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Learning Objectives: 9

Define high performance structures and identify key attributes and benefits of high performance and sustainable learning
environments educational faciies.
ENT |

Explain basic approaches to high performance and resilient school design using precast concrete. Precast it of Parts - structuraloptions
Promote the concept of functional resilience and its importance in educational faciles.

Process — prefabrication of precast elements
Learn how prefabricated, integrated architectural and structural precast concrete design solutions contribute to lfe safety features
including: fire safety, storm resistance, acoustics and indoor air quality. « Structural / architectural components

Share how off-site construction and prefabricated manufacturing with natural, low-embodied energy materials contribute to life cycle « Aesthetic features — color, form, texture
design, accelerate construction, reduce site disturbance and waste, reduce transportation of materials and provide easier " . . .

Educational facility applications — case studies
coordination of trades.

Describe concepts to control cost and quality, reduce maintenance, and mest sustainable design goals; Summary & resources
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ons: Precast & Prestressed Concrete

PRECAST CONCRETE PRESTRESSED CONCRETE

Precast concrete is concrete cast into a Prestressed concrete is concrete with its

What Is PrecaSt and specific shape at a location other than its primary reinforcement consisting of high-
Prestressed Concrete inservice positon Strength steel srand that has been put nto

tension which results in compression of the
concrete
+ Increases load carrying capacity

Thus: allows for greater spans

Plant manu
« reduces cracks

Attributes and Benefits of Precast & Prestressed Concrete

Speed of Construction Economy — iniial and life-
Design & Layout Flexibility Durability
Precast & Prestressed Concrete Controlled Production Low Maintenance
Attrlbutes and Beneﬁts Certified Quality Acoustical Control

Safety & Security Mold & Mildew Resistance
«  Fire safety Expansion and Re-use Capabilities
Storm resistance

Seismic requirements including .
Blast resistance Sustainable
Sitelconstruction safety Resilient &

High Performance attributes ..

‘High Performance’ - an evolution What are High Performance Structures?

Sustainability/Sustainable Development -social snvironment  scanomy
2005 Word Sumit on Sl Dev

LEED - Leadership in Energy & Environmental Design (USGBC)

Toward the goals of green building + reducing environmental impact.

+ Lifocycle assessment (LCA)

+ Multi-hazard resistance
+ Functional resilience

Living Bukding Challenge
Living, etc




High Performance Attributes and Benefits of Precast

VERSATILE EFFICIENT; RESILIENTS
Site Efficiency
Long senice fe

Aesthetic Versatilty

Vitualy any color, form, and texture
Facade ntegraton
Histori comgatbilty

Structural Versatility

Minimal site disturbance

Negigible waste
Accelerated construction

Energy and Operational Efficiency

Themally oficient

L
Economical sectons
Long open spans
Use Versatility

Recyciable

Low fe-cycle costs
Risk Reduction

Design assist

Enhanced proiabilly

Adaptive reuse

Resilient - Tornado resistance

Structure Durability

Barrer wal system
Functional esience
Multi-Hazard Protection
Stom resistance
Eantnquake resisance
Blast esisance
Life Safety and Health
Indoor envitonmental quaiy
Passive fre resistance
Meets FEMA 361

Chagman, Kansas June 11,
Yimiew

oo 102 mal was centfe

for 1,200 suents. The space
id strt o e
highschool vihn 55 busin

2012 CEFPI James D. MacConnell Award Winner - Joplin Interim High School
Jopin, MO
DLR Gowp

‘DESIGNING FOR DISRUPTION

Resilient ~Tornado resistance

as s that

. My Cahoic Churchand Sl
Actect RDG Plarring & Design

Bost K-12 School
2015 PCI Design Awards



Resilient — Tornado resistance Resilient — Tornado resistance ... community Safe Rooms

EMA 361 - Dsign & Construction Guicance
for Community Safe Rooms

+ 1CC-500 Standard for Design & Constructon of
Stom Shelters:

D

Impact / storm resistance - wind-borne fiying objects (tornado, hurricane, etc.) ient — Wind resistance (and wind-blown debris)

Research and Development

M IMPACT TESTING - Fortified Homes...




Precast Components - Basic building blocks - “Kit of parts”

Hollowcore Plank System Double Tee System

28

Precast Components

Precast components (custom vs. commodity products)

Hollowcore Fioor & Roof Planks Avchitectural Precast Panels
Double Tees Wall Panels
Structural Wall Panels Insulated Wl Panels
Columns Radial Panels
Beams Spandrel Panels
Spandrel Panels Architectural Cladding
Horizontal Lite Walls Column Covers
Raker Beams Prison Cells
Bleachers / Tread & Risers Modular Units
Bridge Girders
Piing

29




Context: SOLUTIONS vs. PRODU
niext SOLUTIO : Structural System Options

PR . Using precast concrefe components ogether as a complete
Total” Precast Concrete Structures: structural system creates a design in which the whole Is

greater than the sum of the parts.

Solutions which integrate architectural and structural precast concrete componer For example, combining precast prestressed hollowcore
1o create the building's structural frame and panelized fagade or building enclosure plank or double tees with precast beams and columns
creates a durable, fire-resistant structure thatis quick to
... often in the same components! erect and cost efficient due to the compressed construction
schedule.

RESOURCE(S):
PCl Design Handbook, 8% Ed.

Rigid Frame System Interior Shear Wall System

Allateral loads are transferred to a moment-resisting frame:

that ties beams and columns together with rigid connections.

The need for shear walls is eliminated. Lateral loads are transitted by floor diaphragms to a
structural core of precast shear walls. The shear wall can
e tied together vertcally and at comers to form a
structural tube that cantilevers from the foundation.

Exterior Shear Wall System Double Tees

In general, an exterior shear wall system permits areater
dbity because it eiminates the need for a Double Tees
structural core: : i .
) spanning considerable distances and providing quick erection
By combining gravity load bearing function with lateral load 1o close in a structure more quickly. They can expand a
resistance, the exterior shear wall system is lso, in designer” s options for floor layouts by eliminating interior
general, (oIe cCONOMICAL, columns and offering excellent fire resistance and durabilty.

Double tees provide excelent roof and flooring unts,

/




Prestressed Hollow Core Plank Integrated Precast Components

Hollow Core planks can span long distances and be erected
quicky,helping to fiish flors so interor trades can begin
work faster. They provide acquslical and imoact dampening,
They also offer strong fice esistance, especially when used
together with an all-precast framing systern.

Precast Fabrication = prefabrication

) Precastiorestressed concrete prodycts are plant produced architectural and
How is Precast Made: [ —

Plant Manufacturing Process They are custom components, manufactured in gualty conirolied, PCLCerfed.

faciliies where critical variables including wixdesion, consolidation weatber,
conditions, finishes and tglerances can be closely monitored and controlled
This allows for safe, aggelerated consiryction with highfinish.guality which

ceeds tilt-up or concrete cast-in-place at the job-site

Prefabrication — Precast Concrete Plants Precast (on-site) Batch Plant
Precast Concrete - batched of durable, high-strength concrete
- water, sand, cement, aggregates and admixtures, mixed i
controlled factory conditions to required design strengths -
typically 50008 pounds per square inch (PSI).

Manufacturing facity (ong i)

Batch plant

Precast Plants are manufacturing facilfies




Prestresssing Strand

7-wire steel strand

LOADING - Dead & Live Loads

PRESTRESS
FORCE

UPWARD FORCE EFFECT
DUE TO PRESTRESSING

The Effect of Camber Resists Downward
Deflection When Loads Are Applied

PRESTRESS
FORCE

In presiressed, precast concrete components, high-
tensile strength (270 ksi+) 7-wire, steel strands are
pretensioned and cast nto concrete components.

The combination of high strength steel ~to resist ensile.
stress; and gongrete 1o provide gompressive srenalh
and durability — make this composite material adaptable
to many applications

Prestressing strand

The camber creates an upward force on the concrete
component that helps offset the loading force applied to
the other side.

The combination of durable concrete and high-strength
steel results in a lasting strength that ensures retention of
the component’s durabilty throughout s fetime.

Prestressed Double Tee Form (long-line)

PRESTRESSED CONCRETE

WBER

Upward Deflection Created by

Prestre:

Hollowcore (extruded)

d Strand is Gamber.

The presressed components created by puling the steel
strand along the length of a bed or form and locking it into
place at the fixed abutment ends.

Then the individual strands are elongated or stressed by
hydraulic jacks to achieve the tension level required for the
design specifcations.

Flange

Prestressing strand

Steel form

Once the concrete is cured, the strand force is
released from the abutments. This causes the steel
strands, which are under high tension, to try o retum
1o their original length

A compression force is created in the bottom ofthe-
component which causes carmber.




Structural beams ... Wall Panels - steel forms an custom molds

1 panelform

Wall panels - three basic types

Enclosure Performance

Thinvshell Insulated Sandwich Wl Panel ASHRAE 90.1
- Provides Insulation Design Requirements, R-Values
R nsusion C) - Based on Wall Construction Methods

nsor - Higher specific heat materials (thermal ma
lower R-Values.

Continuous Insulation (CI) is required
INSULATED SANDWICH WALL PANELS;
+ Load bearing or non-load bearing
+ Versatile - avalable in essentially any shape and finish

* Thermal.rain, air.and vapor barrier (vs. fain screen)

Enclosure Systems Thermal Mass

Thermally efficient enclosures provide: Thermal Mass Effect:
« Protection against moisture

+ Continuous insulation, air and vapor barriers and slowly re

ing loads
umption and p: and

and smaller first
Sold precestconcreteNo messurableeskage
wal

ces indoor temperature fluctuation to impr
Extruded polystyrene  No measurable leakage occupant comfort
insulation °

fioreboard sheathing 031

Uncoated brickwall 031
041

093 Insulated Precast Sandwich Wall Panel
Barrier Wall (Face-sealed)




Overall Thermal Performance
+ Thermal Mass improves the overall performance of the envelope

- RValue of RA1133
mﬂlfﬁ R26.10

« Canhelp reduce sizing of HVAC equipment
(tonnage reduction ~ 37%)

Insulated sandwich wall panels

Insulated sandwich wall panels

Insulated sandwich wall panels

Insulated sandwich wall panels

Rgdinsuation

Themal eficent envelope system — for higher energy
effcency andto achieve addiional advantages;

These panels consistof aayer of precast thats pouredinto
theform (arcitectral surface down in form), afierwhich the
insultion s paced, and anotherlayerof concrefe is added!

B Toret Operatig Tenperature
igh Performance Mass Wall Building
= Comentoal Insused Buidng

+ Thermal effcient wall system
+ Single trade, reduced materias + isk

+ Barrer wall face-sealed

+ Continuous insulation, air & vapor barriers

10



Review - Precast Fabrication Process

Douthit Hills Student Housing | Clemson University, SC

Precast Aesthetics — color, form and texture

Aesthetic versatiity.

‘Through on-going enhancements to the fabricating processes, architectural
precast can be produced in almost any Color, Form or Texture.

RESOURCES:
PCI Architectural Pracast Concrte
ral Precast Conerete
tion Guide

Precast concrete

Doutit s Delopent
Clamson Unhersty

Clamson, SC.

ParringDesin: Ayers Sat Goss

Aechfecs The Boudea Group + ClrkNexsen
184 illon, 542.356 GSF. 1,762 bk

Precast Aesthetics:
Color, Form and Texture

Concrete is a plastic, composite material made to me

ment - white an
- Water

rtain physical and structural properties:

workabilty

11



Color in concrete is achieved by:
Cement - can be gray, white or buff (exerts primary influence on smooth finish and has effect
on general tone of the panel
Coarse Aagregates (stone) - become more dominate as surface of the concrete is removed
to obtain medium or deep exposure profile
Eine Aggregates (sand) - can have major effect on color of white and light colored concrete
Pigments - and pigmented admixtures can be added to the matrix to achieve colors not
achievable ent and fine aggregates alone
Coatings - paint, stains, sealers...applied after casting

Matrix color: Cement + Pigment* ray -- s gray /4 whie - whie)

We can break these i 0 groups:

- When the paste is the prmary contributor to colo,
typically zero (smooth) to light exposure finishes

- When the aggregate is the primary contributor to color,
typically medium to deep exposure finishes

ynivetc

Color: applied coatings (paint)




Steel forms ... standard cross sections

Iverted T beam

Form — custom column and radial wall panel molds

I panel form and product

13



Molds and radiused units

Thermograph - n ‘oo Hincs wirerright

Insulated Sandwich Wall Panel Enclosures:

Themmally effcient
Durable, reduced lfe-cycle costs
« Does notrequire painting
« Fewerjoints
+ Thin brick does not reire re-pointing
+ Does notrust, ot or degrade (no mold or mildew)
« UV and pestresistant
Risk reducton —fewer trades, detaiing oint, etc., plus mult-g

RESOURCE:
PCI Architectural Precast Concrete.

Molds - sculpture, form liner, lettering

14



Form - custom wood & fiberglass molds

Stone textured form liners

Artistic form liners

Ko ot Uni o Wisonsin, i

Arnsact HOK and Honiin & Sk

Rusticated form liner finish

Key to economy is repetition ...

Natural stone expressions can be achieved
with custom-molded, flexibe elastormeric form
liners that use actual stone as the master
pattem. Once cured, the flexble form-iner
pieces are placed info e precast mold. The
resulting pieces are sandblasted or acid-
efched to create a remarkable stone-ike
appearance.

Photo Engraving — textured formliners

15



Texture

Texture — smooth as-cast

Texture - surface aesthetics

Light Exposure
um Exposure

Deep Exposure

Acid Etched

100

Light Exposure

Medium Exposure

Deep Exposure

Sandblasted

Light Exposure

Medium Exposure

Deep Exposure

Exposed Aggregate or
Retarder

Texture - surface finishes

‘Smooth As-Cast - smooth fim of hardened cement matrix
‘Acid Etching - typically ight to medium exposures.

sand or Abrasive Blasting - cement and sand removed from the surface so that
coarse aggregate becomes the major surface feature.

Exposed Aggregate - by chemical retarders and water washing,
Honed or Polished - matte or high luster (by grinding)
ToolacrB )

RborE E
Sand Embedment
Clay Product-Faced - brick, ceramic tile, porcelain, or terra cotta
‘Stone Veneer-Faced - granite, limestone, marble, sandstone, slate

Texture — surface finishes

101

Exposed
Acid Etch Sandblast Aggregate

Adesigner can achieve strkingly giferent colors and
i simply by varying the
finish treatment.

The single mix shown here has three different finishes.

“This multple-fnish technique offers an economical vet.
fect ) f

1 mix - 3 unique finishes!

Graphic Concrete - retarder membrane

16



Thin Brick in Precast
Using actual clay masonry products cast directly into concrete panel;
allows these traditional building materials to be more versatile

Benefits and Advantages

Controlled conditions, high quality control
Year-round production, no weather delays or
additional costs

No scaffolding or material storage

No anchors, flashing and weeps

No repointing needed; raked joints possible

102

“THIN BRICK SIZES
Roman- 1:5/8 x 11:5/8
Modular - 21/4 x7-5/8
Norman -2-1/4 x11-5/8
2.1/4"Meridian /8x9.- 2-1/4 x
15:5/8

Kingsize -2-55/8

Clostre -3:5/8x7-5/8

Utlty - 3:5/8 x 11:5/8
35/8" Meridian - 3-5/8x 155/8
Triple Brick - 7-5/8 X 7-5/8

Texture - clay product-faced (thin brick veneer)

103

104

106

105

Like other clay brick, thin brick are manufactured
to ASTM International standards. ASTM C1088
is the standard that applies to thin brick and
includes criteria intended to ensure durability as
well as acceptable appearance.

These criteria are usually sufficient for typical
adhered veneer applications - but may not be
adequate for precast projects.

107

17



In addiion to ASTM C1088, PCI has developed PCI Specification for
Embedded Clay Thin Brick It has a number of requirements that are
more stingent than ASTM C1088 including

Rain Barrier System

+ back surface texture

+ dimensional tolerances

+ cold water absorption
+freeze thaw resistance and
+ pullout strength.

5,000+ psi concrete — no mortar — no cavity required

RESOURCES:
- PCI Designer's Notebook series
+ PGl Specifcation for Embedded Clay Thin Brick

108 109

Texture — clay product-faced (thin brick)

Precast exposed wi reveals

‘Thin Brick form liner
for soldier course

Window block-out

‘Thin Brick

Cast-in Thin Brick
Sased ot nstalation (o a 26"t vl) (it
. /o st sorage, no e waste

= e ik BlockCavty Wal~only 400 S nstale naneday Foniol b Oar)
b SUA

110 111

Texture - clay product-faced (thin brick veneer) Texture — clay product-faced (ceramic tile veneer)

112

18


https://www.pci.org/PCI/Design/Guides_and_Manuals/Guide_Specifications/PCI/Design_Resources/Guides_and_Manuals/Guide_Specifications.aspx%3Fhkey=a82c2b3a-9dfc-4d06-a6fc-6d408cfbae9b

Texture — stone veneer-faced (imestone)

Bond breaker
Supplied

sting bed (w

Bust oot
P esan

114 115

Texture — multiple finishes ... and insulated! Texture — multiple finiShes amsuiatea sanawicn wai paney

Prec
Univrsi ofinoss ‘wi/ PCI Foundation
UNC Charlotte, Clemson Uni NC State, Georgia Tech & Kennesaw State

116 117

case study: Greenville County Schools

District of 60,000 students

Average age of school - 38 years

Spent 10 1o find a means to pay buiding program
District's best estimate for construction completion — 16 years

Educational Facility BEST (Bulding Euity Sooner for Tororow)
Case Studies ‘Anon-profit company, bonding veficie, IRS orporation

Advertise for a construction manager with creaive solution
Insitutional Resources — finance & construction management - $1 billion program
70 projects (new and renovated) - Four-year schedule
Third party cost consultant to evaluate systems
Life cycle vs. first cost

Established design guidelines and bulding parameters or new buidings:
HS, MS Multstory Design - Total Precast

MS, ES Two story Design - Precast Endlosure (Cladding)
£5 - Single Story Design - Brick and Blog

118 119

19



case study: Woodmont High School

120

ficient wal panels

122

124

(thermal mass)

with thin brick

121

123

125

Media Center and Main EntrancelOffce: se

d wall panels create radius

20



Classroom ? Corridor Classroom
- Q==

Section - Typical Classroom Wing

1 Procast ft slab
Classroom Wing (18+ classrooms, 19.2 aint Slab on grada by others
xorior losd perings 20 tom (y F Foundation by others
. 50 8. Acoustcal cel
ypially 8-0° or 96° AFF)
* supp

* Time to erec

126 127

primary duct in cori

Hot & cold

—

ast walls are coated
* Haunches supporing flat slab
Typical Classroom: * Indirect lighting
« Castin electica as required,
« Interor concrete finsh is pait e

Classrooms Corridor

ssroom wing, mulf-level design, architectural exterior finish with paint ready interior surface.
or wall are load bearing with paint ready surface both side
jners and designers to coordinale opening requirements with precast manufacturer.

128 129

« No perimeter columns to box-out
« No fire proofing required

Theater

Corridor Classroom

Section @ Theater, Corridors and

1. Long span DT at theater 3. Precast flat slab at corridor roof
2. Load bearing precast wall system with 4. Acoustical panel with indirect lighting
castin electrical & paint ready iterior fiish 5. Clerestory windows n precast wall system

130 131



Precast Systems and Sound

Sound Transmission Class: STC Rating
esignate s the abiyof  brir o reduce

o itbore sound
orfoor-cellng

concrete finish

132 133

Precast wall system at Gymnasium. The steel roof system was erected by the precast manu

Long span double tees >10! ilable for gymnasiums,

134 135

High School Aquatic Center:

Southside High Sehool with 110-0° long span doubl tes roo Long span doub o on aga gh humidity and corro here present in swimming pools

136 137



case study: Tucker High School

145

147

149

TUCKER HIGH SCHOOL - A Total Procast Concrete Bulding Solution
DeKalb Courty School System - Tucker, GA

Milto Pate Architects

Tumer Constructon

RISK REDUCTION, SCHEDULE COPRESSION & COST EFFECTIVE
+ 210,000 sq. ft. of floor area ereced in 52 working days

+ Atotal precast builing soluion includes: engineering, manfacturing, deivry & nstallation

ENERGY PERFORMANCE IS OPTIMZED

= Athermaleficient load bearing exteior wallsystem with continuous insulation

= Intogral architecturalfinishes reduces the mbodied anergy ofharvested atrials and contibut to lower operating costs
= Uso ofcastdn thinbric (80% materal savings vs.fllbed depth rick)

= Precast concrets mass wallsystem oxcoeds the ASHRAE energy standard by 30%

146

148

150

- Bxisting School

March 3, 2

TUCKER HIGH SCHOOL
= 1,800 tudent capact
= 210,0005g. . offloor area

= Atotal precast, muitevel structure built adjacent to an occupied facilty

Insulation

CLASSROOMWINGS

= Two lovel & four level classroom wings with shallow double tee floo system
= Oneinteror coumn and beam ine with doubleloaded corridor

= Inerior demising wallsbuit with CMU andior stol studs

23



153

155

TYPICAL CLASSROOM
= Thermaleficien exterior wall system with continuous insulation & paint ready nterior firish

REGIONAL MATERIALS & RECYCLED CONTENT
= Regional Materals —typcally 80 -90% of recast aw materials are within 500 mies
= Recycled Content typically 35-457% of pecast materils contribute

= 30-35%Is post consumer & 5 10%s pre consumer

INTEGRATED PARKING

= Parking structure reduces the heatstand effect wth high reflecanc paverent
= Concret reflectance: 035 for gray &07 for white vs. 0.0 for asphalt

= High SRI(solar rflectance inex): 35 or oay & 86 for wtite vs. 0 for asphalt

152

case study: Wheeler

Wheeler High School ~ 127,000 S, 2story addition and renovations
Cobb County Schools

Maretta, GA'
Forman| Seley | Fountan Architecure
Insudated and sold al panels, intrior shear wals doubletees, and precast stairs

154

156
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.1 was thrlld with the outcome and what we were ableto acompish using precast. il certanly use it again”

Norther Guiford Hi
Guiford County
Greensbor,
SFLea Arhiects, R
Allp

B
rcast strucure wil nsulaled an nels, doube ees, columns, beams, and fat slabs

case study: Eastern Guilford High School

‘Resilient & Safe’ - Fire resistance

Precast Congrete - natural fire infibitor

* Non-combustible - it will never bum,
joes not serve as fuel or contribute to fire load

« Fire resistant - inherently, does not need to be treated for fire resistance

+ Helps prevent the spread of toxins - smoke and toxic gases

Minimizes fire development
+ Absorbs heat - mass makes it easier for occupants to escape

+ Structural integrity - durable structural material,
even when exposed to extreme heat

Design for containment by compartmentalization




case study: Eastern Guilford High School

Eastern Guiford High School
Guilford County Schools

Gibsonille,NC - 1,600 students

SFL+a Architocs, Raligh,

Insulated and sold wall panels, doubltoes, columns, beams, and fatsiabs

case study: Eastern Guilford High School

Easter Guiford High School
Guiford County Schools

Gisonvile, NC 1,600 s

SFL+a Archiects, Raleigh, NC

Al precast sructire with insulated and sofd wall panels, double tees, columins, beams, and flt siabs

164
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South

North

170

172
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High Performance Attributes and Benefits of Precast Resources

- 7 [ - ] PCI and s regiona afte Chapters e - Ongong ndusty upport

Aesthetic Ver i Site Efficiency Structure Durability Publications — ‘Body of Knowledge”
. ody of Knowledge
> Design handbooks

Long senice lfe

Facade ntegraton Negigitle waste Barrer al systom Technical literature

Functional esilence Guide Specifications
Structural Versatility Energy and Operational Efficiency Multi-Hazard Protection ASCENT - Free subscripton

Stom esistance

Economical sectons Thermaly efcint Eartiauake resstance PCI JOURNAL
Long open spans Lowfecyce costs Blast resistance ASPIRE - Fre0
Use Versatility Risk Reduction Life Safety and Health

Recydable Desgnassit Indoor emronmenta qualy Buidiog nksty
Passive o resistance o

pion
Adaptive reuse Enhanced proiablly Meets FENA 361 « Websites -

175 176

THANKYOU

)gcpci.org
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https://www.pci.org/PCI/Publications/Ascent/Issues/2018/Ascent_Summer_2018.aspx%3FWebsiteKey=5a7b2064-98c2-4c8e-9b4b-18c80973da1e
https://www.pci.org/PCI/Publications/Ascent/Issues/2019/Ascent_Winter_2019.aspx%3FWebsiteKey=5a7b2064-98c2-4c8e-9b4b-18c80973da1e
http://www.pci.org/
http://www.gcpci.org/

