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Structural Design

As architecture and building systems are integrated into the structural system, 
the precast concrete design engineer is presented with new and varied challenges. 
With proper team coordination and knowledgeable resources, the engineer can 
create the necessary structural system while accounting for this integration.

Notches and setbacks are particularly challenging in any structural system. TPS 
must carry the weight of the loadbearing façade when these design features are 
required. Utilizing transfer beams, prestressing capabilities, and other panelization 
techniques, these types of features can be effectively crafted into the final struc-
tural design.

Floor-to-floor height requirements for MEP systems are coordinated through de-
sign modification to the main girders, dapping of double-tee floor components, or 
by providing pre-coordinated openings in the precast framing. While many open-
ings can be readily field cut, it is advantageous and cost effective to incorporate 
as much of this in the manufacturing process as possible.

Early coordination provides a good opportunity to combine foundation systems 
into total-precast concrete systems, particularly when using grade beam/pier 
foundations. Below-grade foundation wall systems and other foundation-related 
systems can be readily integrated into the TPS, providing the contractor/owner 
with added scheduling flexibility (see Reference 1).

Spring Union Free School 
East Hampton, N.Y.



Resources:
Ascent: 
“All-Precast Concrete Residences Benefits Developers, Homeowners,” Ascent, Summer 2002, pp. 28-30.
“All-Precast Design Garners Rave Reviews For Starz Encore,” Ascent, Winter 2003, pp. 16-22.
“All-Precast Parking Structure Creates Attractive Solution,” Ascent, Winter 2005, pp. 20-28.
“Auto Dealerships Sold on Precast Concrete Structures,” Ascent, Spring 2004, pp. 20-24.
“Bookends, Special Awards,” Ascent, Fall 2005, p. 22.
“Hopi Health Care Center, Building Awards,” Ascent, Fall 2001, pp. 48-49.
“Lake Erie College of Osteopathic Medicine, Special Awards,” Ascent, Fall 2005, p. 24.
“Precast Helps Car Dealer Create ‘3-D’ Showroom,” Ascent, Spring 2003, pp. 28-30.
“The Shops at Willow Bend Parking Structures, Building Awards,” Ascent, Fall 2001, pp. 46-47.
“Stacking Precast Office, Parking Saves Space,” Ascent, Summer 2002, pp. 24-26.
“Team Perspective On Total-Precast Structures,” Ascent, Fall 2003, pp. 10-14.
“Total Precast Concrete Offers Multiple Benefits,” Ascent, Spring 2005, pp. 24-26,
“Total Precast Parking Features Brick Blend,” Ascent, Summer 2005, pp. 18-20.
“Total Precast Systems’ Basic Building Blocks,” Ascent, Summer 2005, pp. 22-25.
“Universities Exploit Precast For Mixed-Use Projects,” Ascent, Summer 2004, pp. 24-27.
 “University of Georgia Carlton Street Parking Structure, Special Awards,” Ascent, Fall 2002, p. 10.
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“All-Precast Concrete Design Delivers On-Time Opening for Florida’s LECOM Medical Students,” PCI Journal, January-February 2006, pp. 82-97.
“All-Precast Concrete Design for the Saratoga Street Parking & Office Structure for the University of Maryland,” PCI Journal, March-April 2004, pp. 34-47.
“All-Precast Concrete School of Architecture Creates Striking Identity for Florida International University,” PCI Journal, July-August 2004, pp. 58-71.
“Aurora Municipal Center’s Stunning Design Showcases the Possibilities of Precast Concrete Solutions,” PCI Journal, November-December 2004, pp. 80-93.
“Deerwood North Building 300, Jacksonville, Fla.,” PCI Journal, September-October 2004, pp. 136-139.
“Energy Park Corporate Center, St. Paul, Minnesota,” PCI Journal, March-April 2005, pp. 136-141.
“Hopi Health Center—An All-Precast Concrete Hospital in the Desert,” PCI Journal, July-August 2001, pp. 44-55.
“Precast Parking Structures Enhance the Shops at Willow Bend,” PCI Journal, September-October 2001, pp. 36-45.
“UGA’s Carlton Street Parking Facility Meets University Demands for Construction Speed and Aesthetics,” PCI Journal, November-December 2002, pp. 26-47.

1. �“Total Precast Systems’ Basic Building Blocks,” 
Ascent, Summer 2005, pp. 22-25.
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c•
C H A P T E R  F O U R

Connections

Connections are fundamental to all buildings and construction no matter what 
material is used. The purpose of a connection is to transfer loads, restrain move-
ment, and/or to provide stability to a component or an entire structure. As such, 
the design of connections is one of the most important aspects in the design and 
engineering of precast/prestressed concrete structures. 

Many different connection details will result from the combination of the multitude 
of sizes and shapes of precast concrete components and the variety of possible 
support conditions. Individual precasters have developed connection details over 
the years that suit their particular production and erection preferences and they 
should be considered for a specific project early in the design stage. All connec-
tions should comply with applicable building codes and the final structural design 
should be done by an engineer licensed in the location of the project. It is common 
for the architect and engineer of record to show connection loads and locations 
on the contract documents and allow the successful manufacturer’s engineering 
department to provide the final design and details of the connections.  

This section is intended to provide basic information that is important to understand 
when designing a total-precast concrete structure or architectural cladding panels 
supported by building frames of other materials such as steel or cast-in-place con-
crete. 
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Design Consideration

Precast concrete connections must meet a variety of design and performance 
criteria and not all connections are required to meet the same criteria. The basic 
criteria include:

Strength A connection must have the strength to avoid failure during its lifetime.

Ductility This is the ability of a connection to undergo relatively large deforma-
tions without failure.  Ductility is achieved by designing the connection so that 
steel devices used yield before a weld or the concrete around the connection.

Volume Change Accommodation Restraint of movement due to creep, shrink-
age, and temperature change can cause large stresses in precast concrete  
components and their connections. It is better to design the connection to allow 
some movement, which will relieve the build-up of these stresses.

Durability When the connection is exposed to weather or used in a corrosive 
environment, steel elements should be adequately covered by concrete, painted, 
epoxy-coated, or galvanized. Stainless steel may also be used, however, the 
added cost should be considered carefully.

Fire Resistance Connections, which could jeopardize the structure’s stability 
if weakened by high temperatures from a fire, should be protected to the same 
degree as the components that they connect.

Constructability The following reflects only some of the items that should be 
considered when designing connections:

• Standardize connection types

• Avoid reinforcement and hardware congestion

• Avoid penetration of forms

• Reduce post-stripping work

• Consider clearances and tolerances of connection materials

• Avoid non-standard product and erection tolerances

• Plan for the shortest-possible crane hook-up time

• Provide for field adjustments

• Provide accessibility

• �Determine if special inspection is required per the applicable code for the 
material and the welding process

• Provide as direct a load path as possible for the transfer of the load

Aesthetics For connections that are exposed to view in the final structure, the 
designer should incorporate a visually pleasing final product.

Seismic Requirements Structures and/or components that must be designed 
for seismic loads may require special consideration. Consultation with a structural 
engineer with experience in seismic design is recommended.  

Tolerances The designer must realize that normal allowable fabrication, erection, 
and interfacing tolerances preclude the possibility of a perfect fit in the field.
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Connection Materials

A wide variety of connection hardware and devices is used in the precast  
concrete industry including:

Headed Concrete Anchors (studs) are round bars with an integral head. These 
are typically welded to plates to provide anchorage to the plate.

Steel Shapes including wide flanges, structural tubes, channels, plates, and 
angles.

Reinforcing Bars are typically welded to steel sections to provide anchorage to 
the steel.

Reinforcing Bar Couplers are typically proprietary devices for connecting 
reinforcing bars at a joint. Manufacturers of these devices can provide technical 
information.

Deformed Bar Anchors are similar in configuration to deformed reinforcing bars 
and are welded to steel shapes to provide anchorage similar to headed concrete 
anchors.

Bolts and Threaded Connectors are used in many precast concrete connections. 
Use of ASTM A36 or A307 bolts is typical. Use of high-strength ASTM A325 and 
A490 is usually not required.

Specialty Inserts are available from many manufacturers of these devices. They 
include standard threaded inserts, coil threaded inserts, and slotted inserts that 
provide for tolerances and field adjustment.

Bearing Pads are used predominantly for structural applications to support 
beams, double tees, and similar components. Use of random fiber oriented  
bearing pads (ROF) is recommended.

Shims can be hard plastic or steel and are often used to provide adjustment  
to align a precast concrete component for elevation or horizontal alignment.

For the proper use and design of these and other materials reference the  
PCI Design Handbook 6th Edition (MNL 120-04) or the PCI Connections Manual 
(MNL 138-08).



Plate Anchorage

Anchor Bolt

Non-Shrink Grout 
Min. 2" 

Plate Anchorage

Alternate Detail
Shims

4" Min. SECTION

PLAN

Column Base Plate

Base PL  - Same 
size as column

W/Reinforcing Bar 
Anchorage

Each Plate

Non-Shrink Grout 
Min. 1" 

Loose Plates

SECTION

PLAN

PL w/HCAs

1" 

Column

Bearing Pad

Beam

Panel To Footing

Beam To Column With Corbel

Loose Plate

W/Reinforcing Bar  Anchorage

PL w/HCAs

W/Returns8" M
in

. 
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S T R U C T U R A L
connection types



Spandrel To Double Tee

Spandrel To Column

Panel To Panel Corner

PL Washer w/Hole

Threaded Rod

Bearing Pad 

Fill Pocket with Non-
Shrink Grout or Adhere 
Plastic Cover

Column

Spandrel

2"
 M

in
. 

Threaded Insert 
Tackweld to PL

Bearing Pad w/Hole, Typ.

Oversized Sleeve

PL w/HCAs and Hole

PL  
w/Reinforcing 
Bar Anchorage  

Double Tee

Spandrel

Loose PL

PL w/HCAs

w/Returns

1" 
(Typ.)

If grouted, a reverse 
taper or keyway should 
be placed around the 
blockout to lock the patch 
into the recess

Panel w/Anchorage 1/2" 

w/Returns

Loose PL
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Shim @ CL of 
Beam if Steel 
Beam is used

Panel or 
Spandrel

Support 

Rebar (both 
sides of plate)

Panel Concrete Corbel Support

Panel Tie Back

Panel Steel Corbel Support

Panel Knife Edge Support
1" Min.

CL

Reinforcing Bar Anchor 
Welded to PL

Shims (steel or plastic) 

1" Min.

Bolted or Welded 
Connection

CIP Curb to Hide  
Connection or in Finish 
Material of Wall

For CIP structures, embed 
plate with HCAs and 
reinforcing bar anchorage 
are recommended

11/2" Recommended  
Minimum Dimension

Panel Embed 
w/Anchorage

Wide Flange Steel 
Shape (or tube) Shop 
Welded to Precast

Shims (steel or plastic) 
set @ CL Beam if Steel 
Beam Is Used

1" Min.
Shim (steel or plastic) 
Set @ CL Beam if Steel 
Beam Is Used

Bent Reinforcing Bar may be used 
in thicker panels

Bolted or Welded Connection

φVn

Optional Chamfer

Threaded Rod w/Nuts and Washers

Slotted Insert from Proprietary Manufacturer

CIP or Steel Beam

Plate w/HCAs

Note: �Orientation of slotted insert 
and slot in angle can be 
reversed if preferred.

Score Threads After Final Adjustment

∩

∠ w/Horizontal Slot
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C L A D D I N G
connection types



Resources:
PCI Design Handbook, 6th Edition  
(MNL 120-04).
PCI Architectural Precast Manual, 3rd Edition  
(MNL 122-07).
PCI Connections Manual, 2nd Edition  
(MNL 123-88).
PCI Connections Manual for Precast and  
Prestressed Concrete Construction, 1st Edition  
(MNL 138-08).

Panel Adjustable Support

CL Bolt �(Set at CL of Beam if 
Steel Beam Is Used)

Bolted or Welded 
Connection

Note: �Orientation of slotted insert and slot in 
angle can be reversed if preferred.

∩

∠Nut Tack Weld to
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Tips For Successful Connection Design:

Do use bearing pads for support of beams, spandrels, double tees, and other 
structural components.

Do consider deflection behavior of a member that is supporting a precast  
component.  

Do design for support using only 2 points. 

Do provide at least four tie back connections for a cladding panel.

Do, if designing a cladding panel for seismic loads, use an in-plane seismic  
connection close to the panel’s center of gravity.

Do account for eccentric loading and the effect it may have on the rotation of  
supporting members, particularly if they are steel beams. 

Do consider the horizontal forces resulting from an eccentrically loaded  
component and the effect this has on the support.

Do provide points of support only at one level for multilevel cladding panels.

Do design connections so that the component can “move” as a result of  
temperature variations and volume changes.

Do Not design connections with the bearing locations welded at both (top and 
bottom) ends of a prestressed concrete component. Making welded connections 
at the tops of prestressed concrete components at both ends is typical.

Do consider the allowable tolerances of the precast concrete component and the  
supporting structure.

Do consider intermediate connections of long spandrel panels to avoid bowing 
due to temperature variations.

http://66.28.40.178/EWEB/DynamicPage.aspx?Site=PCI_NF&WebKey=9766331d-1b7d-4c4b-89cb-fc801bc30745&ListSearchFor=Design Handbook 6th
http://66.28.40.178/EWEB/DynamicPage.aspx?Site=PCI_NF&WebKey=9766331d-1b7d-4c4b-89cb-fc801bc30745&ListSearchFor=Design Handbook 6th
http://66.28.40.178/EWEB/DynamicPage.aspx?Site=PCI_NF&WebKey=9766331d-1b7d-4c4b-89cb-fc801bc30745&ListSearchFor=Architectural Precast Concrete, 3rd Edition
http://66.28.40.178/EWEB/DynamicPage.aspx?Site=PCI_NF&WebKey=9766331d-1b7d-4c4b-89cb-fc801bc30745&ListSearchFor=Architectural Precast Concrete, 3rd Edition
http://66.28.40.178/EWEB/DynamicPage.aspx?Site=PCI_NF&WebKey=9766331d-1b7d-4c4b-89cb-fc801bc30745&ListSearchFor=Connections Manual
http://66.28.40.178/EWEB/DynamicPage.aspx?Site=PCI_NF&WebKey=9766331d-1b7d-4c4b-89cb-fc801bc30745&ListSearchFor=Connections Manual
http://66.28.40.178/EWEB/DynamicPage.aspx?Site=PCI_NF&WebKey=9766331d-1b7d-4c4b-89cb-fc801bc30745&ListSearchFor=Connections Manual
http://66.28.40.178/EWEB/DynamicPage.aspx?Site=PCI_NF&WebKey=9766331d-1b7d-4c4b-89cb-fc801bc30745&ListSearchFor=Connections Manual
http://66.28.40.178/EWEB/DynamicPage.aspx?Site=PCI_NF&WebKey=9766331d-1b7d-4c4b-89cb-fc801bc30745&ListSearchFor=Connections Manual



