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COMMUNITY HEALTHCARE EENERAL INFDRMATIDN KENNA MARKEL

AE SENIOR THESIS SPRING 2016

ANALYSIS |: PREASSEMBLED PANELS

Location | Mid-Atlantic Region

LIGHTING BREADTH
ANALYSIS |II: PRECAST FOOTINGS Cost | $26.5 Million

STRUCTURAL BREADTH .
Stories | 3 Floors

ANALYSIS |IlII: MASONRY LINAG VAULT

Construction Schedule | 17 Months

ANALYSIS |IV: VIRTUAL MOCKUPS

CONCLUSIONS & RECOMMENDATIONS
. {. : . T] \
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COMMUNITY HEALTHCARE

CONTRACTS

KENNA MARKEL

1

ANALYSIS |: PREASSEMBLED PANELS

LIGHTING BREADTH

ANALYSIS |lI: PRECAST FOOTINGS

STRUCTURAL BREADTH

ANALYSIS |IlII: MASONRY LINAG VAULT

ANALYSIS |IV: VIRTUAL MOCKUPS

!

CONCLUSIONS & RECOMMENDATIONS

CLOSING REMARKS
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Core & Shell Package

FRAUENSHUH

Commercial Real Estate Group

PERKINS
WILL

ADPR

CONSTRUCTION

S17 Million
107,000 SF

Primary
Tenant

AE SENIOR THESIS | SPRING 2016

Tenant Interiors Packages

FRAUENSHUH

Commercial Real Estate Group

PERKINS
WILL

ADPR

CONSTRUCTION

S9.5 Million
66,000 SF



COMMUNITY HEALTHCARE

KENNA MARKEL

PROJECT SCHEDULE
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AE SENIOR THESIS SPRING 2016

Original NTP Start Start Building Final
Issuance Substructure Skin Tl Start Completion
5/5/14 11/24/14 4/9/15 9/14/15 1/21/16
C T () () () () () () O
\J o/ o/ o/ o/ o/ o/
Actual NTP Start Original Watertight Commissioning
Issuance Superstructure Finish Date 9/16/15 11/6/15
9/29/14 2/17/15 6/2/15
MEP Rough-In
6/30/15
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AE SENIOR THESIS SPRING 2016

ANALYSIS |: PREASSEMBLED PANELS

Original NTP Start Start Building Final
LIGHTING BREADTH Issuance Substructure Skin Tl Start Completion
5/5/14 11/24/14 4/9/15 9/14/15 1/21/16
. T () () () () () ()
ANALYSIS |I: PRECAST FOOTINGS O @, @, @, @, @, @, @, O
Actual NTP Start Original Watertight Commissioning
STRUCTURAL BREADTH .
‘ Issuance Superstructure Finish Date 9/16/15 11/6/15
ANALYSIS IllI: MASONRY LINAC VAULT - 9/29/14 2/17/15 6/2/15
MEP Rough-In

ANALYSIS |IV: VIRTUAL MOCKUPS

R o Pushed the SIRION S AMREN b perty 6/30/15
CONCLUSIONS & RECOMMENDATIONS f
e A ~~ yim \
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COMMUNITY HEALTHCGCARE PRD!JEBT SBHEDULE KENNA MARKEL

AE SENIOR THESIS SPRING 2016

ANALYSIS |: PREASSEMBLED PANELS

Original NTP Start Start Building Final
LIGHTING BREADTH Issuance Substructure Skin Tl Start Completion
5/5/14 11/24/14 4/9/15 9/14/15 1/21/16
. T () () () () () ()
ANALYSIS |I: PRECAST FOOTINGS O @, @, @, @, @, @, @, O
Actual NTP Start Original Watertight Commissioning
STRUCTURAL BREADTH .
Issuance Superstructure Finish Date 9/16/15 11/6/15
ANALYSIS IllI: MASONRY LINAC VAULT 9/29/14 2/17/15 6/2/15
MEP Rough-In

ANALYSIS |IV: VIRTUAL MOCKUPS

i ' 6/30/15 :
L e /30/ \
CONCLUSIONS & RECOMMENDATIONS " ﬁu
=R Iy

\ Interior fit-out begins before watertight

S
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COMMUNITY HEALTHCARE KENNA MARKEL

SPRING 2016

PROJECT SCHEDULE

AE SENIOR THESIS

ANALYSIS |: PREASSEMBLED PANELS

CLOSING REMARKS

Ll [ L

L

Original NTP Start Start Building Final
LIGHTING BREADTH Issuance Substructure Skin Tl Start Completion
5/5/14 11/24/14 4/9/15 9/14/15 1/21/16
ANALYSIS |I: PRECAST FOOTINGS O O O O O O O O O
B e HREADTH Actual NTP Start Original Watertight Commissioning
Issuance Superstructure Finish Date 9/16/15 11/6/15
j ANALYSIS IllI: MASONRY LINAC VAULT 9/29/14 2/17/15 6/2/15
MEP Rough-In
ANALYSIS IV: VIRTUAL MOCKUPS
il 6/30/15
=11 ' M
_ CONCLUSIONS & RECOMMENDATIONS '

7 month delay to Final Completion date
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AE SENIOR THESIS SPRING 2016

PROJECT BACKGROUND

LIGHTING BREADTH
ANALYSIS |lI: PRECAST FOOTINGS
STRUCTURAL BREADTH
ANALYSIS |IlII: MASONRY LINAG VAULT
ANALYSIS |IV: VIRTUAL MOCKUPS

CONCLUSIONS & RECOMMENDATIONS :
e s i \

CLOSING REMARKS
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KENNA MARKEL

COMMUNITY HEALTHCARE TEMPORARY ENCLOSURE AE SENIOR THESIS | SPRING 2016

-

Building Skin

Hang Interior

.v‘;"‘i '“' ""'

1\
PROJECT BACKGROUND ), @ B et Walls Complete
N\ T —— 8/4/15 9/29/15
) f'\
AN Roof
LIGHTING BREADTH -
‘ Complete
8/18/15

ANALYSIS |lI: PRECAST FOOTINGS

i
STRUCTURAL BREADTH
t

ALYSIS IlIl: MAS NA¢ VAULT

-

Percentage of Building Skin | 30% Temporary

) | B ;

ANALYSIS 1V: VIRTUAL M

[ ]

Cost | $12,000 for Skin, $6,000 for Skylight/Roof

T L _ZJ
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COMMUNITY HEALTHCGCARE PRDPDSED SYSTEM KENNA MARKEL

AE SENIOR THESIS | SPRING 2016

Prefabricated Wall Panel System Combines
PROJECT BACKGROUND Purpose | Watertight before TI
_ o o Exterior Metal
LIGHTING BREADTH ' .
= Framing
ANALYSIS |l: PRECAST FOOTINGS [ I l
STRUCTURAL BREADTH 4 | l Insulation
j ANALYSIS |lII: MASONRY LINAQCGC VAULT !
—-F ANALYSIS 1V: VIRTUAL MOCKUPS 177 - — \r | Sheath|ng

!

CONCLUSIONS & RECOMMENDATIONS |
L {. : . T] \ l

CLOSING REMARKS

: h I ! -_-Ll—-l-—- Sl et i | Remaining facade elements installed onsite
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R
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COMMUNITY HEALTHCARE FEASIBILITY & DELIVERY TENNA MARKEL

AE SENIOR THESIS | SPRING 2016

C—

Road Constraints Sequencing
PROJECT BACKGROUND
2.6 m (10236 irn:h:zi: mg 120 Panels Total
] ! 2.6 mi (10236 inches)
LIGHTING BREADTH ectuding i . 14.63 m (48 foot] Minimum Length Limit® \S\BV 5 Panels per da'y
M ging Irmors — .
= and Certain ya = | 7days W & Esides | 3days N & S
ANALYSIS IlI: PRECAST FOOTINGS JHU safety Devices 0
'::--3—L-:}-:::_ :__— Al - - i
SrnlleTh et BREADTH | = | LI@LA_A@@j ¥ W | SFart | Hang Interior |
* or Grandfathered Semitrailer Length 0 g BUIIdlng Skin Walls Watertlght
ANALYSIS 111: MASGONRY LINAC VAULT s 8 5/21/15 8/4/15  9/16/15
| | o6+ O o—oO
- ANALYSIS IV: VIRTUAL MOCKUPS 178 { - — I\/IaXImum Pane| S|Ze o
A : . .
T T Watertight
A CONCLUSIONS & RECOMMENDATIONS | : ' Width | 15’ | largest 11’-9” CIE) ” 8/4/1§
D M s Al \ s O O
CLOSING REMARKS : T ' A Length 53’ | Iargest 46’-4"” > 5 .
| Tl Tt : ; D S Start Hang Interior
oo | 7__-[--[—[-.-—:‘ i : | = © Building Skin Walls
] ) =i . e | < 5/21/15 8/4/15




COMMUNITY HEALTHCARE KENNA MARKEL

AE SENIOR THESIS SPRING 2016

Cost Variation

PROJECT BACKGROUND

Square Foot Cost Comparison
| Increase to the Exterior Skin Package

LIGHTING BREADTH Traditional Install Preassembled Install
ANALYSIS |I: PRECAST FOOTINGS Metal Framing, Sheathing, & Insulation $7.18/SF $17.39/SF

L T ERAET Air Barrier $2.72/SF $2.72/SF ERVAM | Increase to the Core & Shell Package
ANALYSIS IIl1: MASONRY LINAC VAULT | G (ot $9.90/SF $20.11/SF

ANALYSIS |IV: VIRTUAL MOCKUPS

1

Crane Cost $50,000 additional
Total Cost $700,000 additional

CONCLUSIONS & RECOMMENDATIONS

CLOSING REMARKS

i
|
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COMMUNITY HEALTHCARE KENNA MARKEL

AE SENIOR THESIS SPRING 2016

Manpower Shift

PROJECT BACKGROUND

| Increase to the Exterior Skin Package

2000h

LIGHTING BREADTH

ANALYSIS |I: PRECAST FOOTINGS 1500n
o
STRUCTURAL BREADTH 3.8% | Increase to the Core & Shell Package
1000h
ANALYSIS IlI: MASONRY LINAC VAULT
500h
ANALYSIS IV: VIRTUAL MOCKUPS : .
- : T L | | | Decrease in Labor Cost
T - = 1l
— EPNCLUSIONS & HNEEENEENENITEIES _ | ‘ 1?.1ay5lﬂ151? — || . B JuneZEE- 5 T B Ju1r52015 = = = DiuguLtzuﬁ
= _ 1 i i
CLOSING REMARKS =T -+ - I \
YU E : Y24
|| S 8 ¢ ’ i -
S A - e ee————




COMMUNITY HEALTHCARE KENNA MARKEL

AE SENIOR THESIS SPRING 2016

PROJECT BACKGROUND

| Accelerates Schedule

LIGHTING BREADTH .
| Removes risk of Temporary Enclosure

ANALYSIS |lI: PRECAST FOOTINGS

STRUCTURAL BREADTH | Shifts Manpower | Reduces Labor

ANALYSIS |IlII: MASONRY LINAG VAULT

| Improved Quality & Reduce Waste

ANALYSIS |IV: VIRTUAL MOCKUPS

1

Final Results

BV — T
_ CoNcLUsIONS & RECOMMENDATIONS 1 ‘ | Added 3.8% to Core & Shell Package
= 5E 15t i
CLOSING REMARKS - A \

o I e @ Recommended




KENNA MARKEL

COMMUNITY HEALTHCARE WINDOW LAYOUT CHANGES AE SENIOR THESIS | SPRING 2016

West Facade East Facade

PROJECT BACKGROUND

ANALYSIS |: PREASSEMBLED PANELS

ANALYSIS |lI: PRECAST FOOTINGS

I
STRLECTU RAL BREADTH

= S | - | o
NALYSIS IIl: MAS : NA¢ VAULT

g : p ! : . ! - . . . - — : Id-d‘I i _!#| - . . _ _ - -

ANALYSIS IV: VIRTUAL KU B i - | E '

' - ‘ , ] [~ :. 3 . \r L i [ :

' —::‘, =i | 1 = ] £ £ .

| ; o, : T ' = o .
J t:EINCLUSIEINS & %EE%D TioNs [ , 1T j . : =t '"'1 | T i EE=mil e = | .'@ i - 4
S E = I U L I - !

| ' . g - | T ; | Schematic Design (above), Construction Documents Facade (below)




COMMUNITY HEALTHCARE

DAYLIGHTING STUDY

KENNA MARKEL

-
—

=

PROJECT BACKGROUND

ANALYSIS |: PREASSEMBLED PANELS

ANALYSIS |lI: PRECAST FOOTINGS
STRUCTURAL BREADTH

ANALYSIS |IlII: MASONRY LINAG VAULT

ANALYSIS |IV: VIRTUAL MOCKUPS T

CONCLUSIONS & RECOMMENDATIONS

CLOSING REMARKS

—————— =

L[ UL )

2500

2000

1500

1000

Average Illuminance (Fc)

500

—

Main Lobby

llluminance by Room

Cancer Center

Room

Schematic Design Jun 21
Construction Documents Jun 21
==e==Schematic Design Dec 21

Construction Documents Dec 21

Infusion Center

Final Results

AE SENIOR THESIS SPRING 2016

| Project saved 0.7% of the Core & Shell Package
| Project saved 4.5% of the Skin Package

| Redesign provided typically less light, but still sufficient for daylighting



COMMUNITY HEALTHCARE KENNA MARKEL

AE SENIOR THESIS SPRING 2016

PROJECT BACKGROUND
ANALYSIS |: PREASSEMBLED PANELS

LIGHTING BREADTH

STRUCTURAL BREADTH
ANALYSIS |IlII: MASONRY LINAG VAULT
ANALYSIS |IV: VIRTUAL MOCKUPS 1@

CoNCcLUSIONS & RECOMMENDATIONS 1 S S ﬁ_ﬂ
it it Al _ .
AT LT T I ! \ Analysis |l | Precast Footings

CLOSING REMARKS

| LTS

I

— 2.

D —




COMMUNITY HEALTHCARE PRD!JEBT DELAY KENNA MARKEL

AE SENIOR THESIS SPRING 2016

Foundation Schedule

PROJECT BACKGROUND Start Finish
Foundations Foundations
ANALYSIS |: PREASSEMBLED PANELS July 2014 September 2014 . .
O P O | Original GMP | 39 days
LIGHTING BREADTH
O O | Revised GMP | 39 days
Start Finish
STRUCTURAL BREADTH Foundations Foundations
November 2014 January 2015
j ANALYSIS IlI: MASONRY LINAC VAULT O O | Actual Duration | 54 days
Start Finish
ANALYSIS |IV: VIRTUAL MOCKUPS T — Foundations Foundations
i [ December 2014 March 2015

!

CLOSING REMARKS

L[ e b g I

CONCLUSIONS & RECOMMENDATIONS :
ie hae= i \

—————— =




COMMUNITY HEALTHCGCARE PRDPDSED SYSTEM KENNA MARKEL

AE SENIOR THESIS | SPRING 2016

Precast Footings Current Foundation System

TROSEST BASKEROEES Purpose | Accelerate Foundation Schedule Square Spread Footings with Foundation Wall

ANALYSIS |: PREASSEMBLED PANELS
Borings showed no substantial rock
LIGHTING BREADTH

Soil Remediation to bring bearing up to 2 ksi

STRUCTURAL BREADTH

ANALYSIS |IlII: MASONRY LINAG VAULT

.9

ANALYSIS |IV: VIRTUAL MOCKUPS 1@

I

: > \__:\r o
CONCLUSIONS & RECOMMENDATIONS ' : ﬁ-l] )
1 | A | B o | -
CLOSING REMARKS - T3 - - \ @+ —
o i I I ’____LL_L.—.:‘ AL — Miller, Long & Arnold Yard |4701 Washington Blvd, Halethorpe, MD 21227
S -1 e ———— .; )




COMMUNITY HEALTHCARE FEASIBILITY STUDY KENNA MARKEL

AE SENIOR THESIS | SPRING 2016

Road Constraints

PROJECT BACKGROUND

All footings over 11’-0” had to be redesigned

ANALYSIS |: PREASSEMBLED PANELS

Footings over that size were heavy
LIGHTING BREADTH

Deliveries over 80,000 lbs had to pay permit

STRUCTURAL BREADTH

Redesign Options

ANALYSIS |IlII: MASONRY LINAG VAULT

| Make footings in three sections and
ANALYSIS |IV: VIRTUAL MOCKUPS 1

A U S assemble onsite
CONCLUSIONS & RECOMMENDATIONS : . . .
- Vlin | Increase soil bearing capacity

S

CLOSING REMARKS

- . - ] 3 o~ “ L - - —
e gl - p— ' ————
an -_— - — . = Fatilp
p— ’ o — ——
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COMMUNITY HEALTHCGCARE REDESIGN RESULTS A 2|:|1K6ENNA MARKEL

AE SENIOR THESIS

Summary of Redesigned Footings
Procedure y S S
PROJECT BACKGROUND LxW Depth Bar# Spacing
Calculate columnload | a2 8'x8 | 1.5 | #6 9.5” | Bearing capacity increased to 5 ksi
ANALYSIS |I: PREASSEMBLED PANELS
Change bearing capacity until all footings | A/4 &xg | 1.57 | #6 3.5 | All remaining footing were reduced by the average 64%
LIGHTING BREADTH 1,0/ ) ”
o, _ A/S 8'x8" | 1.5 #6 9.5
under 11’-0” in length & width /
ANALYSIS |I: PRECAST FOOTINGS A/11 6’'x6’ 1’ #5 6.5”

Redesign footings | B/1 axg | 15 | #e 9.5

B/4 10'x10" | 2’ #7 12”

ANALYSIS IlI: MASONRY LINAGC VAULT
B/5 10'x10" | 2’ #7 12”

ANALYSIS |IV: VIRTUAL MOCKUPS 177 - C/l 7 5'x7.5’| 1.25’ #6 9.5”

1

c/2 95x95| 22 | #6 | 9.5”
, c/a 95x95 22 | #6 | 9.5”
T THILL ; c/s 95%x9.5| 2 | #6 | 9.5”

h:J_;Lﬁ ""LL_;L’ e o | e c/11 7.5x7.5|1.25| #6 | 9.5”

CONCLUSIONS & RECOMMENDATIONS

i
=

CLOSING REMARKS

—— Ao




COMMUNITY HEALTHCARE

DELIVERY & SEQUENCING KENNA MARKEL

AE SENIOR THESIS SPRING 2016

LA LU L L L LT _‘HI.|lII|lllllranJrr"“'
L] Py I
et it gy ey,
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¥
ey,

Schedule Summary

PROJECT BACKGROUND

ANALYSIS |: PREASSEMBLED PANELS O O | Actual Duration | 54 days
Start Finish
LIGHTING BREADTH Foundations Foundations
December 2014 March 2015 3

STRUCTURAL BREADTH

Finish Footings

"l'l'”'I'"”I”““”'“Irr
L o

. December 2015 . . .
j ApaLysis ili: MASRNIYGLINAG VauLT O_O | Soil Remediation Duration Approx. | 14 days
A IV: V M - i ' '
o NALYSIS IRTUAL MOCKUPS s | e Start | Alternative Duration Footings | 13 days
_ CONCLUSIONS & RECOMMENDATIONS : Foundations | Does not include foundation wall
1 ~4- ans 2l | -1] November 2014
m CLOSING REMARKS = R \
| o |

—_— L )

- l 4 / . b - .
0 - . -
3 i | l u:;__ .——-lr—11: L
— Prgr— - — 4 i3 — - —
. - v . e m—




COMMUNITY HEALTHCARE

COoOsST COMPARISON

KENNA MARKEL
AE SENIOR THESIS SPRING 2016

S

PROJECT BACKGROUND

ANALYSIS |: PREASSEMBLED PANELS

LIGHTING BREADTH

STRUCTURAL BREADTH

ANALYSIS |IlII: MASONRY LINAG VAULT

ANALYSIS |IV: VIRTUAL MOCKUPS :

CONCLUSIONS & RECOMMENDATIONS

CLOSING REMARKS

2 T

T

$180,000

$160,000

$140,000

$120,000

$100,000

$80,000

$60,000

$40,000

$20,000

S0

Concrete M Rebar

Comparison Based on Footing Type

Cast-in-Place Footing

Placement

Formwork

Precast Footing

Earthwork & Fill ® Accessories B Transportation M Crane

| Crane cost based on $2,600 per day & $10,000 for relocation

| Cost for soil remediation not included

| Increase to the Core & Shell Package




COMMUNITY HEALTHCARE KENNA MARKEL

AE SENIOR THESIS SPRING 2016

PROJECT BACKGROUND

ANALYSIS |: PREASSEMBLED PANELS m
- | Accelerates Schedule
LIGHTING BREADTH 3
g
Q | Alternative System is less inhibited by bad weather
STRUCTURAL BREADTH m
j ANALYSIS I11: MASGNRY LINAC VAULT TU | Shifts Manpower | Reduces Labor
ANALYSIS |IV: VIRTUAL MOCKUPS
—r VA e, E | Added 0.3% to Core & Shell Package
~ CONCLUSIONS & RECOMMENDATIONS ' ‘ LL
2 RE 15t i
CLOSING REMARKS =T -+ - I \

L] ! L I DR | __, — ,@ Not Recommended | boes not align with Owner’s goals




COMMUNITY HEALTHCARE KENNA MARKEL

AE SENIOR THESIS SPRING 2016

PROJECT BACKGROUND

ANALYSIS |: PREASSEMBLED PANELS
LIGHTING BREADTH

ANALYSIS |lI: PRECAST FOOTINGS

STRUCTURAL BREADTH

ANALYSIS |IV: VIRTUAL MOCKUPS :

CONCLUSIONS & RECOMMENDATIONS

S

Analysis IIl | HD Block LINAC Vault

CLOSING REMARKS

N e i

_— — %




KENNA MARKEL

SPRING 2016

AE SENIOR THESIS
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PROJECT BACKGROUND

| Reduces wall thickness from 4’ to 2’-6” and from 7’ to 4'

| Increased installation duration of 2 months

| Added 2.4% to the Core & Shell Package

S1|nsay |eul

PREASSEMBLED PANELS
PRECAST FOOTINGS

LIGHTING BREADTH

ANALYSIS |
ANALYSIS |

STRUCTURAL BREADTH

& Not Recommended

VIRTUAL MOCKUPS

CONCLUSIONS & RECOMMENDATIONS

CLOSING REMARKS

ANALYSIS IV

2

e el G




COMMUNITY HEALTHCARE KENNA MARKEL

AE SENIOR THESIS SPRING 2016

PROJECT BACKGROUND

ANALYSIS |: PREASSEMBLED PANELS

LIGHTING BREADTH

ANALYSIS |lI: PRECAST FOOTINGS

STRUCTURAL BREADTH

ANALYSIS |IlII: MASONRY LINAG VAULT

1

CONCLUSIONS & RECOMMENDATIONS

i

CLOSING REMARKS

1| gl

—————— =

Analysis IV | Virtual Mockups




KENNA MARKEL
COMMUNITY HEALTHCARE RESEARCH TOPIC AE SENIOR THESIS | SPRING 2016

Virtual Mockup Technologies

PROJECT BACKGROUND Purpose | Evaluate the technologies on the market & when to implement

ANALYSIS |: PREASSEMBLED PANELS et s o I I
LOCATION il 1

LIGHTING BREADTH

ANALYSIS |Il: PRECAST FOOTINGS Ef"ti'iEbF'l I“’TT”T
M oL A
PERIMETER WALLS

TO BE APPLIED PER

MANUFACTURER

STRUCTURAL BREADTH RECOMMENDATIONS.

REFER TO SPECS. FOR

MORE INFORMATION

4 ARRIER
SPRAYED TO TOP OF
BRICK SHELF AS SHOWN

ANALYSIS |IlII: MASONRY LINAG VAULT

I

/
CONCLUSIONS & RECOMMENDATIONS ‘
. i: ~t .
- CLOSING REMARKS — Ty
— i;l L_ "‘l— S : —t
=z T e ——— i
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PROJECT BACKGROUND

Change Order Identification Specific Areas of Interest

ANALYSIS |: PREASSEMBLED PANELS Owner Driven| C&S| 008, 009, 010 _—_— T | Skylight Detail

LIGHTING BREADTH

Tl 002, 003, 004, 005, 006, 007

ANALYSIS |lI: PRECAST FOOTINGS

Constructability| C& S| 006,007, 008, 009, 010

STRUCTURAL BREADTH

j ANALYSIS IlI: MASONRY LINACG VAULT TI| 003, 006 ;L
@ ?ECI!ON DETAIL @ SKYLIGHT
T S Delayed NTP | C &S| 001, 002, 003, 004
-t Fh—t—p \\r
_|. concLusions & RecommEeNDATioNs Y] ﬁl:]‘ 711 001
CLOSING REMARKS TS -+ - Il \
Tl TR L . Exterior Wall Assembly |

B AR AT L

— — =%

C—
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Industry Interviews Interview Summary
PROJECT BACKGROUND
ANALYSIS |1 PREASSEMBLED PANELS a James G. Davis Construction | Julien Bartolo & Christopher Scanlon | Sketch i< th ¢ q deli £
etchup is the preferred modeling software
LIGHTING BREADTH DA"IS
T
ANALYSIS 111 PRECAST FOOTINGS | Uses | Details, coordination, construction means & methods
/D P R DPR Construction | Tim Conroy
STRUCTURAL BREADTH . . .
CONSTRUCTION design reviews, work sequence, alternative systems
ANALYSIS |IlIl: MASONRY LINAQCGC VAULT

| Non-immersive reviews can be as beneficial if not more beneficial
Barton Malow | Bill Gamble

S

- S <
CONCLUSIONS & RECOMMENDATIONS ;
ie hae= i \

CLOSING REMARKS —— rr—i
- & n‘
- Mortenson Mortenson | Lucas Manos

i . k ‘ . b 2 - ; o =
f ’ 2. = construction
i PR —— R
— Ty e o . e —— =
p— ’ o — ——

_— — %
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Implementation Guide Skylight Detail Virtual Mockup

PROJECT BACKGROUND

ANALYSIS |: PREASSEMBLED PANELS

| Skylight detail recognized as a area of concern

LIGHTING BREADTH

ANALYSIS II: PRECAST FOOTINGS | Sketchup used for minimal cost and schedule commitment

STRUCTURAL BREADTH

| 3 hours to create
] ANALYSIS |IlIl: MASONRY LINAC VAULT

nE

‘ + : ~..-_.-\r |
CoONCLUSIONS & RECOMMENDATIONS ; =

{ e e T] (A SECTION DETAIL @ SKYLIGHT
CLOSING REMARKS o 7 - — \ 1Tty

o

—————— o

L[ e b g I




COMMUNITY HEALTHCARE

KENNA MARKEL
SPRING 2016

1

!

PROJECT BACKGROUND

ANALYSIS |: PREASSEMBLED PANELS

LIGHTING BREADTH

ANALYSIS |lI: PRECAST FOOTINGS

STRUCTURAL BREADTH

ANALYSIS |IlII: MASONRY LINAG VAULT

CONCLUSIONS & RECOMMENDATIONS

CLOSING REMARKS

oy

2 T

T

Final Results

Most projects can benefit from some form of virtual mockups
Expected to become more affordable with increased usage
Team & end user is buyin is critical to successful virtual mockups

Success is also measured by the conversations created

@/Recommended

AE SENIOR THESIS
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COMMUNITY HEALTHCARE

PROJECT BACKGROUND

ANALYSIS |I: PREASSEMBLED PANELS ' r F
Ll
/
/
LIGHTING BREADTH L >
—
—
ANALYSIS |Il: PRECAST FOOTINGS
STRUCTURAL BREADTH l
ANALYSIS Ill: MASONRY LINAC VAULT

[jerseypanel.com]

ANALYSIS |IV: VIRTUAL MOCKUPS .

S

Analysis | | Prefabricated Panels

CLOSING REMARKS

Eang L L deon I

Recommended

y 0 -
- Dt
S — - - ———— "‘Lv
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COMMUNITY HEALTHCARE

PROJECT BACKGROUND

ANALYSIS |: PREASSEMBLED PANELS

LIGHTING BREADTH

ANALYSIS |lI: PRECAST FOOTINGS

STRUCTURAL BREADTH

ANALYSIS |IlII: MASONRY LINAG VAULT

ANALYSIS |IV: VIRTUAL MOCKUPS .

S

Analysis | | Prefabricated Panels Analysis Il | Precast Footings

CLOSING REMARKS

L [ UL e i

—_— L )

Recommended & Not Recommended
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COMMUNITY HEALTHCARE

PROJECT BACKGROUND

ANALYSIS |: PREASSEMBLED PANELS

LIGHTING BREADTH

ANALYSIS |lI: PRECAST FOOTINGS

STRUCTURAL BREADTH

ANALYSIS |IlII: MASONRY LINAG VAULT

ANALYSIS |IV: VIRTUAL MOCKUPS .

S

Analysis | | Prefabricated Panels Analysis Il | Precast Footings Analysis Il | HD Block LINAC Vault

CLOSING REMARKS

Ty

ESEN B REETE i

—_— L )

Recommended @ Not Recommended Q Not Recommended
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COMMUNITY HEALTHCARE

PROJECT BACKGROUND

ANALYSIS |: PREASSEMBLED PANELS

LIGHTING BREADTH

ANALYSIS |lI: PRECAST FOOTINGS

STRUCTURAL BREADTH

ANALYSIS |IlII: MASONRY LINAG VAULT

T

ANALYSIS |IV: VIRTUAL MOCKUPS .

S

Analysis | | Prefabricated Panels Analysis Il | Precast Footings Analysis Il | HD Block LINAC Vault Analysis IV | Virtual Mockups

CLOSING REMARKS

ESEN B REETE i

Recommended @ Not Recommended Q Not Recommended Recommended
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PROJECT BACKGROUND /D P R PERKINS FRAUENSHUH
Commercial Real Estate Group

CONSTRUCTION WI L L

Mortenson

DAV'S construction
e

ANALYSIS |: PREASSEMBLED PANELS

Construction Advisor | Robert Leicht, PhD.

LIGHTING BREADTH

ANALYSIS |lI: PRECAST FOOTINGS

Penn State Architectural Engineering Faculty and Staff

STRUCTURAL BREADTH

My Friends & Family

ANALYSIS |IlII: MASONRY LINAG VAULT

Industry

WYATT

Ladies of 623 S. Allen Street

ANALYSIS |IV: VIRTUAL MOCKUPS .

- A ] INCORPORATED
A T ,;AC,\ '~ PennState
CONCLUSIONS & RECOMMENDATIONS { ' A \/
' s i -

\ Interior Construction

Special Thanks

'S N |
/

SRS 1 ey

—_— L )
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PROJECT BACKGROUND

ANALYSIS |: PREASSEMBLED PANELS
LIGHTING BREADTH

ANALYSIS |lI: PRECAST FOOTINGS
STRUCTURAL BREADTH

ANALYSIS |IlII: MASONRY LINAG VAULT

ANALYSIS |IV: VIRTUAL MOCKUPS :

1

CONCLUSIONS & RECOMMENDATIONS

i

i?l: ;L -J"l:‘%-__ Lot /
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ANALYSIS |: PREASSEMBLED PANELS
LIGHTING BREADTH
ANALYSIS |lI: PRECAST FOOTINGS
;

STRUCTURAL BREADTH

NALYSIS Ill: MASC

C

—

Site Logistics
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AE SENIOR THESIS

& COMMHEALTH Footing Foundat |2%MNov-14

i

Delivery Schedule

== Excavation/Gravel Fill (Grid. 1 24-MNow-1¢
q) Load Weight Sl i A1010 Set Footings {A1-D2) 25-Nov-14
PROJECT BACKGROUND — Footings Datey & A1020 Place Piers (A1-D2) 26-Nov-14
3 B A1030 Excavation/Gravel Fill (Grid. £ 25-Nov-14
ANALYSIS |I: PREASSEMBLED PANELS Truck 1 A/1, B/1, C/1, D/1, DJ2, C/2 85000 Ibs 11/25/14 i A1040 Set Footings (C2-C3) 26-Nov-14
t & A1050 Place Piers (C2-C3) 20-Nov-14
LIGHTING BREADTH q) Truck 2 B/2, A/2, A/3, B/3, C/3 73000 lbs 11/26/14 & A1060 Excavation/Gravel Fil (Grid. £ | 29-Nov-14
& A107TD Sat Footings (D3-D4) 28-Mov-14
S Truck 3 D/3, F/3.1,E/3.1, F/4.1,E/4.1, D/4, C/A 74000 lbs 11/29/14 W A1080 Place Piers (D3-D4) 01-Dec-14
36000 1b B A1090 Saet Footings (C4-C5) 01-Dec-14
S
U Truck 4 B/4, A/4, A/5, B/5 12/1/14 g A1100 Place Piers (C4-C5) 01-Dec-14
STRUCTURAL BREADTH m A0 Set Fooli |D5-F5.1 01-Dec-14
Truck 5 c/5, D/5, E/5.1, F/5.1, A/6 63000 lbs 12/1/14 — et Footings { ) :
& A1120 Place Piers (D5-F5.1) 02-Dec-14
ANALYSIS I1l: MASONRY LINAC VAULT QD Truck 6 B/6, C/6, C.4/6, D/6, /6.1, /6.1, F/6.6, E.7/6.6, E/6.6, F/7.2, E/7.2 81000 Ibs 12/2/14 W A1130 Set Footings (A6-D6) 02-Dec-14
C e Al40 Flace Piers (AG-DE) 03-Dec-14
Truck 7 C.9/7,C/7, B/7, A/7, A/8 78000 lbs 12/4/14 @ A1150 Set Footings (E6.1-E7.2) 03-Dec-14
ANALYSIS IV: VIRTUAL MOCKUPS 1 ® =mmmm - & A1160 Place Piers (EG.1-E7.2) 04-Dec-14
""F ' c H Truck 8 B/8, C/8, D/8, D/9 79000 lbs 12/5/14 e ANTO Set Footings (C.9-A8) 04-Dec-14
CONCLUSIONS & RECOMMENDATIONS ) O 73000 Ibs & ATIED Place Plers (C.8-%8) 05-Dec14
— - - Truck 9 C/9, B/9, A/9, A/10, B/10 12/5/14 & Al180 Set Footings (B&-C2) 05-Dec-14
'
. ¢ 0 O 77000 Ibs g A1200 Place Piers (B&-CY) 05-Dec-14
CLOSING REMARKS TIIT ,. LI Truck 10 C/10, b/10, D/11, C/11, B/11, A/11 12/6/14 & A1210 Set Footings (B9-810) 05-Dec-14
' poi J | : A | 111 & A1220 Place Piers (B9-B10) 06-Dec-14
L h I ‘ u.__l___l__._ 3 = o A1230 Set Footings (C10-A11) M-Dec-14
X - R —— s — ‘ e A1240 Flace Fiers (C10-A11) 08-Dec-14

KENNA MARKEL

SPRING 2016

08-Dec-14

25-Mov-14
26-Nov-14
29-MNoy-14
20-Mov-14
29-Mov-14
28-Moy-14
01-Dec-14
29-MNov-14
01-Dec-14
01-Dec-14
02-Dec-14

02-Dec-14
03-Dac-14
03-Dec-14
04-Dec-14
04-Dec-14
04-Dac-14
04-Dec-14
05-Dec-14
05-Dec-14
06-Dec-14
O&-Dec-14
08-Dec-14
08-Dec-14
02-Dec-14

= | =k =k =& b} =k =& | P} =k =&  [&)

RS e e N [ T T R e g (e e S N [ e R . )

o o o o o o o o o O O

o O o o o o o o o o o o o O
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PROJECT BACKGROUND

LIGHTING BREADTH

ANALYSIS |lI: PRECAST FOOTINGS

;
STRLECTU RAL BREADTH

.

NALYSIS IIl: MAS

-

INAC VAULT

) ' ! -

NALYSIS |V: VIRTUAL KU

-

T
ONCLUSIONS & '45 INS
L :_,_;
SING REMAR : =
1+—1 - }
L .
— = F._ £ ;_L":- i
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= 5 MOVE CRANE
Delivery Sequence 6le/e 10.0 10.0 200/- - 30000

Delery ¢ ogyng Length  Width  Depth y.. oo, Reduced Reduced "UgS Weight  Weight T T T S T ST T N BT S

m Day (LF) (LF) (LF) (64%) L&W (LF) (Ibs) (kips) : ' ' ' ' '
= [ 10.0 10.0 2 200 72 B f 10800 10.8
PROJECT BACKGROUND QO 1]a/1 10.0 10.0 2 200 72 6 6 10800 10.8 7|e/6.1 5.5 55 1.17] 35.3925] 127413 33 4 2808 2.808
1|e/1 8.0 8.0 15 96/ . 8 14400 14.4 7|F/6.1 8.5 8.5 1.75] 126.4375] 455175 5.1 6 9450 9.45
C 1|c/1 7.5 7.5 1.25] 70.3125] - 7.5] 10546.88] 10.54688 7|F/6.6 5.0 5.0 1.17 29.25 10,53 3 4 2808 2.808
ANALYSIS |I: PREASSEMBLED PANELS 1|o/1 10.0 10.0 2 200 72 6 6] 10800 10.8 7|e7/6.6 5.0 5.0 1.17 29.25 10.53 3 4 2808 2.808
® =mmmm 1|o/2 9.5 9.5 2 180.5 64,93 5.7 6 10800 10.8 7|efe.6 4.0 4.0 1 16 5.76 2.4 4 2400 2.4
H 1|C/2 0.5 9.5 2 180.5]- - 0.5 27075 27.075 7IF/7.2 5.0 5.0 1.17 29.25 10.53 3 4 28OS 2.808
LIGHTING BREADTH Delivery Weight 84.42188 7|E/7.2 5.0 5.0 1.17 29.25 10.53 3 4 2808 2.808
O 2|e/2 10.0 10.0 2 200 72 6 6 10800 10.8 Delivery Weight 80,715
2|a/2 8.0 8.0 1.25 g0[- - 8.0 12000 12 g|c.a/7 10.0 10.0 2 200 72 B 6 10800 10.8
O 2|a/3 8.0 8.0 1.25 s0[- - 8.0 12000 12 8c/7 11.0 11.0 1.5 1815 65.34 6.6 7 11025] 11.025
2|8/3 10.0 10.0 2 200 72 B 5] 10800 10.8 B|8/7 10.0 10.0 2.17] 217)- - 10.0 32550 32.55
l l I 2|C/3 0.5 95 2 180.5]- . - Im w i;g;: ?;2;: B :_.;? 10.0 10.0 2 200 72 B 4] 10800 10.8
e : 8la/s 8.0 8.0 1.25 80 - 8.0 12000 12
STR"!CTU RAL BREADTH 3|o/3 9.5 9.5 2 180.5 64,98 5.7 6 10800 10.8 Delivery Weight [EZEEE BEEEEE
. ‘ b 3|Fiz.1 9.5 9.5 2 180.5 64,98 5.7 6 10800 10.8 gla/s 10.0 10.0 2 200]- - 10.0] 30000 30
. 3le/3.1 5.0 5.0 1.17 29.25 10.53 3 4 2808 2.808 alc/s 9.5 9.5 2 180.5]- - o5  27075] 27.075
NALYSIS I I I * MAS — m 3|F/4.1 7.0 7.0 15 735 26.46 4.2 4 3600 3.5 alD/8 10.0 10.0 2 200 72 B o] 10800 10.8
‘ 3|E/4.1 5.5 5.5 1.17] 35.3925] 127413 33 4 2808 2.808 a|p/a 9.5 9.5 2 180.5 64,98 5.7 6 10800 10.8
' 1] — 3|n/a 10.5 10.5 2.17| 239.2425] 86.1273 6.3 7| 15949.5] 15.9495 78675] 78.675
NALYSIS IV VIRTUAL - © mm— |c/a 9.5 9.5 ol 1805 : 95| 27075] 27.075 10[c/a 9.5 9.5 A 1s0s] 5 9.5 27075] 27.075
[ . A18/4 10.0 10.0 2.17 217]- = 10.0 32550 32.55 10)4/9 8.0 B.0 1.25 a01- - 8.0 12000 12
EINCLUS ONS & I%EBI , 4—) a4lasa 8.0 8.0 1.25 80J- . E.0 12000 12 10[a/10 2.0 2.0 1.25 20]- ; 8.0 12000 12
— 1R q) ala/s 10.0 10.0 2 200 72 G 6 10800 10.8 10|e/10 10.0 10.0 2 200 72 B 6 10800 10.8
SING REMARK ‘ — 5 Delivery Weight 85.35 11]c/10 10.0 10.0 2 200]- - 10.0] 30000 30
| T \‘}. . | D 4Jc/5 9.5 9.5 2 180.5) - 9.5] 27075] 27.075 11|0/10 9.5 9.5 2 180.5 64.98 5.7 6 10800 10.8
Ry 5)0/5 10.5 10.5 2.17) 239.2425 26.1273 6.3 7 15949.5 15,9495 11)10/11 6.0 6.0 1.25 45]- . 6.0 G750 B6.75
) "_ 5|E/5.1 5.5 5.5 1.17] 3s5.3925] 127413 33 4 2808 2.808 11|c/11 7.5 7.5 1.25] 70.3125) . 7.5| 10546.88] 1054688
> - — 5|F/5.1 7.0 7.0 1.5 73.5 26.46 4.2 5 5625 5.625 1108/11 8.0 &80 1.25 aol- - g0 12000 12
Az a - “d 6]a/6 10.0 10.0/ 2 200 72 ] b 10800 10.8 11]a/11 6.0 6.0 1.25 45]- - 6.0 6750 6.75
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PROJECT BACKGROUND

) Cast-in-Place Footings Estimate
ANALYSIS |I: PREASSEMBLED PANELS m "
Daily  Laber Mat'l Unit Labor Unit Equip Unit
Cost Code Crew Qua Mat'l
O Output Hours niity Cost Cost Cost Labor Cost Cost Equip Cost Total
LIGHTING BREADTH ancrets
< ’ 03311335 |o3so0  [Heawyweight Concrete, Ready Mix, delivered  |a500 psi = lcso | 135]  oose]l  saz|s neools sosszoo]s N E - B - |5 sossam
Rebar
03211160 |oson  [Reinforcing in Place IFactings, #4 to #7 [Tan |4 Rodm. | 21|  15.238] 135  sencols 124s000]s siwooo]s 1053000 | B - |5 2301000
t Flacement
| 03311370 [2600 [Placing Concrete |Foctings, spread, over 5 C.Y., direct chuts =5 [ | 120] o4 szl N E N E 1580 |5 s2a760] 5 053]s  avess|s  ms2as
STRUCTURAL BREADTH
, Anchor Bolts
: i — 03015151 0130 Anchor Bodts 3/4" diameater « & long Sat 1Carp .El:ll (0.4 Sl E 108115 33511 5 1940 ) 5 il 40 5 - 5 936,51
ALYSIS 11T MAS NA¢ VAULT o =mmm 0315 15.1 0420 Anchor Bodts 1-1/9" diameter x 18" long Set 1Carp 18 (444 2715 0005 g10,00 | 5 2150) 5% 580.50 ] - 5 1,390,500
* ) Base Plates
e i . m 05122365 |osoo  Jpiates |17 thick (40.8 Ib/5.F.) E: [ | | TEE E san0]s  8s3200]s B | B s ss3200
1V: VIRTUAL KU ST ) [Evation
= s q) 31231642 Jozoo  [Excavating, Bulk Bank Measure LExcavator, hydraulic, crawler mtd,, 1 C.¥, cap. = 100 C¥/hr |ncy R aoo]  oo2]  san]s N E N E pools  mazoo|s 192 17esec|s 262260
Tt : : Fill
ONS & El::l;n:tM-EN DATI INS , D 31232317 [oson  |General Fill Gravil fill, compacted, under floar slab, 4° 5F B-37 wwooa]  ooos| 7000 s naals 308000038 oi1e]s  1,33000] 5 no2]s 14000 $ 455000
—— s i
e : o= 5 85,789.11 S 22,126.50 ¢ 220236 $ 110,117.87
SING REMARKS i S xEFI r
TS &
__‘-F e T
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Precast Footings Estimate

Daily  Labor Mat'l Unit
Output Hours Sventity o o

Units Crew

Concrete

PROJECT BACKGROUND 03 31 13,35 O350 Heawyweight Concrete, Beady Mix, deliverad 2500 pai IC‘-‘ 250

L |an

11600 | 5 29,000.00 ] & - ) - 5 - $ 29,000.00

Rebar

ANALYSIS |: PREASSEMBLED PANELS [o3 211160 Josoo  |Reinforcing in Place [Footings, #4 1o #7 Ton 4 Rodm. 21| 15238 13

LF

96000 |5 1248000 5 810000 | 5 10,530.00 5 - L 23,010.00

Formwaork
03 11 1345 JO050 Farms in Place, Footings |FI-.-'-.~.-c:-ur.I. 2 use SFCA L-1 -Hl:ll 0.073 6,340 ) 5 374ls 2371160 5 33315 21112320 5 - 5 44,823,830
| | g I E - |3 N E : 3 N E :

LIGHTING BREADTH

Placement
|03 311370 |2600 Placing Concrete |F ootings, spread, owver 5 ¥, direct chute IE'r' -6 JECII 0.4 32915 - 4 - 5 1580 519531 |5 053]s5 17427 |5 53605958
| | I 5 E - |5 B - 5 B -

A4

Anchor Bolts
03015191 0130 Anchor Balls 34" diameter x 8" long e 1 Carp 20| 0.4 al] 5 10,81
|03 15191 Jo4z20 anchor Balts 1-1/4" diameter ¥ 18" long Sl 1 Carp 18 0,444 27 30,00

L

60140 5 S k- 936,51
580,50 5 - |5 139050

3351105 19.40
810,00 21.50

w

STRUCTURAL BREADTH

Base Plates

ANALYSIS Ill: MASONRY LINAC VAULT 051223.65 Josoo  |plates J1* thick (40.8 Ib/s.F.) 5 [ | | |  1sz]s seo0]s  ss32.00] 8 - s - | B - |s  es3200

Excavation
31231642 o200 [Excavating, Bulk Bank Measure [Excavator, hydraulie, crawder mtd., 1 C.¥. eap. = 10BCy |p1za | s00] o.0z| 730 | s N E K pao]s  esroo]s 192]s  140160)s 205860

ANALYSIS |IV: VIRTUAL MOcCKUPS z { .
A ' Fill

Detailed Cost

I

f 11 23 2317 |O500 General Fill iGravil fill, compacted, under floor slab, 4" 5F B-37 10000 0.005 6,500 ) 5 0.44 | 5 2EED.0O] 5 1% ] s 123500 )5 0025 130,00 | 5 4, 22500
CoONCLUSIONS & RECOMMENDATIONS
& il Transportation

! Truck Casts IMiII_‘ B0 ) 5 - & - 5 0Gd |5 403,00 | 5 1.09]5% JOR.S0 | & 1,111.50

CLOSING REMARKS — - Permit Fees 32,000 Ibs oS o B B E E : 5 e -
T > Permit Fees 90,000 |bs E 30.00 ) 5 90.00 | & - 5 - 5 4 90.00

i f , \ ‘,;t . ! Crane

| i k- l | 3 ™ = hdobile Crane Rental ILiEbhEFr- LThI1150-6.1 Il:la'g,' 1215 - 5 - 5 - 5 - 5 2E00000 5 312000005 3120000
— E:: I -————l.': — : Int— - Mobile Crane Move Charges Lietzherr-LTR1150-6.1 1 Way 1] - 5 . 5 . 5 . 5 10,000.00 | 5 10.00000 |5 10,000.00
| SPGEES T e 43,614.37 | § 161,747.49
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= 5 MOVE CRANE
Delivery Sequence 6le/e 10.0 10.0 200/- - 30000

Delery ¢ ogyng Length  Width  Depth y.. oo, Reduced Reduced "UgS Weight  Weight T T T S T ST T N BT S

m Day (LF) (LF) (LF) (64%) L&W (LF) (Ibs) (kips) : ' ' ' ' '
= [ 10.0 10.0 2 200 72 B f 10800 10.8
PROJECT BACKGROUND QO 1]a/1 10.0 10.0 2 200 72 6 6 10800 10.8 7|e/6.1 5.5 55 1.17] 35.3925] 127413 33 4 2808 2.808
1|e/1 8.0 8.0 15 96/ . 8 14400 14.4 7|F/6.1 8.5 8.5 1.75] 126.4375] 455175 5.1 6 9450 9.45
C 1|c/1 7.5 7.5 1.25] 70.3125] - 7.5] 10546.88] 10.54688 7|F/6.6 5.0 5.0 1.17 29.25 10,53 3 4 2808 2.808
ANALYSIS |I: PREASSEMBLED PANELS 1|o/1 10.0 10.0 2 200 72 6 6] 10800 10.8 7|e7/6.6 5.0 5.0 1.17 29.25 10.53 3 4 2808 2.808
® =mmmm 1|o/2 9.5 9.5 2 180.5 64,93 5.7 6 10800 10.8 7|efe.6 4.0 4.0 1 16 5.76 2.4 4 2400 2.4
H 1|C/2 0.5 9.5 2 180.5]- - 0.5 27075 27.075 7IF/7.2 5.0 5.0 1.17 29.25 10.53 3 4 28OS 2.808
LIGHTING BREADTH Delivery Weight 84.42188 7|E/7.2 5.0 5.0 1.17 29.25 10.53 3 4 2808 2.808
O 2|e/2 10.0 10.0 2 200 72 6 6 10800 10.8 Delivery Weight 80,715
2|a/2 8.0 8.0 1.25 g0[- - 8.0 12000 12 g|c.a/7 10.0 10.0 2 200 72 B 6 10800 10.8
O 2|a/3 8.0 8.0 1.25 s0[- - 8.0 12000 12 8c/7 11.0 11.0 1.5 1815 65.34 6.6 7 11025] 11.025
2|8/3 10.0 10.0 2 200 72 B 5] 10800 10.8 B|8/7 10.0 10.0 2.17] 217)- - 10.0 32550 32.55
l l I 2|C/3 0.5 95 2 180.5]- . - Im w i;g;: ?;2;: B :_.;? 10.0 10.0 2 200 72 B 4] 10800 10.8
e : 8la/s 8.0 8.0 1.25 80 - 8.0 12000 12
STR"!CTU RAL BREADTH 3|o/3 9.5 9.5 2 180.5 64,98 5.7 6 10800 10.8 Delivery Weight [EZEEE BEEEEE
. ‘ b 3|Fiz.1 9.5 9.5 2 180.5 64,98 5.7 6 10800 10.8 gla/s 10.0 10.0 2 200]- - 10.0] 30000 30
. 3le/3.1 5.0 5.0 1.17 29.25 10.53 3 4 2808 2.808 alc/s 9.5 9.5 2 180.5]- - o5  27075] 27.075
NALYSIS I I I * MAS — m 3|F/4.1 7.0 7.0 15 735 26.46 4.2 4 3600 3.5 alD/8 10.0 10.0 2 200 72 B o] 10800 10.8
‘ 3|E/4.1 5.5 5.5 1.17] 35.3925] 127413 33 4 2808 2.808 a|p/a 9.5 9.5 2 180.5 64,98 5.7 6 10800 10.8
' 1] — 3|n/a 10.5 10.5 2.17| 239.2425] 86.1273 6.3 7| 15949.5] 15.9495 78675] 78.675
NALYSIS IV VIRTUAL - © mm— |c/a 9.5 9.5 ol 1805 : 95| 27075] 27.075 10[c/a 9.5 9.5 A 1s0s] 5 9.5 27075] 27.075
[ . A18/4 10.0 10.0 2.17 217]- = 10.0 32550 32.55 10)4/9 8.0 B.0 1.25 a01- - 8.0 12000 12
EINCLUS ONS & I%EBI , 4—) a4lasa 8.0 8.0 1.25 80J- . E.0 12000 12 10[a/10 2.0 2.0 1.25 20]- ; 8.0 12000 12
— 1R q) ala/s 10.0 10.0 2 200 72 G 6 10800 10.8 10|e/10 10.0 10.0 2 200 72 B 6 10800 10.8
SING REMARK ‘ — 5 Delivery Weight 85.35 11]c/10 10.0 10.0 2 200]- - 10.0] 30000 30
| T \‘}. . | D 4Jc/5 9.5 9.5 2 180.5) - 9.5] 27075] 27.075 11|0/10 9.5 9.5 2 180.5 64.98 5.7 6 10800 10.8
Ry 5)0/5 10.5 10.5 2.17) 239.2425 26.1273 6.3 7 15949.5 15,9495 11)10/11 6.0 6.0 1.25 45]- . 6.0 G750 B6.75
) "_ 5|E/5.1 5.5 5.5 1.17] 3s5.3925] 127413 33 4 2808 2.808 11|c/11 7.5 7.5 1.25] 70.3125) . 7.5| 10546.88] 1054688
> - — 5|F/5.1 7.0 7.0 1.5 73.5 26.46 4.2 5 5625 5.625 1108/11 8.0 &80 1.25 aol- - g0 12000 12
Az a - “d 6]a/6 10.0 10.0/ 2 200 72 ] b 10800 10.8 11]a/11 6.0 6.0 1.25 45]- - 6.0 6750 6.75
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Loading Calculation for B1

DL Flesr LL Floor DL Reof LL Roef

Loading Calculation for A2

- DL Fleor LL Floor LL Roof Wall Load Wall Laad
Start LL Reducing  LL Load on  Load on on Start LL Reducing  LL Load on  Load on of
Level End Level DL factor oL LL factor Cosfficient Reduced At wp:rrtn Column  Celumn Celumn Wall Load 'Wall At Cn:.:nn Pu (DL) Pu(LL}) Level End Level DL factor LL factor Coefficlent Reduced Column  Column Calumn Wall Load Wall At l:n:.:hn Pu{DL) Pu(LL}
k) ik} [L3] (K} (L] (3]
PROJECT BACKGROUND R . _ 30 0 0 420075 | 22.56075 | 16.2 0 30 0 0 4620825 ] 21.45083 | 14.85

2 3 1.2 56 16 057274861 | 45.81989 540 1 30.24 2474274 18.36 16.2 15 450 10,125 58.725 | 40.54274 2z 3 1.2 56 16 058705993 | 46.96759 495 1 2772 23.24916 16.83 14.85 15 485 11,1375 | 55.6875 | 38.09916

2 1.2 56 1.6 047821773 | 3825742 540 2 6048 |41z:s01] 1838 16.2 15 450 16,875 | 95715 | 57.51801 1 2 1.2 56 1.6 048836565 | 3906975 | 495 2 3544 | 3867856  16.83 14,85 15 495 185625 | 90,8325 | 53.52856

177.0008] 114.6608] 167.9708] 106.4777

ANALYSIS |: PREASSEMBLED PANELS

Loading Calculation for A4 Loading Calculation for B4

.
:

]
f DL Floor LL Fleor LL Roof
LIGHTING BREADTH m End Level DL facto LL facto LL Reducimg LL At n porte Load on  Load on o Wall Load  Wall At Wl Load Pu(DL) Pu(LL) Start LL Reducing LL Ll o) mh:r: 'I:Lo:;n:: LL:nw LR
o actor actor su a on u u !
Coefficient Reduced P Column | Column Column - Levet End Level DL factor LL factor . sicient Reduced Celurmn Column 'Vall Load  Wall At on Pu (DL} Pu(LL)
2] (ki k) ik s Column
ki ki K}
E] fi 1.2 ET) 16 30 540 i} i [ 18,36 15,2 15 sen,l | 420075 | 2256075] 162 3 i 13 24 16 30 sl o 0 0 33.66 25,7 15 0 ) 33.66 79.7
2 3 1.2 56 1.6 0.57274361 | 45819389 240 1 30.24 24.74274 18.36 16.2 15 A50 10.125 58.725 | 40.94274 2 3 1.3 [ 16 043836565 | 39 06925 5] 1 o5 dd | 38678561 3366 9.7 15 0 0 ga.1 GE.I7R56
1 2 1.2 56 1.5 0.47EI1773 | 3825742 5440 2 G043 | 4131801 1E,36 16,2 1% A5G0 16.E75 95,715 | 57.51801 1 2 1.2 56 1.6 n41854907 | 33,482 gan 2 110,88 | 65.73831 331.66 9.7 15 0 o 144.54 | o5.00831
QD | 177.0008] 1146608 , 267.3] 194.0765]
STRUCTURAL BREADTH Loadina Calculation for A8
_— ( oading L-alculation for /A% — Loading Calculation for B5
T ‘ LL Reducing  LL niflocrs | sdon Loadeon on I n Moory D—Fiser | LL Floor LL Roof Wall Load
. 0 duci
NALYSIS Il MAS NA VAULT End Level DL factor LL factor Coefficient Reducsd AL supporte Column  Calumn Column Wall Load  Wall At T-n Pu (DL} Pu([LL) Start End Level DL factor LL factar LL Reducing LL At RIS Load an  Load on on Wall Load  Wall At on PuiDL)  Pu(LL)
. ~— dj ik ikl Ik Celumn Level Coefficient Reduced d) Column  Column Column Column
: = ! i t 3 R 1.7 34 1.6 30 540 0 ] 0 18,36 16,2 15 560,01 | 420075 | 22.56075] 162 m ik} ' {k} = 7
P : : . 2 3 1.2 56 1.6 057274861 | 45 81989 Sdl 1 30,24 | 24.74274 18.36 16.2 15 450 10.125 58.725 | 40.94274 - - - -
/ A 5 ! - - 2 3 1.2 56 1.6 048836565 | 39.06925 950 1 5544 33.67856 33.66 29.7 15 ] [ 85.1 68.37856
— , , ATR2177 , ] , ] , 4 . .
A ?l _LYSIS_ 1V: VIRTUAL ‘ e m 2 1.2 565 16 | 047821773 | 3.25742] 540 2 G048 | 4131801 1836 16.2 15 50 95,715 | 57.51801 : 2 13 T 1t Tomessior | 33989 S50 ; 068 Tcotomail 2366 26 T . . 2a1.51 | 3600883
4 S L ¢ YA 177.0008] 1146608 267.3] 19a.0769|

ONCLUSIONS & dEB DATIONS Loading Calculation for A11
u ‘ - z | oL " E:aﬁﬂwr Il:L:Iu-ur DL Roof LL Roof Wall Load
e (1] n (oors (=14 ] ] an on ]y ]
e Level Level factor At supported) Column Column Column Column 'Wo Lesd Wall At o 'I’“ Pu(DL) Pu(lh)
SING REMAR 4~ - ™ ficl il i alumn
L R 4 : 3 R 12 | 34 | 18 30 270 0 0 0 9,18 8.1 15 516.11 | 4620825 | 13.80083] 8.1
. 3 12 | 56 | L6 |0.7064355 | 56.51484 | 270 1 15.12 | 15.25501] 5.8 8.1 15 455 | 11.1375 | 35.4375 | 23.35901
¢ 3 2 12 | 56 | 16 |05727486 | 4581989 270 2 3024 | 2474274 9.8 8.1 15 485 | 18.5625 | 57.9825 | 32.84274
. 107.2208| 64.30175

’Lk
i\’
]
|
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Loading Calculation for C1

DL Flaar  LL Flosr LL Rool

i [Maars Wall Load
LL faciar I‘L‘m R | Al B ';:':.T': lil:Tn.I:r:: afh Pu L) Pu[LL)

4 Kl Ikl el
3 1 3 0 u] 14.9175% 5 5460975 ] 4.095731 ) 1900323 [ 13,1625
PROJECT BACKGROUND F 3 Ll 56 L6 | 060805744 | 48.64050 | 43875 i 24.57 | ri3daer] 149175 | 139625 | 18 438.75 | 9.671a75 | 25.95938 | 3450532
1 F] 1.3 55 16 Dspa1Ea4d | 4025479 | 438,75 ] 49,14 [ 3532358 149175 | 13,1635 15 438,75 [ 1645313 ] 8051063 | 45 48608
1458832 9615389

ANALYSIS |: PREASSEMBLED PANELS Loading Calculation for C2
; DL Flanr  LL Fisor ]
LL g LL n [flocrs o a
LL factar “"""‘"m D Goln Wallload Wall At on Pu(DL) PulfLL)
Ikl

LIGHTING BREADTH ! 29835 | 26.32%

rd 3 1.7 ch 1b DSOE1ELHS | 4035479 i) 1 4914 3% 37358 F4.83% FE32S 15 i i} TR.975 B1.64H5E

1 F 1.2 56 16 | D4z2902872 | 34.3223 | 8775 F 9828 | 60.23563] 29.835 | 26.32% 15 0 0 128.115 | B6.56063

I zsesas] 1rasaa

Loading Calculation for C4
DL Floer | LL Floor LL Roof
LELIET Wall Lead
Load an  Laad an Pu(bL)  PulLl)

SUppOrts on
Codumn  Colismn ol
9 L1 L]

LL Reducing  LL At

LLfacter "o aficient Reduced

l
STRL’BTU RAL BREADTH

kl 1.2 34 L& 3a BT7.5 a i o 13,535 i6.325 15 a i 29.835 26,315
- 2 3 1.2 S6 L& 1.5031E484 | 4025479 | BTF.S 1 49,14 | 35.32358) I9.835 I6.325 15 a 0 78975 | GL.G64858
1 2 1.2 L] 1a 042902872 | 34,3223 BT1.5 2 58.28 B0 23563 ] 9235 26225 15 1] {} 128.115 | BE.58063

235,925] 174.5342

NALYSIS IIl: MASON

!
\

Loading Calculation for C5
DL Fleer LL Flear Wall Lead

niNoot | oden  Load ow o on

LL Reducing  LL

A:IALYSIS 1V: VIRTU KU ‘ End Level DL Factor Lifactor o Stetrd g M mn:;:m ol ol Colump Wil Load WallAr 5 Pu(DL) PuiLL}
‘ . ! Il ik

a0 0 0 . . 15 19.835 | 26.325

rs 3 1.1 LE 16 (.50318484 | 4025479 Brrs 1 49.14 35 32358 19 51y i IS a i 2975 | 6164858

1 ] 12 56 16| 0.47902873 | 34,3223 | AV75 ] .26 | 6023563 | 29.835 | 26,325 15 0 128,115 | B6.56063

236.925] 174.5342]

Loading Calcs

EINCLUSII:INS & REC DAT

Loading Calculation for C11
nfloors O Floor L Fioar
e g~ Faeelis) eecin] B O\l Load  Wall At Pu(Dl  PuiLLl)

e B R =
- y End Lewel DL factar LL facter Coatfclent || Fiaduced At :w:.lnm Cob ol ol Column
: [k} [} ki ikl
¢ 3 i 12 34 16 40 43275 il [ 0 145175 | 13,1825 15 |saenuin] s cenran] 1s013ea] 131828
- — z 3 1.2 56 1.6 0.60805744 | 4564459 | 435875 1 24,57 | Z1.34FA2 | 149175 | 131625 15 438,75 | 98715875 | 49.3593& | 34.50532
T 1 2 1.2 56 L& 0.50318484 | 40.25479 | 438.75 F 49,14 | 3532358 ) 14.9175 | 13.1625 15 43875 | 1645313 | 80.51063 | 4545608
= e 77| 1488832 96.15385]
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Loading Calculation for C1

DL Flaar  LL Flosr LL Rool

i [Maars Wall Load
LL faciar I‘L‘m R | Al B ';:':.T': lil:Tn.I:r:: afh Pu L) Pu[LL)

4 Kl Ikl el
3 1 3 0 u] 14.9175% 5 5460975 ] 4.095731 ) 1900323 [ 13,1625
PROJECT BACKGROUND F 3 Ll 56 L6 | 060805744 | 48.64050 | 43875 i 24.57 | ri3daer] 149175 | 139625 | 18 438.75 | 9.671a75 | 25.95938 | 3450532
1 F] 1.3 55 16 Dspa1Ea4d | 4025479 | 438,75 ] 49,14 [ 3532358 149175 | 13,1635 15 438,75 [ 1645313 ] 8051063 | 45 48608
1458832 9615389

ANALYSIS |: PREASSEMBLED PANELS Loading Calculation for C2
; DL Flanr  LL Fisor ]
LL g LL n [flocrs o a
LL factar “"""‘"m D Goln Wallload Wall At on Pu(DL) PulfLL)
Ikl

LIGHTING BREADTH ! 29835 | 26.32%

rd 3 1.7 ch 1b DSOE1ELHS | 4035479 i) 1 4914 3% 37358 F4.83% FE32S 15 i i} TR.975 B1.64H5E

1 F 1.2 56 16 | D4z2902872 | 34.3223 | 8775 F 9828 | 60.23563] 29.835 | 26.32% 15 0 0 128.115 | B6.56063

I zsesas] 1rasaa

Loading Calculation for C4
DL Floer | LL Floor LL Roof
LELIET Wall Lead
Load an  Laad an Pu(bL)  PulLl)

SUppOrts on
Codumn  Colismn ol
9 L1 L]

LL Reducing  LL At

LLfacter "o aficient Reduced

l
STRL’BTU RAL BREADTH

kl 1.2 34 L& 3a BT7.5 a i o 13,535 i6.325 15 a i 29.835 26,315
- 2 3 1.2 S6 L& 1.5031E484 | 4025479 | BTF.S 1 49,14 | 35.32358) I9.835 I6.325 15 a 0 78975 | GL.G64858
1 2 1.2 L] 1a 042902872 | 34,3223 BT1.5 2 58.28 B0 23563 ] 9235 26225 15 1] {} 128.115 | BE.58063

235,925] 174.5342

NALYSIS IIl: MASON

!
\

Loading Calculation for C5
DL Fleer LL Flear Wall Lead

niNoot | oden  Load ow o on

LL Reducing  LL

A:IALYSIS 1V: VIRTU KU ‘ End Level DL Factor Lifactor o Stetrd g M mn:;:m ol ol Colump Wil Load WallAr 5 Pu(DL) PuiLL}
‘ . ! Il ik

a0 0 0 . . 15 19.835 | 26.325

rs 3 1.1 LE 16 (.50318484 | 4025479 Brrs 1 49.14 35 32358 19 51y i IS a i 2975 | 6164858

1 ] 12 56 16| 0.47902873 | 34,3223 | AV75 ] .26 | 6023563 | 29.835 | 26,325 15 0 128,115 | B6.56063

236.925] 174.5342]

Loading Calcs

EINCLUSII:INS & REC DAT

Loading Calculation for C11
nfloors O Floor L Fioar
e g~ Faeelis) eecin] B O\l Load  Wall At Pu(Dl  PuiLLl)

e B R =
- y End Lewel DL factar LL facter Coatfclent || Fiaduced At :w:.lnm Cob ol ol Column
: [k} [} ki ikl
¢ 3 i 12 34 16 40 43275 il [ 0 145175 | 13,1825 15 |saenuin] s cenran] 1s013ea] 131828
- — z 3 1.2 56 1.6 0.60805744 | 4564459 | 435875 1 24,57 | Z1.34FA2 | 149175 | 131625 15 438,75 | 98715875 | 49.3593& | 34.50532
T 1 2 1.2 56 L& 0.50318484 | 40.25479 | 438.75 F 49,14 | 3532358 ) 14.9175 | 13.1625 15 43875 | 1645313 | 80.51063 | 4545608
= e 77| 1488832 96.15385]
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Footing Redesign Calculations

Bearing Lcad W
Feoling PD(K) PL(K} LeD{k) copacity o, aman  aipsi)  Felpai) Ve controls) Won)  him

PROJECT BACKGROUND [ (s
13 LTIFO00E| 114.gE08] F91.6615 = 7 H.OO|E9E =95 25H1 .15 43 55 d=00) 403 492 F1EE ETS A01.25 11.42 1557 18 1.5 14 25 ElS T E= 131 .44 55 a5k 52 0001548 .74 0.BE| 0048522
g 1770008 114 G808] 290 6615 ) Tl ] RS 345 a%eq L.l5 A3 5% 4500 Aok 29221 F1AEEXG 201,25 11.4:8 1557 IEI 1.5 1d 25 BT 2T EY 131 0. a4 & a.56 G5 0001544 0.7 (8| QOdE53Y
. S 1F7000E| 114.6608) 290 6615 ) 764 B0 5l ¥05. 8581 £.19 42,95 4500 a0k 4022y F1d6.6X5 201.25 11.82 1557 il!l 1.5 1425 36 21 ER 1.31 0. 44) ik .56 G5 0001544 .73 (.85 00aB5EE
ANALYSIS I * pREASSEM BLED pAN ELS Aall 10722088 64 30075] 1715226 ) 5,85 (e [y 2315478 £.43 44,67 A0 A0T A922) 1475805 201,25 .41 11035 lq 1 3375 241 E &5 1 3]_.. 1.35455 0,57 6.5 0001978 0,75 85| 002560]1
Bl IE7TAME| 104777 274 44R5 = 7.41 ] ErN ek 501 A0, 35 420 A0 292 14k EXS 01,25 11.31 15 08 18 1.5 1435 3ﬁl B 15 1.51 042155 0.5k 5.5 0.0018 .73 n.a&| D453
Bd JEE 194 0rsd) dELL ISR = 551 00| 10 s 10’ CENEeE ] H.41 q4. 24 A0 d3=hddN] FRNEgAL L 332 153 24.1r55 :IHI £ 2012 I:IH-I LkE0 149k 0. srs al LA 0H20Es 1.14 142 00q0e=E
LlGHTlNG B READTH E 2673 194.0763) A1 ITEG ) §.51 1000 10«10 K] | 691 43,54 DI R E-JE TRy 435 164,32 1_5 1 Ei]?[- E-?III . 20,125 ﬂq S50 1.95 1.5 &7 l'.'l.E 11 Uﬂlﬁil ].E 1=:IE 0 aq0EEE
1 145 BB32] 96 1_533‘9 2450371 3 7,00 7.50]7 .57 &5 332 Sl:lflu 5.0 41.05 A5 A03 -"-EIE T146. 625 201 2_5 103 14 005 15 1.15 1125 33 E 15 1 3ﬂ 1,454 86 0.56 9.5 0001344 0,73 .85 0036105
L2 236,025 174.5347] 410.4502 = 007 0509 595" Sh3.5547 .24 43. 35 0NN 32E63FS] TEOMLA3S 164,32 12,77 21645 :-'4' ¥ L el 45 43,91 1496 .50 55 .56 0.5 OO 38 1.10 1.29] Q043755
C4d 235925 174.5342) 411.4592 = 5.07F 5.5019.5%9.5" =h3, 57 h.24 43,35 3001 FXE55335] FIML435 164,32 1277 21645 ]l‘I z 20125 45 831.91 196 1.50485 0.5k g.5] 0O015g4= 1.1 1.29] 0,3437T=5
LY 3L 83%) 1.9.5342) 4104592 ] 5.05 ] RS Whd. LEd ) bL.24 g4, 1k T i) T L e i Y 14 .3 1..0F 21545 IQI r 20125 qlh 41.91 14k AT E [T 9.5 OO{1592 1.10 139 043755
{11 148 8832 96 15383) 2450371 5 2080 250|757 5 §32.5061 591 a1.05% 45004 a0Z 29221 F14A6.6XS 20125 103 14 05 15' 1.2% 1125 K | 22.15 1.51 0. A5 NG .56 Q5] 0001544 0.7 0] Q36105

STRUCTURAL BREADTH
t

ALYSIS IIl: MAS r LINAC VAULT —T = —T

Fooling capacity idth@gs v @ i qa idth @ qa C°Pth @ CF @ ga

| | I - (ga) ksf)y =zkat V0T FRET SIRET g tkaf) —gker TR SEST S ShaT
ALYSIS IV: VIRTUAL KU 16 Al 2 11.5 2.17] 1BE.54 5 8.00 1.5 e B4
' ' i ) 141 2 12 k] 13600 5 800 1.5 Tl #1%
T =~ 1 : Ad 2 12 2.33] 3300 5 8.00 1.5 3 71%
NCLUSIONS & '%EE MJENDF" s 1 All 2 11.5 2.17] 2BE.54 5 &.00 1 34 87
4 | ! N{ { Bl 2 11.5 .17 2E6.54 5 B.00 1.5 o B6%]
: { ] Ll B 2 14 2.50 450,00 E 10000 2 200 595
TR AR e - 15 2 12 2.33] 33600 g 10.00 2 200 ETRE |
a L5 2 U e i L1 2 11.5 4,17 2 E6. 54 5 7,50 1.25] FR3IL2S 5%
; : T ( 1 C2 2 12 2.33 336.00 5 9.50 2 180.5 45
. : NE e Cd 2 1d 2.50 4 53,00 5 4. 50 i 180.5 E3%]
' & s C5 2 12 7,33] 33600 5 9.50 2 180,5 6%
T T : e £11 2 12 2.33]  33e.00 5 7.50 1.25] 70.3125 79%
- St - e o Sororage [

Loading Calcs

Average Reduction Percentage
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PROJECT BACKGROUND
ANALYSIS |: PREASSEMBLED PANELS

LIGHTING BREADTH

STRUCTURAL BREADTH
ANALYSIS |IlII: MASONRY LINAG VAULT
ANALYSIS |IV: VIRTUAL MOCKUPS

CONCLUSIONS & RECOMMENDATIONS :
e s i \

CLOSING REMARKS

| ‘ = - | 3
. . - I : = " L - - —
- i PR —— I
— ‘g - — . 3 o -
p— 2 ] —

1

i

Footing Schedule

_!_-f "-l., o 1 20 3o 0 BO0 O BO Yo 83 SO 100 119 120 130
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PROJECT BACKGROUND C Summary of Cost Comparison for Analysis |
ANALYSIS |I° PREASSEMBLED PANELS m Cast-in-Place Footing Precast Footing
° q Concrete $60,000 $29,000
LIGHTING BREADTH
(q0) Rebar $23,000 $23,000
Q Placement $8,500 S5,500
STRUCTURAL BREADTH E Formwork SO $45,000
j ANALYSIS I1I: MASONRY LINAC VAULT O Earthwork & Fill 57,000 56,300
U Miscellaneous Costs $11,000 $11,000
ANALYSIS 1V: VIRTUAL MOCKUPS :
—t : ) Transportation S0 $1,200
| CONCLUSIONS & RECOMMENDATIONS 1 e 50 541 000
CLOSING REMARKS ‘ ( ) Total System Cost $110,200 $161,800

o

-__J‘-:l;l——: ‘ : .;
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