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Integration Structural Construction Management

Reading, PA

Population 88,082
Among pOOrESt cities per capita in the U.S.*
Bottom 15% in state academic performance*

*2010 United States Census
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“Education is the most powerful weapon which you
can use to change the world.”

-Nelson Mandela



Integration Structural Construction Management

How can improve Reading, PA?

Provide a high-performance educational facility that

serves as a symbol and serves as an
to improve quality of life



Integration Structural Construction Management

Presentation outline:

Project

Detailed Integration
Structural Design
Construction

Conclusions &



Integration Structural Construction Management

Strengthen COmmunity

AEl Goals Energy efficiency

“To improve the performance of building design” gofmtm‘én'sty HUE

. - .. . . afety & Security

. 'Cn;ﬁfgit:gt?on Efficient Engineering — Realistic Budget

* Communication Collaboration Software: Building as a Teaching Tool
* Revit
* Navisworks
Team Approach

“Building is greater than the
sum of its parts”



Floor Plan with Highlighted Architectural & Site Vlodifications
Modifications |

PARK STREET

GREEN ROOF
PLAYGROUND

l

GEOTHERMAL
WELL FIELD

PARKING LOT

Changes

Architectural: facade, group instruction space, green roof — L 4
Green Roof

|

IR

Site: playground w/ security wall, parking lot, well field



Basement Floor Plan

Access Stairwell

CO m m u n ity P O O | Wheelchair L|ft |

Design Advantages

Finished Floor Elevation
351" -0"

Same Building Footprint as Original Design
 Decreases impermeable square footage
* |ncreases usable site space

Finished Floor Elevation

Cost Effective

345' - 0”
Community Pool * Separate building would yield greater
Locker Rooms cost
Mechanical Room Central Location

Access Stairwell

 Community spaces w/ secure entrances
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Lessons Learned

Integration

READING ELEMENTARY SCHOOL CONSTRUCTION BUDGET

Construction Overview

Delivery method: Design-build - o2 ——
— - % OF ORIG.
. Activity Milestone | Mo | 1 | 2 | 3| 4| 56| 7| 8| 9|1wo]|11]|12{13]14a]15 Contract t o: G M P CATEGORY DESCRIPTION cost cost/sk||conmRace
oiles 10 jpredsed 3/8 YP€E: A. Substructure A10 Foundations $200,526.52]  $2.43]  1.49%
MOb' "Zat'.on A20 Basement Const $792,473.48|  $9.61 5.87%
Site security . B. Shell B10 Superstructure $2,098,250.00] $25.45|  15.54%
Demolition CO St ana Iys IS B20 Exterior Enclosure | $1,307,574.00] $15.86 9.68%
Excavation B30 Roofing $564,278.00|  $6.85 4.18%
Underground utilities S C. Interiors C10 Interior Const $1,436,344.00) $17.42 10.64%
Foundations 1 8’ 5 68’ OOO C20 Stairs $287,26880 5348 2.13%
Steel erection S / C30Interior Finishes | $1,149,075.20|  $13.94 8.51%
2 2 5 . 2 5 S F D. Services D10 Conveying $76,947.00 $0.93 0.57%
: D20 Plumbing $705,347.50|  $8.56 5.22%
Exterior walls
Roofing h d I D30 HVAC $2,039,095.50| $24.74|  15.10%
= I S . D40 Fire Protection $294,963.50 $3.58 2.18%
Milestone SChedule: oo [t e e
Exterior finishes . E. Equipment & E10 Equipment $259,696.13|  $3.15 1.92%
Rough plumbing, electrical, mechanical N OtICE tO p rOCeed 3/8 Furnishings E20 Furnishings $86,565.38 $1.05 0.64%
Commissioning . F. Special F10 Special Const $106,000.00 $1.29 0.79%
Interior finishes Steel topplng Out 7/10 Construction & F20 Selective Building
Landscaping . Demolition Demolition $520,985.78 $6.32 3.86%
bunchlist Waterti g ht 8 / 23 Subtotal $13,502,804.29| $163.80]  100.00%
R o ot Tim g Factor__ el el i
Staff traini b / -Alternate (Poo ,597,569. . .83%
Ocup q S u Sta nt I a CO m p et I O n 5 29 General Conditions $1,340,743.00| $16.26 9.93%
Taxes $810,168.26|  $9.83 6.00%
Occupancy 7/2 Foe 7514091 a5 500
Bonds & Insurance $337,570.11 $4.10 2.50%
TOTAL $18,567,808.27| $225.25
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Note: Refer to drawing S-100 for
footing sizes and Geopier support,

Refer to drawing 5-200 for column
and base plate sizes

Typical Wide
Flange Column

Typical Base
Plate

Typical
Spread
Footing

Typical 30" Dia
Geopler Element

System

Integration

Structural Construction Management

Conclusions

BENT BAR

2" 20 GA. COMPOSITE
METAL DECK

STEEL CONNECTOR
PLATES W/ THRU
BOLTS @ 3'-0"OC

-~

HORIZONTAL JOINT
REINFORCEMENT

SPLICE LENGTH =24"

WIDE FLANGE BEAM

FILL GAP WITH DRY
PACK OR APPROVED
EQUAL

Structural Summary

Composite Steel Framing

Expansion Joint

Central Wing

i
L ——

Green Roof
= —

——

Pool Area at Basement Level

Design Optimization

Lessons Learned

>
=

Building Information Modeling



estimated energy use Mechanical Ssummary
. Median
Design L1
Building
Energy Performance Rating (1-100 73 50 gg::r(i)c:le cagr‘\duit PARK STREET
Energy Reduction (% 21% 0% fﬂa:i’:\ed‘:’c’; i E
Source Energy Use Intensity (kBtu/ft"/yr) 161 204 Linear fluorescent luminare =
Site Energy Use Intensity (kBtu/ft*/yr) 57 72 xi/“goz“l‘:::g;ﬁapsmm é
Total Annual Source Energy (kBtu) 12,443,900(15,663,400 5,
otal Annual Site Enerev (kBtu
Total Annual Energy Cost (S) $ 112,800 | S 142,000

Water source heat pump

Pollution Emissions ,

CO2-eq Emissions (metric tons/yr) 536 675 I |
CO2-eq Emissions Recution (%) 21% 0% A |
'Median Building energy results from www.energystar.gov

High Collaborative Layout Flexible Design



Conclusions

Integration

Structural Construction Management

Lighting/Electrical Summary

' . _ Annual energy
Orientation Room quantity savings (KWh)
vi
84

 DALI lighting control 2
e Passive infrared occupancy sensors - 1> 2 i;i
 Closed loop proportional photosensors 2 100
* Dual-fuel emergency generator “ 12 j ij;
 Automatic transfer switch 2 307
* |.D. card swipe - ’ = =
* Site lighting - 2 291
5 3 348
4 341

Table 17: Total energy savings by facade orientation and dim zone

Safety and Security

and

Total annual

energy savings
(KWh)

1,390
1,660
400
1,364
1,392
921
993
1,032
291
348
341

Reduced Energy Consumption

Lessons Learned

Total annual
cost savings

$58.80
$194.60
$232.40
$56.00
$190.96
$194.88
$128.94
$139.02
$144.48
$203.79
$243.60
$238.70
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Integration
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Design Process Critical Path Schedule

Activity Discipline(s) [Wk [ 1 [ 2 [ 3] a[s[e6[ 78] ofw[unJ12]13]1a]15]16]17[18[19[20[21]22]23]24]25] 2 Planning
Project & team goals ALL * B I |VI S e S BIMEX Planning
Solar & daylighting analysis L/E |
Architecture & site modifications ALL
Geot:ch:cal revi:w t CM, S ALL
Elementary school cost comparisons CM
Vechanicn sysems &caee sy ressards | W Priority Goal Description BIM Uses ¢
ISTltela;:I:friZ ;I:lilt:l)g F. cost estimates éll\-/II- . . . . Schegaﬁc Des;gnh .
Stuctural anlysi & Ram model ; Integrated building design Worksharing, Central models reate Schematic
Site lighting and security L/E, S Model
e ol rest JEw . Integrated model Revit ALL
Load calculation M, L/E g o o .
Mechanical equipment selection I\//I = Ml NI ma I C I a S hes NaVl Sworks
Electrical equipment selection L/E E
Coergy moseling____ 1 : Structural design/modeling RAM, Revit l l l l
Pool deisgn and anlaysis ALL . . . . .
IS::::;?:EI i t%uzrjrsael ?::;T;;g C;\/I E n e rg y mOd e I I ng G re e n B u I I d I ng St u d I O’ R eVI t Schematic Design Schematic Design Schematic Design Schematic Design
Eevi: moje: D:cmmcal L'\/AE Qua nt|ty ta ke Offs ReV|t Perform Cost Estimate Perform 3D Coordination Z:::Z:s I;:iggr:it:: Perfor:'lnI:'lIIygslil;eerlng
Quality control/safety review CM . . .
Revit moiel —Istrhu;:tural S Cost estl matl ng ReVlt ALL ALL M, S,
Navisworks clash detection CM
etaled costestimation o # Project documentation Revit
Finalize AEl team reports ALL . . . .
Presentation graphics 3ds Max, Navisworks, Revit : . .
Key: 2
All disciplines H 1 ]
Team Schedule S Bhtng cacs oo BIM EXECULION ey i
Structura Renderings 3ds Max, Navisworks |
Mechanical ALL
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Precast Panel Facade System

W16x31 beam
Structura W18x35 girder
* Lightweight Metal stud

1/2” Gypsum wall board

e |solated stud connections

Double pane glass

Mecha nical Interior light shelf
. Exterior light shelf
* Thermal transfer reduction
° R_2 1 10% Transmissive blinds

Aluminum window frame

Construction

Precast Panel * Schedule
e Safety

Precast panel
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Wb bean Daylighting and Energy Efficiency

June 21, SE Window (10'-0"'x6'-0"") Heat Gain

W18x35 girder 6000.0 DA3OO
Metal stud 5000.0
1/2” Gypsum wall board e Untreated window aperture 7\

4000.0

Double pane glass

3000.0

Interior light shelf
2000.0

Exterior light shelf

Heat Gain/ Cooling Load, (Btu/hr)

1000.0

10% Transmissive blinds

13 17 21
Aluminum window frame Hour
—— Beam SHG (Btu/hr) ==e==Diffuse SHG (Btu/hr) Qcond (Btu/hr) === Total SHG (Btu/hr) - i . o ,
Precast panel Percentage of points above 50%: 49.6




Overview

W16x31 beam

W18x35 girder
Metal stud

1/2” Gypsum wall board

Double pane glass

Interior light shelf

Exterior light shelf

10% Transmissive blinds

Aluminum window frame

Precast panel

Structural

Construction Management

Daylighting and Energy Efficiency

Exterior light shelf

o v SR T m
PROFILE ANGLES g ‘IMasvéJul |

P T Te~dun B

splar tim#& 17 -t 'i_"
—';? I ! '}— m |
b = ' Apr/AG \!
@ [ 1977 . 8 | ‘
2O T 17/ 3 I\ X
T Il [ AL | Madoen "\ e IN\\3! ||
- a.m. || ' ' < 1 | \ .
3 LAY X1 FopOne N VW \Ng [T
R i | - | L .
E [ ) 278 N :
f 30 + i ' a : 'f\ N\ B\ G
8 | &~ ro'
=] ; o o N\ |
v [ = ¢ 6

- S : S ;+ = I U 2 :
0 - —
-150 -120 -90 -60 -30 0 30 60 90 120 150

Solar Azimuth (degrees)

Heat Gain/ Cooling Load, (Btu/hr)

6000.0

5000.0

4000.0

3000.0

2000.0

1000.0

0.0

Conclusions

Lessons Learned

June 21, SE Window (10'-0"'x6'-0"") Heat Gain

e

1

5 9

[ TN vy
a.—| -

13 17 21

Hour

—#— Beam SHG (Btu/hr) ==e==Diffuse SHG (Btu/hr)

Qcond (Btu/hr) === Total SHG (Btu/hr)
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Wb bean Daylighting and Energy Efficiency

June 21, SE Window (10'-0"'x6'-0"") Heat Gain

W18x35 girder 6000.0
Metal stud
] _ 5000.0
1/2” Gypsum wall board e Exterior I|ght shelf
. . 4000.0
s * Interior light shelf
3000.0

Interior light shelf

Exterior light shelf

Heat Gain/ Cooling Load, (Btu/hr)

- / M
1000.0

10% Transmissive blinds

1 5 9 13 17 21
Aluminum window frame Hour
—#— Beam SHG (Btu/hr) ==e==Diffuse SHG (Btu/hr) Qcond (Btu/hr) ==x=Total SHG (Btu/hr)
Precast panel




Overview

W16x31 beam

W18x35 girder
Metal stud

1/2” Gypsum wall board

Double pane glass

Interior light shelf

Exterior light shelf

10% Transmissive blinds

Aluminum window frame

Precast panel

Structural Construction Management

Daylighting and Energy Efficiency

Exterior light shelf
Interior light shelf
Interior blinds

Heat Gain/ Cooling Load, (Btu/hr)

6000.0

5000.0

4000.0

Conclusions

June 21, SE Window (10°-0""x6'-0"") Heat Gain

Lessons Learned

Hour

—=— Beam SHG (Btu/hr) === Diffuse SHG (Btu/hr)

Qcond (Btu/hr) === Total SHG (Btu/hr)
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Elementary School Classroom

* Building as a Learning tool
 Exposed systems

W16x31 beam

Duct serving classroom

Acoustical ceiling panel

it * Ceiling panel benefits:
Indirect luminaire

Water-source heat pump * ACO u St | CS

Light shelf (int/ext)

* Light levels

* Flexible classroom layout




Overview Structural Construction Management Conclusions Lessons Learned

W8x10 beam

Elementary School Corridor

Cablétiay * Building as a Learning tool
Main duct run * Exposed systems

Linear fluorescent luminare

WSHP building loop * Color coding

VAV box serving classroom

* Interactive monitors display building performance

Water source heat pump

 Emphasizes interdisciplinary collaboration
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Multipurpose Area / Shelter

Energy recovery ventilator i F | eX| bl I |ty

WSHP rooftop unit

4'AV ‘. 40LH16 Bar joist

"".\V/ .‘

i
N7 “" D A\ - o
“"‘ “'A"‘ r‘.‘.‘. % Nawyae Viva —~.a o
._ X ‘.—-di\', A "ig:.:..:‘\v‘!:‘g';: ‘ ‘. ‘.
e o A — 5 l’o‘ '\
’ T -

- * Community shelter per local Homeland Security
Acoustical treatment d e p a rt m e nt

* |solation
* Risk Category IV
* Emergency power
 Separate mechanical system




Overview

W40x149 Transfer girder
40CJ32 Composnte joist
—— Main duct serving pool

__& Indirect luminaire

Pipe to ground loop

Emergency lighting
Mechanical room

Bleacher seating

Pool

Lessons Learned

Conclusions

Structural

Construction Management

Community POO!

Up-front engineering and architectural collaboration

Ceiling space
Framing
Lighting
Ductwork

Accessibility and logistics
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Overview

Playground School Security Site Security

—> publicaccess areas — during school hours

B public access areas — after school hours

<= id card-swipe access points

=




Overview Integration

LEED Scorecard

Sustainable Sites (SS) 18
Water Efficiency (WE) 6
Energy & Atmosphere (EA) 15
Materials & Resources (MR) 4
Indoor Environmental Quality (IEQ) 13
Innovation in Design (ID) 2
Regional Priority (RP) 0
Total LEED Credits 58

organic

LEED Certification

Platinum

Gold

Silver

Certified

LEED Credits

100

LEED / Sustainability

Water Usage and Costs

Gal/yr Annual Cost (S)
Indoor 2,007,969 10,616
Rainwater Collected 612,397 1,592
Net Utility 1,395,572 9,024

Assuming water price of $2.60/ kgal

Rainwater Collection

Structural Construction Management Conclusions Lessons Learned

W Rainwater collection area
© Green roof
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Structural Design
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Overview Integration

Structural Goals
High

Innovation . ; . ; :
Performance Innovative and Cost-Effective Foundation

* Optimized Design of a Gravity Structural System
* Innovative and Efficient Lateral Force-Resisting System

* Optimized Design of a Shelter Facility

Efficiency Constructability

* Building Information Model Complete with All
Structural Systems




Column Load (kips) Footing | Footing Footing RAP Est'd | Actual | RAP RAP RAP Soil | Stress| Area Soil RAP Settlement
Floor LFootl-ng J i Width | Length Stress | Capacity Dia Depth | Mod. Mod. Ratio | Ratio | Stress | Stress uz Lz Total
ocation Dea Live Tota q Q, K
B L o an d z K m R R s s s
=X DL LL TL ka klp RAPS RAPS rap rap rap pCI s 'a qm qrap uz (V4 'total
- . e ft ft x5 in ft pci 1001 ksf ksf in in in
F O u n d a t I O n D e S I n e O I e rS Pool B.5-13 1025 | 73.4 176 6.0 6.0 4.9 70 2.5 3 30 | 120 175 | 695 | 252 | 041 | 045 | 11.3/| 045 | 006 | 051
-} PN B.5-14 1951 | 1180 313 8.0 8.0 4.9 70 45 5 30 | 130 175 | 695 | 252 | 038 | 048 | 120/ | 048 | 018 | 065
3 % ¥ \/ Qj B.5-15 1952 | 1180 313 8.0 8.0 4.9 70 45 5 30 | 130 175 | 695 | 252 | 038 | 048 | 120/ | 048 | 018 | 065
B /, Thete A N A/&/{ i b.5>-10 1/4.7 114.7 4089 o.U o.U 4.5 YAV 4.1 o) 3V 15.U 175 0.9 43.2 U.56 v.44 11.1 v.44 U. 10 U.0v
Note: Refer to drawing S-100 for Typical Wide B.5-17 81.0 62.7 144 6.0 6.0 4.0 70 2.1 3 30 | 120 | 175 | 695 | 252 | 041 | 037 92 | 037 | 005 | 041
footing sizes and Geopier support. Flange Column B.6-13 1242 | 786 203 7.0 7.0 4.1 70 2.9 3 30 | 1220 | 175 | 695 | 252 | 030 | o050 | 126 | 050 | 010 | 0.60
Refer to drawing S-200 for column B.6-18 1153 | 763 192 7.0 7.0 3.9 70 2.7 3 30 | 1220 | 175 | 695 | 252 | 030 | 047 | 129 | 047 | 009 | 057
g B.8-13 1245 | 553 180 6.0 6.0 5.0 70 2.6 3 30 | 120 | 175 | 695 | 252 | 041 | o046 | 115 | 046 0.46
and base plate sizes. Typical Base B.8-14 1547 | 712 226 7.0 7.0 4.6 70 3.2 4 30 | 120 | 175 | 695 | 252 | 040 | 043 | 109 | 043 | 011 | 054
Plate B.8-15 1545 | 711 226 7.0 7.0 4.6 70 3.2 4 30 | 1220 | 175 | 695 | 252 | 040 | 043 | 108 | 043 | 011 | 054
B.8-16 1544 | 711 226 7.0 7.0 4.6 70 3.2 4 30 | 120 | 175 | 695 | 252 | 040 | 043 | 108 | 043 | 011 | 054
STE P 4: CO m p | ete B.8-18 96.9 48.2 145 6.0 6.0 4.0 70 2.1 3 30 11.0 175 6.95 | 25.2 | 0.41 0.37 9.3 037 | 005 | 042
. . c2-21 86.6 65.2 152 6.0 6.0 42 70 2.2 3 30 | 120 | 175 | 695 | 252 | 041 | 0.39 97 | 039 [ 005 | 044
Geo pier s haft with €.3-19 92.5 72.4 165 6.0 6.0 4.6 70 2.4 3 30 | 120 | 175 | 695 | 252 | 041 | 042 | 106 | 042 | 005 | 048
. . €321 1349 | 1164 | 251 8.0 8.0 3.9 70 3.6 4 30 | 130 | 175 | 695 [ 252 [ 031 | 047 | 127 | 047 | 014 | 061
12-in lifts c.4-21 1095 | 888 198 7.0 7.0 4.0 70 2.8 3 30 | 1220 | 175 | 695 | 252 | 030 | 049 | 123 | 049 | 010 | 059
= RIS - SPRURTES €521 61.2 45.1 106 6.0 6.0 3.0 70 15 2 30 | 120 | 175 | 695 | 252 | 027 | 0.39 98 | 039 | 004 | 042
- PR RRA
v -
STEP 1: Drill cavit === . % R, AGR Typical Settlement
. y W Spread Footing
. . s 57 Footing Floor ) Uz LZ Total
—_— -— Location
STEP 3: Make a . S Suz Siz Stotal
bottom bulb & in in in
e b = Typical 30” Dia.
= == _— . .5- 0.45 0.06 0.51
P 9 — Geopier Element Pool B.>-13
I t | I t . s — B.5-14 0.48 0.18 0.65 G .
Nnstaliation = ey = B515 || 048 | 018 | 0.65 eopler
— FRETSA —
F rocess Tn S

Design

—
—
o

g

/




Foundation Plan

Overview Integration

S

L&

9_'_{@]

Q. & P
etz —ICT)
H | o

e

_E)

R—

Construction Management Conclusions Lessons Learned

Comparison of Alternatives

* Compaction Grouting
* Excavation / Replacement

 Micropiles

Foundation System  Excavation/Replacement Micropiles
Estimated Cost $334,000° $292,000"

®Includes excavation, backfill, compaction, reinforced concrete (footings), and labor
*Includes steel piles, pile driving, concrete, and labor
“Includes drilling, ramming, aggregate, reinforced concrete (footings), and labor

Geopiers
$203,000°
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Design Spot Checks

BIE0E 031 ¢

; oo |7 °

SMIEE 03 ¢ C}
SR 5

HCY 13 ¢ i

A1 il H.

€2
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Construction Management Conclusions Lessons Learned

Hand Calculations

Typical Composite Beam Design (15t/2d/3rd
Floor Small Classroom)

RAM Design Output —2> \W16x26 (12 studs)

=2 W16x26 (12 studs)



Overview Integration

Wide Flange
Girder (Typ.)

1/2" Gap
(Typ.)

Wide Flange
Column (Typ.)

Axial Load

Composite
Floor System

(Typ.)

Construction Management Conclusions Lessons Learned

Lateral Design Hybrid Masonry Walls

BENT BAR

SP

2720 GA.COMPOSITE
METAL DECK

STEEL CONNECTOR
PLATES W/ THRU
BOLTS @ 3-0"0.C.

HORIZONTAL JOINT
REINFORCEMENT

LICE LENGTH =24"

WIDE FLANGE BEAM

FILL GAP WITH DRY
PACK OR APPROVED
EQUAL

Hybrid Masonry Walls

C.M. and C.R. < 20’ apart
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Overview Integration

A I/r’.

Construction Management Conclusions Lessons Learned

Modeling Methodology

Personally recommended by David T. Biggs, PE — main
developer of the hybrid masonry system

First, solve for stiffness of the masonry shear wall
Next, equate stiffness to that of steel cross bracing

Finally, solve for necessary “equivalent brace” size

Lateral Analysis

Response » o Seismic Elastic Adjusted
; Deflection Seismic . )
: = Seismic Force-Resisting | Modification . Response Design | Analysis | Maximum
Wing Direction . Amplification | Importance . . .
System Coefficient Coefficient | Force (k) | Drift (8yc) | Drift (8,)
Factor (Cy) Factor (la) ) )
(R) (Cs) (in) (in)
Intermediate Reinforced
X : 4.0 2.5 1.25 0.049 65.9 0.12 0.24
Hybrid Masonry Walls
West - =
Intermediate Reinforced
Y 3 4.0 2.5 1.25 0.049 65.9 0.04 0.08
Hybrid Masonry Walls
Intermediate Reinforced
X : 4.0 2.5 1.25 0.049 224.7 0.15 0.30
Central/ Hybrid Masonry Walls
East Intermediate Reinforced
Y 4.0 25 1.25 0.049 224.7 0.16 0.32

Hybrid Masonry Walls

Bay Length (ft) Brace Size
28’-0” (2) W30x124
31’-4” (2) W36x160
41’-4” (2) W40x297
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Column Above

W40x149 Composite Transfer Girder

40CJ32 Composite Joist
(Typical)

Poured Concrete
Bearing Wall
(Typical)

Geopier Element (Typical)

Pool Area Below
40CJ32 Composite Joists
W40x149 Composite Transfer Girders
Column Above




Overview Integration Construction Management Conclusions Lessons Learned

40LH16 Steel Joists

Multipurpose Area / Shelter
* Risk Category IV per ASCE 7-10 Pt

f'm=1500 psi

8" Reinforced Concrete Masonry
Unit Wall with #4's @ 40" O.C.
Lap Splice Length = 24"

e Fully-grouted reinforced CMU walls with pilasters

——Meaaroc
W21 AR
SPUCE

 Engineered Roof System

R T
B SISO \t'-.'f: \:
a0~ ey 1o g oty -

\ ,:: .. [ ]
PR ¢ N r
- . K RS wE WY
\/ AT e /.'/'-.'...‘.‘;. . R oy e T
Cover Strip I 0 SR DTS e )y ook Typical Geopier Element
- e 1

Structural Deck

2) Vapor Retarder

3) Insulation
Insulation Fastener
5) Gypsum Roof Board
6) Sarnafil Membrane




Construction Management Conclusions Lessons Learned

Overview Integration

Conclusion / Lessons Learned

v" Innovative and Cost-Effective Foundation

v" Optimized Design of a Gravity Structural System
v Innovative and Efficient Lateral Force-Resisting System

v" Optimized Design of a Shelter Facility

v Building Information Model Complete with All
Structural Systems
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construction management OVe rview



Existing Site Plan

Construction Goals

Design a cost-effective facility to help the entire
community grow

Plan for & adapt to issues of &
throughout construction

Provide a safe & efficient environment for end

users

Conclusions Lessons Learned

Final Site Plan




Overview Integration Structural Conclusions Lessons Learned

COMPARABLE BUILDING COST ESTIMATES

° READING ELEMENTARY SCHOOL CONSTRUCTION BUDGET Location| Time
Data Year Location 5.F. Price Per 5.F. Adjusted 5.F. Cost
e |Ve e O OS Factor | Factor
SF: 82,433 YEAR: 2013
% OF ORIG. D4 Estimate 2013 | Reading, PA | 82,433 517,376,074 | 5210.79 1.00 1.00 5210.79
CATEGORY DESCRIPTION CosT COST/SF_|CONTRACT R.5. M Cost ks| 2012 | Readi PA | 82,433 | 517,152,500 |5208.08 1.00 1.02 5212.24
A. Substructure A10 Foundations $200,526.52]  $2.43]  1.49% > VISans LosTores cating. ' B : ' ' '
A20 Basement Const $792,473.48] %961  5.87% Clearview Elementary Hanover, PA
. ° ° B. Shell B10 Superstructure $2,098,250.00 $25.45 15.54% SCEDG: | — 2002 | (Mear York) 43,638 56,887,822 |5157.84 1.03 1.56 5253.62
De I lvery m et h Od . D es| g N- B Ul | d CO St Ana | Sis: B20 Exterior Enclosure | $1,307,574.00] $15.86]  9.68% school Planning _
y . B30 Roofing $564,278.00 $6.85 2.18% Management 2011 Mational 75,000 | 514,800,000 |5197.33 0.99 1.06 5207.08
. C. Interiors C10 Interior Const $1,436,344.00 $17.42|  10.64% school Planning &
® P S e a ra t I O n S A Ct S 1 8 5 68 OOO C20 Stairs $287,268.80 $3.48 2.13% Management 2011 P, N INY 90,000 | 526,000,000 |5288.89 0.99 1.06 5303.16
A ) V4 - —
C30 Interior Finishes $1,149,075.20 $13.94 8.51% AVG $237.38
S 2 2 5 2 5 / S F D. Services D10 Conveying $76,947.00 $0.93 0.57%
CO nt ra Ct t e . G IVI P ° D20 Plumbing $705,347.50 $8.56 5.22%
y p . 530 HVAC $2.039,095.50|  $24.74 15.10% FUTURE POOL ADDITION ESTIMATE CURRENT ADD-ALTERNATE
Reading School Pool Add-Alt: $1,597,500 | - 294,963, ' ' oy P il
Board O O t . ) ) D40 Fire Protection $294,963.50 $3.58 2.18% Hem Unit aty. Unit ltem
D50 Electrical $1,577,413.50[ $19.14 11.68% Facebrick Building Structure
| E. Equipment & E10 Equipment $259,696.13 $3.15 1.92% wf CMU backup  |S.F. 9,000| $265.07|%2,385,630.00 5352,876.35
Furnishings E20 Furnishings $86,565.38 $1.05 0.64% Bleachers L.F. 120 555.50 56,660.00|Mechanical 5173,341.76
Organic F. Speci i 0 i
. Special F10 Special Const $106,000.00 $1.29 0.79% Lockers EACH 12|  $s217.00 52,604.00|Electrical 5120,607.22
A/E/CM Sq U a re FOOt ReSO U rces Construction & F20 Selective Building Benches EACH 6| $180.00 51,080.00|Plumbing 5118,609.64
Demolition Demolition $520,985.78 $6.32 3.86% Sound System EACH 1| $13,675.00| 513,675.00|Architectural 5832,134.33
Subtotal $13,502,804.29] $163.80|  100.00% Pool Lights EACH 2| $945.00]  $1,890.00
Time Adj. Factor $303,813.10]  $3.69]  2.25% Scoreboard EACH 1| $3,450.00] _ $3,450.00
D t . | d E t t Add-Alternate (Pool) $1,507,569.30| $19.38]  11.83% TOTAL:| $2,414,989.00 TOTAL:) $1,597,569.30
Demo./ General Fire Prot. e al e S “ I Ia es General Conditions $1,340,743.00[ $16.26 9.93%
Exca Trades Mech. Elect. Plumb. Enclo. Lands. Taxes $810,168.26 $9.83 6.00% z 5
. Fee $675,140.21 $8.19 5.00% Location Fagade Area (SF) Cost/SF (Low) Cost/SE {High) Total Cost (Low) _Total Cost {High)
North 13791.35 $25.00 $40.00 $344,783.75 $551,654.00
Bonds & Insurance 5337,570.11 54.10 2.50% South 11389.58 $25.00 $40.00 $284,739.50 $455,583.20
TOTAL $18,567,808.27| $225.25 East 3821.54 $25.00 $40.00 $95,538.50 $152,361.60
West 3686.88 $25.00 $40.00 $92,172.00 $147,475.20
| ' $817,233.75 $1,307,574.00




Project Phases/Site Utilization

| Exterior—7/1/2013 Sitework — 4/14/2014 PARK STREET

g e ————————————————r———
SCAFFOLDING FOR EMERGENCY SHLTR. PARK STREET PARK STREET
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13TH STREET

: Construction Goal : adapt to safety
Focus: Establish site security Focus: Falling debris, hazardous material and quality concerns



[uly

[June | |
s/4 [ 5/11 [5/18 [5/25 | /1 [ 6/8 [ 6/15 [ 6/22 | 6/29 [ 7/4

Water Usage and Costs

Gal/yr Annual Cost ()
Punchlist
Substantial Completion {529 |nd00r 2,007,969 10,616
setrene ﬁ'& " Rainwater Collected 612,397 1,592
| Net Utility 1,395,572 9,024

estimated energy use

Assuming water price of $2.60/ kgal

Energy Design Median
Building
Energy Performance Rating (1-100) 73 50
Energy Reduction (%) 21% 0%
Source Energy Use Intensity (kBtu/ft*/yr) 161 204
Site Energy Use Intensity (kBtu/ft2/yr) 57 72
Total Annual Source Energy (kBtu) 12,443,904|15,663,393
Total Annual Site Energy (kBtu) 4,380,117 | 5,513,342
Total Annual Energy Cost (S) $112,829 | S 142,020
Pollution Emissions
CO2-eq Emissions (metric tons/yr) 536 675
CO2-eq Emissions Recution (%) 21% 0%

Transition Plan

Goals of Plan

1. Teach Facility Managers
2. Allow for Teacher Input
3. Let teachers contribute to safe design

Methods

Facility Staff Training
Teacher Feedback Results
Virtual Mock-ups

Conclusions Lessons Learned

Results

Natural Lighting
Accessible Outlets
Built in Shelving
Noise Separation
Wireless Connection

s wh e

Construction Goal : safe and efficient

environment for end-users
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Align & Plumb

Insulate Interior
Hang Drywall
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e Set Pane .

e Align & Plumb
e Seal Joints

* Insulate Interior
e Hang Drywall

SIPS Schedule

* Approx. 140 Panels
e 1260 LF of Facade
* 8 Week Schedule

Detailed Activities Scheduling

Short Interval Production Scheduling (SIPS)
Attributes of SIPS
* Repetitive Work
* Learning Curve
e Quality/Safety Improvement

Matrix Scheduling (Parade of Trades)
e Similar Construction
e Number of Classrooms

Matrix Schedule
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il

29

Conclusions Lessons Learned

HVAC

SO
134

135

Sprinkler Main

136

Plumbing

141

Lighting/Electrical

142

143

Sprinkler Branch

144

155

159

160

Ceiling Panels

Floor Finishes

216

Commissioning

217

218

223

224

225

226

227

233

234




Navisworks Clash Detection Model

3D Applications

Avoidance

Discipline Collaboration

Navisworks Analysis
Implement Changes

Constructability

Spatial Orientation
Potential Hazards

Pool Section

Conclusions Lessons Learned

Multi-Purpose Room Section




Friday 9:00:00 AM 5/24/2013 Day=1 Week=1

Superstructure Erection Sequence: May 24 — July 24

4D Modeling

w o~ mwn B W M

W W oW W W W MR R R R R R R R R R R R R R R R e e
F R S R R e T . T R S R R S TR R . TR YR Ry

ﬂ Task ~ |Task Name

Multipurpose CMU South 4 days :b_
3 days

Multipurpose CMU North 5 days

9939999999999 999999999999999999%995%%

Multipurpose CMU East

Multipurpose CMU West

Steel Sect A Floor 1
Steel Sect A Floor 2
Steel Sect A Floor 3
Steel Sect B Floor 0
Steel Sect B Floor 1
Steel Sect B Floor 2
Steel Sect B Floor 3
Steel Sect C Floor 1
Steel Sect C Floor 2
Conc Sect A Floor 1
Deck Sect A Floor 2
Conc Sect A Floor 2
Deck Sect A Floor 3
Conc Sect A Floor 3
ConcSect B Floor 0
Deck Sect B Floor 1
Indepencence Day
ConcSect B Floor1
Deck Sect B Floor 2
Conc Sect B Floor 2
Deck Sect B Floor 3
Conc Sect B Floor 3
Conc Sect CFloor 1
Deck Sect CFloor 2
Conc Sect CFloor 2
CMU Sect A Floor 1
CMU Sect A Floor 2
CMU Sect A Floor 3
CMU SectB Floor 1
CMU Sect B Floor 2
CMU Sect B Floor 3
CMU Sect C Floor 1

¥ |Duration ~ ||May 26, '13

[Jun 2, '13

[Junsg,'13

[Jun 16, 13

[Jun 23,"13

Jun 30, '13

[ul 7,13

[ul 14,13

[Jul21,"1

3 days
3 days
4 days
2 days
6 days
3 days
4 days
3 days
4 days
2 days
2 days
3 days
2 days
3 days
2 days
3 days
3 days
0 days
3 days
4 days
2 days
3 days
2 days
2 days
3 days
2 days
3 days
3 days
3 days
2 days
2 days
2 days
2 days

Conclusions Lessons Learned

Construction Sequencing Benefits

* Communicates schedule in an easily
understandable manner

* Helps to determine constructability
concerns and schedule clashes

* Provides a useful way to gauge progress

during construction
 Contractor planning

e (Owner reviews



Conclusions & Lessons Learmned



Integration Structural Construction Management

Strengthen COmMmun ity LEED Silver Certification: 58 Credits

Energy efficiency over median elementary school design
Community Hub .
Safety & Security High performance facade

Geothermal energy
Daylighting
Controls

Realistic Budget
Building as a Teaching Tool

Lessons Learned

Conclusions




Integration Structural Construction Management

Strengthen COommunity community

Classrooms
Energy efficiency Community Pool
Community Hub Playground
Safety & Security

o Multipurpose Room
Realistic Budget

Building as a Teaching Tool

Lessons Learned

Conclusions




Conclusions

' Passive exterior walls
Strengthen COmMmunity
Energy efficiency Slte
Community Hub Card swipe access
Safety & Security

Realistic Budget
Building as a Teaching Tool




Overview Integration

Strengthen COommunity

Energy efficiency
Community Hub
Safety & Security
Realistic Budget

Building as a Teaching Tool

Structural Construction Management

Design Approach

Competitive elementary school cost
Innovative and current design

Lessons Learned

Conclusions




Conclusions

' Highlighted
Strengthen COmmunity ighlighte
Energy efficiency Interactive display of building information
Community Hub
Safety & Security

Realistic Budget
Building as a Teaching Tool




Lessons Learned

What did we learn to

Importance of weekly meetings “ the performance of building design”?

Design Build allows for faster decision process
Team dynamic: Respect & Critique

Absence of on design team

Exposure to other discipline design challenges
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