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AIA / CES & RCEP Quality Statements

AIA / Continuing Education System:
This program is registered with the AIA/CES for continuing 
professional education. As such, it does not include content that may 
be deemed or construed to constitute approval, sponsorship or 
endorsement by the AIA of any method, product, service, enterprise or 
organization. The statements expressed by speakers, panelists, and 
other participants reflect their own views and do not necessarily reflect 
the views or positions of The American Institute of Architects or of AIA 
components, or those of their respective officers, directors, members, 
employees, or other organizations, groups or individuals associated 
with them. Questions related to specific products, publications, and 
services may be addressed at the conclusion of this presentation.

RCEP - Registered Continuing Education Program:
PCI has met the standards and requirements of the Registered 
Continuing Education Program. Credit earned on completion of this 
program will be reported to RCEP at RCEP.net. A certificate of 
completion will be issued to each participant. As such, it does not 
include content that may be deemed or construed to be an approval 
or endorsement by the RCEP.
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Learning Objectives:
1. Define high performance structures and identify key attributes and benefits of high performance and sustainable learning 

environments educational facilities.

2. Explain basic approaches to high performance and resilient school design using precast concrete.

3. Promote the concept of functional resilience and its importance in educational facilities. 

4. Learn how prefabricated, integrated architectural and structural precast concrete design solutions contribute to life safety features 
including: fire safety, storm resistance, acoustics and indoor air quality.

5. Share how off-site construction and prefabricated manufacturing with natural, low-embodied energy materials contribute to life cycle 
design, accelerate construction, reduce site disturbance and waste, reduce transportation of materials and provide easier 
coordination of trades.

6. Describe concepts to control cost and quality, reduce maintenance, and meet sustainable design goals. 
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Agenda:

1. High performance attributes …and why we need them

VERSATILE  |  EFFICIENT  |  RESILIENT

2. Precast ‘Kit of Parts’ - structural options

3. Process – prefabrication of precast elements

• Structural / architectural components

• Aesthetic features – color, form, texture

4. Educational facility applications – case studies

5.     Summary & resources

The concept of ‘high-performance structures’ encompasses sustainability; and goes beyond by requiring optimization of all relevant high-performance 
attributes for a project on a life-cycle basis. This presentation will provide an overview of precast/prestressed concrete design and fabrication, in the 

context of high-performance structures. It will cover the versatile, efficient and resilient attributes of precast concrete design solutions.
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What is Precast and 
Prestressed Concrete 
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PRECAST CONCRETE

Precast concrete is concrete cast into a 
specific shape at a location other than its 
in-service position 

American Concrete Institute (ACI)

Thus: 
• Plant manufacturing
• Prefabrication
• Off-site Construction

PRESTRESSED CONCRETE

Prestressed concrete is concrete with its 
primary reinforcement consisting of high-
strength steel strand that has been put into 
tension which results in compression of the 
concrete

• Increases load carrying capacity
• allows for greater spans
• reduces cracks

Definitions: Precast & Prestressed Concrete
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Precast & Prestressed Concrete 
Attributes and Benefits
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ü Speed of  Construction
ü Design & Layout Flexibility
ü Controlled Production
ü Certified Quality
ü Safety & Security

• Fire safety
• Storm resistance
• Seismic requirements
• Blast resistance
• Site/construction safety

ü Economy – initial and life-cycle cost
ü Durability
ü Low Maintenance
ü Acoustical Control
ü Mold & Mildew Resistance
ü Expansion and Re-use Capabilities

including …
Sustainable 
Resilient & 
High Performance attributes …

Attributes and Benefits of Precast & Prestressed Concrete
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‘High Performance’ – an evolution

Sustainability/Sustainable Development - social / environment / economy
Brundtland Report – 1987
2005 World Summit on Social Development

LEED – Leadership in Energy & Environmental Design (USGBC)
Sustainable sites
Water efficiency
Energy & atmosphere
Materials & resources
Indoor environmental quality
Innovation in design

Toward the goals of green building + reducing environmental impact…
Missing elem ents:

• Life cycle assessment (LCA)
• Durability
• Multi-hazard resistance 
• Functional resilience

…What’s next:
• Net Zero | 2030 AIA Challenge | Living Building Challenge
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Current laws and executive orders require all new federal buildings to meet requirements referred to as 

Federal High Performance and Sustainable Building Guiding Principles
(formerly Energy Independence and Security Act of 2007*  and designing High Performance and Sustainable structures 
…… defined as structures that:
“… integrate and optimize on a lifecycle basis all major high-performance attributes, including:

• energy and water conservation
• environment
• safety
• security 
• durability 
• accessibility 

• cost-benefit 
• productivity 
• sustainability
• functionality, and
• operational considerations”

What are High Performance Structures? 

* Energy Independence and Security Act of 2007 – originally Clean Energy Act of 2007 (Pub.L.110-140) -- Included:  High Performance Federal Buildings, High Performance Commercial 

Buildings, Institutional Entities, Industrial Energy Efficiency, Healthy High-Performance Schools, Residential Building Efficiency, Public and Assisted Living, etc.

Inherent in this definition is that a high-performance structure must consider resiliency
and major natural or man-made disasters that may impact the structure.
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VERSATILE EFFICIENT RESILIENT

Aesthetic Versatility Site Efficiency Structure Durability

Virtually any color, form, and texture Minimal site disturbance Long service life 

Facade integration Negligible waste Barrier wall system 

Historic compatibility Accelerated construction Functional resilience 

Structural Versatility Energy and Operational Efficiency Multi-Hazard Protection

Load-bearing envelopes Scalable performance Storm resistance 

Economical sections Thermally efficient Earthquake resistance 

Long open spans Low life-cycle costs Blast resistance 

Use Versatility Risk Reduction Life Safety and Health

Recyclable Design assist Indoor environmental quality

Deconstructive reuse Reduced detailing and trades Passive fire resistance

Adaptive reuse Enhanced profitability Meets FEMA 361

High Performance Attributes and Benefits of Precast
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”In  2017  the  U n ited  S ta tes  experienced  an  a la rm ing  series  o f na tu ra l d isas te rs . In  less  than  a  m onth  hurricanes  w reaked  havoc in T exas , Lou is iana , F lo rida , S ou th  C aro lina , G eorg ia , P uerto  R ico  
and  the  U .S . V irg in  Is lands . T hroughout the  fa ll, C a lifo rn ia  su ffe red  nearly  perpe tua l w ild fires . S ign ifican t soc ia l, econom ic  and  env ironm enta l consequences  w ill be  fe lt in to  2018  and  fa r beyond .

H undreds  d ied . T housands  o f hom es and  o ther s truc tu res  w ere  des troyed  ... da ta  used  in  the  m ap show n above  h igh ligh t tha t nea rly the  en tire  U n ited  S ta tes  is  sub jec t to  one  o r m ore  o f the  risks . 
A lthough  spec ific  occurrences  a re  la rge ly  unpred ic tab le , exp o su re  to  th ese  r isks  is  p red ic tab le . A n d  w e m u st b e  b etter p rep ared .”

AIA PERSPECTIVE - Carl Elefante, FAIA, 2018 AIA President

AIA ARCHITECT – The Journal of the American Institute of Architects

Earthquakes (high risk)

Earthquakes (moderate risk)

‘DESIGNING FOR DISRUPTION’
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Chapman,  Kansas June 11, 2008
½ mile wide tornado

Chapman Elementary & Middle School after 
June 2008 Tornado.

Chapman High School
after June 2008 Tornado.

Resilient – Tornado resistance
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Resilient –Tornado resistance

May 22, 2011, 5:41 p.m. 
Devastation struck the southwestern Missouri community of Joplin.

An EF-5 tornado was on the ground for 20 minutes, traveled along 
a 13-mile path, and destroyed or damaged 10 schools, including 
Joplin High School.

162 lives were lost. 

Joplin High School was a total loss.
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A 96,000 SF freestanding former Shopko precast concrete big box space attached to a mall was identified as one of the few standing buildings in Joplin with 
the space available to house an interim high school for 1,200 students. The space previously sat vacant for 10 years.

Two days after the storm Joplin Schools Superintendent promised school would start on time August 17. To complete this feat, the district relied on a team to 
design and construct an interim high school within 55 business days.  

2012  CEFPI James D. MacConnell Award Winner – Joplin Interim High School
Joplin Public Schools, Joplin, MO

CGA Architects & DLR Group
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St.  Mary’s Catholic Church and School
Joplin, MO
Architect: RDG Planning & Design

Also on May 22, 2011, the Joplin, MO tornado demolished St. Mary's Catholic Church and School. 
The only thing left standing was the iconic cast iron cross that marked the entrance to the church.

Best K-12 School
2015 PCI Design Awards

18
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Safe Room design requirements:

• FEMA 361 – Design & Construction Guidance 
for Community Safe Rooms

• ICC-500 Standard for Design &  Construction of 
Storm Shelters

Design wind speeds of 130 – 250 mph are required to 
meet specific flying debris or missile impact criteria.

Resilient – Tornado resistance
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Resilient – Tornado resistance … Community Safe Rooms
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Research and Development

STORM IMPACT TESTING – Fortified Homes…

Impact / storm resistance – wind-borne flying objects (tornado, hurricane, etc.)
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Hurricane Katrina – August  2005

Resilient – Wind resistance (and wind-blown debris)
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Hurricane Katrina aftermath in Long Beach, Mississippi – August 10, 2005
Saint Thomas and Saint Paul Elementary Schools were destroyed by Hurricane Katrina. 

The two schools are now merged together as Saint Vincent de Paul Catholic School.
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S t. V incen t D eP au l E lem enta ry  S choo l
Long  B each , M S
G uild  H ardy  A rch itec ts

T o ta l p recas t concre te  cons truc tion  - insu la ted  sandw ich  w a ll pane ls , w / th in  b rick -in lay
68 ,386  s f, com ple tion  - Ju ly  2009
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S t. V incen t D eP au l E lem enta ry  S choo l
Long  B each , M S
E ley G u ild  H ardy  A rch itec ts

T o ta l p recas t concre te  cons truc tion  - insu la ted  sandw ich  w a ll pane ls , w / th in  b rick -in lay ,
so lid  w a ll pane ls , doub le  tees  and  fla t s labs
68 ,386  s f, com ple tion  - Ju ly  2009
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Long  B each , M S
G uild  H ardy  A rch itec ts
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S t. V incen t D eP au l E lem enta ry  S choo l
Long  B each , M S
G uild  H ardy  A rch itec ts
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Hollowcore Plank System Double Tee System

A. Load-bearing architectural spandrel
B. Exterior column
C. Double-tee or Hollowcore plank
D. Interior column
E. Inverted tee beam or composite beam
F. Shear wall
G. Stairs

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

28

Precast Components
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Architectural Precast:
• Architectural Precast Panels

• Wall Panels
• Insulated Wall Panels

• Radial Panels 
• Spandrel Panels

• Architectural Cladding
• Column Covers

• Prison Cells
• Modular Units

Structural Precast/Prestressed:
• Hollowcore Floor & Roof Planks

• Double Tees
• Structural Wall Panels 

• Columns
• Beams 

• Spandrel Panels
• Horizontal Lite Walls 

• Raker Beams
• Bleachers / Tread & Risers 

• Bridge Girders
• Piling

Precast components (custom vs. commodity products)

30
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‘Total’ Precast Concrete Structures:

Context:  SOLUTIONS vs. PRODUCTS

Solutions which integrate architectural and structural precast concrete components –
to create the building’s structural frame and panelized façade or building enclosure …

… often in the same components!

ü accelerated construction
ü greater durability, lower life cycle cost
ü reduced risks…

• fewer trades, general conditions

• improved life safety

• multi-hazard protection
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Using precast concrete components together as a complete 
structural system creates a design in which the whole is 
greater than the sum of the parts.
For example, combining precast prestressed hollowcore
plank or double tees with precast beams and columns 
creates a durable, fire-resistant structure that is quick to 
erect and cost efficient due to the compressed construction 
schedule. 

Structural System Options

RESOURCE(S):
PCI Design Handbook, 8th Ed.
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All lateral loads are transferred to a moment-resisting frame 
that ties beams and columns together with rigid connections. 
The need for shear walls is eliminated.

Rigid Frame System
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Lateral loads are transmitted by floor diaphragms to a 
structural core of precast shear walls. The shear wall can 
be tied together vertically and at corners to form a 
structural tube that cantilevers from the foundation.

Interior Shear Wall System
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In general, an exterior shear wall system permits greater 
design flexibility because it eliminates the need for a 
structural core. 
By combining gravity load bearing function with lateral load 
resistance, the exterior shear wall system is also, in 
general, more economical.

Exterior Shear Wall System
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Double tees provide excellent roof and flooring units, 
spanning considerable distances and providing quick erection 
to close in a structure more quickly. They can expand a 
designer’s options for floor layouts by eliminating interior 
columns and offering excellent fire resistance and durability.

Double
Tees

Double Tees

Double Tees

36



7

High Performance & Resilient Educational Facilities

Hollow Core planks can span long distances and be erected 
quickly, helping to finish floors so interior trades can begin 
work faster. They provide acoustical and impact dampening.
They also offer strong fire resistance, especially when used 
together with an all-precast framing system.

Prestressed Hollow Core Plank
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Integrated Precast Components
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Plant Manufacturing Process
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Precast Fabrication = prefabrication

Precast/prestressed concrete products are plant produced architectural and 
structural building components. 

They are custom components, manufactured in quality controlled, PCI-Certified 
facilities where critical variables including mix design, consolidation, weather 
conditions, finishes and tolerances can be closely monitored and controlled.

This allows for safe, accelerated construction with high-finish quality which 
exceeds tilt-up or concrete cast-in-place at the job-site.

Buzzwords:  Prefabrication
Offsite Construction
Modular Construction
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Precast Plants are manufacturing facilities

Raw materials storage

Batch plant

Manufacturing facility (long line)Storage yard

Prefabrication – Precast Concrete Plants
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Precast Concrete – batched of durable, high-strength concrete 
- water, sand, cement, aggregates and admixtures, mixed in 
controlled factory conditions to required design strengths -
typically 5,000+ pounds per square inch (PSI).

Admixture storageElectronic mixing controls Water reclamation (recycling) facility

On-site batch plant

Precast (on-site) Batch Plant

Raw materials storage

cement silos

concrete mixers

47
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In prestressed, precast concrete components, high-
tensile strength (270 ksi+) 7-wire, steel strands are 
pretensioned and cast into concrete components. 

7-wire steel strand

Prestresssing Strand
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Prestressed Double Tee Form (long-line)
The prestressed component is created by pulling 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 specifications. 

Steel form

Live-end abutment

Header

Prestressing strand

Hydraulic jack

Prestressing strand

StemFlange

Steel formPrestressing Chucks
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The combination of high strength steel – to resist tensile 
stress; and concrete – to provide compressive strength
and durability – make this composite material adaptable 
to many applications.

Prestressing strand
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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 to return 
to their original length. 

A compression force is created in the bottom of the 
component which causes camber. 

PRESTRESS
FORCE

PRESTRESS
FORCECAMBER

PRESTRESSED CONCRETE

Upward Deflection Created by
Prestressed Strand is Camber

Or, to reduce camber…..
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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 durability throughout its lifetime.PRESTRESS

FORCE
PRESTRESS

FORCE

LOADING – Dead & Live Loads

UPWARD FORCE EFFECT
DUE TO PRESTRESSING

The Effect of Camber Resists Downward
Deflection When Loads Are Applied
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Hollowcore (extruded)

53
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Structural beams …
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Wall Panels - steel forms and custom molds

Steel wall panel form Custom wood wall panel form

55

High Performance & Resilient Educational Facilities

Wall panels – three basic types 

Solid Insulated Sandwich Wall Panel Thin-shell

Exterior wythe Interior wythe
= Thermal Mass

Rigid insulation (CI)Architectural surface

INSULATED SANDWICH WALL PANELS:
• Load bearing or non-load bearing 

• Versatile - available in essentially any shape and finish 
• Thermal, rain, air, and vapor barrier (vs. rain screen)
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Enclosure Performance
ASHRAE 90.1

• Provides Insulation Design Requirements, R-Values

• Based on Wall Construction Methods

• Higher specific heat materials (thermal mass) require 
lower R-Values.

Continuous Insulation (CI) is required
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Thermally efficient enclosures provide:
• Protection against moisture 
• Continuous insulation, air and vapor barriers

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

Material Average leakage, cfm/ft2
of surface at 0.3 in. H2O

Solid precast concrete 
wall

No measurable leakage

Extruded polystyrene 
insulation

No measurable leakage

½” fibreboard sheathing 0.31

Uncoated brick wall 0.31

Uncoated concrete 
block

0.41

1” expanded 
polystyrene

0.93

Enclosure Systems
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Thermal Mass Effect:

• Absorbs outside and inside heat and slowly releases
• Delays the onset of peak heating or cooling loads

• Reduces energy consumption and peak demand
• Enables downsized HVAC systems and smaller first 

cost investment
• Reduces indoor temperature fluctuation to improve 

occupant comfort

Thermal Mass

59
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Overall Thermal Performance
• Thermal Mass improves the overall performance of the envelope

Material R-Value of R-11.33 

performs as R-26.10

• Can help reduce sizing of HVAC equipment
(tonnage reduction ~ 37%)
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Thermal efficient envelope system – for higher energy 
efficiency and to achieve additional advantages. 

These panels consist of a layer of precast that is poured into 
the form (architectural surface down in form), after which the 
insulation is placed, and another layer of concrete is added. 

n High Performance Mass Wall Building
n Conventional Insulated Building

n Target Operating Temperature

Insulated sandwich wall panels 
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Insulated sandwich wall panels
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Insulated sandwich wall panels 

64

High Performance & Resilient Educational Facilities

Insulated sandwich wall panels 

Exterior / architectural surface

Exterior / architectural surface

Interior surface

Interior surface
Ready for painting

Rigid insulation
Edge-to-edge (CI)

Rigid insulation

• Thermal efficient wall system
• Single trade, reduced materials + risk
• Barrier wall, face-sealed
• Continuous insulation, air & vapor barriers

65
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Review – Precast Fabrication Process

66
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Douthit Hills Development
Clemson University
Clemson, SC
Planning/Design: Ayers Saint Gross
Architects: The Boudreaux Group + Clark Nexsen
$184 Million, 542,336 GSF, 1,762 beds
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Douthit Hills Student Housing | Clemson University, SC
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Precast Aesthetics:

69
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Precast Aesthetics – color, form and texture

Aesthetic versatility:

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

RESOURCES:
• PCI Architectural Precast Concrete
• Architectural Precast Concrete –

Color & Texture Selection Guide
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Precast concrete

Concrete is a plastic, composite material made to meet certain physical and structural properties:
• Cement - white and/or gray
• Water 
• Aggregates (coarse and fines) - define color, texture
• Admixtures - air entrainment, reduce water content, improve workability
• Pigments - if required to augment color

71
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Color

72
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Color

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 Aggregates (stone) – become more dominate as surface of the concrete is removed 

to obtain medium or deep exposure profile
• Fine 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 by the combination of cement and fine aggregates alone
• Coatings – paint, stains, sealers…applied after casting
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Color

We can break these into two groups:

• Paste or cement dominant color - When the paste is the primary contributor to color, 
typically zero (smooth) to light exposure finishes 

• Aggregate dominant color - When the aggregate is the primary contributor to color, 
typically medium to deep exposure finishes 
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Matrix color: Cement + Pigment* (gray  -- ½ gray / ½ white -- white)

* Iron oxide pigments – natural & synthetic
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Color: applied coatings (paint)

M alla rd  C reek  H igh  S choo l, C harlo tte  M eck lenburg  S choo ls
C harlo tte , N C
A rch itec t: LS 3P  A ssoc ia tes

R es idence  H a ll O ne, U n iv . o f S ou th  F lo rida
S t. P e te rsburg , F L
A rch itec t:  K B J  A rch itec ts  Inc .

W oodm ont H igh  S choo l
G reenv ille  C ounty  S choo ls , S C
A rch itec ts : C ra ig  G au lden D av is  and  P erk ins  +  W ill

76
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Form
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Steel forms … standard cross sections 

Double tee Hollowcore Inverted T beam

Wall panel / flat slab Stadium riser Bridge beam
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Form – custom column and radial wall panel molds

Column cover form Radial wall panel form and product
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High-quality plywoodReveals

Stock and custom formliners and shapes Bendable “Wacky Wood”
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SCAD M useum  of A rt - load-bearing, insulated precast build ing enclosure, h istoric adaptation…
Savannah, G A
Architect:  Sottile &  Sottile ; Lord, Aeck & Sargent;  LS3P (Dawson Architects)

83
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Molds and radiused units

RESOURCE: 
PCI Architectural Precast Concrete
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C entra lia  H igh  S choo l 
C entra lia , IL
F G M  A rch itec ts  &  E ng ineers , Inc .
256 ,000  s f bu ild ing
167 ,049  s f o f insu la ted  sandw ich  w a ll pane ls , w / b rick -in lay  a rch itec tu ra l p recas t
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Thermograph – on ‘cold’ Illinois winter night

Insulated Sandwich Wall Panel Enclosures:
• Thermally efficient
• Durable, reduced life-cycle costs

• Does not require painting
• Fewer joints
• Thin brick does not require re-pointing
• Does not rust, rot, or degrade (no mold or mildew)
• UV and pest resistant

• Risk reduction – fewer trades, detailing, joint, etc., plus multi-hazard protection
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Molds - sculpture, form liner, lettering

Centra lia  H igh School
Centra lia , IL
Architect: FG M  Architects/Engineers, Inc.

89
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Form – custom wood & fiberglass molds 

A urora  M un ic ipa l Jus tice  C ente r
A urora , C O
A rch itec t: S k idm ore , O w ings  &  M errill Key to economy is repetition …
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Form liners
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Stone textured form liners

Natural stone expressions can be achieved 
with custom-molded, flexible elastomeric form 
liners that use actual stone as the master 
pattern. Once cured, the flexible form-liner 
pieces are placed into the precast mold. The 
resulting pieces are sandblasted or acid-
etched to create a remarkable stone-like 
appearance.

Rusticated form liner finish
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Unity Christian High School
Hudsonville, MI
Architect: GMB Architecture & Engineering93
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K oh l C ente r, U n iv . o f W iscons in , N icho ls -Johnson  P av ilion
M ad ison , W I
A rch itec t: H O K  and  H e in le in  &  S chrock  (JV )

Artistic form liners
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Photo Engraving – textured formliners
B ib lio th é q u e U n ive rsité P au l S ab atie r
T o u lo u se , F ran ce , 2 0 0 9

A rch itec t: E spagno &  M ilan i A rch itec tes
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Texture

96
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Texture – surface finishes

• Smooth As-Cast – smooth film of hardened cement matrix.
• Acid Etching – typically light 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)

• Tooling or Bushhammering
• Hammered Rib or Fractured Fin

• Sand Embedment

• Clay Product-Faced – brick, ceramic tile, porcelain, or terra cotta

• Stone Veneer-Faced – granite, limestone, marble, sandstone, slate …
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R osentha l C ente r fo r C ontem porary  A rt
C inc inna ti, O H
A rch itec t:  Z aha H ad id A rch itec tes &  K Z F  D es ign  Inc .

Texture – smooth as-cast

A rdrey K e ll H igh  S choo l, C harlo tte  M eck lenburg  S choo ls
C harlo tte , N C

A rch itec t: LS 3P  A ssoc ia tes
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A designer can achieve strikingly different colors and 
textures from a single precast mix simply by varying the 
finish treatment.
The single mix shown here has three different finishes. 
This multiple-finish technique offers an economical yet 
effective way to heighten aesthetic interest.

Acid Etch Sandblast
Exposed

Aggregate

Texture – surface finishes

1 mix – 3 unique finishes!
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Texture – surface aesthetics

Acid Etched Sandblasted Exposed Aggregate or 
Retarder

Light Exposure

Medium  Exposure

Deep Exposure

Light Exposure

Medium  Exposure

Deep Exposure

Light Exposure

Medium  Exposure

Deep Exposure
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Graphic Concrete – retarder membrane

C re v in U p p e r S e co n d ary  S ch o o l 
C re v in , F ran ce , 2 0 1 4  
A rch itec t: Jean-F ranco is  G o lhen A rch itec te
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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
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Texture – clay product-faced (thin brick veneer)
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THIN BRICK SIZES

Roman - 1-5/8 x 11-5/8
Modular - 2-1/4 x 7-5/8
Norman - 2-1/4 x 11-5/8
2-1/4"Meridian /8 x 9-- 2-1/4 x 
15-5/8
Kingsize - 2-55/8
Closure - 3-5/8 x 7-5/8
Utility - 3-5/8 x 11-5/8
3-5/8" Meridian - 3-5/8 x 15-5/8
Triple Brick - 7-5/8 x 7-5/8
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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.

High Performance & Resilient Educational Facilities

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.
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In addition to ASTM C1088, PCI has developed PCI Specification for 
Embedded Clay Thin Brick It has a number of requirements that are 
more stringent than ASTM C1088 including:
• back surface texture
• dimensional tolerances
• cold water absorption
• freeze thaw resistance and 
• pullout strength.

RESOURCES:
• PCI Designer’s Notebook series
• PCI  Specification for Embedded Clay Thin Brick
https://www.pci.org/PCI/Design/Guides_and_Manuals/Guide_Spe
cifications/PCI/Design_Resources/Guides_and_Manuals/Guide_S
pecifications.aspx?hkey=a82c2b3a-9dfc-4d06-a6fc-6d408cfbae9b
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Cast-in Thin Brick … an innovation for higher performance walls

Actual clay masonry products are cast directly into the concrete panels:
§ 5,000+ psi concrete (vs. 750  psi to  2 ,500  psi m orta r)

§ Superior durability
§ Ease of maintenance
§ Design flexibility
§ Low moisture absorption <5%
§ No efflorescence

Brick Veneer

Concrete

Insulation

Interior concrete
wythe - with 
paint ready 
surface

Precast Wall Detail

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

Rain Barrier System
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Thin Brick

Precast exposed w/ reveals

Window block-out

Thin Brick form liner 
for soldier course

Cast-in Thin Brick
Speed of Installation (for a 28' tall wall)

§ Precast -- 4,032 SF installed in one day w/ no site storage, no site waste
§ vs. Brick & Block Cavity Wall -- only 400 SF installed in one day

Window header
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Texture – clay product-faced (thin brick)

Jack Britt High School
Fayetteville (Cumberland County), NC
Architect:  SFL+ A
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Texture – clay product-faced (thin brick veneer)

M edica l U n ivers ity  o f S ou th  C aro lina  (M U S C )
C harles ton , S C
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T he P au l C e jas S choo l o f A rch itec tu re
F lo rida  In te rna tiona l U n ivers ity , M iam i, F L
A rch itec t:  B ernard  T schum i A rch itec ts : and  B E A  In te rna tiona l (JV )

Texture – clay product-faced (ceramic tile veneer)
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Texture – stone veneer-faced (limestone)

T erry  S an fo rd  Ins titu te  o f P ub lic  P o licy
D uke U n ivers ity , D urham , N C
A rch itec t:  A rch itec tu ra l R esources  C am bridge  Inc .

Bond breaker

Stainless steel clips 
w/ thermal break

Dimensionally cut stone

T erry  S an fo rd  Ins titu te  o f P ub lic  P o licy
D uke U n ivers ity , D urham , N C
A rch itec t:  A rch itec tu ra l R esources  C am bridge  Inc .
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D ub isk i C areer and  T echno logy  H igh  S choo l B es t S choo l
G rand  P ra irie  IS D , T X 2012 P C I D es ign  A w ards
A rch itec t:  C organ A ssoc ia tes  Inc .

$45  m illion , 260 ,000  S F
59,425  S F  - 288  p ieces  o f p recas t insu la ted  pane ls  o f va ry ing  s izes

Casting bed (w/ shells)

Supplied shell stone sample

Precast samples
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M olecu la r B io logy  R esearch  B u ild ing , U n ivers ity  o f Illino is
C h icago , IL
A rch itec t:  G oe ttsch P artners

Texture – multiple finishes … and insulated!

116

High Performance & Resilient Educational Facilities

Precast plant forming/finish exercise 
w/ PCI Foundation sponsored Precast Design Studios at 

UNC Charlotte, Clemson University, NC State, Georgia Tech & Kennesaw State

Sand blast 
finish

Retarder, 
exposed aggregate 

finish
Thin brick 

veneer

Acid-etched 
finish

Texture – multiple finishes (insulated sandwich wall panel)
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Educational Facility
Case Studies
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Case Study: Greenville County Schools
• District of 60,000 students
• Average age of school – 38 years
• Spent 10 years trying to find a means to pay building program
• District's best estimate for construction completion – 16 years
• BEST (Building Equity Sooner for Tomorrow)

A non-profit company, bonding vehicle, IRS 60-23 Corporation
• Advertise for a construction manager with creative solution…
• Institutional 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 building parameters for new buildings:

HS, MS Multi-story Design – Total Precast
MS, ES Two story Design – Precast Enclosure (Cladding)
ES – Single Story Design – Brick and Block

119
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Woodmont High School
G reenv ille  C ounty  S choo ls , S C
C ra ig  G au lden D av is  and  P erk ins  +  W ill
W in te r C ons truc tion

T ota l p recas t concre te  cons truc tion  - insu la ted  sandw ich  w a ll pane ls , w / th in  b rick -in lay
D oub le  tees , w a ll pane ls , fla t s labs , co lum ns, beam s
243,856  s f,  69  ac re  cam pus , 1 ,600  s tuden t co re  capac ity

Case Study: Woodmont High School
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Media Center and Main Entrance/Office:  segmented wall panels create radius
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Media Center – thermal efficient wall panels with interior surface coated (thermal mass)
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Architectural panelization is cost
effective and precast friendly
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Commons: every other Double Tee left out to provide daylighting, precast interior walls with thin brick
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Commons: every other Double Tee left out to provide daylighting, precast interior walls with thin brick
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Classroom  W ing (18+ classrooms, 19,200 SF):
• Exterior load bearing thermal efficient wall panels with punched openings

• Typical panel:  ~12'-0" x 45'-0"
• Supports double tee floor and roof system

• Time to erect precast envelope:  ~8 days per wing

126

Section - Typical Classroom Wing

1

2

3

4 5

6

7

8

1. Insulated load bearing precast wall system
(with cast-in thin brick, electrical & paint ready int. finish)

2. DT floor system (typically 13'-4" or 14'-0" AFF w/ topping)
3. DT roof system
4. Load bearing corridor wall w ith paint ready interior finish

and cast-in electrical

5. Precast flat slab
6. Slab on grade by others
7. Foundation by others
8. Acoustical ceiling

( typically 9'-0" or 9'-6" AFF)

Classroom Corridor Classroom
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Notes:
1. Total precast classroom wing, multi-level design, architectural exterior finish with paint ready interior surface.
2. Precast corridor walls are load bearing with paint ready surface both sides.
3. MEP engineers and designers to coordinate opening requirements with precast manufacturer.

Classrooms Corridor

Primary HVAC
to classrooms

Secondary HVAC from
primary duct in corridor

Acoustical ceiling
at 9'-0" or 9’-4” AFF

Hot & cold
water supply

Cable tray

Electrical cast-in
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Typical Classroom: 
• Cast-in electrical as required, 
• Interior concrete finish is paint ready
• No perimeter columns to box-out 
• No fire proofing required

Typical Corridor:
• Clerestory windows
• Precast walls are coated
• Haunches supporting flat slab
• Indirect lighting 
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Section @ Theater, Corridors and Classrooms

1

2

3

1. Long span DT at theater
2. Load bearing precast wall system with 

cast-in electrical & paint ready interior finish

Theater

Corridor Classroom

54

3. Precast flat slab at corridor roof
4. Acoustical panel with indirect lighting
5. Clerestory windows in precast wall system

131
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Theater - Load bearing precast walls with interior painted concrete finish.  
Long-span precast double tee roof system. 
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Precast Systems and Sound

Sound Transmission Class:  STC Rating
Commonly designated as the ability of a barrier to reduce

the intensity of airborne sound
Adding mass to a wall or floor-ceiling system is a major factor 

in isolating sound

Precast System STC
• 6” Precast concrete wall 55
• 8" Precast concrete wall 58
• Double Tee with 2" topping 54
• 4" Flat slab 49
• 6" Flat slab 55

Source:  PCI Design Handbook – Sixth Edition

Note:
When adding a sound absorbing material or air cavity 
the STC rating can typically be increased by 4-8.
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Classrooms and Gymnasium
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Precast wall system at Gymnasium.  The steel roof system was erected by the precast manufacturer.  
Long span double tees >100' are available for gymnasiums.
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Southside High School with 110'-0" long span double tee roof system

136
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High School Aquatic Center:  

Long span double tees provide superior protection against the high hum idity and corrosive atmosphere present in swimming pools.

137



23

High Performance & Resilient Educational Facilities

TUCKER HIGH SCHOOL - A Total Precast Concrete Building Solution
DeKalb County School System – Tucker, GA
Milton Pate Architects
Turner Construction Company

Case Study: Tucker High School
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March 3, 2009 May 29, 2009

Existing School

New School Site

MINIMAL SITE DISTURBANCE & NEAR ZERO WASTE
§ Erection completed within building footprint or 40' from perimeter
§ Reduction in site noise/dust and no perimeter scaffolding required
§ Near zero construction site waste and no stored materials or laydown area 

146

RISK REDUCTION, SCHEDULE COMPRESSION & COST EFFECTIVE
§ 210,000 sq. ft. of floor area erected in 52 working days
§ A total precast building solution includes:  engineering, manufacturing, delivery & installation

147

TUCKER HIGH SCHOOL
§ 1,800 student capacity
§ 210,000 sq. ft. of floor area
§ A total precast, multi-level structure built adjacent to an occupied facility

148

ENERGY PERFORMANCE IS OPTIMIZED
§ A thermal efficient load bearing exterior wall system with continuous insulation 
§ Integral architectural finishes reduces the embodied energy of harvested materials and contribute to lower operating costs
§ Use of cast-in thin brick (80% material savings vs. full bed depth brick)
§ Precast concrete mass wall system exceeds the ASHRAE energy standard by 30%
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Continuous
Insulation

CLASSROOM WINGS
§ Two level & four level classroom wings with shallow double tee floor system
§ One interior column and beam line with double loaded corridor
§ Interior demising walls built with CMU and/or steel studs

150
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TYPICAL CLASSROOM
§ Thermal efficient exterior wall system with continuous insulation & paint ready interior finish
§ Electrical boxes and conduit cast-in
§ Large composite panels minimize air infiltration and moisture drive

151

INTEGRATED PARKING
§ Parking structure reduces the heat island effect with high reflectance pavement
§ Concrete reflectance:  0.35 for gray & 0.7 for white vs. 0.05 for asphalt
§ High SRI (solar reflectance index):  35 for gray & 86 for white vs. 0 for asphalt

152

REGIONAL MATERIALS & RECYCLED CONTENT
§ Regional Materials – typically 80 - 90% of precast raw materials are within 500 miles
§ Recycled Content – typically 35–45% of precast materials contribute

§ 30 – 35% is post consumer & 5 – 10% is pre consumer

153

Case Study: Wheeler High School

Wheeler High School – 127,000  SF, 2-story addition and renovations
Cobb County Schools
Marietta, GA
Forman | Seeley | Fountain Architecture
Insulated and solid wall panels, interior shear walls, double tees, and precast stairs
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“… I was thrilled with the outcome and what we were able to acomplish using precast. I will certainly use it again.”

Jerry Fountain, AIA, Principal Architect
Foreman | Seeley | Fountain Architecture
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Northern Guilford High School (est. 2007)
Guilford County Schools
Greensboro, NC
SFL+a Architects, Raleigh, NC
All precast structure with insulated and solid wall panels, double tees, columns, beams, and flat slabs

160

High Performance & Resilient Educational Facilities

Case Study: Eastern Guilford High School

On November 1, 2006 at approximately 2:20 PM, a fire broke out in a chemistry lab office. The school was severely damaged and was declared a total 
loss. All of the students were evacuated and there were no injuries; however, the building had to be demolished due to safety concerns.
On December 7, 2006, it was reported that the cause of the fire was ruled as arson …
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‘Resilient & Safe’ – Fire resistance

Precast Concrete – natural fire inhibitor

• Non-combustible – it will never burn,
does 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

“Precast and prestressed concrete components can be designed to meet any degree of fire resistance that may 
generally be required by building codes, insurance companies and other authorities.”

P C I D es ign  H andbook , S even th  E d ition , M N L-120-10
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Case Study: Eastern Guilford High School

Eastern Guilford High School
Guilford County Schools
Gibsonville, NC – 1,600 students
SFL+a Architects, Raleigh, NC
Insulated and solid wall panels, double tees, columns, beams, and flat slabs
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Case Study: Eastern Guilford High School

Eastern Guilford High School
Guilford County Schools
Gibsonville, NC – 1,600 students
SFL+a Architects, Raleigh, NC
All precast structure with insulated and solid wall panels, double tees, columns, beams, and flat slabs
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South North
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North

South
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Eastern Guilford High School,
Guilford County Schools, NC
Architect: SFL+a Architects
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Eastern Guilford High School,
Guilford County Schools, NC
Architect: SFL+a Architects
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VERSATILE EFFICIENT RESILIENT

Aesthetic Versatility Site Efficiency Structure Durability

Virtually any color, form, and texture Minimal site disturbance Long service life 

Facade integration Negligible waste Barrier wall system 

Historic compatibility Accelerated construction Functional resilience 

Structural Versatility Energy and Operational Efficiency Multi-Hazard Protection

Load-bearing envelopes Scalable performance Storm resistance 

Economical sections Thermally efficient Earthquake resistance 

Long open spans Low life-cycle costs Blast resistance 

Use Versatility Risk Reduction Life Safety and Health

Recyclable Design assist Indoor environmental quality

Deconstructive reuse Reduced detailing and trades Passive fire resistance

Adaptive reuse Enhanced profitability Meets FEMA 361

High Performance Attributes and Benefits of Precast
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PCI and its regional affiliate Chapters offer - Ongoing industry support

• Publications – ‘Body of Knowledge’’ - Most now FREE at PCI Publications/Bookstore

Ø Design handbooks 
Ø Technical literature
Ø Guide Specifications
Ø ASCENT – Free subscription

K-12 - Summer 2018
Higher Education – Winter 2019

Ø PCI JOURNAL

Ø ASPIRE – Free subscription

Building industry Transportation industry
Free subscription Free subscription

• Websites - www.pci.org and www.gcpci.org

Resources
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THANKYOU
info@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/

