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BUILDING STATISTICS

SIZE: 66,646 SF, 3 STORIES PLUS ATTIC
CONSTRUCTION DATES: 12-3-07 — 11-24-09
COST: +/- 30,000,000 Midstate Construction
+/- 20,000,000 Mechanical, Electrical, Geothermal

PROJECT DELIVERY METHOD: Design-Build

PROJECT TEAM

OWNER: Santa Rosa Jr. College

CONSTRUCTION MANAGER: Wright Contracting Inc.
ARCHITECT: BSA Architects

STRUCTURAL ENGINEER: KPFF Consulting Engineers
MEP: AlfaTech Engineers

CIVIL ENGINEER: Brelje & Race

LIGHTING ENGINEER: Horton Lees Brogden
ARCHITECTURE

e 3750+ SF Classrooms

e 700+ SF Computer Center

e 4000+ SF Student Dining Area

e  Numerous Meeting Rooms

e 3 Story Atrium Space at Entrance Lobby
e  Grand Staircase around Lobby Atrium

e  Student Affairs Offices

e 2100 SF Kitchen

BUILDING ENVELOPE

e  Brick Veneer Exterior

e  Precast Concrete Panels wrap parts of the
building facade

e  Concrete Roofing Tiles cover the majority of the
roof

e Flexible flashing is used on ridges, penetrations,
and elevation changes on roof

STRUCTURAL

. Live Loads
[o] FLAT ROOF = 20PSF
(o} SLOPED ROOF= 16PSF
(o} OFFICES= 80PSF + 20PSF PARTITION

LOAD
[o] CORRIDORS=100PSF
. Footings to be founded at least 24” below lowest

adjacent grade
. Minimum 28-day Concrete Strength
o] FOOTINGS = 3000psi
o] SOG = 3000psi
[o] COLUMNS =4000psi
[o] WALLS = 4000psi
[o] FILL ON METAL DECK =3000psi
. SOG is 5” concrete with #4 rebar at 12”0o.c.
. Typical Floor Framing is 3 1/4 “ LW concrete on
3”-18GA composite deck
. Beams and girders are composite with 3/4¢”
studs at 12” o.c.
. Structural Steel Building

MECHANICAL

Cooling/heating design: geothermal heat pump loop
o] 8” geothermal vault mains (860GPM @ peak load)
o 5 geothermal circuit loops
o 150 geothermal bore loops

Seismic bracing needed for mechanical equipment and piping
o Seismic zone 4
o Importance factor = 1.5

376 SF mechanical room on first floor

Energy Recovery Unit located on second floor

ELECTRICAL

. 12kV Transformer for supply voltage

. Lighting uses 277V

. Main Switchboard runs at 480/277V

. 125kW Emergency Backup Generator

. 24 panel boards located throughout the building

. 6 local transformers step voltage down to
208/120V
LIGHTING
. Dimmable lighting available in leadership center

and multiple meeting rooms

. 63 lighting types used throughout

. Rooms with dimmable fluorescent lights must
have a LUTRON, HI-LUME or ECO HI-10 dimming
ballast rated at 277V

. Interior lighting systems on each floor have
separate automatic shut-off controls

. Rooms larger than 100SF and greater than .8
watts per SF of lighting are controlled with bi-level
switching for uniform light reduction

SANTA ROSA JUNIOR COLLEGE STUDENT CENTER, SANTA ROSA, CA
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Executive Summary

This Final Report is the result of in depth analyses that were identified in the Fall of 2009 and
have been conducted throughout the Spring 2010 semester. The subject of these analyses is
the newly constructed, Santa Rosa Junior College, Bertolini Student Center located in Santa
Rosa, CA. The student center is the most recent of an ongoing series of new buildings that have
replaced outdated structures on the junior college campus in order to provide the best possible
opportunities to students and faculty.

This final report includes four major analyses and two short “breadth” analyses. The first is
takes a look at a critical industry issue, while the three following took to find ways to reduce the
overall cost and schedule of the student center project. The critical industry issue looks at the
growing popularity of renewable energy systems and how to implement such a system into the
Student Center. This analysis is also supported by two “breadth” analyses which take a brief
look into architectural and electrical features of the building.

The three technical analyses are aimed at finding ways to decrease the overall cost and
schedule of the project. The first looks into the implementation of field welding instead of
prefabricated shop welding. This study will look to decrease the schedule through quicker
installation time and less rework and to decrease the cost through cheaper labor. The second
analysis will look into alternative steel erection methods, particularly multiple cranes instead of
the single crane used on the project. This study will aim to decrease the schedule through
elimination of delays and to decrease the cost through having the cranes on site for a shorter
period of time. The final analysis will focus on the prefabrication of precast concrete panels
and will attempt to counter the delays and rework that occurred with the implementation of a
design consultant who would be involved from the very beginning design phase. This study will
aim to eliminate critical path delays and also costs associated with rework.

The main focus of the analyses above is construction management; however, the architectural
and electrical breadth studies will take a look outside of construction management and be
carried out in an attempt to provide the best solution for the student center project.
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PROJECT SANTA ROSA
BACKGROUND: JUNIOR COLLEGE

CLIENT INFORMATION

Santa Rosa Junior College is located in the Sonoma
County Junior College district of Sonoma County
California which encompasses roughly 1600 square
miles and has a population of 464,568 people (2008

2 1
T |
estimate, Economic Modeling Specialists Inc.). The i i

school is designed as a public, two year community 7 mnman, SIS
college. Santa Rosa has two different campus ' o
locations in California: the Santa Rosa campus and
the Petaluma campus. The Student Center being
constructed is located in the Santa Rosa Campus
which is located directly off of route 101 in Sonoma
County California which is less than an hour north of
San Fransisco. As of 2008, the enrollment between
the two campuses was 36,460 students.

Santa Rosa’s mission statement is as follows: Sonoma
County Junior College District's Mission is to
promote student learning throughout our diverse
communities by increasing the knowledge, ]
improving the skills, and enhancing the lives of ,}m
those who participate in our programs and enroll in
our courses, and the addition of the new student
center will help the university to fulfill this statement.
The original student center, which was demolished
prior to construction of the new, Bertolini Student
Center, was very outdated and failed to meet the
needs of the students and the college’s mission. Upon completion, the nearly 70,000 SF center
will give students a place to relax and be social, get administrative advice, and also further their
education.
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As with all projects, the owner wants the lowest cost, highest quality, and no accidents and the
Santa Rosa Junior College Student Center is no exception. Midstate Construction and the
construction manager on the project monitor the safety, correct deficiencies, and send out
notices when appropriate. The only issue of importance to the owner, dealing with sequencing,
is getting the project completed as soon as possible, although the most important part to the
college is the cafeteria and student dining area. These areas are the most complicated on the
project and will be the last things completed. On the student center project there are no joint,
dual, or phased occupancy requirements to meet. The owner does have the right, per
specifications, to partially occupy the building when areas have been completed. This would
make things a bit more difficult for the tracking punchlist work and finishing the rest of the
building if the owner would choose to do so. Some keys that would be important to completing
the project to the owner’s satisfaction would be finishing the center by December of 2009 so
that it is ready to be fully utilized in the spring 2010 semester. As for accommodating students
and faculty while they are without a student center, faculty has been spread out in temporary
space all over campus until they are able to move in to the new center. As for students, they
have had to deal without a student center at all and are most likely excited for the opening of
the building in the near future.
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PROJECT BACKGROUND:

LOCAL CONDITIONS

Preferred Methods of Construction:

The preferred method of construction on the project is that of most of the pre-existing buildings on
campus. The structural steel frame with precast concrete and brick veneer and tile roof is common
on many buildings throughout the Santa Rosa Junior College campus and also fits the style of many
nearby off campus buildings.

Construction Parking:

Parking for construction workers is located just north of the site. It is directly across Elliot Avenue,
which runs directly between the construction site and the lot. The close proximity of the parking lot
allows for quick access to the site.

Recycling and Tipping Fees:

Multiple dumpsters are located on site to encourage recycling on the project. The project target
goal for recycling is 75% of materials. To make this goal a reality, materials must be sorted out
ahead of time.

Soil and Subsurface Water Condition:

The Student Center construction site is underlain by alluvial soils. The top 25 feet of soil on site
consists of a mixture of stiff to very stiff clay along with layers of medium dense to dense sand. The
upper portion of the clay is moderately compressible and has a low to moderate potential of
expansion. The anticipated high groundwater level is roughly 4 feet below the soil surface. The
primary geological hazard that could potentially affect construction is strong ground shaking due to
earthquakes due to the fact that the site is located in the seismically active San Francisco Bay
Region. Major faults in the area include the San Andreas, Hayward, San Gregorio Rodgers Creek,
and Calaveras faults (a map of local epicenters can be found below). Primary geotechnical issues
include the presence of clay on the surface that is moderately compressible with low to moderate
expansion potential as well as shallow groundwater (Additional seismic maps located in appendix).

Taking into account the soil conditions it has been determined that the student center can be
supported on spread footings bearing on at least 3 feet of engineered fill. To reduce the potential
of expansion the footings are to be placed at least 24 inches below the adjacent soil sub-grade. If
construction of footings is done in the wet season, there is a potential for ground water may be
encountered during the three feet of excavation required for the engineered fill below footings.
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NOTES:
Digitized data for fault coordinates and earthquake catalog was developed by the California Department of Conservation
Division of Mines and Geology. The historic earthquake catalog includes events from January 1800 to December 2000,
STUDENT SERVICES CENTER MAP OF MAJOR FAULTS AND
SANTA ROSA JUNIOR COLLEGE
LAyl S EARTHQUAKE EPICENTERS IN
THE SAN FRANCISCO BAY AREA

WISMb Date: OWSTIOGlProject No. 4395.01 |Figure 5
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PROJECT BACKGROUND:

EXISTING SITE PLAN

Existing site prior to the demolition of the old student center (bing.com/maps/)
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PROJECT BACKGROUND:

PROJECT DELIVERY METHOD

The project is being delivered using a design-build method with the architect and construction
manager contractually bound directly to the owner. Although the project is not entirely a design-
build project, several major items were bid that way. The majority of the design-build items include,
precast, curtain wall, elevators, and fire sprinkler system for the student center. The project was
offered as a lump sum bid because of the fact that it is very difficult to do a public works bid as
design-build. Public contracting laws put constraints on it that are difficult to get around. Private
owners have more leeway, but design-build always offers a bit of a struggle to control scope vs.
price.

The project was bid in 5 different pieces. Sitework landscaping, building construction, mechanical
systems, electrical, and geothermal are the 5 different items that were bid on. Each bid was
required to be made out on the Bid Proposal Form that was included in the contract documents and
must conform and be fully responsive to the plans, specifications, and all other documents included
in pertinent contract documents. Also, each bid was required to be accompanied by cash, a
cashier’s or certified check, or a bidder’s bond from an admitted surety insurer. The check or bid
bond ensures that the bidder who is awarded the contract will execute the contract documents and
provide the required payment, performance bonds, and insurance certificates within 10 days of
being notified of being awarded the contract.

On the Santa Rosa Junior College Student Center, the architect works directly for the SRIC. The
other design teams on the project work underneath the architect as subcontractors. These design
teams include lighting design, civil engineer, structural engineer, graphics, acoustics/audio video,
mechanical/electrical/plumbing, landscape architect, and interior design. Since the student center
is such a large project, it makes sense to have the design teams contract with the architect instead
of the owner so that the architect can have control over everything and avoid any clashing issues.
The construction manager on the project, like the architect, holds a contract with the owner. The
construction manager’s job is to oversee the prime contractors and design team but he does not
have a contractual relationship with them.

The organizational hierarchy can be summed up by the chart seen below. The black lines stand for
contractual agreements. The CM and the architect are the only people that contract directly with
the owner. All other design teams contract directly with the architect and are permitted to
subcontract on their own. The blue lines represent the CMs job to oversee design team members.
Although he does not have a contractual agreement with them, it is his job to make sure that
everything is going ahead smoothly.
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SANTA ROSA JUNIOR COLLEGE STUDENT CENTER
ORGANIZATIONAL CHART

OWNER
SANTA ROSA JUNIOR COLLEGE
Jay Carpenter

CONSTRUCTION ARCHITECT
MANAGER BSA ARCHITECTS
Midstate Construction Bob Allen
t Dana Vallimont

MECHANICAL/ELECTRICAL/PLUMBING STRUCTURAL ENGINEER
Alfatech Engineers KPFF Consulting Engineers
Marc Press
Mechanical Electrical Plumbing
Marco Alves James Jamie

CIVIL ENGINEER
Brelje &Race

N
( INTERIOR DESIGN Tom Jones

Disrud & Associates

Pestano Carrion

Carol Disrud

N ACCOUSTICS/ AUDIO VISUAL
LANDSCAPE ARCHITECT Charles M. Salter Associates

{ Smith & Smith Charles Salter

Ned Smith

LIGHTING DESIGN GRAPHICS
Horton Lees Brogden Donnelly Design

t Angela Mcdonald Tom Donnelly )
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PROJECT BACKGROUND:

PROJECT SCHEDULE SUMMARY

Construction on the Santa Rosa Junior College Student Center began with the Notice to Proceed
which was granted on December 7, 2007. Mobilization soon followed on December 13 of 2007.
After mobilizing work began on setting structural concrete, steel, SOG’s and metal decking.
Construction throughout the project was set up in three phases (East Building, Middle Building,
West Building). Construction started on the east side of the site and finished up on the west.
Work on the building began with excavation for footings and grade beams and was followed by
placement of embeds, rebar, anchor bolts and finally inspection before the placement of
concrete. Next steel columns and beams were set in place by the use of a mobile crane where
they were then plumbed up and welded in place. Following the columns and beams was the
erection of stairs and placement of metal decking. After the placement of steel the SOG was
formed, reinforced and poured. Construction then moved to the second and finally third floor
where concrete slabs were placed on metal decking. This process of setting steel and pouring
concrete for the East Building section was completed in June of 2008. The Middle and West
sections of construction which started while construction was still being done on the East
section would finish in October and September of 2008 respectively.

Once the steel and concrete placement was completed, work then moved on to the exterior
envelope of the SRIC student center. The sequence of work would again move in three sections
from east to west. Envelope construction began on the second floor and then moved to the
third floor before coming back to finish the first floor up last. Exterior envelope construction
began in June of 2008 and was completed successfully in December of the same year.
Framing/Rough-in was next on the schedule followed by interior finishes, fixtures, and trim.
This work is scheduled to be done November 24, 2009 which would allow the student center to
open its doors to students and faculty for the first time at the beginning of the 2010 spring
semester at SRJC.
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This image illustrates the construction sequence of the student center. Work began at the east
side of the building and worked across to the middle and finally the west side (right to left on
the site plan above).
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PROJECT BACKGROUND:

DETAILED PROJECT SCHEDULE

The detailed schedule that | put together for the SRJC Student Center focuses on one of the
three sequences of construction on the building. All of the activities and durations are taken
from the East Building (section 1) part of the schedule. The middle and west parts of the
schedule contain nearly identical activities and are only a few months behind the East
Sequence, which was the initial sequence of construction.

[[#] Task Name Dwration Start Finish Predecessors Qir 4, 2007 |Qftr 1, 2008  Qtr 2, 2008  Qtr 3, 2008 | Otr 4, 2008 Otr 1, 2009 | Qtr 2, z‘o|
_ﬂ . . |Oct Mov|Dec \Jan Feb Mar Apr MaylJun Jul \Aug Sep|Oct Mov Dec Jan Feb Mar Apr May|
jier] NOTICE OF AWARD 0days Wed 111407 Wed 11/14/07 114

HOLDNOTICE TO PROCEED 20 days Wed 1114007 Tue 1211071 E
= NOTICE TO PROCEED 0 days Tue 12/4/07 Tue 12/4/07 & 1214
= MOBILIZATION Sdays Fri12M14/07 Thu 122007
] PRELMINARY SURVEY 2days Fri12M407 Mon 1214707 (]
e WINTERIZATION Jdeys  Fri12M407 Tue 121807 (]
|3  TEMPFENCE REPLACEMENT  3days  Fri121407 Tue 1211807 0
EXCAUATE ISOLATED FTCS Sdays  Fri 122107 Thu 1227074
i EXCAVATE GRADE BEAMS A 4 days Fri 1/4/08  Wed 1/8/08 ']
|E3  REBARISOLATEDFTGS 4 days Fri1/4/08  Wed 1/2/08 %
MEP EMBEDS 1 day Thu 1110/08 Thu 1/10/08 10
| REBAR GR.BEAMS & FTGS 5 days Fri 1111/08 Thu 1/17/08 11
j MEF EMBEDS GR EEAMS & F 2 days Fri 111108  Mon 1/14/08 ]
E4  ANCHOR BOLTS 2dsys  Mon 114008 Tue 1/15/08 1
= AMCHDR BOLTS GR.BEAMS | 2days Mon 1714108 Tue 1/15/08
INSPECT ISOLATED FTGS 1day Wed 11608 Wed 1/16/0815 1
] PLACE CONCRETE GR.BEAN 1 day Thu 1117./08 Thu 1/17/.08
INSPECT GR.BEAMS & FTGS 1 day Fri 1/18/08 Fri 118/0812
PLACE CONCRETE GR.BEAN 2 days Fri 11808  Mon 1210817 [
] CUREFTGS 14 days Tue 172208 Fn 2/8/08 (]
B  CMUWALLS Sdays  Tue 1/22/08  Mon 1/2308 9
= JOINT-DEEP UNDERGROUNC Tdays Tue 12208 Wed 1/230/08 "]
] ELEC-DEEP UNDERGROUND 5 days Fri 2/8/08  Thu 214/08 ']
E SET COLUMNS 10days  Mon 2/13/08 Fri 229/08 [~}
= SET BEAMS 15 days Fri 22908  Thu 32008
| PLUM3 & WELD 15 days Fri 321/08 Thu 4/10v08 25 %
= ERECT STAIRS 10 days Tue 4/8/08  Mon 4/21/08 (~]
= META. DECKS 15days Tue 41508  Mon 5508
ez MISC METAL 10 days Thu S/808  Wed 52108
= MEF UNDER SLAB 10 days Fri 41am8 Thu 5/1/08 [~]
: PREPS0G 6 days Tue 5/6/08 Tue 5/13/08 28
jec | MECHPLUMP-DEEP UNDERC 5 days Thu S/808  Wed 514/08
FORM S0OG Sdays Thu 51508 Wed 521/0832
= REBAR SLAR ON GRADE 5 days Fri 51608  Thu /22008 (]
3 MEF IN SLAB ON GRADE 4 days  Mon 5M15/08 Thu S/22/08
| INSPECT SLAB ON GRADE 1 day Fri 5/23/08 Fri 523/08 35 Ii
] PLACE SLAB ON GRADE 2 days Tue 527/08 Wed 528/08
I | REBAR IN SLAE ZND FLR 10 days Thu S/8/08 Wed 521/08
|EC] MEP IN SLAB 2ND FLR 10 days Thu /8008 Wed 52108
Task S Milestone < Extenal Tasks )
Prefect DETAILED SCHEDULE 2FIN. | gy s SrNY @ ®  Extemel Miestone
gl Project Summary ===l Deadline &
Page 1
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Oir & 2008 Otr 1, 2000 | Otr 2, 20|
Dec Jan Feb Mar | Apr May

D Task Name Duration Start Finish  |Predecessors  |[Ofrd, 2007 [Ofr §, 2008 | Cr 2. 2008 COitr 3, 2008
Oct NoviDec |Jan Feb Mar Apr Ma

&0 CONCRETE SLABONDECK ~ 3days  Thu 5/22/08  Mon 526/0839
g REBAR IN SLAB 3RO FLR 10 days Thu 5/22/08 Wed 6/4/08 38
MEF IN SLAB 3RD FLR 10 days Thu 52208 Wed 6/4/08 33
CONCRETE SLABONDECKZ  3days  Mon 6//08  Wed 6/11/08 !
EXTERIOR STUDS L2 15days  Fri6R7O8  Thu7/17/08 =
ROUGH-IN PLUMBING EXTW  Sdays Mon7/14/08  Fri 7118/08 ]

ELECTRICAL ROUGH-IN EXT Sdays Mon 7/14/08 Fri 7/18/08

EXTERIOR GYP SHEETING L. 15days  Mon 7/21/08 Fri 8/8/08 46
WATERPROOF EXT WALLS L Tdays Mon 81108  Tue 811908 47
FLASHING EXT MASONRY L2 Sdays Wed 82008  Tue 8/26/08 48

WATERFROOF EXT DECK #2 3days Wed 820008 Fri 82208

PAVERS DECK #2593 L2 ddays Mon 82508 Wed &27/08 50 ?
WINDOWS L2 7 days Fri 8/28/08 Mon 8/8/08 -]
VENEER MASONRY L2 15 days  Wed 9308  Tue /2308

GFRC PRECAST L2 15 days  Wed 308  Tue /2308

AL LIMWINDOWS 17 10 days Wed 70NA Tus SMRNA

CURTAIN WALL L2 Tdays Wed 81708  Thu 92508 55

CAULKING WINDOWS L2 5 days Fri 926/08  Thu 10/2/08 56

EXTERICR STUDS L3 15days  Mon 772108 Fn 8/8/08 [—]
ROUGH-IN PLUMBING EXT W 5 days Mon 2/4/08 Fri 8/8/08 []

ELECTRICAL ROUGH-IN EXT 5 days Mon 8/4/08 Fri 8/8/08

EXTERICR GYP SHEETING L 15days Mon 81108 Fri 828/08 60
WATERFROOF EXT WALLS L 7 days Ion 5/1/08 Tue 9/9/08 61
FLASHING EXT MASONRY L3 Sdays Wed 8/10/08 Tue 516108862

WINDOWS L3 Tdays Wed 81708  Thu 9250863
ALUMWINDOWS L3 15days Wed 9/24/08 Tue 10/14/08 54
VENEER MASONRY L3 15days Wed 8/24/08  Tue 10/14/0853
GFRC PRECASTL3 15 days Wed 924/08  Tue 10/14/08 -
CURTAIN WALL L3 Tdays Wed 10/808 Thu 101608
CAULKING WINDOWS L3 Sdays Fri10M1708 Thu 10/2308 68 ?
EXTERIOR STUDS L1 15 days Fri6/20/08  Thu 7/10/08 =
ROUGH-IN PLUMBING EXT W 5 days IMon 7/7/08 Fri 7M11/08 ']
ELECTRICAL ROUGH-IN EXT 5 days Mon 7/7/08 Fr 71108
EXTERIOR GYP SHEETING L°  15days  Mon 7/14/08 Fri 81110872 %
WATERPROOF EXT WALLS L Tdays  Mon 8/4/08  Tue &/12/08 [}
FLASHING EXT MASONRY L1 Sdays Wed 813/08  Tue &/15/08
PLASTER SOFFETS L1 Sdays Wed8M3/08 Tue 81508
VENEER MASONRY L1 15days Wed 813008  Tue 8/208
GFRC PRECAST L1 15days Wed 813008  Tue 8/208

Task S Milestone < Extemal Tasks  So—

Bﬁsﬁﬁ%ﬁ#% SCHEDULE 2FIN, Spii . . B =, P Extemal Mi &
Progress — Project Summary ===l Deadline +
Page 2

APRIL 7,2010 Page 16



SENIOR THESIS FINAL REPORT

SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

[=] |'3 Task Name Duration Start Finish [Predecessors | Oftrd, 2007 |Ogr 1, 2008 | Otr 2, 2008 | Otr 3, 2004 4, 2008 | Ot 1, 2000 | Ot 2, 20|
- I N E—— . |Oct Mov|Dec Jan Feb Mar Apr Ma INov/Dec Jan Feb Mar Apr Mayl
79 | WINDOWS L1 Tdays Wed 820008 Thu 8/28/08 76
80 | ALUMWINDOWS L1 10days Wed 82008  Tue 920875
81 CURTAIN WALL L1 Tdays Wed 93/08  Thu 9/11/08 80
82 | CAULKING WINDOWS L1 Sdays  Fri9A2/08  Thu 9180881
83 ‘ ROOF CARPENTRY 3days  ThuB/S08  Mon G/9/06 42
84 ROOF MASONRY VENEER 10days Tue 61008  Mon 6230883
85 T4  ROOF PRECAST 10days  Tue 6/10/08  Mon 62308
8 | ROOF MASONRY FLASHING 4days TueG/24/08  Fr 6/27/0B 85
| ROOF INSULATION 15days Mon 63008  Fri 7/18/08 86
88 |5  ROOFING 10days Tue7/22/08  Mon 8/4/08
N FIRE PROOFING STEEL L2 2deys  ThuBM2/08  Fri6M30843
90 |¥4  MEPRISERS L2 Sdays Thu 612/08 Wed 6/18/08
a1 ROUGH-IN OVERHEAD DUCT  20days Mon 616/08  Fri 7/11/08.89
92 B INTERIOR FRAMING L2 15days  Mon 63008  Fri 7/18/08
95 |E  HOLLOWMETAL FRAMESIN'  5days  Men 6/30/08 Fri 7/4/08
24 IE ROUGH IN AV TELECOM/SEC 20 days Mon 820/08 Fri 72508
95 |54  ROUGH-INELECTRICALFIRE 20days Mon 63008  Fri7/2508
9 [T ROUGH-IN PLUMBING L2 20days Mon 62008 Fri 772508
97 |¥4  ROUGH-IN HVAC CONTROLS  20days Mon 63008  Fri7/2508
98 [T  CLOSE UPINSPECTION 121 1day Tue 7THSMDE  Tue 7/1508
ROUGH-IN FIRE SPRINKLER ~ 20days Mon 7/21/08  Fri 8150892
ROUGH-IN HVAC WET-SIDEL  20days  Mon 7/21/08  Fri 8/15/08 87
ROLL UP GRILLS & DOORS L Sdays Tue 722008 Mon 7/28/08
MECH. RM #255- ROUGH-IN/S 10 days  Tue 722008 Mon 8/4/08
03| CLOSE UP INSPECTION 22 L 1dey  Tue /508  Tue 8/508 102
BLDG INSULATION L2 Sdays  Fri10M0/08 Thu 101608
FIRE PROOFING STEEL L3 Sdays Mon 61608 Fn 620008
MEF RISERS L3 Sdays  Thu 61508 Wed 6250850
ROUGH-IN OVERHEAD DUCT 20 days  Tue 7/15/08  Mon &11/08
INTERIOR FRAMING L2 15days  Tue 7/29/08  Mon &/18/08 101
HOLLOW METAL FRAMESIN'  Sdays  Tue7/29/08  Mon 8/4/08
ROUGH-IN AVITELECOM/SEC 20 days  Tue 7/29/08  Mon 8/25/08
ROUGH-IN ELECTRICAL/FIRE 20 days  Tue 7/29/08  Mon 8/25/08
ROUGH-IN PLUMBING L2 20deys  Tue 7/29/08  Mon 8/25/08
ROUGH-IN HVAC CONTROLS ~ 20days  Tue 7/29/08  Mon 8/25/08
114 CLOSE UP INSPECTION 172 L 1day Tue 8M2M08  Tue 81208 107
115 ROUGH-IN FIRE SPRINKLER 20 days  Men BM808  Fri S/12/08 100
16 | ROUGH-IN HVAC WET-SIDEL  20days Mon 81808  Fri 9120899
17| ROLLUPGRILLS & DOORSL  Sdays  Tue BM12/08  Mon &/25/08 108
Task NN Milestone L3 External Tasks G
Proect ETALED SCHEDULE 2FN | - g o Smary @ ®  Edemel Miesons ©
Progress === Project Summary ===l Deadline 4
Page 3
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SENIOR THESIS FINAL REPORT
SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

ROUGH-IN OVERHEAD DUCT  20days  Tue 812/08 Mon 8/808
INTERIOR FRAMING L1 15days  Tue 826/08 Mon 91508113
HOLLOW METAL FRAMES IN° Sdays Tue 8726/08 Meon 9/1/08 112
ROUGH-IN AVITELECOM/SEC 20 days Tue W208  Mon S/29/08 126
ROUGH-IN ELECTRICALFIRE 20 days Tue 92008  Mon 929/08
ROUGH-IN PLUMBING L1 20 days Tue 9208 Mon 9/29/08
ROUGH-IN HVAC CONTROLS 20 days Tue 9208 Mon S29/08
ELECT. RM#125- ROUGH-IN/E 10 days Tue 92008 Mon 91508
ROLL UP GRILLS & DOORS L Sdays Tue 916/08 Mon 92208131
CLOSE UP INSPECTIOM 12 1L 1 day Tue 8608 Tue S/18/08 125
ELECT. RM#126-ROUGH-IN/S  10days  Tue SME08  Mon 92908
MECHANICAL ROOM#127 L1 10 days  Tue 8M16/08  Mon 92808
CLOSE UP INSPECTION 22 L 1day Tue 93008  Tue S/30/08 135

o |o Task Name Duration Start Finigh Predecessors |Cdr 4, 2007 |Or 4, 2008  Qdr 2, 2008 | Otr 3, 2008 4,2008 Ofr 1, 2009 C!_hr__g,_;ﬁ
. — S | | E—— | |Oct Mov|Dec Jan Feb Mar Apr Ma ul |Aug Sep|Oct Nov Dec
118 | CLOSE UP INSPECTION 22 L 1day Tue B26/08  Tue 8/26/08 117
118 |54  BLDGINSULATION L3 Sdays Tue 10M4/08 Mon 1020008
120 | MEP RISERS L1 Sdays ThuSR9/08  Wed 640837
421 |[E4  FIRE PROOFING STEEL L1 Zdays Wed 6H808  Thu 61308
2| ROUGH-IN FIRE SPRINKLER ~ 20days  Fri620/08  Thu 711708121 %
| ROUGH-IN HVAC WET-SIDEL ~ 20days  FriG/20/08  Thu 7/17/08 =]
|
|
|
|

BLDG INSULATION L1 Sdays Tue 83008  Mon 10/6/08 134
DRYWALL L2 15days Fri10M7R08  Thu 11/8/08 104
TAPE & TEXTURE L2 20deys  Fri10/24/08 Thu 11720008 69
PAINT & WALL COVERING LZ  15days Tue 112508 Mon 121508
CEILING GRID L2 12 days Fri 12/508 Mon 1222108
CERAMIC TILE RESTROOM # 10 days Tue 1216/08 Mon 1229/08 140
HVAC IN CEILING GRID L2 10 days Tue 121608 Mon 122808 =]
LIGHTING/DEVICES IN CEILI*  10days Tue 1211608 Mon 122908 [~]
STAINLESS STEEL RAILS & M 5drys Tue 121608 Mon 122208 ']
PROJECTION SCREENS L2 Sdays  Fri1226/08  Thu 1109 8
MILLWORK RESTROOMS#25  2days Wed 123108  Thu 1/1/08 1
HVAC TRIM & FINISH L2 10 days Wed1231/08  Tue 1/13109 ]
ELECTRICAL TRIM&FINISH| 10 days Wed 123108  Tue 11308 ®
ACOUSTICAL TILEL2 10 days Wed 123108  Tue 171308 ®
WINDOW TREATMENT L2 5 days Wed 1273108 Tue 1/6/09 "]
152 |9 PLUM3ING TRIM RESTROOM 7 days Mon 1/5/08  Tue 1/13/08
153 TOILET PARTITIONS & ACCE: Sdays Wed 11409  Tue 1/20/09 152 ?
154 |E§  INTERIOR GLASS & GLAZING ~ 7days  Thu 1/15/08  Fri 172309 "]
155 |4 MILLWORK & CASEWORK L2 10days Thu 11509 Wed 128009
156 | CARPET L2 Tdays  Thu 1/29/09 Fri 2/6/09 155 -*
Task S Milestone @ External Tasks ——
Project DETAILED SCHEDULE2FN | gy T G ®  EdomalMiesane O
ogres Project Summary (el Deadline &
Page 4
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SENIOR THESIS FINAL REPORT
SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

o | [Task Name Duration Start Finish [Predecessors | Oir 4, 2007 | Otr 1, 2008 | Otr 2, 2008 Otr 3, 2008 | Olr 4. 2008 _Oftr 1, 2000 | Oir 2, 20|
L o - N | N [ |Get Nov|Dec Jan Feb Mar Apr MaylJun Jul Aug Sep|Oct [NeviDec Jan Feb Mar Apr May]

157 | INTERIOR DOCRS & HARDW, 10 days Mon 2808 Fn 220008 156 (-]

CLEAN & PUNCH L2 10 days Tue 3209  Mon 316089 [~}

DRYWALL L3 15 days Fri 11/708 Thu 11/27/08138

TAPE & TEXTURE L3 20 days Fri 11114/08 Thu 12/11/08

PAINT & WALL COVERING L3 15days Tue 12116108 Mon 1/508

CEILING GRID L3 12 days Mon 1272908  Tue 1/1309

CERAMIC TILE RESTROOM # 10 days Thu /809 Wed 1/21/09

HWACIN CEILING GRID L2 10 days Thu 1/8/08  Wed 172108

LIGHTING/DEVICES IN CEILIM 10 days Thu 1/6/09  Wed 1/21/08
STAINLESS STEEL RAILS & I 5 days Thu 1/6/09  Wed 114109
MILLWORK RESTROOMS #36 3 days Thu 172209  Mon 1/26/09 165

HVAC TRIM & FINISH 10days  Thu 12209  Wed 2/4/09 164
ELECTRICAL TRIM AND FINIE 10 days  Thu 1722009  Wed 2/4/09
PROJECTION SCREENS L3 Sdays Thu 172209 Wed 1/28/09 163
ACOUSTICAL TILEL3 10days Thu 12208  Wed 2/4/09
WINDOW TREATMENT 13 5 days Thu 12208 Wad 12808

PLUM3ING TRIM RESTROOM Tdays Tue 12709  Wed 2M4/08 167
INTERIOR GLASS AND GLAZI 7 days Thu 2/509 Fri 213008173
TOILET PARTITIONS AND AC: 5 days Thu 2/509  Wed 21109171
MILLWORK AND CASEWORK 10 days Thu 2/5/08  Wed 2/18/08 169

174

MILLWORK RESTROOMS #12 2days  Thu 2M15/09 Fri 220/08 182
PLUM3ING TRIM RESTROOM 7 days  Mon 272309 Tue 3/3/09 193
TOILET PARTITIONS AND AC: 10 days Thu 3/5/09  Wed 218/09 150

CARPETL3 7days Thu2MSM09  Fri 227/08176
INTERIOR DOORS AND HARL ~ 10days  Tue 3308 Mon 31608
CLEAN AND PUNGH L3 10days Tue 32409  Mon 4/509
DRYWALL L1 15days  Tue 12208 Mon 122208
TABE AND TEXTURE L1 20days  Tue 12/8/08  Mon 1/5/08
PAINT AND WALL COVERING 15 days Thu 1/8808  Wed 1/28/09
CEILING GRID L1 12 days Tue 1720008 Wed 2/4/08
CERAMIC TILE RESTROOM#  10deys  Thu 1/29/09  Wed 2/11/08 182
i85 | HVAC IN CEILING GRID L1 10days Thu 1/29/09 Wed 2/11/09 172
186 ‘ LIGHTING DEVICES INCEILIN  10days  Thu 12303 Wed 2/11/09 170
187 |E PROJECTION SCREENS L1 5 days Mon 2/9/09 Fri 21309
188 | HVAC TRIM AND FINISH L1 10days  Thu 2209 Wed 22508 186
188 | ELECTRICAL TRIMAND FINIE  10days  Thu 2M2/03  Wed 2/25/009 185
BN CERAMIC AND QUARRY TILE  15days  Thu 22008  Wed 3/4/09 184
191 | ACOUSTICAL TILEL1 10 days Thu 21209 Wed 22508175
192 :E WINDOW TREATMENT L1 5 days Thu 21209  Wed 21809
|
|
|

Task NN Milestone < Extemnal Tasks
Project: DETAILED SCHEDULE 2FIN, v
Dt e 1027108 ‘| seit e « Summary @ 9 Extemal
Progress ——  Project Summary ===l Deadline &
Page 5
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SENIOR THESIS FINAL REPORT

SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

[[2] ‘ask Name Duration Start Finish Fradecessors Qtrd4, 2007 [Ofr 1,2008 Otr 2, 2008 |Qtr3, 2008 [Ctr 4, 2008 | Qtr1, 2008 Qir 2 0]
_0 Oct Nev|Dec|Jan Feb Mar Apr May Jun Jul AugSep Oct NoviDec Jan Feb Mar Apr May
Ei INTERIOR GLASS AND GLAZI 3 days Fri 3803 Thu 31203 (]
= MILLWORK AND CASEWORK 3 days Fn 3609 Tue 311009 ]
= CARPET L1 T days Fri /2009  Mon 3/30/09
H| INTERICR DOORS ANDHARE  10days  Tue 331/08  Mon /13058 198 .s
= CLEAM AND PUNCH L1 10 days  Tue 42108 Mon 5408 (-]
Task e  Milestone % External Tasks —_
Pr 2 Al Fl .
U::.dl'uf:lﬂtg ECHECIEE Spit i Summary L W External @
Prograze es———— Project Summary Essss——— Deadline 4
Page &
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SENIOR THESIS FINAL REPORT
SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

PROJECT BACKGROUND:

SITE LAYOUT PLANNING

TIMITS OF CONSTRUCTION

Santa Rosa Junior College
Student%enter

et il R

DAN VALLIMONT | SANTAROSA JUNIOR COLLEGE

October 28, 2009 | STUDENTCENTER

The image below was taken during the phase of construction that is illustrated above by the site plan.

SUPERSTRUCTURE PHASE OF
CONSTRUCTION
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SENIOR THESIS FINAL REPORT
SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

PROJECT BACKGROUND:

PROJECT COST EVALUATION

Actual Building Construction Cost (CC):

e $30,000,000 Bid Building Cost
e Roughly $450/SF ($30,000,000/66,646 sq ft)

Total Project Cost:

e $50,000,000 Bid Project Cost (total building cost)
e Roughly $750/SF ($50,000,000/66,646 sq ft)

Building Systems Costs: Cost and Cost/SF

BUILDING SYSTEMS COST COST/SF
Concrete | $2,000,000

Masonry $5,500,000 $82.53

EECUCR  ©3,500,000 $52.52
[ $8,000,000 $120.04

Electrical/Data | $12,000,000 $180.06
Flooring Finishes $1,000,000 $15.00

General Conditions | $1,000,000 $15.00
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SENIOR THESIS FINAL REPORT
SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

PROJECT BACKGROUND:

Detailed Structural Estimate

Detailed Structural Estimate Summary:

The estimate performed below was done using RS Means Costworks and represents the structural
system estimate of the Santa Rosa Junior College Student Center. The estimate includes foundation,
footings, Slabs, decking, and structural steel. Although a full takeoff for the structural steel would
have been ideal, | was forced to resort to estimating a typical bay in the building which was
repeated throughout the entire structure. The reason for this was due to time constraints and the
complexity of the project. Upon asking the project estimator for advice on alternatives | was met
with the response of:

“We would never try to do a complete takeoff (going through the plans and counting
everything) on a building the size of Bertolini. Especially with steel, the estimates are way
too complicated for a general contractor to do accurately in house. You would need to
figure in the number of bolted connections (cheaper) vs. welded, all of the miscellaneous
bracing, stiffener plates, etc...plus adding up all of the beams, columns, and brace frames.”

Upon receiving this response | decided to go with the typical bay estimate method and then
multiplied my findings out through the rest of the building. Although it is not as detailed as a full
takeoff it is still a good representation of the structural estimate on the Bertolini Student Center at
SRJC.
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SENIOR THESIS FINAL REPORT
SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

Cost Estimate Report

CostWorks'

Assembly Detail Report R5Means
Prepared By:
Year 2009
DAN VALLIMONT
DETAILED STRUCTURAL ESTIMATE pe
Date: 28-Oct-09
Accamhly (hrantity Linit Ext Tatallnel
Assembly Quantity Unit Ext, Total Inel
Number O&P
10 Non-CSI
10201241254 u Conerete Reinforcement 40,000.00  LF. £0.00 S115,000.00
10 Non-CSI Subtotal $115,000.00
A Substructure
A10102102200 Spread footings, 3'- 0" square x 12" deep. 3 2400 Ea 519942 $4.786.08
KSF soil bearing capacity, 25 K load
A10102104800 Spread footings, 9' - 6" square x 24" deep, 3 1500 Ea. £2,364.57 $35,468.55
KSF soil bearing capacity, 250 K load
A10102105600 Spread footings, 12' - 0" square x 28" deep, 3 1500 Ea. $4,53530 $68,029.50
KSF soil bearing capacity, 400 K load
A Substructure Subtotal $108.284.13
B Shell
B10102084600 Steel column, W10, 200 KIPS, 10’ 1,200.00  W.L.F. S108.94 $130.728.00
unsupported height, 45 PLF
B101020835000 Steel column, W12, 200 KIPS, 20' 2,095.00 W.LF S118.00 $353,410.00
unsupported height, 38 PLF
B10102087000 Steel column, W12, 600 KIPS, 10' 1,130.00  V.LF. 8271.54 $306,840.20
unsupported height, 120 PLF
B10102251500 Floor - ceiling, concrete slab, 4000 PSI, 20,000.00  S.F. §26.00 §520,000.00
P et rer= s A | e sl
B1010241 1600 W beam and girder, 20'x 15" bay, 40 PSF 29,000.00  S.F. $8.36 §242,440.00

superimposed load, 14" deep, fireproofing
659 SF/SF, 50 PSF total load

B10102412650 W beam and girder, 20'x20' bay, 40 PSF 40,400.00  S.F. 5943 $381,780.00
superimposed load, 14" deep, fireproofing
746 SF/SF, 50 PSF total load

BI0102481200 Floor, conerete, slab form, open web bar joist 50,000.00  S.F. §12.74 $637,000.00
@2 0C, on W beam, 15%20' bay, 17" deep,
40 PSF superimposed load, 83 PSF total load

BIOT02581170 Floor, metal deck, 18 ga, 3" deep, concrete 50,000.00  S.F. $9.10 $455,000.00
slah, 11" span, 5.5" deep, 150 PSF
superimposed load, 194 PSF total load

B10201341250 Steel deck, cellular, single span, 14" span, 3" 30,000.00  S.F. S18.560 §556,800.00
deep, 5 PSF, 30 PSF TL
B20101082100 Concrete block (CMU) wall, 12" thick, 6,200.00 S.F. $35.75 $221,650.00
slump
B Shell Subtotal $3.805,048.20
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SENIOR THESIS FINAL REPORT
SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

PROJECT BACKGROUND:

GENERAL CONDITIONS ESTIMATE

General Conditions Estimate Summary:

The Conditions Estimate was derived using RS Means Costworks. Going into this estimate | was
given very limited data. | was given only an approximate value of the general conditions and a list of
a few items that were included, but no specific information. The reason for this is that Midstate
Construction considers general conditions to be a very sensitive area. A common belief at Midstate
is that winning or losing bids is often a result of how general conditions and fees are priced. They
also believe that making some of that information available to the public (through my thesis
project) creates a risk that it may also become available to competitors in the market which puts
very real jobs and very real money at stake. Due to this | formulated my estimate using all of the
data that was available to me while also making some general project assumptions in some areas of
the estimate. Having stated all of this, | believe that my estimate of the general conditions on the
Santa Rosa Junior College Student Center is as good a representation of the actual estimate as | was
able to develop with the information made available to me.
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SENIOR THESIS FINAL REPORT
SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

Cost Estimate Report

CostWorks’

Unit Detail Report

Prepared By:

Year 2009 :
- dennis walter
Date: 26-Oct-09 gen conditions psu
LineNumber Description Quantity Unit Total Inel, Ext. Total Incl.
O&P &P
Division 01 Ceneral Reqoirements
013113200180 Field Personnel, project manager, 10200 Week £2,350.00 5260,100.00
minimum
013113200260 Field Personnel, superintendent, average 10200 Week 22 730,00 IR0, 500,00
013113200265 U Assistant Superintendant 102,00 weck 5000 §230,000.00
014523300100 Ficld Testing, for building, costing 100 Project 337,369.80 337,369.90
510,000,000, minimum
O15I13200185 U Construction lay-down areas 100 project 3000 395,000,00
DIET13300140 Temparary electrical power equipment 100  Ea 5349613 53496.13
{pro-rated per job), underground feed, 3
uses, 600 amp
015113300140 A Contingencies, for estimate at 10D Project 5H49.61 53M9.61
preliminary working drawings stage
{Design Development)
05113500140 A Contingencies, at conceptual design stage 100 Project 699.23 5699.23
015113500560 Temparary clectrical power equipment 100 Ea. 61 646 S616.46
{pro-rated per job), tempomry feeder
cards, 100 amp, 3 uses, 1 long
015113500560 A Cantingencies, for estimate at L.O0  Praject S61.65 SR1.65
preliminary working drawings stage
{Design Development)
DISI13300560 A Contingencies, at concepiual design stage 100  Project $i23.29 512329
D1 5T13800100 Temparary Heat, per week, 12 hours per 70000 CSF FIr 536,84 825, 7ER.00
day, incl. fucl and operation
OISIT3R0OID A Contingencies, for estimate at L0 Praoject L3168 §2.576.00
preliminary working drawings stage
{Design Development)
OL5113800100 A Contingencies, at concepiual design stage 100 Project £737 55,139.00
Q15113800360 Temparary Power, lighting, incl. service 70000 CSFFlr S48 12 8131 68400
lamps, wiring and outlets, max
OIST13800360 A Cn'ming:miu, for estimate at 1.0 Project 54K 531367.00
peliminary working drawings stage
{Design Development)
OISII3R00360 A Contingencies, at coneeptual design stage [.00  Project 20.62 56,734.00
015113800700 Tempararny Utilities, temporary 5100 Month 570.24 53 58234
constructian water bill per month,
average
013113800700 A Contingencies, for estimate at 1.00  Project $7.02 £338.02
preliminary warking drawings stage
{Design Development)
015113800700 A Contingencies, at conceptual design stage L0 Project 514.05 L716.55
015213200020 Office Trailer, furnished, by, 20 x £, 200 Ea $10,583.83 521,167.66
excl. hookups
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SENIOR THESIS FINAL REPORT
SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

LineNumaer Ieseriation Quantity Unit Tuotal Incl, Ext. Total Incl.
P Dar

015213200020 A Caontingencies, for estimate at 100 Project S1,05838 52, 116.76
preliminary working drawings stage
{Megign Neve apment)

015213200020 A Contingencies, at conceptual design stage 100 Project 8111677 54,733 54
015213201200 Storage Bowes, buy, 200z & 500 Ea. s6.026.11 20.130.55
015213201200 A Contingencies, for estimate at 100 Project ULpl 53,0130

mreliminary working drawings stage
{Design Deve opment)

DIZ213201200 A Contingencics, at concoptual dosign stag: L0 Project 5,20522 56,026.10

015213400120 Field Office Expemse, office sipplies, 2300 Month 2659 £2.731.57
average

OI5203400120 A Contingzncies, for estimate at 1.0 Project 2966 SX21E

preliminary working drawings stage
{Mexign Neve opment)

015213400120 A Contingencies, at conceptual design stage LO0  Praoject 51932 544438

OI5213400120 A Contingencies, at conceptual design stage L.O0  Project 51932 244436

01 S626300100 Temporary Fencing chain link, & high, 150000 LE 51212 SLE, 150,00
11ga

013626300100 A Contingencies, for estimate at 1.0 Project 5121 5181500

preliminary working drawings stags
{Design Deve opment)

015626500100 A Caontingencies, at conceptual design stags 100 Project 3242 53 630.00

01526500100 A Contingencies, at conceptual design stags 100 Project 5142 £3,630.,00

01 741 3200050 Clraning Up, cloanap of (o wca, FO00  MLEF. 55021 51,5470
continuous, per day, during construction

017413200050 A Contingencics, for estimate at 100 Project s502 535140

preliminary working drawings stage
{Design Deve opment)

017413200050 A Contingencics, at conceptual design stage 100 Project 21004 ET2.ED

017413200050 A Contingencies, at conceptual design stage 1.0 Project 21004 ETC2.E0

01741 37U0=s 11 Progress Cleammn M dAay shmn 30, 0 0N

01741 3200100 Cleaning Up, cleansp of floor area, final TOO0 MAF. S10424 $7,266.80
by GC at end of jok

017413200100 A Contingencics, for estimate at 100 Project 51042 57240

preliminary working drawings stage
{Design Deve opment)

017403200100 A Contingencies, at conceptual design stage 1.0 Project 22085 51,459.50
017403200100 A Contingencics, at conceptual design stags .00 Project 22085 51,459.50
Division 01 Suliuia 51.403,775.11
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SENIOR THESIS FINAL REPORT
SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

PROJECT BACKGROUND:

BUILDING SYSTEMS SUMMARY

YES/NO SCOPE OF WORK (IF YES, ADDRESS)

YES Demolition Requirements

Demolition of the pre-existing structure was done under a separate bid.
Demolition was considered phase one of the project while phase two
encompasses construction.

YES Structural Steel Frame

The structural system used for the Santa Rosa Junior College Student Center is
structural steel. The floor system that is utilized is a 3 4" lightweight concrete on
3” 18 gauge composite decking. The final floor thickness is 6 %”. The typical
reinforcement for the decking is #3 rebar at 18” on center. The roof system is
made up of 1 %", 16 gauge decking on steel beams. Flexible flashing underneath
concrete tile covers the steel decking on the roof. Typical exterior columns used
are W12x50 and W12x40 members. Typical interior columns used throughout the
project are W12x58, W12x53, and W12x40. The braced frame on the Student
Center is supported mainly by diagonal W10x68 beams connected to structural
beams and columns by gusset plates ranging from 1” to 1 %” in size.

YES Cast in Place Concrete

As far as cast in place concrete utilized on the Student Center project, the
foundation, slab on grade, and concrete fill on metal decking comprise the
majority of it. The slab on grade is 5” thick with a vapor barrier, 4” rock course,
and 6” of select fill below. Reinforcing for the SOG is comprised of #4 rebar at
12” on center at mid-depth along with staggered 30” lap bars. The 18 gauge
3”decking on the second and third floors uses 3 %” concrete with #3 rebar at 18”
on center. Shear studs are used to tie the concrete into the metal decking and
structural steel. Concrete footings range in size from 3x3 to 10.5x10.5 and are
located at depths ranging from 1.5 to 2.5 feet below grade comprising the
foundation of the center.

YES Precast Concrete

The precast concrete used on the project is architectural in function and creates
an elegant and institutional look to the facade of the building. The precast
concrete is light in color and complements the red brick on the fagade nicely. The
concrete is located all around the building at window heads and sills, and also
several accent bands that wrap the building. The concrete along with the brick
masonry on the facade of the building are tied into the structure through a
connection to metal stud framing.

YES Mechanical System
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The mechanical system for the Student Center is a geothermal heat pump loop
with 8” geothermal vault mains (860GMP @ peak load), 5 geothermal circuit
loops, and 150 geothermal bore loops making up the system. The geothermal
system was installed according to IGSHPA and ASHRAE standards and
recommendations. Coordination with the landscape architect and civil drawings
is used for irrigation and utilities (existing and new). Extra care is also taken when
selecting bore drilling locations as to preserve existing trees on campus. The
main mechanical room is 376 SF and is located on the first floor of the center.
Each room is served by its own geothermal water source heat pump which range
in air flow values from 180 to 2260 CFM. Cooling capacities of these heat pumps
also have a wide range of 3.5 to 61.5 MBH.

A 15,000 pound energy recovery unit is located on the second floor of the
building. The unit, which sits atop a 6” concrete pad, has a designed 26,000 CFM
supply plan along with a 24,500 CFM exhaust fan. The recovery unit runs at 3
phase power and 460 volts.

Two special fans are required in the kitchen/servery areas as exhaust hoods. The
units are a combination of fans and grease filtration, which meet exhaust
requirements for the kitchen and servery areas of the building on the first floor.
Two other fans are used in the kitchen area to provide makeup air. Fans are also
located in restrooms, janitor spaces, and the AV room.

Fire Alarm System:

The fire alarm system is an addressable, non-coded, manual initiating system with
supplemental detectors for door holders, fire/smoke dampers, and HVAC shut-
down. The devices consist of addressable initiating devices and non-addressable
notification appliances. The stand-alone system is supervised by a California state
approved supervision station. The next nearest building is over 25 feet away and
therefore the center is allowed to have a stand-alone system according to code.

YES

Electrical System

The Santa Rosa Junior College Student Center gets its power from the 12 kV
campus main power service. The power is stepped down from 12kV to 480/277V
(power at which the main switchboard runs at) before being stepped down
further to 208/120V to be distributed throughout the building by 6 local
transformers. The power is further distributed throughout the center by 24 panel
boards. The main switchboard is located in the main electrical room on the
northeast side of the buildings first floor. Smaller electrical rooms are located on
the second and third floors. Along with the electrical rooms, there are also
telecommunication rooms on each floor of the building.

A 125kW emergency backup generator is located directly outside of the building
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in the service yard (northeast part of site). The generator is diesel powered with
NEMA 3R base day tank and NEMA 3R sound attenuated housing mounted on a
6” high, 55x123 inch concrete pad. The 12kV transformer, a fire pump with
integral automatic transfer switch, booster pump and cooling tower with control
panel are also located in the service yard.

The 63 types of lighting used in the building run at 277V. Dimmable lighting is a
available in the leadership center and also in multiple meeting rooms. Rooms
with dimmable fluorescent lights must have a LUTRON, HI-LUME or ECO HI-10
dimming ballast rated at 277V. Interior lighting systems on each floor have
separate automatic shut-off controls. Rooms larger than 100SF and greater than
.8 watts per SF of lighting are controlled with bi-level switching for uniform light
reduction.

YES Masonry

The masonry walls in the Student Center on non-load bearing. The facade of the
buildings is comprised mainly of anchored brick veneer that is reddish in color.
The bricks are installed over gypsum sheathing and cold-formed metal stud
framing, or over CMU or cast in place concrete. Construction conforms to the
Masonry Institute of America (MIA) standards. Horizontal reinforcement is
provided at 16” on center. In the first joint below top of walls joint reinforcement
is continuous. Anchors or ties are located every 16 inches on center horizontally
and every 12 inches on center vertically. Self sealing membrane is installed under
each anchor, accept ones at concrete level. Along with the elegant image that
the brick veneer facade creates, there is also a fair amount of brick pavers used
around the building serving as walkways.

YES Curtain Wall

The curtain wall system used on this project is most evident at the main entrance
where a giant glass entrance way welcomes students and faculty into the Student
Center. The three story framed glazing is held in place horizontally by W24
beams and vertically by HSS 10x3x3/8. Other than at the main entrance there is
no other significant use of a curtain wall system on this project.

NO Support of Excavation

Excavation below grade on this project is held to a minimum. The footings on the
project are located only a few feet below grade and therefore support for the
needed footing excavation is not needed. If need be, step backs could be used
for foundation construction instead of an actual support system.
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THESIS THEMES

For this thesis project | will focus on four different areas in an attempt to reduce excess costs
and eliminate schedule delays while providing a building that meets or surpasses the owner’s
standard of quality. The four areas that | will focus on are as follows: The incorporation of a
renewable energy system; the use of an alternative facade design; the use of an alternative
steel erection process; and finally the use of an alternative precast concrete prefabrication
process.

Building Integrated Renewable Energy System

With energy costs continually on the rise, taking advantage of new building integrated
renewable energy systems seems like a great solution. In the case of the SRJC student center it
makes even more sense since the project is located in a geographic region that receives a large
amount of sun annually. Although it would require a steep upfront cost, utilizing some form of
renewable energy system would surely benefit the owner with its long term payback.

Alternative Facade Design

Construction of the brick facade proved to be a challenging task due to the fact that the brick
supports were attached to metal studs as well as steel members in order to tie the facade into
the structure. Having two types of connections caused confusion during construction. Also, the
connections of the prefabricated supports to structural steel were very difficult to weld to
acceptable tolerances, causing much time and money to be wasted. | believe that the utilizing a
single type of support connection involving no prefabricated elements would result in quicker
installation while meeting required tolerances.

Alternative Steel Erection Process

The steel erection process used for the student center resulted in nearly three months of delays
that resulted in excess spending. A single mobile crane, forklift, and connection crew were used
to complete the entire steel frame of the building, resulting in the need for a 72 day deadline
extension. | believe that the use of multiple cranes and crews would have resulted in the
structural frame being completed on time without a negative cost impact.

Alternative Prefabrication Process
The design-build prefabrication process used for the architectural panels on the student center

resulted in incorrectly sized members due to the fact that exact field measurements were never
able to be taken. | believe that the use of an alternative option such as design-assist would have
resulted in a more efficient process that would lead to simplified installation and furthermore
reduced cost and schedule impacts.
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BUILDING INTEGRATED RENEWABLE
ENERGY SYSTEM

Problem:

Recent issues with energy overconsumption and diminishing resources have caused many people to
think differently about how they access and use energy. This crisis has caused the price of energy to
go up all over the world. The construction industry is one of many areas that have been affected by
this issue that is growing every day. Increased costs of energy, increased greenhouse gasses, and
depletion of oil supply are only a few of the numerous negative aspects relating to this issue. This
energy problem has caused many people to look into the use of alternative forms of energy as a
remedy. The only problem associated with the use of alternative energy sources is that these new
technologies are often very expensive which deters many potential buyers who are unwilling to pay
the upfront cost or are unaware of the long term potential benefits.

Although the SRJC student center incorporates a geothermal loop, it fails to make use of the
increased amount of sunlight that is very common to California. The use of building integrated
renewable energy could be very beneficial to the structure, the only problem being that the owner
does not wish to sacrifice the architecture of the building. Finding a way to incorporate renewable
energy while meeting the owner’s standard of approval for the architecture of the project poses a
challenge.

SANTA ROSA._CA
- Goal:

The goal of this research is to develop a
plan that would that would implement
building integrated renewable energy
technology as a means of reducing overall
_________________ energy costs for the owner. This research
will focus on the implementation of
distributed production (using energy where
you create it) as it is related to solar

_ thermal technology and the use of
i absorption chillers and solar cooling, as the

SRIC student center is located in a prime

Suitability for solar thermal power plants: geographic location to benefit from the use
Excellent © Good  Suitable M Unsuitable of this technology.
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Analysis Steps:

This analysis focus on the replacement of the geothermal loop that is currently used to provide all of the
space heating and cooling for the SRIC Student Center with a system involving the use of a large solar
array on the roof of the building in combination with an absorption chiller. This system could potentially
save a lot of money while simultaneously providing a reliable renewable energy source for the building.
The building demand of 290 Tons of space heating/cooling is met by the geothermal loop and therefore
the next step is to perform an in depth analysis to see what kind of savings may be attainable by using
this system comprised of solar panels and absorption chillers.

Absorption Chillers:

Absorption refrigeration systems serve as substitute for the commonly used compression energy
refrigeration systems which use electric power as an energy source. Instead of using electric power,
absorption chillers use heat as the energy system. Absorption chillers have been around for a long time
but have just recently began to gain popularity. The first absorption system ever made was developed
in France by Ferdinand De Carre’ in 1890 but it was not heavily used. The most popular form of
domestic refrigeration of the time relied on energy that was generated by small kerosene or gas
burners. It was not until the 1950’s that compression systems became more popular due to the cheap
electric power that was available. Absorption chillers have been gaining popularity slowly since the oil
crisis of the 1970’s and have become a very common alternative considering our current energy crisis.
The switch to absorption refrigeration can be seen best in Japan where nearly 70 percent of its large
refrigeration needs are met through the use of absorption chillers. The benefits of absorption
refrigeration have helped it to gain popularity and increased use worldwide. The diagram on the
following page gives a quick summary of how an absorption chiller system operates. The diagram was
taken off of a page from the Thermax’s product catalog. Thermax is a company that produces a number
of eco-friendly products, including absorption chillers.
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__OPERATING PRINCIPLE
Basic Principle :

Boiling point of water 15 a function of pressure. At
atmospheric pressure, itbols at 100°C, At lower pressure

water a6 mm of mercury absolute, is only 3.7'C.

water buils ul Jower temperature, The boiling point of

When meintained at high vacuum, water will boil and flash
cool itself.

0
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Lithium Bromide (LiBr) salt has the property to
absorb water due to is chemical affinity. 1t is soluble in
wialer. As the concentration of LiBr increases, its
aflinity  towards water increases. Also as the
temperature of LiBrincreases the affinicy decreases.

There is a large difference between vapour pressure of

LiBrand water,

Operating Principle :

The vapour absarption chiller produces cinlled water
upto 4.5°C, utilizing steam as the driving source. The
ahsorption chiller utilizes the Tatent heat released by
the refrigerant (water) as it evaporates {in a closed
pressure vessel) for cooling. Unlike 1 compression
chiller which uses a compressor to pressunize the
vapourized refrigerant (Freon) and condenses it by
using cooling water, the absarption chiller uses an
absorbent (LiBr) to absorb the vapourized refrigerant
(water). The refrigerant is then released from the

absorbent when heatzd by an external source,

A
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The basic operation ¢yde of the single effect vapour abaorption
chiller.
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Selection of an Absorption Chiller

e The chiller required for the SRJC Student Center must be able to meet the 290 Ton
heating/cooling demand.

(290 Tons)(12,000BTU/hr) = 3,480,000 BTU/hr

(3,480,000 BTU/hr)(.29307107w/BTU/hr) = 1,019,887 watts = 1019.9 kW

e Upon consulting the Thermax absorption chiller catalog | was able to find a chiller to meet the
building demands.
e The “Prochill” absorption chiller by Thermax comes in single and double effect models, can
supply a range of 50-1400 Tons, and can reach a chilled water temperature of 4.5 degrees.
e The model that is able to meet the SRIC’s heating/cooling demands is two “Prochill” A-150
Single Effect Absorption chillers.
0 ltis wise to use two smaller chillers as opposed to one bigger one in this type of system.
The reason for this is that you must be aware of the low load conditions of the building
and must make sure that the chillers are able to unload to that minimum load. Larger
chillers are not designed to unload to low loads.
0 Maximum Capacity available =2 Chillers providing 150 Tons each (290 Tons required)
*To see the entire list of technical specifications for this model, please refer to the
Thermax Catalog information in the appendix at the end of this report.

Solar Analysis:

Santa Rosa, CA is located at 38.44 degrees latitude and -122.78 degrees longitude. Solar systems
located in this area can expect a solar exposure value of 5.45 for each kW installed. Solar exposure is
measured in kWh/m?*/day.

Annual Yield Calculations

e 1BTU/hr=.29307107 watts
e 1Ton = Amount of heat needed to melt 1 Ton of ice in 24 hours
e 1Ton canremove 12,000 BTUs in 1 hour
e 1Ton=12,000BTU/hr
e 1kwW=3,413BTU
e 3 Assumptions:
1. Inverter inefficiency factor = .95
2. Factor of soiling, module, and utility inefficiencies = .95

APRIL 7, 2010 Page 35



SENIOR THESIS FINAL REPORT
SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

3. Weather impact on inefficiency = .89
e 5.45 Solar Exposure for each kW installed

(365 days/year)(5.45 Solar Exposure)(.95)(.95)(.89) = 1,597 kWh/kW installed
e (California average retail cost of electricity = .145/kWh
(1,597 kWh/kW installed)(.14$/kWh) = $223.33 Annually
e Space heating and cooling demand for entire building = 290 Tons
(290 Tons)(12,000BTU/hr/Ton) = 3,480,000 BTU/hr
(3,480,000 BTU/hr)(.29307107w/BTU/hr)(1kW/1000w) = 1019.89 kW
e Total annual demand for building in kWh
(1019.89 kW)(1597 kWh/kW installed in Santa Rosa, CA) = 1,628,764.33 kWh yearly
e Total current annual savings from geothermal loop

(.145/kWh)(1,628,764.33 kWh yearly) = $226,398.24 Annually

Solar Collector Module Analysis

In order to gather energy to feed the proposed absorption chiller system, a large solar array will be
required on the roof of the student center. The following equations will determine how much solar
panel area is required to meet the building’s annual demand of 290 Tons of heating and cooling. Upon
determining the required surface area of panels | will then move into the process of redesigning the
architecture of the roof in a way that would provide the flat surface required for the panels.

*All information related to solar panels comes from catalog information from Sunda, a large company
based out of China who produces many high quality solar products. This information can be found in
the appendix of this report.

The specific model of collector that is being looked into is the “Seido 1/5 — 16AS” produced by Sunda.
This product is more specifically referred to as a Heat Pipe Vacuum Collector and is commonly used in
systems such as the one which was proposed.

APRIL 7, 2010 Page 36



SENIOR THESIS FINAL REPORT
SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

Solar Panel Specifics: Seido 1/5 — 16AS

Dimensions 2232x1940x187mm
Gross Collector Area per unit 4.33m?
Net Absorber Area per unit 2.77m?
Weight per unit 100 kg
Inclination Angles Available 15-35 Degrees
Number of Heat Tubes per unit 16 Tubes
Cost per unit (sustainablefuture.biz) $1,740 per module

e Total Collector Area Required
(1m?/1597 kWh per kW)(1,628,764.33 kWh/year)(1 year) = 1,019.89m’ needed
e Total Number of Modules Required
(1,019.89m’ needed)(1 module/2.77m?) =368.19

=369 Modules Required to Generate All Space Heating and Cooling

e Total Roof Area Needed for Array
O ExactArea

(4.33m?/module)(369 modules) = 1,597.77m?

(1,597.77m?)(10.7639 SF/m?) = 17,198.24 SF of Space Required

0 Conservative Area
= Upon looking into an absorption chiller system installed by Southland Industries
| was able to come up with a more conservative surface area. This takes into
account that the modules can not fit perfectly together.
= Southland Industries absorption chiller system utilized a 330 module (Seido 1/5

— 16AS) solar array which took up 18,000 SF
(18,000 SF needed/330 Modules) = 54.545 SF per module
(54.545 SF/Module)(369 Modules) = 20,127.27 SF of Space Required
Exact Area = 17,198.24 SF
Conservative Area = 20,127.27 SF

*For the remainder of the analysis the conservative area will be used.

e Total Weight of Proposed Solar Array
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(369 modules)(100kg/module)(2.2046lb/kg) = 81,349.74 Ib of Added Load to Roof

e Total Cost of Solar Panels
(369 Modules)($1740/module) = $642,000 for Panels

e Solar Panel Conclusions:
0 Need 369 Seido 1 — 16 Modules at (Inclination of 15 degrees)
0 Need 20,128 SF of space on roof of student center
0 Need to withstand an additional 81,349.74lb of loading
0 Cost of required panels is $642,000

Breadth Topic 1: Architecture

Roof Architecture Redesign Analysis

Now that the absorption chiller has been chosen and the area of solar panels required has been
determined, the next step in this analysis is to find a way to flatten areas of the roof so that solar panels
can be placed. The problem with redesigning the roof too much is that the owner is very intent on their
style of architecture and does not want to “ruin” the building with an ugly solar array. To get around
this, | have assumed that | was able to convince that owner that | could flatten the roof of the student
center out in certain areas for solar panels while concealing the array with a parapet. | believe that this
is a fair assumption considering that another building on the SRIC campus, the new library, uses this
method to hide a solar array. This library is directly next to the student center and has the same

architectural style.
|

The above images show the library (circled in yellow) and its solar array located directly next to the student center during
construction.
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From aerial views it is easy to see the vast solar array
on the top of the library. From ground level the
solar panels can’t be seen at all by the common
passerby (see image below). The architectural
appeal of the building remains intact and the owner
is kept happy. In this part of the analysis | will mimic
the technique used on the library to hide the
proposed solar array on the roof of the student
center. This will require lowering the roof in several
locations and flattening it out to provide space for
the solar panels.

Redesign of Student Center Roof:

The attic of the SRIC Student Center is very spacious and currently has a lot of extra space. This space,
although convenient for mechanical workers performing maintenance jobs, is not absolutely necessary.
Flattening the top of the roof would cut down on the open work space in the attic, but would still allow
enough room for maintenance.

In order to meet the 290 Ton heating/cooling demand of the student center 20,128 SF of roof space
must be leveled out for the application of the solar array. Although it has been assumed that the owner
will allow this to be done, it must be noted that the West section of the building can not be altered due
to the fact that it houses the student dining area which features a vaulted ceiling. This architectural
feature is a key component of the building and can therefore not be altered in any way. Therefore, the
roof architecture may only be altered in the Center and East Sections.

Upon analyzing the construction drawings | was able to conclude that | would be able to flatten the roof
by lowering it in two different areas. On the east side of the building (Section 1) | was able to lower the
peak of the roof 8 feet without interfering with any mechanical equipment. On the center section
(Section 2) of the student center | was also able to lower the roof 8 feet without any problems with the
exception of two 9x13 foot elevator shafts that could not be altered. The middle section of the
building’s roof is higher than the east or west roof height. That being said | could have lowered it a little
more but to keep the height relationship between different levels of the roof | decided to stick with the
same 8 feet as used on the east. The following information will explain this in more detail.

The diagram below, while not drawn to scale, gives a very good idea of the areas that | would be able
lower and flatten to make room for solar panels. The areas that are shaded in blue represent the
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flattened areas on the east and center sections of the building. The red areas indicate the two elevator

shafts that can not be altered in any way. The west part of the building remains untouched due to the

vaulted ceiling in the café.
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Solar Panel Area Analysis:

Through hand measurements and calculations obtained by analyzing the construction
documents | was able to determine a very good estimate of attainable roof area for solar panel
placement. After determining that the roof could be lowered 8 feet without interfering with
any mechanical equipment my next step was to determine how much flat space could be
attained by analyzing the slope of the roof and using simple trigonometry along with hand
measurements. Through that analysis | was able to determine that have an available width of
40 feet of flat space on the center section of the building, and 26 feet of width on the lower
roof sections. By looking at the plans and measuring the corresponding lengths of available
space | was then able to multiply the results together to find out surface areas.

e East (Section 1) = 1248 SF of flat space
e Center (Section 2)= (5640 SF)-(2 elevator shafts)(9x13 ft) = 5406 SF
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e Total flat surface area available for solar panels:
(1248 SF)+(5640 SF) = 7,476 SF of Flat Surface Area Available
7,476 << 20,128 SF needed to support the entire system

Through these findings | have concluded that it makes more sense to stick with the geothermal
system that was originally used. The geothermal system is very reliable and has a very similar
cost to the system that | proposed. In this case the geothermal loops benefits outweigh the
costs of an absorption chiller system powered by solar panels.

Breadth Topic 2: Electrical

Having determined that over 7,000 SF of space on the roof can be leveled out for solar panels,
my next step is to determine what kind of electrical gains can be attained through the use of
solar panels on the roof. Since the heating and cooling loads are taken care of completely by
the geothermal loop it makes sense to use the available space on the roof for solar energy in
the form of electricity in the student center which could be used for many different things such
as computers and lights for example.

How Solar Panels Create Electricity

Solar energy is the ultimate example of renewable energy here on earth. Using the suns energy
and converting it directly to electricity through the use of photovoltaic cells allows us to gather
energy while not depleting any of the earth’s natural resources.

Photovoltaic Cells, also known as PV or solar panels, have been around for roughly 30 years and
were initially developed for the space program. Due to the recent rises in energy costs people
have began turning heavily towards the use of solar panels to gather energy. The process
behind converting the sun’s energy into useable electricity begins when the sun’s rays strike the
PV cell. When this occurs a chemical reaction occurs which releases electrons and thus
generates electric current. The small amount of current generated by a single cell is multiplied
out according to how many cells are in the solar panel module and even further by how many
modules are included in the entire solar array. The generated electricity can be used to power
individual homes, large commercial buildings, or can be sent back into a local electrical grid.
The diagram below gives a basic idea of how the process of converting sunlight to electricity
works.
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Environmental Impacts of PV Generated Electricity

Along with being an excellent source of renewable energy, PV technology also offers
environmental impacts. Solar panels operate without producing any kind of waste emissions in
the forms of air, water, and solid wastes. The fact that there are no emissions makes this a
clean energy that will have no negative impact on the surrounding environment. Also, the fact
that most solar arrays are incorporated into the structure of the building reduces negative
impacts on land. The only negative about PV cells related to the environment comes in the
form of minute amounts of hazardous materials that are involved in the manufacturing process
of the cells. Appropriate handling and care of the hazardous materials helps to reduce any risk
of exposure to humans and the environment.

Available Solar Energy Analysis

Through earlier analysis | was able to determine that 369 solar panels would be needed to meet
the 290 ton heating/cooling demand of the SRJC student center. These panels required over
20,000 SF of flat surface area to be placed. Upon completing my architectural analysis | found
that only 7,476 SF would be available for this solar array. Originally my plan was to determine
structural impacts of the additional dead load due to the solar panels, but after realizing that
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the added load was very small and would have virtually no impacts | have decided to carry out
this electrical analysis to determine how much electricity is attainable through use of a 7,476,
SF solar array. The following calculations will further describe this analysis.

Recap of Information Previously Mentioned

e Average Retail Cost of Electricity in California = $.139/kWh
e Santa Rosa, CA Solar Exposure = 5.45 kWh/mZ/day
e Annual Yield = 1,597 kWh/kW installed
0 (365d)(5.45 exposure)(.85)(.95)(.95) = 1,597 kWh/kW installed
0 Assumed Adjustment Factors
= 85 for weather impact on efficiency
= 95 for inverter inefficiency
= .95 factor of soiling, module, utility inefficiencies
e Panel Model = “Seido 1 —16” by Sunda installed at optimal inclination 15 degrees
0 1 module
=  Cost=9$1,740/module
=  Weight = 100kg/module
» Collector Area = 2.77m?/module = 29.82 SF/module
* Module Area = 4.33m?/module = 46.61 SF/module
e Total Space Available = 7,476 SF
e Space Required per Module = 54.545 SF/module

Newly Calculated Electrical Analysis Data

These calculations are performed assuming that the owner has decided to go ahead with
flattening out the roof in the previously mentioned areas, giving 7,476 SF of space to install a
solar array that will provide electricity to the student center.

e Number of Modules Available
(7,476 SF available)(1 module/54.545 SF) = 137.06
=137 Modules Available
e Total Collector Space
(137 modules)(2.77m?/module) = 379.49

=379.49 m? of Collection Area
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e Total Annual Electric Yield Attainable
(1597 kWh yearly/m? of collection area)(379.49 m? of collection area) = 606,045.53
=606,045.53 kWh Annually
e Total Electricity Savings Attainable Annually
(606,045.53 kWh/ 1 year)($.139/ kWh) = $82,240.32
= $82,240.32 of Savings Annually
e Total Weight of System
(137 modules)(100kg/module)(2.2046lb/kg) = 30,203.02 Ib
=30,203.02 Ib
30,203.02 1b/7,476 SF = 4.03psf
=4.03 PSF of Added Dead Load to Roof
e Total Cost of Panels
(137 modules)($1,740/module) = $238,380
=$238,380 for Solar Panel Array
e Payback Period
(5238,380 initial cost)(1 year/ $82,240.32 savings) = 2.9

= 2.9 Years to Payback Initial Cost of Array

Through this electrical analysis | have found that utilizing the 7,476 SF of attainable flat space
on the roof for a 137 module solar array would require a $238,000 upfront cost and would be
capable of generating up to 606,045 kWh of electricity annually resulting in $82,240.32 of
electric savings at the average California retail cost of electricity of $.139 per kWh. The upfront
cost may act as a deterrent at first but after a short payback period of less than 3 years the
system will be generating over $82,000 worth of electricity annually. This electricity could be
used to power items including but not limited to lighting, televisions, and the many computers
located throughout the building in labs and offices.
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Possible Savings Attainable Through Lifetime

The table below represents the savings that could be attainable for the proposed solar-electric
system with the following 3 assumptions.

1. Payback period of system is 3 years
2. Average lifetime of a solar panel is 50 years
3. Most solar-electric systems installed today come with a 20-25 year warranty

*Assumptions 2 and 3 are based off of information obtained from solarcreek.org

Saving After ‘X’ Years (‘X" years — 3 year payback)($82,240/yr) Total Savings
5 Year Savings (5-3)(582,240) $164,480
10 Year Savings (10-3)($82,240) $575,680
20 Year Savings (20-3)($82,240) $1,398,080
25 Year Savings (25-3)($82,240) $1,809,280
50 Year Savings (50-3)($82,240) $3,865,280

Overall Summary

e The geothermal loop used with the SRIC student center project provides all space
heating and cooling for the entire building (290 Tons). The cost of the geothermal
ground exchanger system alone is roughly $1.5 million dollars (Entire mechanical system
including geothermal loop is roughly $5 million dollars.)

e The proposed Absorption Chiller System requires 20,127.27 SF of flat space on the roof
that is concealed from ground level visibility to meet the 290 Ton output of the
geothermal loop.

e The proposed Absorption Chiller System (chillers and solar panels) would cost roughly
S4 million dollars (This would make the entire mechanical system including the chillers
and solar cost nearly $7.5 million dollars).

e The decision to flatten the roof in allowable areas (due to large amounts of unused attic
space) using the same parapet technique that can be observed on the Doyle Library next
door to the student center resulted in 7,476 SF of useable area.

e Asolararray of 137 modules can fit in the allowable space and can generate roughly
606,045 kWh of electricity which is equal to $82,240 of annual savings according to the
average retail cost of electricity in CA of $.139/kWh.
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Conclusions and Recommendation:

Based upon the information presented above for this analysis it would seem that the
integration of an absorption chiller system as an alternative to the current geothermal loop
would not be a worthwhile alternative. One reason for this is that it is simply not possible to
generate enough solar energy on the roof of the building to meet let alone surpass the output
of the geothermal loop. The geothermal ground exchanger system successfully supplies the
290 Ton space heating and cooling load for the entire student center and offers the benefit of
being a maintenance free system. It is basically as simple as burying pipes in the ground. The
absorption chiller system requires over 20,000 SF of flat space on the roof to meet the output
of the geothermal loop. Upon redesigning the architecture of building by lowering the roof and
creating a parapet wall exactly like what was done on the neighboring Doyle Library | was only
able to obtain 7,476 SF of concealed flat space on the roof. This alone is enough to make me
conclude that the geothermal loop is the best method to provide space heating and cooling.
But, even if | were still unsure about which system would be better, the upfront costs of the
two systems erased those doubts. The absorption chiller system that would be required to
provide the same heating and cooling as the geothermal loop would cost roughly $4,000,000
for the absorption chillers and panels and is fairly maintenance intensive when compared to
zero maintenance of the geothermal loop. The geothermal ground exchanger system had a
much lower cost of only $1,500,000. These two reasons made it clear to me that the
geothermal loop should remain in place.

Having concluded that the absorption chiller system was not a good alternative to the
geothermal loop | decided to focus on the 7,476 SF of available solar panel space on the roof in
an effort to generate energy in the form of electricity that could be used throughout the
student center to power miscellaneous electronics such as lights and computers. Through the
analysis | was able to find that a 137 module solar array could be utilized to generate up to
606,045 kWh of electricity which would be equal to about $82,240 in savings annually after a
payback period of a little less than 3 years.

The ultimate decision of how to handle this situation would obviously be out of my hands, but
having performed this analysis | believe that the best solution is to continue to use the
geothermal loop to provide the space heating and cooling since it is very effective. On top of
that | would suggest going through with the architectural changes on the roof to create space
for the 137 module solar array. | believe that | would be able to convince the owner that this is
a worthwhile proposal by first stating the $82,240 annual savings and then stating that the
payback period would be less than 3 years. If the system lasted the average lifetime of a solar
panel (50 years) it would result in savings of nearly $4,000,000. Seeing that the owner was
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willing to compromise on the architecture of the Doyle Library | feel that these possible gains
throughout the systems lifetime would lead to the owner’s decision to apply my proposed
system.
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ALTERNATIVE FACADE DESIGN

Problem:

The current fagcade system on the SRJC student center is made up of brick veneer and precast
concrete panels. The minute tolerances and complicated connections of the brick veneer to the
structure created numerous headaches on the job site. The brick is connected to the structure
by the use of small ledger angles that are then connected to either metal studs or steel
members (WT’s). The connections to the metal studs were not too big of an issue but the
connections to the steel were a completely different story. The steel connections provided
trouble because it is much harder to install structural steel to small tolerances than it is to
install metal studs. Also, the fact that the steel sub attached the steel to the bent plates in the
shop rather than waiting to do so in the field only added to the problem. The complications
created by these issues made it nearly impossible to keep the plates to the required tolerances
of %4” both vertically and horizontally.

The steel sub was forced to fix his mistake by correcting the placement of his WT steel
members both in the horizontal and vertical directions. The challenge of fixing this mistake
began by having the building lines surveyed to provide exact locations of where the outside
face of the brick needed to be. The next step was to transfer the acquired layout vertically up
the building so that the metal studs would be installed perfectly, even thought the structural
steel locations varied by significantly more than the 4" tolerance. The placement of the vertical
ledger angles were also laid out by a surveyor so that they would be exactly where they needed
to be.

Goal:

The main focus of this analysis is to investigate the method used for connecting the brick
veneer to the student center and then determine whether or not it was the best method that
could have been used in that situation. The goal is to find a way to prevent the excess costs and
delays caused by rework that had to be done in the field. To perform this analysis | have
chosen to investigate the elimination of welds done in the shop and instead perform all welding
in the field to better meet tolerances and avoid rework. The next step is to determine and
analyze the effects that the new design would have on the schedule and budget to
demonstrate any worthwhile improvements.
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Analysis Steps:

Method 1

This analysis will be conducted through the investigation of two different alternatives. The first
alternative involves the replacement of full size bricks attached to the building’s fagade with a

smaller, thin veneer brick that can be adhered to the structure. After talking to members of the
design team it quickly became evident that this was not an ideal alternative for several reasons.

First of all, adhered brick veneer, although lighter and cheaper does not look exactly like real,
full size brick. It has a prefabricated look that can come off as looking cheap. The Santa Rosa
Junior College is very picky about their architecture and was very specific about wanting the
“real deal” when it came to facade design. Many buildings throughout the campus utilize full
size brick and therefore the use of anything less on the 66,646 square foot Bertolini Student
Center would have been viewed as unacceptable by the college. Along with the school’s desire
for a high degree of aesthetics comes the need to meet the wishes of the big donors to the
college. These people that give money back to the school want to see it going to work in the
best way possible and in this case that involves the use of an elegant, full brick and precast
concrete facade. Even though the cost of adhered, thin brick veneer is much cheaper and is
very easy to install, the cost and schedule benefits of this had to be overlooked to meet the
owner’s standard of excellence. The next issue is the fact that the current design of the
structure was made for full size bricks to be anchored to the frame of the building. The use of a
thin veneer requires a very rigid support system. The current steel frame design of the building
would not meet those requirements and therefore there would need to be a complete re-
design of the support system which would be extremely costly. Keeping these things in mind |
still decided to perform this analysis to see what kind of savings were attainable.

BUILEANG FELT

LEFT: Sample layout of thin brick veneer system.

Right: Thin brick veneer being installed.
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The two images above were taken of the full size brick fagade during construction of the SRIC Student Center

Adhered Veneer vs. Full Size Brick

To determine the cost of the full size brick facade installation | utilized both the design team
and RS MEANS COSTWORKS. The cost of the thin brick veneer was obtained through the use of
cost data from Boral Bricks Inc., the nation’s largest brick manufacturer and distributer or
masonry products. The material and installation costs are summed up in TABLE 1 below.

SOURCE MATERIAL TOTAL COST
DESIGN TEAM ESTIMATE Full Size Brick $1,100,000
RS MEANS COSTWORKS Full Size Brick $1,099,659
BORAL BRICKS INC. %" Adhered Brick Veneer $499,845
TABLE 1

The information above was calculated using the following methods:
e Price of installed full size brick from RS MEANS = $16.50/SF
e Building size = 66,646 SF

(516.50/SF)(66,646 SF) = $1,099,659
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e Price of installed %” veneer from BORAL BRICK INC. = $7.50/SF
e Building size = 66,646 SF
($7.50/SF)(66,646 SF) = $499,845

e Savings from using thin veneer over full size brick:

$1,099,659 - $499,845 = $599,814

After finding these initial savings | was optimistic about this as a viable alternative to the use of
full size brick. But, after running my ideas past the design team | was deterred by the fact that
they insisted that a redesign of the entire structure would be extremely expensive and would
effect much more than just the fagade of the building, consequently making the cost higher
than originally determined with the use of full size bricks. Also, the fact that the college has
been working with this same design team for years comes in to play in this situation. To make
sure a good professional relationship continues to exist between the two groups, the design
team is better off granting the owner’s design wishes even if it would be cheaper and easier to
go with a different method. After these findings | decided to stick with the full size brick fagcade
and move on and begin investigation on my second alternative method.

Method 2

The second alternative investigated involves the continued use of the full size brick facade
along with the elimination of pre-welded steel ledgers that were welded far too early in the
project in the shop. These pre-welded ledgers were not able to meet the strict tolerances
required when installed in the field. This resulted in delays of about one month due to rework
along with thousands of dollars in excess costs. For the purpose of this analysis all welds will be
done in the field, rather than in the shop, to ensure that the level of quality required is attained.
Although the cost of field labor is higher than that of shop labor and the fact that more time
would have to be taken to do the welds in the field the design team agreed with me in saying
that this alternative seems worth the effort to investigate. The time and money that could
potentially be saved by getting the welds done correctly the first time will be the focus of this
investigation.
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Welding in Shop vs. Welding in Field

To determine costs and times associated with welding in the shop and in the field | utilized both
the design team and standard rates and values in the Santa Rosa area. The information below
sums up the cost per linear foot of welding done both in the shop and in the field. This
information will then be used to determine any potential time and cost savings available.

*Detail #16 on sheet S9.1 shows typical weld: Weld symbol shows a 3/16” weld 2” long
at 12”o.c. plus a plug weld 2” long at 12”o.c..

e Shop Welding Estimate
*Numbers assume welding for a 20’ piece
*Assume 3 man crew setting up and welding
-Shop Labor Rate = $55/hr
-Set up =15 min
-Welds = 40 welds at 2 minutes each = 80 min
-Shop Equipment Rate = $100/day

[(3 men)(80+15min)(1hr/60min)(S55/hr)] + [(80+15min)(1hr/60min)(1day/24hr)(S100/day)]
(20’ piece)

=$14/ft in shop welding

e Field Welding Estimate
*Shop labor = $55/hr
*Field labor = $89/hr
-Load separate piece at shop = 5 minutes (2 shop men)
-Unload separate piece in field = 5 minutes (2 field men)
-Stage at field location with forklift = 10 minutes (2 field men)
-Stage welder in field = 15 minutes (2 field men)

-Set in place with forklift/plumb/align = 20 minutes (3 field men)
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-Field weld from man lift (move every 8 welds) = [2min/weld] + [5Smin/8welds] + 15
minutes for special inspector (3 field men)

-Breakdown and cleanup forklift and man lift = 30 minutes per day (3 field men)
0 Shop Labor = (5min/piece)(1hr/60min)(2men)($55/hr) = $9.00

=$9.00 shop labor per piece

O Field Labor = (480min/60min)($89/hr) + (30min)(1hr/60min)(3men)(1/3
day)($89/hr)= $756.00

=$756.00 field labor per piece
0 Equipment = ($200/day)(2pieces)(1/3 day) = $133.00
=$133.00 equipment costs

0 Total Cost = (59.00)+($756.00)+($133.00) = $45/ft in field
20’ piece

=$45/ft in field welding

From these calculations the fact that in field welding is more expensive than shop welding
becomes evident. It is about $S45/ft in the field and only about $14/ft in the shop. So, the next
step would be to see how these numbers will have an impact on the overall cost and schedule
of the fagade construction. Next | will use these numbers along with original data to perform a
cost and duration estimate for the entire fagade using field welding alone. | will then compare
those results to what was actually recorded on the project to determine any possible savings.

Cost and Duration of Fully Field Welded Fagade Angles
To determine the cost and duration associated with using field welds alone | must first
determine how much of the facade relies on the use of shop welded angles opposed to those in
the field. After determining the breakdown of the welding | will be able to use data gathered in
the previous section to determine a new, final cost. After that, the next step is to find out the
time it would take to perform all welds in the field. Through the use of typical welding data
gathered in the previous section | will be able to determine a final duration. The information
determined below will then be compared against the actual cost and duration from
construction.

Ledger Angle Cost Breakdown: Field vs. Shop
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Cost of Field Angles
e The total cost of angles welded in the field was found by first determining that 2,800
bolts were used on the student center. 2 bolts were used on each stud and these studs
were placed at 16 inches on center.

(2,800 Bolts)(Stud/2 Bolts) = 1,400 Studs Placed at 16” o.c.
(16” between studs/12” per foot)(1,400 studs) = 1,867 Linear Feet of Field Welding

(1,867 linear feet)(S45/foot) = $84,015 for Field Welding
e The cost above includes performing the welds along with installing the pieces.

Cost of Shop Angles

e Finding the cost of the shop welded angles proved to be a little more difficult since | was
unable to get exact information from the design team on this matter. | was forced to
perform a takeoff by hand, counting the linear feet of shop welded angles used on the
student center.

e Through my takeoff | found the total linear footage of shop welded angles to be roughly
1,180 feet.

(1,180 linear feet)(S14/foot) = $16,520 for Shop Welding

e Unlike the field weld analysis above, the shop weld number does not include the cost of
labor to install the piece on site. Upon consulting the project manager | found $40/ft to
be a reasonable estimate

(1,180 linear feet)(S40/foot) = $47,200 for Installation

e Costs due to rework that needed to be done on the prefabricated angles totaled nearly

$50,000
(516,520)+(547,200)+(550,000) = $113,720 Total

Total Cost Related to all Angles
(Field Weld Cost)+(Shop Weld Cost)+(Installation Cost)+(Rework Cost) =
(584,015)+(516,520)+(547,200)+($50,000)= $197,735
Total Cost = $197,735

Cost Effects of Using all Field Welding

e New Cost Analysis
0 3046 Total Linear Feet
0 $45/ft
(3046ft)($45/ft)=5137,070
Total Cost = $137,070 Total
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e Total Savings Possible
O Original Cost = $197,735
0 New Cost=5137,070
O Savings =(5197,735) — ($137,070) = $60,665
Total Cost Savings Available = $60,665 Total

Ledger Angle Schedule Breakdown: Field vs. Shop

Time for Field Angles
e Through calculations above | was able to determine that it takes about 180 minutes to
complete 20’ of welding. Using this data and assuming an 8 hour work day | have
concluded that 53’ of these angles can be completed daily.

(8hr/workday)(60 min/1 hour)(20’/180 min) = 53’ per day
(1 day/53’)(1867’ total) = 35.2 days
=36 Days of Work

Time for Shop Angles
e Similarly to above | was able to determine that it takes about 95 minutes to complete
20’ of welding. Additionally, the welded angles must be transported and installed which
adds roughly 55 minutes to the completion of each piece. This brings the total amount
of time to 150 minutes to complete a 20’ member.

(8hr/workday)(60 min/1 hour)(20’/150 min) = 64’ per day
(1 day/64’)(1179’ total) = 18.4 days

=19 Days of Work
e Total Time Needed for All Angles
O Field Welds = 36 Days =
0 Shop Welds = 19 Days
0 Delays =30 Days

Total Time for Angles = 55 Days + 30 Days for Rework
=85 Days Total

Schedule Effects of Using all Field Welding
e Total Time Required to Use Field Welding Entirely
Rate of Welding = 53.3 linear feet per day
Total Length = 1867 + 1179 = 3046 linear feet
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(3046 ft)(1 day/53.3 ft) = 57.11
= 58 Total Days

e Total Time Savings possible
0 Original Time = 85 Days
0 New Time =58 Days
0 Savings = (85 Days) — (58 Days) = 27 Days
Total Time Savings Available = 27 Days

Summary: Through the analysis above it can be seen that choosing to perform all of the
welding in the field can result in up to 27 days of schedule acceleration at and cost savings of up
to $60,665. These results can be summed up by the tables below.

ORIGINAL METHOD
COST/FT TOTAL FT TOTAL COST FT/DAY TOTAL DAYS

FIELD WELDS 45 1,867 84,015 53 36
SHOP WELDS 54 1,179 63,720 64 19
REWORK DELAYS 50,000 30
GRAND TOTALS 3046 Ft. $197,735 85 Days
PROPOSED METHOD
" ALL FIELD WELDS 45 3046 $137,070 53 58 Days |

TOTAL SAVINGS

ORIGNAL METHOD PROPOSED METHOD SAVINGS
COST $197,735 $137,070 $60,665
DURATION 85 Days 58 Days 27 Days

Conclusions and Recommendation:

Based upon the data presented above through this analysis | believe that the use of field welding alone
as opposed to a combination of field welding and shop welding is a viable alternative. Trying to perform
prefabricated ledgers with shop welds is simply too difficult to do to meet the required tolerances of the
facade construction. The decision to use prefabricated ledger angles resulted in nearly 30 days of
rework and extra costs of roughly $50,000.

Obviously the decision of whether or not to carry out my proposed method of performing all of the
ledger angle welding in the field would be out of my control but having performed this in depth analysis
| believe that the decision to carry out the proposed method would be very beneficial. The attainable
savings of up to 27 days of schedule time and $60,665 support this theory.
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ALTERNATIVE STEEL ERECTION PROCESS

Problem:

The structural steel frame of the SRIC
student center is another problem area on
the project. The method of erecting steel
on the student center resulted in long
delays that held up many other activities
on the project which in turn delayed the
project completion date by 72 days.
Although the steel shop drawings were
completed on time, the steel erection
process started one month late and the
completion of the erection and welding of
the steel ended up being almost 3 months
late, resulting in the need to be granted a
72 day extension to the original schedule.
These problems were in part due to the
use of a single mobile crane and welding
crew throughout the erection process.

Goal:

Above: Single crane and crew used during erection process

This analysis will involve the investigation and research of the original erection process as well

as that of an alternative erection method. The use of multiple cranes and welding crews as

opposed to what was used on the project will be investigated along with the cost of using an

extra crane and labor. The benefits of an alternative erection process such as schedule

acceleration and cost reduction will be analyzed and compared to original data.
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Analysis Steps:

This analysis will be performed through the investigation of one alternative method of steel
erection. The original method used utilized a single crane and 16-man crew throughout the
entire steel erection process. The choice to use a single crane and crew resulted in excess
spending and delays. The delays that occurred resulted in the need for a 72 day extension and
nearly $400,000 worth or excess spending. This alternative method analysis will look in to the
use of two cranes and two crews for the erection, plumbing, and welding of steel. After
consulting the design team | was told that they believed that the use of multiple cranes would
cause inefficiency due to congestion and would ultimately take longer and cost more because
of this. Upon hearing this | have decided to continue on with my analysis with the assumption
that two cranes and crews could be utilized to work continuously from start to finish on steel
erection with negligible losses due to inefficiencies.

Original Steel Erection Process Details:

The following numbers and statistics were gathered via research and design team interviews.
The information includes an approximate steel takeoff for what was erected along with a
breakdown of the structural costs, delays, crane, and crew details.

Steel Takeoff Numbers

Equipment Member Description Total
1 MOBILE CRANE e 124 Columns (2 sections = 62 Each) 886
e 762 Beams
e 35 Columns (1 section = west end)
1 FORKLIFT e 140 “X” Braces (at brace frames) 334
e 159 Beams
TOTAL MEMBERS: 1220
Table 2
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Breakdown of Steel Erection Crew

Responsibility Number of Men Rate
Staging steel 3 $89/hr
Helping to set each member 4 S89/hr
Following behind, completing bolting of members 9 $89/hr
TOTAL 16 men at a rate of $89/hr
Table 3

Crane and Forklift Operation Dates

The crane used on the jobsite was an 80 ton Hydraulic Crane which rents for a rate of about
$500/hr including an operator. Weekly rates of about $15,000 are what the construction team
worked with which saved a significant amount of money compared to an hourly rate. The
operator of the crane is assumed to be a union operator. As stated before the steel team was
comprised of a 16-man crew during the process, at a rate of about $89/hour.

*Crane data was taken from 2010 Current Construction Costs, 47" annual edition,

Saylor Publications, Inc.

e Section 1 (East Section)
O First Steel Set: 3-18-08
0 Crane Pulled: 4-16-08
e Section 2 (Center Section)
0 Crane Returned: 5-1-08
0 Crane Pulled for Good: 6-6-08
e Section 3 (West Section)
0 Forklift done setting main steel members: 7-15-08
* The forklift remained on site throughout entire erection process to help stage
material and lift small pieces while crane worked from east to west erecting
steel.

The steel sub spent about 8 months beginning in March 2008 on the site. The last three of
these months were spent working on miscellaneous braces and small members along with
finishing of plumbing and welding.

The contract originally allowed for 24 weeks of steel erection. The first 90% of steel (by weight)
was erected pretty much on time. The finishing of the last 10% of steel erection and the
plumbing and welding of the first 90% are where delays occurred, ultimately leading to a 72 day
extension being granted.
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The image below illustrates the sections of the building described above in the steel erection

process. The steel work started on section 1 and worked its way from east to west, finishing up
with section 3 (right to left on the plan).

Above: Steel being set by crane in section 1

Right: Section 1 steel members ready to be lifted into place by crane
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Steel Erection Process Cost Breakdown Including Material, Crane, and Labor

Material: Total steel cost of 1220 members gathered from design team interview and takeoff

numbers.

Steel Member Total Cost = $1,800,000

Crane: Total crane cost for 24 week rental at a rate of $15,000 per week
= ($15,000/wk)(24 week rental) = $360,000
Crane Rental=$360,000
Labor:

e Labor performed by 16-man crew, “on time” during 24 week schedule at a rate of
$89/man per hour

=(16man crew)($89/hr)(8hr/day)(5day/wk)(24week schedule) = $1,367,040
On Time Labor = $1,367,040

e Labor performed by 9 man crew, “late” during 72 day (estimating using 3 months = 12
weeks)extension period

* Crew is now made up of nine men because erection process has been completed.
Only plumbing and welding of steel need to be done at this time. The additional 7 men
are not needed.

=(9man crew)(589/hr)(8hr/day)(5day/wk)(12 week extension) = $384,480
Extra Labor Cost = $384,480

*This seems acceptable because the design team estimated extra costs to be around
$400,000.
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Total Structural Costs Without Delay
= (Material + Crane+ On Time Labor)
= ($1,800,000)+(5360,000)+($1,367,040) = $3,527,040
Original Structural Cost (without delay) = $3,527,040

*This seems reasonable because the original estimate given to me by the design team was
$3,500,000 for structural costs.

Total Structural Costs With Added 12 Week Extension
= (Material + Crane + On time Labor + Late Labor)
= ($1,800,000)+($360,000)+($1,367,040)+($384,480)=$3,911,520

Final Structural Cost (with delays)=$3,911,520

Alternative Method Analysis Details:

As previously mentioned, the steel erection process involved with the SRIC student center was
completed through the use of a single 16 man crew and crane. The decision to erect the steel
in this manor ended up resulting in roughly $400,000.00 in excess costs and the need for a 72
day extension because of delays.

The alternative that | have chosen to use for analysis is that of using two cranes and two crews
to speed up the erection process helping to avoid the excess costs and delays that occurred.
When informing the design team of my alternative method | was told that this idea was never
really looked into. The reason that multiple cranes were not considered was due to the fact
that they believed that the extra men and machinery on site would not be worthwhile due to
inefficiencies in the form of slower work due to congestion. Although the use of two cranes
was not thought to be ideal, it was not researched enough to be proved otherwise. Looking
back at the delays that occurred, the design team may have looked into ideas such as this a
little bit more. For the purpose of this analysis | have assumed that the two cranes and crews
would be able to work simultaneously and continuously with negligible impact due to
inefficiency.
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Breakdown of Time to Set Individual Steel Member

Total Steel Members Set:

e Crane = (124 Columns)+(762 Beams) = 886 Members
e Forklift = (35 Columns)+(140 “X” Braces)+(159 Beams) = 334 Members

Total Members Set = 886 + 334 = 1220 Members
1220 Total Members
Approximate Time per Member:
(24weeks)(5days/wk)(8hours/day)(60min/hr) = 57,600 minutes total
(57,600 min)/(1220 members) = 47.2 minutes per member

47.2 Minutes per Member

Alternative Analysis Plan

For this analysis, the plan is to split the steel erection process evenly between two mobile
cranes that will be working simultaneously and continuously from the beginning until the end
of steel erection. The plan is to start both cranes at the lower east corner of the building and
then work in opposite directions. Crane 1 will work starting on the east side of the building and
work up and then west around (counterclockwise) the building as far as is possible due to site
constraints. Crane 2 will start to the left of Crane 1 and will work westward and then eventually
up and around the western corner of the building (clockwise). By splitting the amount of work
in half, the goal is to minimize the steel erection time while saving money. The site plan below
illustrates the proposed alternative.
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Alternative Method Cost and Schedule Breakdown

Time required for two cranes to complete erection process:

e (1220 Members)/(2 Cranes) = 610 Members Each at a rate of 47.2 min. per member (as

determined before)

e (610 Members)(47.2minutes/member)(1hr/60min)(1d/8hrs)(1wk/5d) = 11.99 weeks

=12 weeks of work per crane
Total cost required for 12 week rental of two cranes:
e (12 week rental)(2 cranes)($15,000/week) = $360,000

=$360,000 for 12 weeks with two cranes
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*The costs related to crane use end up being equal to that of the costs in the original
method ($360,000). The positive part about the alternative method is that It only takes
12 weeks with 2 cranes working simultaneously as opposed to the original 24 weeks
with one crane working alone.

Total cost required for 12 weeks of labor from two 16-man crews:

(2 crews)(16 men/crew)($89/hr)(8hr/day)(5days/week)(12week schedule) = $1,367,040
=$1,367,040 for 12 weeks of labor

*The costs related to labor end up being equal to that of the costs in the original
method ($1,367,040). Again, like with the crane use, the gain comes in the form of time
being made up. Instead of taking 24 weeks, the same amount of work can be
accomplished within 12 weeks.

Total Impact on Structural Cost and Schedule Using Two Cranes:

12 week rental of two cranes at a rate of $15,000 per week
=$360,000
12 week wage rates for 2 crews of 16 men working at a rate of $89/hr
=$1,367,040
1220 steel members
=$1,800,000
Total Cost of Alternative Method = ($360,000)+($1,367,040)+(51,800,000)
Total Cost=53,527,040

Total Duration = 12 Weeks

Overall the total cost would remain the same, but the work would be able to be completed
within 12 weeks instead of 24. During construction of the student center, the steel erection
process resulted in about 12 extra weeks of work which was spent almost entirely on plumbing
and welding of steel, bringing the total amount of time spent on the steel erection to 36 weeks
from start to finish. The cost of the extra labor resulted in an extra $384,480 of spending. Even
if an extra 12 weeks of labor was needed for plumbing and welding, the process still would have
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been completed within the original 24 weeks. Below is a summary of the costs and durations of
the original and the alternative methods of steel erection. | have included a best and worst
case scenario for the alternative method to show that it is still the best option in either case.

Original Method: Duration Breakdown
= (24 weeks for erection) + (12 weeks extra for plumb and weld)
=36 weeks
Alternative Method: Best Case Scenario Duration Breakdown
= (12 weeks for complete process)
Alternative Method: Worst Case Scenario Duration Breakdown
= (12 weeks for erection) + (12 weeks for plumb and weld)

= 24 weeks

Original Method: Cost Breakdown
= ($360,000 for crane)+($1,367,040 on time labor)+($384,480 extra labor)+($1,800,000 steel)
= $3,911,520
Alternative Method: Best Case Scenario Breakdown
= ($360,000 for crane)+($1,367,040 on time labor)+($1,800,000 steel)
=$3,527,040
Alternative Method: Worst Case Scenario Breakdown
= ($360,000 for cranes)+($1,367,040 on time labor)+($384,480 extra labor)+($1,800,000 steel)

= $3,911,520
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Total Savings from Alternative Method

Best Case:

e Original Duration = 24 + 12 weeks = 36 weeks
e Alternative Duration = 12 weeks
e TOTAL SAVINGS = 36 weeks — 12 weeks = 24 weeks saved

=24 Weeks Saved in Total

e Original Cost = $3,527,040 + $384,480 extra labor = $3,911,520
e Alternative Cost = $3,527,040
e TOTAL SAVINGS = 83,911,520 - $3,527,040 = $384,480 saved

=$384,480 Saved in Total

Summary: In the best case scenario, in which plumbing and welding takes no extra time, the
steel erection process would take 12 weeks in total at a cost of $3,527,040.

Worst Case:

e Original Duration = 24 + 12 weeks = 36 weeks
e Alternative Duration = 24 weeks
e TOTAL SAVINGS = 36 weeks — 24 weeks = 12 weeks saved

=12 Weeks Saved in Total

e Original Cost = $3,527,040 + $384,480 extra labor = $3,911,520
e Alternative Cost = $3,527,040 + $384,480 extra labor = $3,911,520
e TOTALSAVINGS =$3,911,520-53,911,520=0

= $0 Saved in Total

Summary: In the worst case scenario, in which plumbing and welding takes a full 12 weeks
extra, the steel erection process would take 24 weeks in total at a cost of $3,911,520.

The best and worst case scenarios are being used to create a range of savings that could be
attainable. The actual savings earned would almost certainly fall somewhere between these
two cases and would be determined by the ability of the crews to stay caught up with the
plumbing and welding of the steel.
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The table below summarizes all of the information gathered above for the original method and

the proposed alternative method.

TOTAL TOTAL MONEY TOTAL TIME
A3l Ui (ST DURATION SAVED SAVED
Original Method $3,911,520 36 weeks - -
i 'B
A'ter”at'vixzth°d est $3,527,040 12 weeks $384,000 24 weeks
Alternative Method:
Worst Case $3,911,520 24 weeks SO 12 weeks

*QOriginal Method = 1 crane, 1 16-man crew
*Alt. Method Best Case = 2 cranes, 2 16-man crews
*Alt. Method Worst Case = 2 cranes, 2 16-man crews

Conclusions and Recommendation:

Based upon the information presented above for this analysis it becomes evident that using
two cranes and two erection crews is a logical alternative to using a single crane for steel
erection. This alternative can result in time savings of up to 24 weeks and cost savings of up to
$384,000. These factors become very important when looking back at the problems that
occurred with the original method. These savings could help to prevent the need for a 72 day
extension which delayed the entire project. Even in a worst case scenario, savings of up to 12
weeks are possible, putting the duration at 24 weeks total, which would be on par with what
the design team originally aimed for.

The ultimate decision of whether or not to pursue this alternative would obviously be out of my
control, but my suggestion however would be to follow through with the use of multiple cranes
and crews. The time savings that are attainable through this method are hard to overlook,
especially when you see how much of a problem it was to get the steel erection done with the
original method. At a minimum | would suggest the use of a second set of laborers to work on
plumbing and welding since that is what seemed to put the process behind schedule the most.
Ideally though, the use of the extra labor and the extra crane seem to provide the greatest
opportunity for savings.
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ALTERNATIVE PREFABRICATION PROCESS

Problem:

The prefabricated concrete panels that wrap
the perimeter of the student center created
yet another problem area on the project. The
panels were prefabricated very early on in
the project at a location very far away
(Mexico) which resulted in installation issues
and schedule delays. The reason that this
occurred was that the precast concrete was
made a design-build element on the project.
The early prefabrication took place long
before the building had been constructed to
the point that field measurements could be
taken to verify exact sizes. This led to the
installation problems and schedule delays
mentioned earlier.

Above: Precast concrete panel being lowered into position

Goal:

The main focus of this study would be to investigate the design-build process used for the
prefabrication and compare the results to alternative options such as design-assist. The goal is
to find a more efficient prefabrication process that would result in simplified installation and
therefore reduced cost and schedule impacts.
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Analysis Steps:

This analysis will be performed by looking into the hiring of design consultant in the design
phase of the student center project. The original concrete panel prefabrication process began
very early on in the project which resulted in pieces not fitting into place correctly and the
inability of them to be installed to the required tolerances. The costs due to rework caused
from the lack of adequately sized precast panels totaled roughly $200,000. The delays caused
by additional work needed were the initial problem on the project which ended up having a lot
to do with the delay associated with the steel erection and the 72 day contract extension. This
72 day contract extension was granted due to the fact that the bad prefabrication work began a
critical path delay of about 72 days that could be proven and an at least another two weeks of
delays that could not be proven and thus were not granted as a part of the extension. Having
spoken to the design team they agreed that the hiring of a design consultant during the design
stage of the project would have resulted in the delivery of a much smoother and cheaper
project. Upon hearing this | have decided to carry out my analysis to determine the benefits of
hiring such a consultant early on in the project.

Original Prefabrication Process Background and Details:

The following information was gathered via research and design team interviews. The supply
and installation of precast is an extremely complicated matter and this was evident on the SRIC
Student Center project. The bidders needed to be certified through the Precast/Pre-stressed
Concrete Institute (PCl) plant certification program. This pre-certification set the bar so high
that basically only 2 contractors in all of California were qualified for the project.

The precast process is one that needs to begin during the fabrication process so early on
because it takes a lot of time to set up molds, get ready for pours, pour, and finish. The pieces
must then be allowed to cure before they can be shipped. Because there were so many precast
pieces on this job, to delay the start of this process would surely extend the overall schedule by
ridiculous amounts, as can be seen through the need for extensions.

The precast contractor that was used on the SRIC project is a very skilled sub according to the
design team. The company is based in Monterey, CA, but their plant is in Mexico. The reason
for having the plant so far away is because it costs much less to fabricate in Mexico. The cost of
labor in Mexico is a fraction of what it is in the U.S. and | was assured that shipping costs are a
minimal when compared to the savings obtained through Mexican labor. As a side note to this,
the material would have had to be shipped anyway. Even if the work was done in the United
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States, it would not have been able to have been done anywhere near Santa Rosa (or more
broadly the Bay Area of San Francisco) for the simple fact that nobody manufactures in that
area due to extreme labor costs. Most in-state fabrication is done in the Central Valley area of
CA where labor is cheaper, but still not competitive with the rates in Mexico. Also, to fabricate
the material on site would have required that labor rates comply with “prevailing wage” rates
which are estimated at roughly 10x as much as those in Mexico.

The precast drawings proved to provide the biggest initial problem. Many of the details on the
structural plans physically did not work. The fact that the details were not adequate enough
resulted in a lot of inaccurate work which consequently hindered the installation of the precast
panels. The tolerances that needed to be met for the precast to be accurate provided no room
for error and the fact that the drawings were not very informative made it impossible to meet
those tolerances during installation.

Alternative Method Analysis Details:

One issue that | came across while performing this analysis occurred due to the fact that the
design team was unable to provide me with very much information. This occurred because
they were currently in the middle of intense change order negotiations with the architect
regarding this matter. Because of this | have been very limited on my analysis details relating to
money issues. That being said | will continue to carry out this analysis.

The delays caused by the flawed prefabrication process and the rework that was required
because of it, could have, in my opinion been avoided with the simple solution of hiring a
precast subcontractor as design consultant early on in the design stage to assist the process.
The precast subcontractor that the SRJC decided to go with was not the cause of the problem.
The problem occurred due miscommunication and poor drawing details. Hiring a design
consultant and having them involved with the design from the very beginning of the project
would entail an extra cost, but being able to prevent the beginning of a 72 day critical path
delay along with two additional weeks of delays would surely make the extra costs early on
more than worth it. Being able to catch all of the mistakes long before they occur would
eliminate all delays related to poorly detailed drawings.

The hiring of a design consultant would result in the changes having been made before the
time of the bid and therefore the work would have been granted at bid prices when contractors
are “hungry for work”. This is opposed to change order prices, when the owner is able to
negotiate but really doesn’t have the power to reduce the prices as much as he would like.
Again, since it is hard to predict exactly how accurate or helpful this design consultant would be
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it is hard to quantify exactly how much time and money he would be able to save to overall
project.

Assuming that the use of a design consultant eliminates all of the delays and rework | would
conclude savings of the following amounts:

e Time Savings: The amount of time that could be saved through the successful use of a
design consultant would be directly related to the critical path delays. Being able to pick
out all of the problems and fix them before they occur could theoretically prevent the
need for a 72 day extension due to critical path delays as well as the two weeks (10
days) not related to the critical path. If the precast work had been done right the first
time, the steel erection process would have been able to move ahead of schedule
instead or at least have stayed on schedule as opposed to falling way behind.

e Cost Savings: Knowing literally only that the original cost was over exceeded by roughly
$200,000 it is hard to say exactly how much money could have been saved. The fact
that | have been given very limited information on this matter has made it difficult to
find exact savings that could be obtained. That being said | believe that even though it
would cost more for a design consultant to be involved early on in the project, being
able to avoid the $200,000 of extra costs would be worth it.

Summary: Making a huge assumption and saying that the design consultant could eliminate
all rework that had to be done through catching mistakes before they occurred, the delays
that initiated the need for a 72 day critical path extension along with 10 days not on the
critical path could have been eliminated, thus resulting in cost savings of up to $200,000 and
the completion of the entire project on time.

Conclusion and Recommendation:

Based upon the limited amount of information that | was able to be given regarding this
analysis it is hard to determine exactly how much | would be able to theoretically reduce the
schedule or save money. That being said, having made some large assumptions | have
concluded that through the use of a design consultant early on in the design stage of
construction could have resulted in the avoidance of falling behind on the critical path schedule
which caused the need for a 72 day extension which the design team was able to prove to be
needed along the critical path. Along with the prevention of these delays would come the cost
savings related to the rework that had to be done adding up to $200,000. Although extra
upfront payments would have been required for the design consultant’s services, it is
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impossible to determine exactly how much that would have been with the information that |
was permitted to have related to this subject.

The ultimate decision of whether or not to hire a design consultant would not be in my control,
but having discussed my plan with members of the design team and being reassured that it was
a good idea leads me to believe that it is the best alternative to avoid the delays and excess
spending that occurred. My proposed idea was further supported upon hearing that the newly
planned culinary arts building for the SRIC which utilizes the same design team and

architectural style as the student center, was bid using a style almost identical to the one that |
have mentioned above.
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Final Conclusions and Recommendations:

Through the course of the three main analyses of this final thesis report, several proposed
methods of how to reduce the schedule and cost of the SRJC Student Center project were
investigated. Had these proposed methods been used during the construction of the Bertolini
Student Center the impact of the cost and schedule savings would have become evident and
would have helped to get the project finished on schedule without the need for excess
spending.

The main focus of my first analysis was to investigate the method used for connecting the brick
veneer to the student center and then determine whether or not it was the best method that
could have been used in that situation. The goal was to find a way to prevent the excess costs
and delays caused by rework that had to be done in the field. To perform this analysis | chose
to investigate the elimination of welds done in the shop and instead perform all welding in the
field to better meet tolerances and avoid rework. The next step was to determine and analyze
the effects that the new design had on the schedule and budget to demonstrate any
worthwhile improvements.

Based upon the data presented in this report regarding this analysis, | believe that the use of
field welding alone as opposed to a combination of field welding and shop welding is a viable
alternative. Trying to perform prefabricated ledgers with shop welds is simply too difficult to
do to meet the required tolerances of the fagade construction. The decision to use
prefabricated ledger angles resulted in nearly 30 days of rework and extra costs of roughly
$50,000.

Obviously the decision of whether or not to carry out my proposed method of performing all of
the ledger angle welding in the field would be out of my control but having performed this in
depth analysis | believe that the decision to carry out the proposed method would be very
beneficial. The attainable savings of up to 27 days of schedule time and $60,665 support this
theory.

The second that was performed involved the investigation of one alternative method of steel
erection. The original method used utilized a single crane and 16-man crew throughout the
entire steel erection process. The choice to use a single crane and crew resulted in excess
spending and delays. The delays that occurred resulted in the need for a 72 day extension and
nearly $400,000 worth or excess spending. This alternative method analysis looked into the use
of two cranes and two crews for the erection, plumbing, and welding of steel. After consulting
the design team | was told that they believed that the use of multiple cranes would cause
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inefficiency due to congestion and would ultimately take longer and cost more because of this.
Upon hearing this | still decided to continue on with my analysis with the assumption that two
cranes and crews could be utilized to work continuously from start to finish on steel erection
with negligible losses due to inefficiencies.

Based upon the information presented in this report related to this analysis it becomes evident
that using two cranes and two erection crews is a logical alternative to using a single crane for
steel erection. This alternative can result in time savings of up to 24 weeks and cost savings of
up to $384,000. These factors become very important when looking back at the problems that
occurred with the original method. These savings could help to prevent the need for a 72 day
extension which delayed the entire project. Even in a worst case scenario, savings of up to 12
weeks are possible, putting the duration at 24 weeks total, which would be on par with what
the design team originally aimed for.

The ultimate decision of whether or not to pursue this alternative would obviously be out of my
control, but my suggestion however would be to follow through with the use of multiple cranes
and crews. The time savings that are attainable through this method are hard to overlook,
especially when you see how much of a problem it was to get the steel erection done with the
original method. At a minimum | would suggest the use of a second set of laborers to work on
plumbing and welding since that is what seemed to put the process behind schedule the most.
Ideally though, the use of the extra labor and the extra crane seem to provide the greatest
opportunity for savings.

My third and final analysis was performed by looking into the hiring of design consultant in the
design phase of the student center project. The original concrete panel prefabrication process
began very early on in the project which resulted in pieces not fitting into place correctly and
the inability of them to be installed to the required tolerances. The costs due to rework caused
from the lack of adequately sized precast panels totaled roughly $200,000. The delays caused
by additional work needed were the initial problem on the project which ended up having a lot
to do with the delay associated with the steel erection and the 72 day contract extension. This
72 day contract extension was granted due to the fact that the bad prefabrication work began a
critical path delay of about 72 days that could be proven and an at least another two weeks of
delays that could not be proven and thus were not granted as a part of the extension. Having
spoken to the design team, they agreed that the hiring of a design consultant during the design
stage of the project would have resulted in the overall delivery of a much smoother and
cheaper project. Upon hearing this | decided to carry out my analysis to determine the benefits
of hiring such a consultant early on in the project.
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Based upon the limited amount of information that | was able to be given regarding this
analysis it is hard to determine exactly how much | would be able to theoretically reduce the
schedule or save money. That being said, having made some large assumptions | have
concluded that through the use of a design consultant early on in the design stage of
construction could have resulted in the avoidance of falling behind on the critical path schedule
which caused the need for a 72 day extension which the design team was able to prove to be
needed along the critical path. Along with the prevention of these delays would come the cost
savings related to the rework that had to be done adding up to $200,000. Although extra
upfront payments would have been required for the design consultant’s services, it is
impossible to determine exactly how much that would have been with the information that |
was permitted to have related to this subject.

The ultimate decision of whether or not to hire a design consultant would not be in my control,
but having discussed my plan with members of the design team and being reassured that it was
a good idea leads me to believe that it is the best alternative to avoid the delays and excess
spending that occurred. My proposed idea was further supported upon hearing that the newly
planned culinary arts building for the SRIC which utilizes the same design team and
architectural style as the student center, was bid using a style almost identical to the one that |
have mentioned above.

Overall | believe that my findings related to these three analyses would prove to be beneficial
to the SRIC Student Center budget and schedule. The fagade changes, alternative steel erection
process, and hiring of a design consultant all have the potential to generate both cost and
schedule savings which would be very appealing to the Santa Rosa Junior College and the
construction of its new, Bertolini Student Center.
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Appendix

Thermax Catalog Information

Technical Specifications for Single-Effect A-150 Absorption Chillers

TECHNICAL SPECIFICATIONS - SINGLE EFFECT
steam driven absorption chillers

MODEL NUMBERS | UNITS =~ A100 A2l A1SD | ANBO B2D B240 B 280 C 320 C30 C4é00
NOMINAL REFRIGERATION CAPACITY bl 0 i = s ol 250 e = e o
kW 351 421 527 632 T 842 0g3 1123 1264 1404
Flow Rata miihe 58 88 B3 o9 1e 132 154 8 108 220
inie! f Dutiet Temperature b 122767
CHILLED WATER Friction Loss mwe | 65 6.2 5.1 57 5.4 55 4.1 40 a8 4.1
BIRCMIT Gonnaction Dianater mrm NB | 100 128 150
o, of Passes (Evaporator) nos. 6 ] 3
Flow Rate mithr 07 L] 136 163 180 218 254 230 aar 353
Ilat f Qutlet Tenparature 0 294 /378
AOOLING WATER Frictlon Loss mwe LN 3.6 48 5.6 46 5.4 7.6 56 6.0 66
CIRCUIT Connection Diametar mm NE 125 150 200
Mo, of Passes [Absorner] nos 3 2
Wo, of Passes (Condenser) nos, 1
Staam Consumgtion kghr E30 1000 1260 1500 1750 2000 2330 2660 2980 3320
STEAM CIRCUIT Connection Diameder {steam) = mm NB 125 150 200
Connecion Diameter (drain) | mm NB 40 50
Absoroant Pump KW (A 18(5.0) 3.0 (8.5
Falrigarant Purrp KW (A) 03(14)
ELECTRICAL Furga Pump KW A 037 (1.1}
DATA Total Evectric Ingut KA 5.2 8.25
Fower Supply 418V ] = 10%), 50 Hz [+ 3% ), 3 Phase+N
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Sunda Catalog Information

Technical Specifications for Seido 1-16As Solar Collector

— sUnpa

[ Mounting Instruction of Heat Pipe Vacuum Tube Collector
Seido 1/5-8/16AS

Beijimg Sunda Solar Energy Technology Co., Ltd. Sunda Solarte<hnik GmbH
No. 10 Da Yang Fana ,Beivwan Road, Schurwaldstrasse 13
Chaoyang District, Beijing 100012, China D=71332 Waiblingen

Tel: §6-10-6200 1008 Tel: 49-F151-97T50920
Fax:86-10-6200 1033 Fam:49-F151-9750929

Whrwi. sunda solar.com Wiwwi.sunda.de

E-mail: sunda @ public3. bta. net. cm E=mail: imnfo@sunda.de
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General safety requirement

Allinstallations should be accomplished by
professional people, especially should pay
attention to the following points:

- Construction conditions

= Local government regulations

- Technical resgulations (especially DIN 4757
ltems1 and 3)

= In hand available roof construction

Safety regulation for working on roof

- Safety regulation for safe devices

- |nstallation instructions of collector

- Safety regulation of VDE and DVGW

Safety regulationsfor collector

Thewvacuum tubes can be heated by diffuse
solarirradiation, the temperature of which
condenser can be very high (over 200°C).
Therefore, please don't directly expose tubes
under the sun without shade.

Moraover, please pay attention to the safe
operation pressure of system: 6 bar.

Transportation

The collector shoulld be transported to roof
part by, and th en every part is azzoembled
together on roof.

Snow and ice load

In region, whe re is rich of snow in winter, man
should note the regulation of local
construction bureau about the collector
installation angle of inclination roof.
Considering stacking of snow, moving of snow
by wind and freezing of snow, the: load of snow
willincrease, soitis necessary Lo take
measures to avoid this situation happening.

Lighting protection

‘One lighting rod should be considered to

install. If thereis ready- made lighting
protection device, please connect it with
colle ctor.

Inclination angle of collector

In or der to avoid unnecessary problems of
utiization of collectors, a minimum inclina ion
angle mu st be ensured: 15°For Seido10. If the
tilt angle of roof iznt enough, ple aze build
necessary support.

Data

Dimensicen:
2237 %080 x 187 mm (Seldot/5-BAS)
2232 x1940x 187 mm (Seido1/5-16AS)
Tube: 8/16
Gross collector area: 2.19m*/ 4.33 m”
Met absorber area: 1.39m’/ 277m’
Indinationangle: 15°({Seido 1)/35°(Saidos)
Aluminum nitride Absorber
Vacuum grade: 10~ mbar
Gross waight: 50kg / 100 kg
Connection: Dn22 mm fitting
Stagnation temperature: 190°C
Prossure drop per module at 1204/h: 5 mbar

Recycling

We are responsible to use environment friendly
matarials in our products and to gather these
materials for recycling.

Sunda is constantly improving its products;
therefore specifications are subject to
change without prior notice.

APRIL 7,2010
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1997 UBC Seismic Zone Map

1997 UNIFORM BUILDING CODE FIGURE 16-2

FIGURE 16-2—SEISMIC ZONE MAP OF THE UNITED STATES
For areas outside of the United States, see Appendix Chapter 16.

Page 81

APRIL 7,2010



SENIOR THESIS FINAL REPORT
SANTA ROSA JUNIOR COLLEGE STUDENT CENTER

California Earthquake Maps

EARTHQUAKE MAPS OF
CALIFORNIA

DAMAGING EARTHQUAKES IN CALIFORNIA

Figure T—Earthquake history. Califomis has
experienced many damaging earthquakes in the
past two centuries. The sizes of the dots on this
map indicate the relative magnimde of earthquakes
- that seonrred at thess locatons.

R Seismic Zones in California. Al of California
CAPE MENDOCING, lies within Sedsmic Zone 3 or 4. There are four
1932 zones in the U5 A, ranging from 1 1o 4; the
higher the number the hizher the earthquake
danger. Swmomger construction standards for
buildings in Zonses 3 and 4 have been ted in
O ——f— oroviLLe, 1973 mmﬂuﬂm Code, op

TAHOE, 1566
WINTERS-VACAVILLE, 1352

SANTA ROSA, 1959
HAPA VALLEY, 2000

SAN FRANCIECO, 190

OWERS VALLEY, 1980

MORGAM HILL, 1334 CHALFANT VALLEY, 15965

LOMA PRIETA, 19
OWVENS VALLEY, 1872

— COALINGS, 1963
SN FIMEON, 20

—— HECTOR MINE, 1954
KERMN COUNTY, 1952

EAN FERMANDO, 197 1=——10

SANTA BARDARA, 19235 FORT TEJOM,
NORTHRIDGE,—— 1557
- LAMDERZEIZ
ZOME 3 BEAR, 1992

PALM SPRING:S,

1231 LOWG BEACH, 1333
1986

ZOME 4

|:| SIERAA MADRE,

WHITTIER MARROWS,
1387 IMPERIAL VALLEY,

1540, 9979, 1967

Source: Califomis Geological Survey, 1086; Exrdhqmake History of the 175 U S, Deparmment of Commerce and Interior, 1082
Records of California Ofice of Emergency Servic es; compiled and revised by California Sedsmic Safety Comomission, 2084;
Internationsl Code Council, Uniform Building Code 1997 Edition

The Homeowner's Guide o Earthquake Safety T
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MAJOR EARTHQUAKE FAULTS IN CALIFORNIA

Figmre § - Earthqualkce Famlts - Diap showing
major earthquake faults in Cahforma on which
earthqualkes are most likely to ocour.

=
o
m

Los Angeles _.,\
For a more detailed map, including e 4 é
names of faultz, go to:

San Diegd), %
wWwWw.seismic.ca.govihog.htm -

Map conrtesy of Californiz Geological Survey. Fault locations modified from seismic sources nsed in Foevised 2002 California
Probabilistic Seismic Hazard Maps.

B Thme Homeowner's Guide to Earthquake Safety
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SIMPLIFIED EARTHQUAKE SHAKING POTENTIAL
MAP FOR CALIFORNIA

Figure 9 - Earthquake Shaking Potfential Map - This
map shows the relative imtensity of ground shaking and
damage in Californis fromn anticipated fomTe
earthgqmakes.

T Fleaze note:
Eureka ] m Expected damages in Califormia in the

next 10 years exceed $30 billion.

m Three-quarters of our nation’s
earthguak e logses will be in Califomia.

= Efforts to reduce the lesses from
earthquak es have already proven
effactive.

Fegions near major, actve
faults. These will on average
experience stromger earthguake
shaking meare frequently.

4
;|
|
B

Fegions disant fom known,
active faults. These will
experience lower levels of
shaking less frequenily. For a full color wersion go to:

www seizmie.ca.gov/hog hitm

Data source: California Seismic Safety Commission, Califirmia Geological Survey, Govemnor’s Office of Emergency
Services, and Unated States Geological Survey, Apnl. 2003, Earthquake Shaking Potential for Calforma, California
Seizmic Safety Commission Publication Bo. 03-02.

The Homeowner's Guide to Earthquake Safety
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