AIdRU| 3U03S3|IA 31NA3IHIS 11N4 33f04d
r—— Arewwns [enuep jsel annoeu| wds
m—— dN||0Y AJeWwWNS |enue| * QUOISI|IINl [EUIDIXT I yse]
=) TT/1/€anL  shep ot NOILYINSNI 3did/1onal 90T
= 1T/St/zenL  shep st SLINN 1102 Nvd Tvisni SOT
| IT/ST/zanL  sAep TT TIVMAY¥A ONVH/NOLLYINSNI TIvm, #OT
14 YILYM J38/14 ¥ILYM D11SINOQ
ma TT/ST/zanL  sAep €T HO/IY ¥3LYM JILSaIWOa TIvm-NI|  €OT
L] TT/8/zanL  shep 0z TIVISNI XHOMLING/1¥ ONIdid ovaH| COT
NI-HONOY
an1s TIVM-NI 1¥1412313
| 1T/Sz/TanL  shep sz 8 NI HONOY VIO H/o, TOT
m TT/Sg/TenL  shep ot 14 NOILD3L04d 3414, 00T
SNIVHO/IY
. T1/sz/tanL  sAep9T  AMVLINVS/ONIdId WHOLS HOOW| 66
TIVISNI '8 ONINVYA
| s TT/8T/T19nL  shep sz anLS/IVEL/LNOAYT1HOO| 86
40014 1ST| L6
96
m TT/Sz/TenL  shep 0T NOILJ310¥d 3414 LINsa,  S6
SHILYIH HALYM/HLM
L TT/ET/TnyL  shkepog  DILSINOC/IOVMIS/SINNG LNsa 76
C—1 ot/szftiuon  shepog SYISIY B 1M ¥IN LNST €6
ma ot/czferuon  shep gl 14 WHOLS/AYVLINVS| €6
INawasva 16
06
ge— TT/1/€enL  sAep0S  1SV3 ONY HLYON - TI'VMNIVIYND| 68
—1 TT/1/€°nL  shep S INJWJIND3 YOLYATII TIVISNI 88
fr—1 T1/8/zanL  shepog 15v3 ANV HLYON - AYNOSYWN|  £8

qe4 | uer 2aqQ Toz_uuo ,nwmim:‘q nr ?:—?m_...,__._nq‘._m_\,_ pm“; uer 2eQ T.oz‘ qu_nmm‘m:j |nf unr ?m_.z

<10t

1102 |

uelsuoneing awendsel  ql

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |

MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |

104




2011

Final Report

9 93eg
— me-.MO..& >_CO|CO_..—N._:Q T S)Se] |eutalx3
+ dullpesq e HSBL [BNUBIAL A Asewwing 103fo14
C Auo-ysiuy i ABUWWING SAIIBU|  A— Arewwng 0T/12/0T Nyl :21eq
| Ajuo-ueis 2UOISI|IA 2A13IRU| * 3U03S3|IN 31NA3HIS T1N4 33f04d
Dr—— Alewwns |enuey JSEL DADRUL b wds
m———— dN||0Y AlewwWNS |enuey * QUOISI|IAl [EUIRIX] T ysel
m TT/1/zanL  shepol 14 NOILD3LOYd 3414 LET
SNIVYQ/1Y
| TT/Z/tpam sAep6Z  AMVLINVS/ONIdId WYOLS HO0 9ZT
TIVLSNI 8 ONIAVYS
g 11/sz/19nL  shep sg aNLS/MIVHL/LNOAVI 400 STT
Yool anz vl
£€CT
a TT/12/01 14 shep g JUNLINYN TIVISNI €T
(440XHOM/HD¥Y/ISNOH-NI)
£ TT/5/814  shep1z sisnHaNnd, TCT
L TT/62/L 14 shepg ONINV3TDTWNIH 0CT
a oT/ze/LnyL  sheps SdNHINOLNIvd 61T
A0OMAYYH
a TT/ST/L 14 shep § /4000 GOOM TIVISNI| 81T
= T1/62/9 Pom  shep 01 WIYL 8 SDIA3A WVIIHLI313 L1T
m 11/62/9 PaM  shep 0T 35va/L3d¥vd TIVISNI 9TT
m TT/ST/9PaM  sAepOT  ONIYIAOD TIVM 8 LNIVd HSINI4| STT
S31Y0SSIIDV H1vE B
m T1/ST/9P2M  sAepOT 131101/SNOILILYVd 13I0L TIvisnl FTT
a T1/8/9 PAM shep g SIYNLXI4 ONIBWNTd TIvIsNI ETT
| TT/T/9P3m  shepy NIYL NOILD3L0Yd 3914, CTT
| T1/pz/senL  shepsT saunixid tHon TTT
. 11/01/59nL  skep ST JuLowve3d 01T
L 1T/0T/SanL  shep 1g J11L 8 QIO J1LSNOJY TIvASNI| 60T
M TU/g/SanL  SABPST  SONINIID B STIVM INIVA/ININd 80T
TIVMAYQ
L . TT/ST/€anL  shep gg HSINI4 8 3dVL/ONYH/3WvEd 0T
ga4 | uer umosozfuodwﬂm:‘q‘ Inr _c:—_>m§_5<.._m§‘nm“; cmﬂ‘uwo__,oz‘uuo_nmm‘m:i Inr ‘c:q_>m_>_, [ [ I
(45014 _ ‘ ) 110C | ‘ ) ‘ _ Meisuoneing aen ysel al

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |

MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |

105



2011

Final Report

£ 98ed
— ssasgoud Ajuo-uopeing  mEEE———— Syse] |eusaix3
+ aulpead EEEE——— HSBL [BNUBIA A Adewiwins 193044
C Ajuo-ysiu4 o ABUWIWINS SAIOBU| A Aewwng 01/12/0T NYL :@38Q
3 Ajuo-uels 3U01S3[IAl 2AII9RU| * 2UOIS3IN 31INA3HDS TIN4 :3loid
N " Atewiwing [enuepy NSBL DAIIRU| n)ds
m—— d |0y AJEWWNS |enue * QUOIS3|IIN [BUIRIXT Asel
a T1/€z/ganL  shepg ONINVITD NI LPT
n TT/61/814  shepg SdNHINOLNIvd  9VT
Qd0OMAYVH
L] TT/zr/gd sheps /54000 QOOM TIVISNI  SPT
m TL/8¢/LnyL  shep oT INIYL 8 S3DIA3Q WOl DTa) PPT
m T1/8z/£ 0yl shep ot 35v8/13d4vd TvISNI EVT
m TL/PT/LnYL  sAepOT  ONIYIAOD TIVM 8 LNIVd HSINIE| [44"
S3IIMOSSIDIV HLvE B
m TI/vT/£nyl  sAepOT  131101/SNOILILYVd 13TI0L TIVISNI THT
a IT/L/LnyL  sheps S3UNLXI ONIBWNTd TIVLSNI OPT
a 11/62/9PoM  shepg NIYLNOILDILOYd 3914 6ET
| T1/22/9Pam  shepsT s3unixid 1Hon  BET
| TI/8/9Pam  shepsT FULIINYYID  LET
E— TI/8/9pam  shep g 1L 78 QYD J1LSNODV TIVISNI 9ET
e TL/T/9P3M  SABPST  SONITIZD B STIVM INIVd/IWINd| SET
TIVMAYQ
" TI/S/venL  shep Iy HSINI4 8 3dV1/ONVH/3Wved| VET
m T1/67/€anL  shep o1 NOILYINSNI 3did/1ona EET
M TI/ST/EanL  shep sy SLINN 102 Nv4 TIvisNl CET
[ TI/8/€anL  sAep Sz TIWVAMAYA ONVH/NOILYINSNI Tivm, TET
14 ¥3LVA D34/1¥ ¥3LVM DILSINOQ
3 IT/TT/E14  SABPOT  HO/IM ¥3LvM DIIS3woad Tivm-Ni OET
™ TI/8/€3nL  SAep 0Z TIVLSNI XHOMLING/IY ONIdId IVAH  6CT
NI-HONOY
anis TIYM-NI T¥21¥10313
g TT/T/zanL  shepsg 3 NI HONOY YOOI H/O 8CT
ga4| uer [2aqg|aoN 300 [das | 8ny | nr _::_._.»m_\,__aq.._m_\,_‘nmu_ uer [23@ [aoN | 300 [das | 8ny | |nr T unr [Aepy| [ [ I
[ANIT4 _ . 10T . . . _ Mejguoneing awen xseL al

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |

MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |

106



2011

Final Report

g 98ed
— ssaigold Aluo-uopeing P SHSE] |EUIDIXT
% sullpeaq P HSBL [BNUBIAL A Alewwins 102fo.d
C Ajuo-ysiuy e ABWIINS BAIIIBU|  A— Arewwng 0T/T2/0T NyL :23eq
| Ajuo-uie1s 3UO0IS3|IAl 2AIIIRU| * 2U0IS3|IN 31INA3HIS 1IN4 :123l04d
4 é Asewwns |enuepy NSEL BAIDRU| T nds
— dN||0Y AJEWIWNS [enuely 'Y SUOISBIN [EUIAIXT I Jysel
o IT/#/8nyL  shepg SYNLXIH ONIBWNTd TIVISNI L9T
a 11/8¢/LnyL  shepsg WIYLNOILD3ILO¥d 3914 99T
| TT/12/LnyL  shepsT s3unixid LHon  S91
= TT/TT/LUON  shep ST JILIIANVYID PIT
L TT/¢/£ 4L skepog J11L 8 QIO J1ISNOJY TIVISNI - E9T
o | TT/62/9PaM  SABP ST SONIIFD B STIVM INIVA/INIMd  €9T
TIVMAYQ
— TI/g/senL  shep Ty HSINId '8 3dV.L/ONVH/NvEd T9T
m 11/9¢/venL  shep o1 NOILYINSNI 3d1d/1ond| 091
o 1r/zy/yenL  shepst SLINNTI02 NY4 TIVISNI 65T
L ___| 11/6z/€anL  shep Sz TIVMAYNA ONVH/NOILYINSNI TTvm|  8ST
14 ¥ILVM D34/14 HILYM DILSINOQ
£ TL/S/7enL  SABP ST HO/IY ¥3LVM JILSINOQ TIVM-NI| LST
E— TI/s/vanl  shep 0Z TIVISNI YYOMIONG/1Y ONIdId O¥AH  9ST
NIFH9NOY
an.s TIYM-NI Tv21410313
gr—1 TI/8/zenL  shep sy 8 NIHONOY TvOMLOII3 H/O SST
/M T1/8/zanL  shep o1 14 NOLLDILOY¥d 3414 #ST
SNIV¥A/1Y
[E— TI/8/zanL  skepgy  AWVLINVS/ONIdId NHOLS HOOTd| EST
TIVLSNI '8 ONIAVYS
| 11/t/zenL  skepsy anLs/Mov¥l/InoAv1¥oo ¢ST
¥oold aye TST
0SsT
B T1/82/0T 144 shep g JYNLINGNG TIVLSNI| 6vT
(440XHOM/HO¥Y/ISNOH-NI)
e 11/0g/8anL  skepzz SISMHONNd, SPT
ge4 | uer [2aQg _>oz 7 10 das|3ny | nr _::_._>m_>; idy [1epy n_mu__ uer [ 28Q _..62 10 des 8ny | |nr [unr|Aepy
[ANIT4 . . . T10C | . . . _ Mejguoneing awen xseL al

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |

MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |

107



2011

Final Report

6 93ed
— mmw._mc._n_ >_CO|CO_H.N._:D o S)Se] |eut=1x3
+ aullpesq e HSBL [BNUBIA A Asewwing 133fo14
C Auc-ysiuyy ™ ABUWWNG BAIBU|  Ah— Asewwns 0T/12/0T NyL :21eQ
| Ajuo-ueis 2UOIS3|IN aA1BIRU| * 2UO03S3IN 31NA3HIS T1N4 3f0ud
B— Asewwns jenuepy JSEL DADRU| wds
m—— dn||j0Y AlewWwWNS |enue * QUOISI|IIN [EUISIXT ysel
m TL/T/9pam  shep 0T NOILYINSNI 3did/1ona £8T
ma Tr/ot/sanL  shep st SLINN 100 Nv4 TIvisNI - 98T
I TI/6T/panL  SABP pE TIVMAYA ONVH/NOLLYINSNI TIVM  G8T
14 ¥ILVM D34/1¥ Y3LYM JILSINOQ
e TU/6T/yanL  SABPEE  HO/IM ¥3LYM JILS3IWOd Tivm-NI 78T
. TT/€/SanL  sAep 0Z TIVISNI XYOMIONG/IY ONIdId JVAH €8T
NI-HONOY
anis TIYM-NI T¥I141313
[ 11/5T/zanL  shepss 8 NIHONOY VIO H/O €8T
| T1/sT/zenL  shep ot 14 NOILD3LOYd 3414 181
SNIVHA/IY
[ T1/zg/zanL  SAeP8S  AYVLINVS/ONIdId W¥OLS¥001d 08T
TIVLSNI '8 ONINVYES
pr—1 11/8/zanL  shepss ANLS/¥OVYL/INOAYT ¥00| 64T
YOO HIY 8LT
LLT
B IT/p/tr 4y sheps J¥NLINYNA TIVASNI 94T
(440X4OM/HIUV/ISNOH-NI)
o T1/87/6 PPM  shep 17 sisHINNd, ST
a 11/12/6 PoM  shepg ONINVITD NI VLT
. TT/6T/6 UON shep g SANHONOL NIvd| €LT
A0OMQYVH
I TT/2T/6UON  shepg /54000 QOOM TIVISNI LT
/| TI/5Z/8 "yl shep ot NIY1 8 $30IA3Q Wol10T13 TLT
/| TI/sz/8 Nyl shep ot 3sva/13d¥vd TIvisNl OLT
=] TT/TT/8NYL  SABPOT  ONIYIAOD TIVM '8 LNIVd HSINI4| 69T
S31Y0SSIIIV HLvE B
m TT/11/8N4YL  sAep 0T L3INOL/SNOILILYV LINOL TIviSNI 89T
ge4 | uer |2aQ _>o_.,._TuO awm_m:¢ Inf _::_.T»ms:._aq. Jep nmu__ uer | daqg _..62 uuoiwm m:<_ Inr | unrg TmS_
(41114 1102 | _ Heisuoneing awen ysel al

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |

MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |

108




2011

Final Report

0T @8ed
— ssaJdo.ud Aluo-uopeing SHSe| [eusalx3
+ suljpeaq EE— YSBL [BNUBIAI A Atewwins 303fo4d
C Ajuo-ysiuy -~ T ABUWIWNG BAIDIBU| A Aewwng 0T/T2/0T NyL :31eq
| Ajuo-uie1s 3UO0IS3|IAl 2AIIIRU| * 2U0IS3|IN 3INA3HIS 1IN4 :123l04d
De— Aewiwns |enuepy JSBL SAIIBU|  rrrrrrrririinniininien nds
m—— {N||0Yy AJEWWNS [Enue ® QUOISI|IN |BUIRIXT ysel
(1] ¥4
60¢
80¢
£0¢
90¢
S0¢
¥0¢
a TI/T/TT 4 sheps 3unuNEnd Tivisni €0C
(440XYOM/HOYV/ISNOH-NI)
[ TT/L2/0TnyL  shepzz SISMHONNd  €0C
L TT/0Z/0T Nyl sheps ONINVITD YN TOT
I TT/LT/OTUON  shepg SdNHINOL Nivd  00€
QOOMAYVH
I TT/0T/0T U shep g /S400Q QOOM TIVLSNI 66T
m IT/€2/6144  shepor WIYL 8 $3DIA3Q TvIMLO31d 86T
m IT/€7/6 144 shepor 3Sva/L3dYvd TIVISNI - L6T
m 11/6/6 144  shepor ONIYIA0I TIVM B LNIVd HSINIH| 961
S31YOSSIIIV HLvE B
= T1/6/614  sAepOT 131101/SNOILILYV 13101 TIVISNI  S6T
o IT/T/6nyL  shepg STWNLXI4 ONIGWNTd TIVISNI V6T
a Tr/sz/gnyL  shepsg INIYL NOILDILOYd 3414 €6T
cma TI/8T/8NuL  shep st S3WNLXH4 LtHon  C6T
] IT/p/gnuL  shepst FuLoAveD 16T
— TT/b/8nuL  shep Tg 1L 8 QIO J1LSNOIV TIVISNI 06T
- T1/82/LnyL  sAepST  SONIIED B STIVMUINIVA/3WNd 68T
TIVMAYQ
E— TT/T/9PaM  Shep Ty HSINI4 '8 3dVL/ONYH/INVYd 88T
nm“_” uef umn_”>oz 0 das m:,qw Inf _c:_._>m_>__a<m_m_>_‘nmu__ :mﬂ“umo ..62”30 nmm”m:,q nr ”:3 >m_>_” [ [ I
c1oc T10C Hejsjuonelng SWEN JSe] al

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |

MOHAMMAD ALHUSAINI | CONSTRUCTION MANAGEMENT | DR. DAVID RILEY |

109




Final Report 2011

Appendix C - Material Take-Offs and
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Spread Footings

GRADE BEAMS

Formwork

Mark Length, L (ft) Width, W (in) Depth (in) Volume ft3 Volume CY SFCA
GB1 19.280 24.000 36.000 115.677 4.284 127.677
GB2 10.814 24.000 36.000 64.885 2.403 76.885
Total 180.562 6.687, 204.562

TO

Volume of Concrete

Ft3

CY

Area of Formwork
SFCA

Metal Decks
SF

| 43836448 |

1630.260

| 15343.225

| 53613.555 |

Footing Size Formwork
Mark Length, L (ft) Width, W (ft) Thickness (in) Bottom Reinforcing Each Way QTY of Type Volume ft3 Volume CY SFCA
F50 5 5 12 744 1 25 0.93 20.00]
F70 7 7 24 6 #8 1 98 3.63 56.00]
F80 8 8 24 6 #7 3 384.00 14.22 192.00|
F90 9 9 24 10 #6 3 486.00! 18.00| 216.00]
F100 10 10 24 9 #7 9 1800.00 66.67 720.00|
F110 11 11 26 8 #8 3 786.50 29.13 286.00
F120 12 12 27 10 #8 2 648.00 24.00| 216.00]
F130 13 13 29 12 #8 7 2858.92 105.89] 879.67|
F140 14 14 31 1149 5 2531.67 93.77, 723.33]
F150 15 15 33 12 #9 2 1237.50 45.83 330.00]
F10080 8 10 24 9 #7 0 0.00 0.00 0.00
F11080 8 11 26 8 #8 3 572.00 21.19| 247.00|
F13070 7 13 29 12 48 1 219.92 8.15 96.67]
F13090 9 13 29 12 #8 1 282.75 10.47, 106.33
F14080 8 14 31 11 #9 2 578.67 21.43 227.33]
F120100 10 12 27 10 #8 2 540.00 20.00| 198.00}
F130100 10 13 29 12 #8 1 314.17 11.64 111.17]
F150100 10 15 33 12 #9 1 412.50 15.28 137.50]
Total 13775.58 510.21 4763.00|
Strip Footing Formwork
Mark Length, L (ft) Width, W (ft) Thickness (ft) Volume ft3 Volume CY SFCA
2,3,6,4 195.266 2.167 1.000 423.076 15.669| 850.485|
2 (First Floor) 260.500 2.167 1.000! 564.417 20.904 1133.167|
5,8 93.083 1.500 1.000 139.625 5.171 282.250
Total 1127.117 41.745| 2265.901
Mark Area (ft2) Thickness (ft) Perimeter Volume ft3 Volume CY SFCA
SOG1 5970.491 0.500 288.333 2985.246 110.565| 144.167|
SOG2 (Strip) 283.877 0.417 276.167 118.282 4.381 115.069|
S0G2 5285.972 0.417 459.250] 2202.488 81.574 191.354
Total 5306.016 196.519 450.590|
Slab on Deck Formwork
Mark Area (ft2) Thickness (ft) Perimeter Volume ft3 Volume CY SFCA
51 (first floor) 5970.491 0.375 288.333 2238.934 82.923 108.125
S1 (second floor) 11305.271 0.375 832.333 4239.477 157.018| 312.125)
S1 (third floor) 11306.271 0.375 832.333 4239.852 157.032 312.125)
51 (fourth floor) 11306.271 0.375 832.333 4239.852 157.032] 312.125
51 (low roof) 2418.979 0.375 341.458 907.117 33.597 128.047|
S1 (high roof) 11306.271 0.375 832.333 4239.852 157.032 312.125
Total 20105.083 744.633| 1484.672|
Foundation Wall Formwork
Mark Length, L (ft) Width, W (ft) Thickness (ft) Volume ft3 Volume CY SFCA
4,5,6,8 (Basement) 298.083 1.167 5.000 1738.819 64.401 2992.500
2 (First Floor) 260.500 1.167 4.850 1473.996 54.592 2538.167|
Total 3212.815 118.993| 5530.667|
Mark Length, L (ft) Width, W (ft) Cumul. Depths (ft) Volume ft3 Volume CY SFCA
P1 2.000 2.000 69.000 276.000 10.222] 552.000
P2 1.167 2.000 14.500 33.833 1.253 91.833
Total 309.833 11.475 643.833|
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Steel Beams

Total

|Beam Type Total Length (ft) Weight (PLF) Member Weight (Ib)

Beam Type Total Length (ft) Weight (PLF) Total Member Weight (lb)
W16X40 103.333 40 4133.333
W16X36 478.583 36 17229.000
W14X22 165.500 22 3641.000
W14X34 42.000 34 1428.000
W12X14 167.042 14 2338.583
W24X62 19.667 62 1219.333
W24X68 9.833 68 668.667
W14X34 21.083 34 716.833
W14X43 21.333 43 917.333
W16X67 49.667 67 3327.667
W16X26 81.000 26 2106.000
W10X12 21.333 12 256.000
W12X19 24.000 19 456.000
W21X44 0.000 44 0.000
W16X45 0.000 45 0.000
W21X83 0.000 83 0.000
W21X73 0.000 73 0.000
W16X57 0.000 57 0.000
W8X35 0.000 35 0.000
W16X31 0.000 31 0.000
TOTAL 38437.750

|Beam Type Total Length (ft) Weight (PLF) Member Weight (Ib)

W21X48 11.083 48 532.000
W10X12 80.083 12 961.000
W12X14 63.000 14 882.000
W8X21 10.667 21 224.000
W21x44 103.500 44 4554.000
W14xX22 73.667 22 1620.667
W18X40 40.333 40 1613.333
W16X45 40.333 45 1815.000
W10X26 19.667 26 511.333

TOTAL 12713.333

W16X40 251.583 40 10063.333
W16X36 613.500 36 22086.000
W14X22 648.083 22 14257.833
W14x34 0.000 34 0.000
W12X14 105.333 14 1474.667
W24X62 0.000 62 0.000
W24X68 0.000 68 0.000
W14X34 42.000 34 1428.000
wW14X43 0.000 43 0.000
W16X67 71.667 67 4801.667
W16X26 262.083 26 6814.167
W10X12 46.500 12 558.000
W12X19 0.000 19 0.000
W21X44 465.417 44 20478.333
W16X45 21.083 45 948.750
W21X83 21.000 83 1743.000
W21X73 56.167 73 4100.167
W16X57 223250 57 12725.250
Ws8X35 161.792 35 5662.708
W16X31 17.333 31 537.333

TOTAL 107679.208

TOTAL BEAM WEIGHT
Ib Tons
158830.292 79.415

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
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Steel Columns

Total

Beam Type |Total Length (ft) |Weight (PLF) |Total Member Weight (Ib)
W10X33 652.125 33 21520.125
W12X65 224.000 65 14560.000
W12X72 132.708 72 9555.000
W10X45 211.500 45 9517.500
W10X39 169.917 39 6626.750
W12X58 157.500 58 9135.000
W10X77 41.500 77 3195.500
W10X68 116.000 68 7888.000
W10X54 74.500 54 4023.000
W10X49 365.000 49 17885.000
W12X40 250.625 40 10025.000
W12X53 58.000 53 3074.000
W10X6e0 29.000 60 1740.000
TOTAL (Ibs) 118744.875
TOTAL (tons) 59.372

Steel Bracing

Total
Beam Type Total Length (ft) |Weight (PLF) |Total Member Weight (Ib)
HSS7X7X1/4 374.9963 22.4200 8407.4175
HSS8X8X1/4 289.9619 25.8200 7486.8157
HSS8X8X5/16 149.3689 31.8400 4755.9042
HSS6X6X1/4 66.6155 19.0200 1267.0260
TOTAL (Ibs) 21917.163
TOTAL (tons) 10.959
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State College,
PA, 16802

Year 2010 Quarter 3

Moore Building Addition Concrete

Unit Detail Report

Cost Estimate Report

CostWorks’

R5Means

Prepared By:

Mohammad alhussaini

Date: 15-Oct-10 PSU
LineNumber Description Quantity Unit Total Incl. Ext. Total Incl.
o&p 0&P
Division 03 Concrete
031113000000 Structural Cast-In-Place Concrete 0.00 $0.00
Forming
031113050010 FORMS, BUY OR RENT 0.00 $0.00
031113050100 C.I.P. concrete forms, aluminum, smooth 15,343.23  SFCA $30.31 $465,053.15
face, buy, 6" x 8, includes material only
032200000000 Welded Wire Fabric Reinforcing 0.00 $0.00
032205000000 Uncoated Welded Wire Fabric 0.00 $0.00
032205500010 WELDED WIRE FABRIC 0.00 $0.00
032205500030 Welded wire fabric, from recycled 0.00 $0.00
materials
032205500050 Welded wire fabric, sheets 0.00 $0.00
032205500300 Welded wire fabric, sheets, 6 x 6 - W2.9 570.00 C.S.F. $65.15 $37,135.50
X W2.9 (6 x 6)42 Ib. per C.S.F., A185
033105000000 Normal Weight Structural Concrete 0.00 $0.00 $0.00
033105300010 CONCRETE, FIELD MIX 0.00 $0.00
033105350300 Structural concrete, ready mix, normal 1,630.26  C.Y. $94.81 $154,564.95
weight, 4000 PSI, includes local
aggregate, sand, Portland cement and
water, delivered, excludes all additives
and treatments
033105701400 Structural concrete, placing, elevated 74463 CY. £24.72 $18,407.33
slab, pumped, less than 6" thick, includes
strike off & consolidation, excludes
material
033105701450 Structural concrete, placing, elevated 74463 CY. $46.47 $34,603.10
slab, with crane and bucket, less than 6"
thick, includes strike off & consolidation,
excludes material
033105701950 Structural concrete, placing, continuous 4175  C.Y. $23.14 $965.98
footing, shallow, pumped, includes strike
off & consolidation, excludes material
033105702650 Structural concrete, placing, spread 51021 CY. $23.14 $11,806.26
footing, pumped, over 5 C.Y., includes
strike off & consolidation, excludes
material
033105703250 Structural concrete, placing, grade beam, 6069 C.Y. $19.32 $129.19
pumped, includes strike off &
consolidation, excludes material
033105704350 Structural concrete, placing, slab on 196.52 C.Y. $26.67 $5,241.16
grade, pumped, up to 6" thick, includes
strike off & consolidation, excludes
material
033105705300 Structural concrete, placing, walls, direct 11899 C.Y. $17.83 $2,121.65
chute, 15" thick, includes strike off &
consolidation, excludes material
-
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PSU

University Park,

Unit Detail Report

Cost Estimate Report

CostWorks’

RSMeans

PA, 16802 Pr d By:
Year 2010 Quarter 3 epare BY:
o . Mohammad alhussaini
Date: 14-Oct-10 Moore Building Addition Steel PSU
LineNumber Description Quantity Unit Total Incl. Ext. Total Incl.
O&P o&P
Division 05 Metals
050513506000 Paints and protective coatings, 150.00  Ton $427.17 $64,075.50
galvanizing structural steel in shop, over
20 tons, hot dip
051223170010 COLUMNS, STRUCTURAL 0.00 $0.00
051223170015 Columns, structural steel, made from 0.00 $0.00
recycled materials
051223174600 Column, structural tubing, 8" x 8" x 3/8" 63.00 Ea. $750.47 $47,279.61
x 14'-0", incl shop primer, cap & base
plate, bolts
051223176850 Column, structural, 2-tier, W8x31, A992 652.13  L.F. $42.15 $27.487.07
steel, incl shop primer, splice plates,
bolts
051223176900 Column, structural, 2-tier, W8x48, A992 61563 L.F. $61.73 $38,002.53
steel, incl shop primer, splice plates,
bolts
051223176950 Column, structural, 2-tier, W8x67, A992 543.00 L.F. $83.53 $45.356.79
steel, incl shop primer, splice plates,
bolts
051223177000 Column, structural, 2-tier, W10x45, 38142 L.F. $58.30 $22,236.61
A992 steel, incl shop primer, splice
plates, bolts
051223177050 Column, structural, 2-tier, W10x68, 116.00 L.F. $84.82 $9.839.12
A992 steel, incl shop primer, splice
plates, bolts
051223177200 Column, structural, 2-tier, W12x87, 4150 L.F. $106.70 $4,428.05
A992 steel, incl shop primer, splice
plates, bolts
051223177350 Column, structural, 2-tier, W14x74, 13271 L.F. $91.68 $12,166.67
A992 steel, incl shop primer, splice
plates, bolts
051223750010 STRUCTURAL STEEL MEMBERS 0.00 $0.00
051223750015 Structural steel members, made from 0.00 $0.00
recycled materials
051223750120 Structural steel member, 100-ton project, 336.00 L.F. $28.87 $9.700.32
1 to 2 story building, W6x135, A992 steel,
shop fabricated, incl shop primer, bolted
connections
051223750140 Structural steel member, 100-ton project, 0.00 L.F. $34.49 $0.00
1 to 2 story building, W6x20, A992 steel,
shop fabricated, incl shop primer, bolted
connections
051223750350 Structural steel member, 100-ton project, 11.00 L.F. $35.77 $393.47
1 to 2 story building, W8x21, A992 steel,
shop fabricated, incl shop primer, bolted
connections
051223750500 Structural steel member, 100-ton project, 18.00 L.F. $48.42 $871.56
1 to 2 story building, W8x31, A992 steel,
shop fabricated, incl shop primer, bolted
connections
053113500015 Metal floor decking, steel, made from 0.00 $0.00

recycled materials
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LineNumber Description Quantity Unit Total Incl. Ext. Total Incl.
0&P 0&P
053113505400 Metal floor decking, steel, non-cellular, 53,6013.56  S.F. $2.99 $160,304.53
composite, galvanized, 2" D, 18 gauge
Division 05 Subtotal $661,384.49
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Appendix D - General Conditions
Estimate
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General Conditions Estimate

Activity Quantity Units Unit Labor |Total Labor |Unit Material Cost |Total Material Cost |Total Cost
Project Executive 610.00|MHR 140.00| 85,400.00 $85,400.00
Project Manager 3,800.00|MHR 90.00| 342,000.00 $342,000.00
Project Superintendent 3,800.00|MHR 90.00| 342,000.00 $342,000.00
Project Engineer 3,800.00|MHR 50.00| 190,000.00 $190,000.00
TOTAL $959,400.00|
SUPPORT STAFF
Secretary 3,800.00| MHR 35.00( 133,000.00 $133,000.00|
Scheduling Manager 500.00|MHR 90.00| 45,000.00 $45,000.00
Safety Engineer 500.00|MHR 50.00] 25,000.00 $25,000.00
MEP Support 350.00| MHR 90.00| 31,500.00 $31,500.00
TOTAL $234,500.00
OFFICE EXPENSES/OH & Temporary Utilities
Living Expenses 10.00| MONTHLY 3,000.00 30,000.00 $30,000.00
Moving Expenses 1.00|LS 15,000.00 15,000.00 $15,000.00
Travel/Parking (STAFF) 1.00|LS 0.00 0.00 $0.00
Office Set-Up 1.00|LS 1,500.00 1,500.00 250.00 250.00 $1,750.00
Contractors Office 10.00|MONTHLY 1,600.00 16,000.00 $16,000.00
Contractors Office Furnishings 1.00|LS 3,000.00 3,000.00 $3,000.00
Clean Office 10.00|MONTHLY 255.00 2,550.00 $2,550.00
Telephone Set-Up 1.00|LS 310.00 310.00 $310.00
Telephone Service 15.00|MONTHLY 285.00 4,275.00 $4,275.00
Cell Phones 15.00|MONTHLY 270.00 4,050.00 $4,050.00
Computers & Supplies 2.00(EA 1,750.00 3,500.00 $3,500.00
Copy Machine 1.00|EA 6,000.00 6,000.00 $6,000.00
Copy Machine Maintenance 12.50|MONTHLY 300.00 3,750.00 $3,750.00
Potable Water 5.00|MONTHLY 200.00 1,000.00 $1,000.00
Safety Equipment 1.00|LS 2,000.00 2,000.00 $2,000.00
Mail and Postage 15.00|MONTHLY 350.00 5,250.00 $5,250.00
Constructware Usage FEES 12.50| MONTHLY 850.00 10,625.00 $10,625.00
First Aid 25.00|MONTHLY 150.00 3,750.00 $3,750.00
Office Supplies 20.00|MONTHLY 300.00 6,000.00 $6,000.00
Photographs 22.50|MONTHLY 100.00 2,250.00 $2,250.00
Plans & Specs 1.00|LS 25,000.00 25,000.00 $25,000.00
BIM Services 1.00|ALLOW 40,000.00] 40,000.00 0.00 0.00 $40,000.00
Internet Set-Up 1.00(LS 1,000.00 1,000.00 $1,000.00
Internet Service 7.50{MONTHLY 250.00 1,875.00 $1,875.00
General Clean-Up 1.00|ALLOW 25,000.001 25,000.00 0.00 0.00 $25,000.00
Printers 1.00(EA 750.00 750.00 $750.00
Temporary Power Set-Up 1.00(LS 12,500.00 12,500.00 $12,500.00
Temporary Power Service 22.50| MONTHLY 2,000.00 45,000.00 $45,000.00
Temporary Sanitation Set-Up 1.00|LS 3,000.00 3,000.00 $3,000.00
Temporary Sanitation Service 1.00[MONTHLY 50.00 50.00 $50.00]
TOTAL $214,685.00
CUM.TOTAL | $1,408,585.00
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Appendix E - Visual Representation of
Facade Panels
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Appendix F - Structural Calculations
and Details
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Beam Combined Axial and Bending Stresses Summary
Max Comp Max Tens
Beam L/C Length Stress d Corner Stress d Corner
(ft) (psi) (ft) (psi) (ft)

2 1:2ND & 3RD F 16.920 | 7.92E+3 8.460 1| -7.95E+3 8.460 3
2:4TH FLOOR 16.920 646.790 16.920 1| -601.377 16.920 3
3:ROOF FACA 16.920 51.224 16.920 1 -52.601 16.920 3

3 1:2ND & 3RD F 16.920 7.6E+3 8.460 1| -7.56E+3 8.460 3
2:4TH FLOOR 16.920 1.24E+3 16.920 1| -1.34E+3 16.920 3
3:ROOF FACA 16.920 166.272 16.920 1| -150.340 16.920 3

4 1:2ND & 3RD F 16.920 1.43E+3 16.920 11 -1.43E+3 16.920 3
2:4TH FLOOR 16.920 | 9.43E+3 8.460 1| -9.37E+3 8.460 3
3:ROOF FACA 16.920 453.460 16.920 1| -478.020 16.920 3

5 1:2ND & 3RD F 16.920 355.252 16.920 1 -374.294 16.920 3
2:4TH FLOOR 16.920 1.1E+3 16.920 1] -1.11E+3 16.920 3
3:ROOF FACA 16.920 | 6.53E+3 8.460 1| -6.52E+3 8.460 3

9 1:2ND & 3RD F 12.500 2.19E+3 12.500 3| -2.32E+3 12.500 1
2:4TH FLOOR 12.500 | 4.78E+3 12.500 1| -1.64E+3 12.500 3
3:ROOF FACA 12.500 1.27E+3 0.000 1

12 1:2ND & 3RD F 12.500 1.96E+3 12.500 3
2:4TH FLOOR 12.500 | 2.57E+3 12.500 1
3:ROOF FACA 12.500 848.975 0.000 1

13 1:2ND & 3RD F 12.500 1.34E+3 0.000 1
2:4TH FLOOR 12.500 1.73E+3 0.000 1
3:ROOF FACA 12.500 703.801 12.500 1

14 1:2ND & 3RD F 12.500 1.39E+3 0.000 3| -1.24E+3 0.000 1
2:4TH FLOOR 12.500 | 3.51E+3 0.000 1 -19.557 0.000 3
3:ROOF FACA 12.500 1.74E+3 12.500 1

16 1:2ND & 3RD F 20.710 895.385 0.000 3| -865.187 0.000 1
2:4TH FLOOR 20.710 306.331 0.000 3| -214.973 0.000 1
3:ROOF FACA 20.710 1.72E+3 0.000 1

17 1:2ND & 3RD F 20.710 560.849 20.710 3| -585.699 20.710 1
2:4TH FLOOR 20.710 1.7E+3 20.710 3| -1.77E+3 20.710 1
3:ROOF FACA 20.710 | 2.03E+3 20.710 1| -114.582 20.710 3

18 1:2ND & 3RD F 12.500 | 2.02E+3 0.000 1
2:4TH FLOOR 12.500 1.35E+3 0.000 1
3:ROOF FACA 12.500 850.559 0.000 1

19 1:2ND & 3RD F 12.500 1.58E+3 0.000 1
2:4TH FLOOR 12.500 1.05E+3 0.000 1
3:ROOF FACA 12.500 662.265 0.000 1

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 |
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Beam Maximum Axial Forces

Distances to maxima are given from beam end A.

Beam | Node A| Length L/C d Max Fx
(ft) (ft) (kip)
2 1 16.920 | 1:2ND & 3RD F | Max -ve
Max +ve 0.000 -0.297
2:4TH FLOOR | Max -ve 0.000 0.425
Max +ve
3:ROOF FACA | Max -ve
Max +ve 0.000 -0.013
3 5 16.920 | 1:2ND & 3RD F | Max -ve 0.000 0.403
Max +ve
2:4TH FLOOR | Max -ve
Max +ve 0.000 -0.889
3:ROOF FACA | Max -ve 0.000 0.149
Max +ve
4 7 16.920 | 1:2ND & 3RD F | Max -ve 0.000 0.022
Max +ve
2:4TH FLOOR | Max -ve 0.000 0.508
Max +ve
3:ROOF FACA | Max -ve
Max +ve 0.000 -0.230
5 9 16.920 | 1:2ND & 3RD F | Max -ve
Max +ve 0.000 -0.124
2:4TH FLOOR | Max -ve
Max +ve 0.000 -0.037
3:ROOF FACA | Max -ve 0.000 0.087
Max +ve
9 6 12.500 | 1:2ND & 3RD F | Max -ve
Max +ve 0.000 -0.728
2:4TH FLOOR | Max -ve 0.000 18.481
Max +ve
3:ROOF FACA | Max -ve 0.000 11.121
Max +ve
12 1 12.500 | 1:2ND & 3RD F | Max -ve 0.000 13.545
Max +ve
2:4TH FLOOR | Max -ve 0.000 17.452
Max +ve
3:ROOF FACA | Max -ve 0.000 11.014
Max +ve
13 2 12.500 | 1:2ND & 3RD F | Max -ve 0.000 13.104
Max +ve
2:4TH FLOOR | Max -ve 0.000 17.958
Max +ve
3:ROOF FACA | Max -ve 0.000 11.056
Max +ve
14 5 12.500 | 1:2ND & 3RD F | Max -ve 0.000 0.728
Max +ve
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Beam Maximum Axial Forces Cont...

Beam | Node A | Length L/C d Max Fx
(ft) (ft) (kip)
2:4TH FLOOR | Max -ve 0.000 16.929
Max +ve
3:ROOF FACA | Max -ve 0.000 10.950
Max +ve
16 7 20.710 | 1:2ND & 3RD F | Max -ve 0.000 0.147
Max +ve
2:4TH FLOOR | Max -ve 0.000 0.444
Max +ve
3:ROOF FACA | Max -ve 0.000 10.761
Max +ve
17 8 20.710 | 1:2ND & 3RD F | Max -ve
Max +ve 0.000 -0.147
2:4TH FLOOR | Max -ve
Max +ve 0.000 -0.444
3:ROOF FACA | Max -ve 0.000 11.310
Max +ve
18 1 12.500 | 1:2ND & 3RD F | Max -ve 0.000 26.649
Max +ve
2:4TH FLOOR | Max -ve 0.000 17.705
Max +ve
3:ROOF FACA | Max -ve 0.000 11.035
Max +ve
19 2 12.500 | 1:2ND & 3RD F | Max -ve 0.000 26.649
Max +ve
2:4TH FLOOR | Max -ve 0.000 17.705
Max +ve
3:ROOF FACA | Max -ve 0.000 11.035
Max +ve
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Beam Maximum Moments

Distances to maxima are given from beam end A.
Beam | Node A | Length Lic d Max My d Max Mz
(ft) (ft) (kipin) (ft) (kipin)
2 1 16.920 | 1:2ND & 3RD F | Max -ve 0.000 0.000 16.920 44.747
Max +ve 0.000 0.000 8.460 | -653.978
2:4TH FLOOR | Max -ve 0.000 0.000 0.000 0.000
Max +ve 0.000 0.000 16.920 -51.442
3:ROOF FACA | Max -ve 0.000 0.000 0.000 0.000
Max +ve 0.000 0.000 16.920 -4.279
3 5 16.920 | 1:2ND & 3RD F | Max -ve 0.000 0.000 16.920 | 103.149
Max +ve 0.000 0.000 8.460 | -624.777
2:4TH FLOOR | Max -ve 0.000 0.000 0.000 0.000
Max +ve 0.000 0.000 16.920 | -106.191
3:ROOF FACA | Max -ve 0.000 0.000 0.000 0.000
Max +ve 0.000 0.000 16.920 -13.049
4 7 16.920 | 1:2ND & 3RD F | Max -ve 0.000 0.000 0.000 0.000
Max +ve 0.000 0.000 16.920 | -118.128
2:4TH FLOOR | Max -ve 0.000 0.000 16.920 | 247.691
Max +ve 0.000 0.000 8.460 | -774.865
3:ROOF FACA | Max -ve 0.000 0.000 0.000 0.000
Max +ve 0.000 0.000 16.920 -38.390
5 9 16.920 | 1:2ND & 3RD F | Max -ve 0.000 0.000 0.000 0.000
Max +ve 0.000 0.000 16.920 -29.768
2:4TH FLOOR | Max -ve 0.000 0.000 0.000 0.000
Max +ve 0.000 0.000 16.920 -90.057
3:ROOF FACA | Max -ve 0.000 0.000 16.920 55.718
Max +ve 0.000 0.000 8.460 | -532.289
9 6 12.500 | 1:2ND & 3RD F | Max -ve 0.000 0.000 12.500 | 117.136
Max +ve 0.000 0.000
2:4TH FLOOR | Max -ve 0.000 0.000
Max +ve 0.000 0.000 12.500 | -166.742
3:ROOF FACA | Max -ve 0.000 0.000 12.500 4.224
Max +ve 0.000 0.000 0.000 -17.213
12 1 12.500 | 1:2ND & 3RD F | Max -ve 0.000 0.000 12.500 46.016
Max +ve 0.000 0.000
2:4TH FLOOR | Max -ve 0.000 0.000 0.000 1.043
Max +ve 0.000 0.000 12.500 -61.605
3:ROOF FACA | Max -ve 0.000 0.000
Max +ve 0.000 0.000 0.000 -1.024
13 2 12.500 | 1:2ND & 3RD F | Max -ve 0.000 0.000 0.000 43.980
Max +ve 0.000 0.000 12.500 -1.269
2:4TH FLOOR | Max -ve 0.000 0.000 12.500 10.163
Max +ve 0.000 0.000 0.000 -52.486
3:ROOF FACA [ Max -ve 0.000 0.000
Max +ve 0.000 0.000 12.500 -4.164
14 5 12.500 | 1:2ND & 3RD F | Max -ve 0.000 0.000 0.000 46.016
Max +ve 0.000 0.000
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Beam Maximum Moments Cont...

Beam | Node A| Length L/C d Max My d Max Mz
(ft) (ft) (kip'in) (ft) (kip'in)
2:4TH FLOOR | Max -ve 0.000 0.000 12.500 9.108
Max +ve 0.000 0.000 0.000 -61.605
3:ROOF FACA | Max -ve 0.000 0.000
Max +ve 0.000 0.000 12.500 -21.552
16 7 20.710 | 1:2ND & 3RD F | Max -ve 0.000 0.000 0.000 30.760
Max +ve 0.000 0.000
2:4TH FLOOR | Max -ve 0.000 0.000 0.000 9.108
Max +ve 0.000 0.000 20.710 -0.000
3:ROOF FACA | Max -ve 0.000 0.000
Max +ve 0.000 0.000 0.000 -21.552
17 8 20.710 | 1:2ND & 3RD F | Max -ve 0.000 0.000 20.710 29.768
Max +ve 0.000 0.000 0.000 -0.992
2:4TH FLOOR | Max -ve 0.000 0.000 20.710 90.057
Max +ve 0.000 0.000
3:ROOF FACA | Max -ve 0.000 0.000
Max +ve 0.000 0.000 20.710 -55.718
18 1 12.500 | 1:2ND & 3RD F | Max -ve 0.000 0.000 12.500 0.000
Max +ve 0.000 0.000 0.000 -0.767
2:4TH FLOOR | Max -ve 0.000 0.000 12.500 0.000
Max +ve 0.000 0.000 0.000 -1.043
3:ROOF FACA | Max -ve 0.000 0.000 0.000 1.024
Max +ve 0.000 0.000 12.500 0.000
19 2 12.500 | 1:2ND & 3RD F | Max -ve 0.000 0.000 0.000 0.767
Max +ve 0.000 0.000 12.500 0.000
2:4TH FLOOR | Max -ve 0.000 0.000 0.000 1.043
Max +ve 0.000 0.000
3:ROOF FACA | Max -ve 0.000 0.000 12.500 0.000
Max +ve 0.000 0.000 0.000 -1.024
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