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SECTION 03 46 13 – CONCRETE SANDWICH PANEL CONSTRUCTION
*** Delete this preamble before printing ***
Copyrighted material; limited license is granted to specifiers and design professionals for use in connection with public or private construction projects.  Use for any other purpose by written consent of Dayton Superior Corporation only.
This document is intended as a stand-alone specification in CSI 3-Part format ("MasterFormat") or as a resource for supplementing a broader-scope specification for traffic coatings.
[bookmark: Hidden_On][bookmark: Hidden_Off]Specifier should enable "Hidden Text" feature while editing and disable feature before printing.  Hidden text displays in blue and gives guidance to the specifier ("Editor's Notes").
Bold text in brackets [sample] indicates a choice to be made; refer to editor's notes for guidance.
Metric units are in red font and in parentheses (sample); these may be retained or deleted.
For specification questions, email:  Specifications@DaytonSuperior.com 
For technical assistance, contact Dayton Superior Technical Services: (866) 329-8724
www.DaytonSuperior.com
*** Delete this preamble before printing ***
[bookmark: _GoBack]Double-click the icons below for additional technical information on P24 Delta Tie:


 	
Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles and/or numbers may vary.
GENERAL
SUMMARY
Section includes thermally improved, reinforced polymer resin structural wythe connectors and insulation materials for constructing insulated sandwich panels for [tilt-up] [precast] concrete walls.
Select either composite or non-composite action below.  Degree of composite action depends on connector type and spacing.  See Dayton Superior's P24 Delta Tie Technical Data Sheet for guidance.
Wythe connectors specified herein are intended to provide [composite] [non-composite] action between wythes under lateral loading.
RELATED SECTIONS
Edit below list to reflect Project specifications data location.
The following Sections contain information related to this Section:
Section 03 20 00 – Concrete Reinforcing:  Structural reinforcement for sandwich panel construction.
Section 03 30 00 – Cast-in-Place Concrete:  General requirements for forming, reinforcing, placing, curing, and finishing concrete slabs, including sampling, testing, and placing procedure requirements.
Section 03 40 00 – Precast Concrete:  General requirements for plant precast concrete panels.
Section 03 47 13 – Tilt-Up Concrete:  General requirements for site cast tilt-up concrete panels.
REFERENCES
American Society of Testing and Materials (ASTM):
ASTM C 209 – Standard Test Methods for Cellulosic Fiber Insulating Board.
ASTM C 518 – Standard Test Method for Steady-State Thermal Transmission Properties by Means of the Heat Flow Meter Apparatus.
ASTM C 578 – Standard Specification for Rigid, Cellular Polystyrene Thermal Insulation.
ASTM C 881 – Standard Specification for Epoxy-Resin-Bonding Systems for Concrete.
ASTM C 1289 – Standard Specification for Faced Rigid Cellular Polyisocyanurate Thermal Insulation Board.
ASTM D 5930 – Standard Test Method for Thermal Conductivity of Plastics by Means of a Transient Line-Source Technique.
ASTM D 7705 – Standard Test Method for Alkali Resistance of Fiber Reinforced Polymer (FRP) Matrix Composite Bars used in Concrete Construction.
ASTM E 96 – Standard Test Methods for Water Vapor Transmission of Materials.
ASTM E 119 – Standard Test Methods for Fire Tests of Building Construction and Materials.
ASTM E 488 – Standard Test Method for Strength of Anchors in Concrete and Masonry Elements.
National Fire Protection Association (NFPA):
NFPA 285 – Standard Fire Test Method for Evaluation of Fire Propagation Characteristics of Exterior Non-Load-Bearing Wall Assemblies Containing Combustible Components.
PREINSTALLATION MEETINGS
Preinstallation Conference: Conduct conference at [Project site] <Insert location>.
Edit list of conference participants if necessary.
Review concrete slab mix design and placing and finishing procedures, and examine procedures for ensuring quality of concrete materials. Require representatives of each entity directly concerned with concrete slab work to attend, including the following:
Contractor’s superintendent.
Concrete subcontractor/finisher.
Wythe connector/insulation installer, if different from concrete subcontractor.
Architect's and/or Owner's representative (at their option).
Edit list of conference topics, if necessary.
Review the following, at a minimum:
Schedule
Extent of Work.
Materials to be installed.
Wythe connector spacing.
Insulation thicknesses.
Installation methods and sequencing.
Material storage and staging.
Cleanup and disposal of waste materials.
ACTION SUBMITTALS
General:  Submit the following for approval.  Do not proceed with work involving any action submittal until approval is obtained.
Shop Drawings:  Indicate wythe connector type, spacing, and orientation for each panel type.  Use panel type indications and/or individual panel identification codes that match those used elsewhere in the Construction Documents.
Product Data:  Include material physical characteristics, storage and application instructions, precautions and safety data, cleanup, and maintenance information.
Polymer resin wythe connectors.
Insulation.
Repair material.
 INFORMATIONAL SUBMITTALS
General:  Submit the following to the Owner for the Owner's information and records.  If acceptable, and unless otherwise indicated, Informational Submittals will not be acted upon or returned.
Safety Data Sheets (SDS) for all products used.
Coordinate "Qualification Data" Paragraph below with qualification requirements in Section 014000 "Quality Requirements" and as may be supplemented in "Quality Assurance" Article.
Qualification Data: For Installer.
Include LEED submittals Paragraph only for LEED projects; coordinate with requirements selected in Part 2 for VOC limits.
LEED Submittals:
Product Data for Credit MR c4:  For products of this Section having pre- and/or post-consumer recycled content.
DELIVERY, STORAGE, AND HANDLING
Deliver materials in manufacturer's new, unopened containers, clearly labeled and dated.
Store and handle materials in strict accordance with manufacturer's instructions.
Store materials in dry conditions, protected from weather.
FIELD CONDITIONS
Environmental Limitations:  Comply with industry standard recommendations when performing all concrete work, including work of this Section, in regards to inclement weather and very cold or hot conditions.
PRODUCTS
POLYMER RESIN WYTHE CONNECTORS
Wythe Connectors:  Two-dimensional (flat), truss-shaped, glass-fiber-reinforced polymeric resin connector.
[bookmark: ptBookmark1250]Manufacturer:	Dayton Superior Corporation
1125 Byers Road
Miamisburg, Ohio 45342
(800) 745-3700
www.DaytonSuperior.com
Select P24 Delta Tie (5" x 7") for insulation thicknesses up to 4" or P24XL Delta Tie (9" x 11") for insulation thicknesses over 4" up to 8".
Basis-of-Design Product: Dayton Superior "P24 Delta Tie" ["P24XL Delta Tie"].
Physical Characteristics:
Size:  Approx. 5" x 7" (12.7 cm x 17.8 cm)[9" x 11" (22.9 cm x 28 cm)]
Resin:  Bisphenol A epoxy vinyl ester.
Alkali Resistance:  Rated for continuous exposure at up to 180 deg F (82 deg C), per ASTM D 7705.
Reinforcement:  Continuous 19% zirconium glass fiber.
Strand Thickness:  1.4 micron
Strand Weight:  2.4 g/m
Tensile Strength:  14 GPa
Performance Characteristics:
Composite Modulus:  8,370,000 psi (57.7 GPa).
Composite Tensile Strength: 167,400 psi (1.16 GPa).
Thermal Conductivity:  0.1447 BTU/hr/F/ft.
R = 0.576/inch (0.227/cm).
Coefficient of Thermal Expansion:  5.5 x 10-6.
Fire Resistance:  ASTM E 119, 4 hr.; NFPA 285, passed.
Select one of the following paragraphs; coordinate with Division 1 requirements. If first Paragraph is retained, select appropriate Division 01 Section.
Requests for substitutions will be considered in accordance with provisions of Section [01 25 00] [01 60 00].
Substitutions:   Not permitted.
Select from the following insulation types or add a new one.  Any desired type and brand of square edge insulation may be used with the Dayton Superior Delta Tie wythe connectors.  Insulation does not require special preparation.  Any insulation thickness up to 8" can be accommodated.
INSULATION
Rigid Extruded Polystyrene Board Insulation:  Unfaced extruded expanded polystyrene board insulation, complying with ASTM C 578, Type IV; square edge.
0. Thermal Resistance:  R = 5.0/inch, min. @ 75 deg F (1.97/cm @ 23.9 deg C), per ASTM C 518.
Compressive Strength:  25 psi (172 kPa), per ASTM D 621.
Water Absorption:  0.3%, max., per ASTM C 209.
Water Vapor Permeance:  1.5 perms, max., Per ASTM E 96.
Thickness:  As indicated <Choose Thickness>.
Coordinate insulation board width with connector spacing/composite action requirements.
Board Width:  24 inches (61 cm) [48 inches (122 cm)].
Faced Rigid Cellular Polyisocyanurate Board Insulation:  Polyisocyanurate foam core insulation board with aluminum or composite aluminum/polyester facers on both sides, complying with ASTM C 1289, Type I.
Thermal Resistance:  R = 5.6/inch, min. @ 75 deg F (2.2/cm @ 23.9 deg C), per ASTM C 518.
Compressive Strength:  25 psi (172 kPa), per ASTM D 621.
Water Absorption:  0.1%, max., per ASTM C 209.
Water Vapor Permeance:  0.03 perms, max., Per ASTM E 96.
Thickness:  As indicated <Choose Thickness>.
Coordinate insulation board width with connector spacing/composite action requirements.
Board Width:  24 inches (61 cm) [48 inches (122 cm)].
MISCELLANEOUS MATERIALS
Epoxy Repair Material:  Two-part, 100% solids, high modulus, medium viscosity, epoxy adhesive, complying with ASTM C 881, Type IV, Grade 2.
Basis of Design:  Dayton Superior Corporation "Sure Bond J58."
EXECUTION
INSTALLATION, GENERAL
Follow all manufacturer's recommendations for installing polymer resin wythe connectors.
It is recommended that protective gloves be worn while handling glass-fiber-reinforced polymer materials.
EXAMINATION
Examine Project conditions, with Installer present, for conditions affecting performance of the Work.
Verify proper placement and finishing of the lower concrete wythe.
PREPARATION
Concrete Conditions:  Polymer resin wythe connectors must be installed within the narrow window after concrete placing and finishing, when the concrete remains plastic and prior to its initial set.  
Ensure that all materials necessary to install wythe connector/insulation system are readily available at the time of commencement of the installation for each concrete pour. 
Pre-cut insulation boards as much as possible to avoid impeding installation.
INSTALLATION
General:  Strictly follow all manufacturer's written instructions and follow all precautions, even in case of disparity between such instructions and this specification.
Wythe connector spacing is critical to the proper structural performance of the sandwich panel.  Strictly follow shop drawings for spacing of the connectors.
Select spacing in paragraph below, based on engineering requirements.  Contact Dayton Superior for more information.
Wythe Connector Spacing:  One (1) wythe connector for every [2] [4] [6] [8] square feet ([0.186][0.372][0.558][0.743] square meters) of panel area, minimum, regularly spaced.
Wythe connectors must be oriented vertically, with respect to final panel orientation; that is, parallel with panel vertical edges.
Alternate dimensions in Paragraph below are for P24XL Delta Tie.
Wythe connector may be installed horizontally or vertically, with respect to its profile, for insulation thicknesses up to 2 [6] inches (5.1 [15.24] cm), but must be installed vertically for insulation thicknesses between 2 and 4 inches (5.1 and 10.2 cm) [6 and 8 inches (15.24 and 20.32 cm)].
Lay first row of 12-inch (30.5-cm) wide insulation boards, tightly butted.
Press wythe connectors into the plastic concrete.  Embed connectors minimum 1-1/2 inches (3.8 cm) deep into concrete.  Ensure top of connector protrudes at least 1-1/2 inches (3.8 cm) above top of insulation surface.  Ensure concrete is well consolidated around connector web elements.
Space connectors as indicated on shop drawings.  With A/E's written approval, connector spacing/insulation board width may be adjusted, so long as the panel-area-per-connector ratio is maintained.
Install next row of insulation boards tight against installed wythe connectors, then install second row of wythe connectors.
First and last connectors in each row must be minimum 12 inches (30.5 cm) from edge of panel.
Connector position may be adjusted slightly to avoid reinforcement or aggregate obstruction, but total number of connectors in panel and minimum embedment depth must be maintained.
Continue installation sequence across panel.  Install last row of connectors minimum 12 inches (30.5 cm) from opposite edge of panel.
INSPECTION AND TESTING
After concrete has hardened, manually test every connector's rigidity by pulling upward with a minimum force of 50 lb. (22.7 kg) on each connector.  Remove and repair failed connectors.
REPAIRS
Remove dislodged, but rigidly embedded connectors by cutting protruding portion flush with concrete surface.
Connector Replacement Procedure:  
Remove insulation material around connector to allow adequate access for repair activities.
Sawcut a 1/4" (6.4 mm) groove, minimum 1-1/2" (3.8 cm) deep, full length of connector (including edge fin) plus 1/2" (13 mm). 
Thoroughly clean sawcut groove with nylon bristle brush followed by flushing with compressed air, per epoxy repair material manufacturer's recommendations.
Fill groove with epoxy repair material to within 1/4" (6.4 mm) of surface.  
Insert new connector, fin edge up, to ensure minimum 1-1/2" (38 mm) embedment.
Replace insulation tight to connector.
Retest wythe connector after epoxy has set.
END OF SECTION 03 46 13
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°* SUPERIOR Precast and Tilt-Up
TECHNICAL DATA SHEET

DESCRIPTION

The Delta Tie is a two-dimensional truss of structurally
non-conductive, non-corrosive fiber composite used as a
wythe connector for concrete sandwich panel
construction. The P24 is used for 2"-4" insulation, and
the P24XL is used for 5"-8" insulation.

APPLICATION

Ties are normally installed in the seams between sheets P24 P24XL
of insulation or the insulation can be cut and the ties Delta Tie

positioned through the insulation. For insulation with [ = s —ro =ry G — oy )]

an integral vapor barrier it is important to ensure that it -

is also cut so as not to interfere with the concrete - tie 5 I\

embedment. Ties must be installed a maximum of 12" b N

from any edge or opening. A typical spacing pattern ¥=-D.1994f3 + 49550 42.33%x + 137 56

provides one tie for every 2 to 8 square feet of panel
surface area. The preferred tie orientation is parallel to
the height of the panel.
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PRODUCT SPECIFICATION ” y:w.,:,;,-.‘”.@e,:m,‘;‘&}

m Composite Modulus - 8,370,000 psi ” P —]

Composite Tensile Strength - 167,400 psi
Poisson's Ratio - 0.26 0

Parcent Composite Action
2

Density - 100 Ibs/cu ft Square Fest Per Tie
Alkali Resistance - Made from continuous wound

alkali resistant glass fibers in an alkali resistant FEATURES

epoxy bisphenol A vinyl ester resin. The resin is rated m Fast and flexible installation

for continuous alkali exposure at up to 180°F, and is

also UV resistant. The resin's glass transition ® Use with rigid foam insulation of your choice
temperature is 285°F, and its melting point is 650°F. m Up to 75% fewer ties versus comparable systems
Glass Content - 1.45 micron, 2.4 g/m, 14GPa tensile m No t_hermal bridging betwee_n wyt_hes
strength, continuous roving fibers at 77% by weight. ® Provides a range of composite action levels
The continuous operating temperature of the 19% m Passed ASTME-119 (4 hr) and NFPA 285 fire testing
zirconium glass fiber is 900°F. L . . .

m New application software to aid with design and layout
Thermal Conductivity - 0.1447 BTU/hr F ft (0.25
W/m-C) where Insulation Board is 0.014, and BENEFITS
Concrete is 1.2414. The Delta Tie R-Value is 0.576 sq .
ft F hr/BTU per inch of thickness. ® Increased load bearing

m Stiffer insulated panels, easier to handle
® Material, labor and transportation reduction
m Applicable to all brands of foam panel insulation

CTE - is matched to concrete at 0.0000055 in/in/F.

TECHNICAL DATA

Insulation | Tension Capacity* | Shear Capacity*
Delta Tie Type Size Thickness Ibs Ibs
P24 5" x 7" 1" to 4" 3,100 3,400
P24XL 9" Xx11" 1"to 5" 5,800 3,700
P24%L 9" X 11" 6" 3,400 3,075
P24XL 9" X 11" i 4,000 2,800
P24XL 9" X 11" 8" 3,200 1,650
*Ultimate Strength Per Tie. Factor of Safety is variable based on the panel configuration.

Page 1 of 2 File Date: 10/3/2014
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INSTALLATION

1. Install the required reinforcing, then place and screed
the concrete for the outer wythe to its designed
thickness.

2. Cut the first strip of foam to a width not exceeding 12"
and place it tightly against the side of the form and on
top of the just placed concrete while concrete is still in
its wet or plastic state.

3. Insert the first row of Delta Ties tight against the edge
of the foam, spaced vertically from top to bottom of
panel. Minimum tie embedment into the fresh
concrete is 1-1/2". If the tie hits the reinforcing mesh
prior to reaching its minimum embedment depth,
move the tie slightly so that the reinforcing mesh sits
in the depressed "V" section of the tie.

4. Place a full 4'-0" wide section of foam tight against the
first row of P24 ties, then insert the second row of
Delta Ties from top to bottom of panel.

5. Repeat the process across the width of the panel until
there is 12" or less between the last full sheet of foam
and the side form.

6. Once the concrete in the bottom wythe has stiffened,
complete the balance of the panel by installing the
required reinforcing steel, embeds and concrete. Finish
and cure the backside of the panel per the project's
specifications.

It is critical and required that Steps #1 through #6
above be completed immediately after the bottom
wythe has been consolidated and leveled to required
thickness. This is to ensure that the concrete mix isin a
wet or plastic state and workable to be able to embed
the Delta Tie properly. If the Delta Tie is not embedded
into the concrete while the concrete is still plastic, the
concrete will not properly flow through the openings
in the tie, which "locks" and holds the tie into the
concrete.. This could result in failure of the panel.

Important Installation Notes:

1. The person that is installing the foam insulation and
Delta Ties should lightly step several times on the foam
immedately adjacent to and surrounding the tie to
make certain concrete is consolidated around the tie
and flowss in and around the "anchoring" holes in the
tie.

2. Set time of concrete varies as a function of many
factors, including (but not limited to): mix design,
concrete temperature, ambient temperature

and mix time. The installer must ensure that the
concrete has not reached initial set before ties are
installed.

3. As the P24 DeltaTie is a one-way shear connector,
meaning it is stronger in one direction that it is in the
other direction, care must be taken to make certain it
is installed in its intended orientation in the panel.

4. With the Delta Tie visible above the foam, it is easy
to verify if the Delta Tie is set at its proper depth.
Utilize a tape measure to randomly check that the ties
have a minimum of 1-1/2" above the foam.

Page 2 of 2

Precast and Tilt-Up

HOW TO ORDER
Specify: (1) quantity, (2) size, (3) name

Example: 500, 9" x 11" Delta Ties

ORDERING INFORMATION

Product Code Description Weight
124107 5" X 7" TIE 0.122 LB
143984 9" X 11" TIE 0.8LB

MANUFACTURER

Dayton Superior Corporation

1125 Byers Road

Miamisburg, OH 45342

Customer Service: 888-977-9600
Technical Services: 877-266-7732
Website: www.daytonsuperior.com

WARRANTY (ACCESSORIES)

Limited Warranty. Dayton warrants, for a period of 60 days from the
date of shipment (three years from the date of shipment in the case
of formwork, excluding any consumable Products included with such
formwork), that Products and any associated application drawings
and engineering services provided by Dayton (“Ancillary Services”)
will be free from defects in material and workmanship and, in the
case of custom designed formwork, that the formwork will meet the
specifications set forth in the design drawings approved by Dayton
and Customer. Any claim under this warranty must be made in
writing within such warranty period. If any Product and/or Ancillary
Service covered by a timely claim are found to be defective, Dayton
will, within a reasonable time, make any necessary repairs or
corrections or, at Dayton’s option, replace the Product. Unless pre-
authorized by Dayton in writing, Dayton will not accept any charges
for correcting defects or accept the return of any Product. This
warranty will not apply to any Products that have been subjected to
misuse, neglect, storage damage, misapplication, accident or any
other damage caused by any person other than Dayton, or that have
not been maintained in accordance with Dayton’s specifications. THIS
LIMITED WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES AS TO
THE PRODUCTS AND ANCILLARY SERVICES. DAYTON MAKES NO
OTHER WARRANTIES OR GUARANTEES, EXPRESS OR IMPLIED,
INCLUDING ANY WARRANTY OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE OR OTHERWISE. THE REMEDIES SET FORTH IN
THIS SECTION ARE CUSTOMER’S EXCLUSIVE REMEDY FOR BREACH OF
WARRANTY.

File Date: 10/3/2014
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Using P24 Delta Ties in

sandwich panels provides
benefits with any brand of
panel insulation:

* Increased load bearing
e Simple installation

e Material, labor and

transportation savings

DAYTONSUPERIOR.COM






Insulated Concrete Panels
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Concrete Sandwich Panels
Generally speaking,
sandwich panels are
comprised of two layers of
concrete (called wythes),
separated by a thickness
of foam insulating
material and held
together by some means |4
of mechanical connection. |::-

Insulated concrete panels
can be utilized as exterior
load bearing walls or
interior partitions. They
are used in virtually any
building application such as: industrial buildings,
correctional institutions, schools, warehouses,
offices, buildings requiring atmospheric controls and
residential buildings, etc. The concrete surfaces of
an insulated panel will accept all of the architectural
surface treatments available to standard precast
concrete panels.

Internally Insulated Wall Panels

One of the largest contributors to energy waste in
a building is heat loss and/or gain through walls,
roofs, doors and windows. The energy efficiency
of the building envelope is a major consideration in
an analysis of its life cycle costs.

The mass of an internally insulated concrete wall
panel makes it a significant thermal reservoir
having the ability to store a large amount of heat
energy. During the heating season, an internally
insulated concrete tilt-up wall panel will absorb
interior heat during the day, radiating the warmth
back into the building’s interior during the night.
This same principle in reverse holds true during the
cooling season.

An internally insulated concrete tilt-up wall, by
storing and later releasing the energy needed

for heating or cooling, delivers yearround energy
benefits. It also offers the most effective solution
for reducing waste and conserving energy by
maintaining the building with a relatively steady
interior temperature. Working together, the rigid
foam insulation and concrete contribute to a highly
energy-efficient building and reduce the peak
energy demands, permitting the use of smaller
capacity cooling and heating units.

DAYTONSUPERIOR.COM

P24 Delta Tie

To maintain the thermal efficiencies achieved by
the use of internally insulated concrete tilt-up
panels and to improve the panel’s strength and
deflection properties, Dayton Superior developed
the P24 Delta Tie for connecting the two wythes of
internally insulated wall panels. The Delta Tie is a
truss, fabricated entirely from continuous wound
alkaliresistant fiberglass rovings and alkali-resistant
epoxy vinyl ester resins. This design eliminates
thermal bridges.

Production of the Dayton Superior P24 Delta Tie is
with a proprietary process using an alkali-resistant
(AK) vinyl ester resin and 14 individual alkaliresistant
(AK) fiberglass rovings set in a die in a particular and
continuous pattern for developing the maximum
load carrying capacity.

The die is then filled with a specific amount of AK
resin, which is heated in the temperature-controlled
die to induce a chemical reaction that bonds the
AK glass fibers and AK resin into a strong, durable
composite material. Upon completion, the load-
carrying struts of the P24 Delta Tie contains an
average of 77% AK glass fibers and 23% AR resin.

A non-composite internally insulated panel takes
into account the strength of the interior wythe
ONLY. It does not take advantage of any additional
strength that the exterior wythe has to offer.

The design of the Delta Tie, using modern composite
materials and its two-dimensional truss, works

to make the concrete wythes act as a partial-
composite wall panel and achieve optimum thermal
performance and increased deflection properties.

In order to take advantage of the additional
strength, the wall panel must be fabricated so

that it will function as a partially composite panel.
Depending on the tie spacing selected for use, the
P24 Delta Ties increase the composite action. For the
same height and width panel, a thinner structural
wythe can be achieved when using the P24 Delta Tie.

The Delta Tie is designed so that it can be

oriented in the panel either on end or on its side,
depending on the thickness of insulation specified.
This versatile dual-use feature adds to the Delta
Tie's application compatibility and at the same
time reduces inventory and storage requirements.





Delta Tie Design Advantages

Delta Tie Advantages

The Delta Tie has exhibited excellent loading behavior
and load capacities in tests conducted on individual
test specimens as well as in full-scale panel tests.

The Dayton Superior Delta Tie offers the owner,
specifier and contractor the following advantages:

Use With Any Rigid Foam Insulation
The Delta Tie can be used with any locally available
type or brand of rigid foam insulation.

Easy Learning Curve

Users have reported that it takes just a short length
of time to get their employees “up to speed” on
installing the Delta Tie.

Labor Savings
Users have reported up to a 50% increase in labor
savings, due to having to install fewer ties.

Less Expensive Design
The Dayton Superior P24 Delta Tie uses up to 75% fewer
ties versus comparable systems.

Design Flexibility
The capabilities of the Delta Tie's truss design greatly
increases the stiffness of the panel.

Partial Composite Action

Due to the composite action that can be gained by
using the Delta Tie, thinner panels can be designed,
braced and erected.

No Thermal Bridges

Insulation is not interrupted by block-outs for
connectors, allowing for insulation to be placed from
panel edge to panel edge and from top of panel to
bottom of panel.

Increased Composite Moment of Inertia
Depending on the selected tie spacing, the
composite moment of inertia of the tilt-up panel can
be increased, which can result in a thinner overall
panel thickness.

Tested Performance
Passed ASTME-119 (4 hour) and NFPA 285 fire testing

Tensile Strength

Based on results from tensile testing, the P24 Delta
Tie has an average ultimate tensile capacity of over
3,100 Ibs. per tie, in its narrow orientation and in
excess of 3,400 Ibs. per tie in its wide orientation.

In a typical panel, the Delta Ties may be subjected
to approximately 500 Ibs. of tensile force during the
erection process. Assuming a 3" exterior wythe, that
force can be calculated as follows:

Face Weight (150 pcf normal weight concrete) = 37.5 psf
Suction = 25 psf

Total = 62.5 psf

Tributary area per Delta Tie = 8.0 sq.ft.

Tensile force per Delta Tie = 500 lbs.

The P24 Delta Tie has an average ultimate shear
capacity of approximately 3,200 Ibs. per tie, regardless
of its orientation — narrow or wide installation.

In a typical panel, the Delta Ties will be subjected
to approximately 300 Ibs. of shear force during the
erection process. Again, assuming a 3" exterior
wythe, that force can be calculated as follows:

Face Weight (150 pcf normal weight concrete) = 37.5 psf
Tributary area per Delta Tie = 8.0 sq.ft.
Tensile force per Delta Tie = 300 Ibs.

Even though it appears that the tie spacing could be
increased, Dayton Superior does not recommend it.
The maximum recommended tributary area for either
tensile or shear loading conditions is 8.0 sq.ft. per tie.

Note: When composite action is not required, maximum tie
spacing for a 3'-2"-3" (76mm-50mm-76mm) panel is 8 sq.ft.
(0.74 MP) per tie. Test reports are available on request.
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Insulation Materials

Although insulation can be made from a variety

of materials, it usually comes in five typical forms:
blankets, blown-in, loose-fill, reflective film or rigid
foam board. Each type of insulation is made to
work in a particular part of a building. Closed-

cell foams, such as polystyrene, in which the air is
trapped in bubbles is an excellent insulator and are
generally using for internally insulating concrete
tilt-up wall panels.

The Dayton Superior P24 Delta Tie is designed for

use with any of the rigid foam insulation materials
presently on the market. The specifier is not tied into
using only one type or brand of foam insulation —

use the type and brand that is most readily available
meeting the project’s specified R-value. The thickness
of insulation needed depends on the climate, type of
heating used and building use.

The following four types of rigid foam insulation,
having initial R-values ranging from R-4 to R-8 per
inch of thickness, are used in internally insulated tilt-
up wall panels:

e MEPS (molded expanded polystyrene)
e XEPS (extruded polystyrene)

*  PUR (polyurethane)

* PIR (polyisocyanurate)

MEPS insulation will bond to the concrete and is
often referred to as “bead board.” When used in
an internally insulated panel, it must have sufficient
density so that workers can walk on it without
causing any damage. MEPS foam is susceptible to
absorbing moisture resulting in a reduced R-value.
A plastic vapor retarder should be considered when
using this type of insulation.

XEPS foam is a closed-cell material that is more
consistent in density, does not bond to concrete
and has a higher compressive strength. It also has
a reputation for long-term reliability and superior
resistance to time, water, cold, heat, and pressure.

Both the PUR and PIR foams are closed-cell foams
that contain a low conductivity gas in their cells.

The thermal resistance of the gas gives these foams

a higher R-value than either MEPS or XEPS foams.
However, due to a phenomenon known as “thermal
drift,” the R-value of these two foams drops over time
as the insulation ages and some of the gas escapes
and is replaced by air.

DAYTONSUPERIOR.COM

Dayton Superior Insulated Concrete Panel Tie

The Dayton Superior P24 Delta Ties are unique

in concept and design. This versatile tie allows
insulation from panel-edge to panel-edge
eliminating thermal bridges and costly energy
loss. The Delta Tie is a non-metallic, geometrically
configured, two-dimensional truss manufactured
from continuous wound fiberglass embedded in an
alkali resistant resin. The non-metallic design of
the Delta Tie eliminates thermal transfer through
the panel, increasing the insulating efficiency.

The P24 and P24XL Delta Tie dimensions are shown
in the accompanying detail. Other sizes are available
on special order.

The tie is designed so that it can be oriented in

the panel either on end or side depending on the
thickness of the panel. For example, the 5" x 7"
(127mm x 178mm) size can be used on its side in a
six inch (15mm) panel or on end for thicker panels.
This versatile, dual-use feature adds to the Delta Tie's
effective application compatibility and, at the same
time, reduces inventory and storage requirements.

In individual tie specimen and full size panel tests,
the Delta Tie has exhibited excellent loading behavior
and load capacities.
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Patent Number 2316238

Patent Number 6761007





Materials and Components

Insulated Panel Components
Internally insulated wall panels are made up of three
different wythes:

el
. Y
g

Foam Insulation /

Delta Ties inserted into the first wythe — the exterior wythe
— along the edge of the second wythe — the rigid insulation.

* The EXTERIOR WYTHE acts as a barrier against
the environment, protecting the foam insulation
from exterior damage, and depending on design
requirements and architectural treatments, may
be as thin as 2". It can have any architectural
treatment, such as those created with formliners,
an exposed aggregate surface, a thin brick surface
or a simple textured coating.

*  The foam INSULATION provides an excellent
thermal barrier that works to reduce heat loss as
well as the building’s energy costs.

e The INTERIOR WYTHE is normally the structural
wythe, which supports the wind, roof, as well
as any upper floor loads. It also protects the
insulation from damage. Depending on the
spacing of the Delta Tie, the interior wythe can
work with the exterior wythe providing partial
composite action for the wall panel. Having the B
thicker or structural wythe on the interior side of The third wythe — the interior wythe — being installed over
the building also acts to maximize the thermal the insulation, incorporating the Delta Tie and rebar.
effect of the wall by stabilizing the interior
temperature, resulting in lower energy costs.

Concrete, because of its density, has the capacity
to absorb and store large quantities of heat.

This thermal effect causes concrete to react very
slowly to changes in outside temperature. This
characteristic reduces peak heating and cooling
loads and delays the time at which these peak
loads occur. This delay improves the performance
of heating and cooling equipment, since the peak
cooling loads are delayed until nighttime, when the
outside temperature has dropped.
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Insulated Wall R-Values

Internally insulated concrete walls are designed to
resist the flow of heat energy through the wall. In
most buildings, internally insulated walls are used
to keep the heat inside the building. However,

in special cases, such as a freezer application,
internally insulated walls are designed to keep cold
in and heat out.

R-value is a rating or measure of resistance of

an insulation’s ability to retard the flow of heat.
Generally, the higher the R-value, the better
insulator it is. Foam insulation’s long-term R-value
will vary depending upon the characteristics of
its manufacture. It is suggested that the specifier
consult the insulation manufacturer for this
information. Another measure of how well a
material or a combination of materials conducts
heat is the U-factor, which is the reciprocal of the
R-value. The lower the U-factor, the better.

Internally insulated tilt-up concrete wall panels,
with their high thermal storage properties, have
an advantage over many other building materials.
However, a solid concrete tilt-up wall, by itself, is
not very effective as an insulator. For example, a
6" solid concrete wall has an R-value of 1.88 and a
U-factor of 0.5319. By adding only 1" of extruded
foam insulation to the middle of the 6" wall, the
R-value of the wall will increase to 6.58 and the
U-factor will drop to 0.1519.

The use of internally insulated walls having

higher R-value would seem to be more efficient.
However, the U-factor is a better number for use in
determining the effectiveness of an insulated wall.
As additional insulation is added to the wall, the
wall’s R-value continues to increase at a uniform
rate, but the U-factor drops more slowly as more
insulation is added. The following chart illustrates
this principle.

DAYTONSUPERIOR.COM

St | pohstyene | ‘peter | 1WA | vt | uroctor
2-1/2" 1" 2" 5-1/2" 5.91 0.1692
2-1/2" 1-1/2" 2" 6" 8.26 0.1211
2-1/2" 2" 2" 6-1/2" 10.61 0.0943
2-1/2" 3" 2" 7-1/2" 15.31 0.0653
2-1/2" 4" 2" 8-1/2" 20.01 0.0500
2-1/2" 5" 2" 9-1/2" 24.71 0.0405
2-1/2" 6" 2" 10-1/2" 29.41 0.0340
2-1/2" 7" 2" 11-1/2" 34.11 0.0293
2-1/2" 8" 2" 12-1/2" 38.81 0.0258
2-1/2" 1" 3" 6-1/2" 5.95 0.1681
2-1/2" 1-1/2" 3" 7" 8.30 0.1205
2-1/2" 2" 3" 7-1/2" 10.65 0.0939
2-1/2" 3" 3" 8-1/2" 15.35 0.0651
2-1/2" 4" 3" 9-1/2" 20.05 0.0499
2-1/2" 5" 3" 10-1/2" 24.75 0.0404
2-1/2" 6" 3" 11-1/2" 29.45 0.0340
2-1/2" 7" 3" 12-1/2" 34.15 0.0293
2-1/2" 8" 3" 13-1/2" 38.85 0.0257
2-1/2" 1" 4" 7-1/2" 6.03 0.1658
2-1/2" 1-1/2" 4" 8" 8.38 0.1193
2-1/2" 2" 4" 8-1/2" 10.73 0.0932
2-1/2" 3" 4" 9-1/2" 15.43 0.0648
2-1/2" 4" 4" 10-1/2" 20.13 0.0497
2-1/2" 5" 4" 11-1/2" 24.83 0.0403
2-1/2" 6" 4" 12-1/2" 29.53 0.0339
2-1/2" 7" 4" 13-1/2" 34.23 0.0292
2-1/2" 8" 4" 14-1/2" 38.93 0.0257
2-1/2" 1" 6" 9-1/2" 6.23 0.1605
2-1/2" 1-1/2" 6" 10" 8.58 0.1166
2-1/2" 2" 6" 10-1/2" 10.93 0.0915
2-1/2" 3" 6" 11-1/2" 15.63 0.0640
2-1/2" 4" 6" 12-1/2" 20.33 0.0492
2-1/2" 5" 6" 13-1/2" 25.03 0.0400
2-1/2" 6" 6" 14-1/2" 29.73 0.0336
2-1/2" 7" 6" 15-1/2" 34.43 0.0290
2-1/2" 8" 6" 16-1/2" 39.13 0.0256

The total R-value of an internally insulated concrete
wall panel is a summation of the individual items that
make up the wall. The above chart is based on the
following individual R-values.

* An R-value of 0.08 per inch of concrete.

* An R-value of 4.7 per inch of insulation.

* An R-value of 0.68 for the inside air film.

* An R-value of 0.17 for the outside air film.





Insulated Panels Provide Energy Savings

Thermal Bridges/Cold Spots

Thermal bridges are formed in internally insulated
panels when concrete ribs and/or metal ties, which
are used to connect the wythes together, interrupt the
foam insulation layer.

Thermal bridges allow heat energy (thermal
conductivity) to escape through the wall at a fast
rate. Heat energy will always travel from a higher
temperature to a lower temperature. The greater the
difference in temperature, the faster the heat energy
will travel.

When the transfer of heat energy occurs in a wall,

it will create a cold spot. Cold spots are not only
unsightly, they also allow condensation and freeze
thaw areas to form. Thermal bridges will also lead to
damage of the building’s walls and greatly reduce the
insulating properties of the building.

Warm Side of Wall
Cold Side of Wall

HUHH

To prevent the forming of concrete thermal bridges
and/or infiltration of air, the rigid foam insulation .
should not be interrupted by block-outs for inserts Thermal Brldge Effect
or other embedment. The sheets should be placed
tightly together with any gaps between the rigid foam
sheets wider than 1/8", sealed with foam caulk or foam
insulation sealing tape.

As the insulation in any internally insulated tilt-up wall
panel is subjected to a significant amount of moisture
condensation, due to the insulation being enclosed

in concrete, the “dew point” of the wall will usually
occur inside the insulation layer. The “dew point” is

a measure of the amount of moisture inside the wall.
When metal ties are used to connect the wythes, the
moisture hidden inside the wall will condense on the Cold Spots at Insert Blockouts
ties, causing the metal ties to fail due to corrosion
(rust). When a sufficient number of metal ties fail, the
outer wythe will delaminate from the wall.

The non-metallic design of the Delta Tie is unique

in both design and concept; allowing insulation to
be installed from panel edge to panel edge which
eliminates the formation of thermal bridges and their
costly energy loss.
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Delta Tie Design

For any given internally insulated concrete tilt-up panel, the load, shear and moment diagrams define the
required panel stiffness for both the permanent in-place loads and the temporary loads imposed during the
erection process.

By using the P24 Delta Tie, the engineer is able to keep the thermal benefits of a fully insulated non-composite
panel, yet increase the panel’s stiffness. By selecting the appropriate Delta Tie spacing, a panel can now be
designed having up to 50% of the moment capacity (composite action) of a solid, non-insulated panel. This
design will allow both wythes to support a portion of the imposed loads, resulting in a stiffer and stronger panel.

Delta Tie Design Chart

| Calalog ===mP24 ==e=\WJEDala ——P24XL ===mPoly. (P24) —Poly. (P24XL) | Load CapaC|t|es

p DeltaTie | Insulation | ension Shear
Type | Thickness Caﬂzcs'ty* Caplgcslty*

90 \
8 \\ P24

\\ y=-0.1994)7 + 4 9556x2|- 42 333x + 137,56 (5x7) 1t04 3100 3400
70 iN

P24XL
\ ©x11) 1to5 5800 3700

60 \\
50 P24XL 6 3400 | 3075
. \\ (9x11)

Percent Composite Action

N~ P24XL
) \\\\ oy |7 4000 | 2800
2 y=-0.143px3 + 3.568x7 - 30.48x + 99.04 \ "-l~=_.‘.=_ P24XL 8 3200 1650
e | —— (9x11)

‘ *Ultimate Strength Per Tie. Factor Of
| Safety is variable based on the panel
0 1 2 3 4 5 8 7 8 9 configuration.

Square Feet Per Tie

Displacement

The results from one full- 10,000 P S T ——p— Midspan
scale panel test show the load m — South 1/4 Pt
deflection responses of the E 3,000 Failure of First Wythe Connector L North 1/4 Pt
panel' All full-scale test panels = Major Failure of Wythe Connectors
exhibited a similar failure mode. B
After first cracking, the load S 6000 - -
deflection behavior was linear ®
until the load at which the highly Cracting Load /
stressed Delta Ties begin to fail. 4,000 y / /

2,000

0 T T T I I I 1
0.00 2,00 4.00 6.00 8.00 10.00 12.00
Deflection (in.)

Note: All test panels were 6'-0" wide x 37'-0" long x 3"/2"/3" thick.
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Engineering Details

Minimum Wythe Thickness

A minimum external wythe thickness of 2" is
recommended. If architectural features, such as
reveals, a formliner or exposed aggregate, are
present in the exterior wythe, then the minimum
thickness would be 2" plus the thickness of the
architectural feature.

EXAMPLE: For a wythe having a 3" reveal, the
minimum thickness would be 34" + 2" or 234"
minimum.

The structural wythe thickness will vary depend-
ing on application of the panel (cladding or load
bearing) and the imposed loads to which the
panel will be subjected. The Engineer of Record
for the building project must determine the ac-
tual wythe thickness.

Concrete/Reinforcing Steel

Normally, a high quality, normal weight concrete
having a minimum 28-day compressive strength of
at least 4,000 psi is specified. Self-consolidating
concrete (SCC) should not be used in the thin
exterior wythe, as workers must walk on top of
the foam insulation during installation of the P24
Delta Ties and the SCC will not support the weight
of the workers.

The concrete mix design for the exterior wythe
should specify a maximum aggregate size of 34",
The use of a larger size aggregate will interfere
with the installation of the Delta Tie.

The design-mix should specify a slump of between
4" and 6" out of the ready-mix truck at the jobsite.

The exterior and interior wythes should be
reinforced per the American Concrete Institute’s
Building Code Requirements for Structural, ACI
318 Latest Revision. Normally, #4 reinforcing bars
spaced at 12" on centers each way and located in
the center of the interior wythe will be sufficient.

The use of flat sheet welded wire fabric (mesh) is
normally used in the exterior wythe.

0.118" -

Composite Moment Capacity

For any given sandwich panel the shear and
moment diagrams define the required panel
stiffness. The panel stiffness may be altered as
necessary pending panel parameters, by adjusting
the tie distribution as a function of the internal
shear and moment forces. The two examples below
illustrate the required stiffness (percent composite
action) necessary to develop the shear and moment
forces.

1. A panel measuring 37-0" long by 6'-0" wide (11.28
meters x 1.83 meters) with a 3-2-3 (76-50-76)
wythe pattern must have a 5% composite action to
achieve a flat lift with 4x2 rigging.

2. A 2-2-2 (50-50-50) panel of same size requires a
20% composite action for the same rigging.

In order to employ the least amount of concrete to
save weight, the percent of composite action must
increase. A small upward adjustment can be realized
by a minimal addition of ties strategically placed at
the zones of maximum shear.

20,000 (2765) ‘ ‘ ‘
=1 2489) |—
g 8,000 (2459) Chart based on 6'-0"
S 16,000 (2212) || (1.83 Meters) _Panel Width 3.2-3
£ fc = 5,000 psi (35 MPa)
g 14,000 (1936) |—| fba = 424 psi
<)
2 12,000 (1659)
53
@
£ 10,000 (1382)
::-‘ 2-2-2
3 8000 (1106)
S
2 6,000 (829)
©
o
2 4000 (553) //
£ L —
S 2000 (276) =
s —

0

0% 10% 20% 30% 40% 50% 60%

Percent Composite

A

A
2N

0.15" |-
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Application Steps for Composite Action

1. After installing the required exterior wythe’s welded wire fabric,
place and screed the concrete to it specified thickness. Flat
sheet mesh and concrete design mix using a superplasticizer
admixture are recommended.

2. Cut the first strip of foam to
12" width and place it tightly
against the side of the form.

3. Insert the first row of Delta
Ties spaced vertically as
required. If the tie hits the
reinforcing mesh, prior
to reaching its minimum
embedment depth, move
the tie slightly so that the
reinforcing mesh sits in the
depressed “V" section of the
tie. NOTE: The minimum tie
embedment into the fresh
concrete shall be 174",

4. Adding the remaining courses
of insulation and connectors.
Foam-back tape is available
for sealing the insulation
joints, if necessary.

5. When all of the foam sections
and connectors have been
placed, the top concrete
wythe is poured and screeded
as necessary.

6. After proper concrete set, the
panel may be removed from the |
form and the process repeated.

_'|130;‘nl|m]|'_(6102n:m)_'|'_(6102lr:m)_'|'_(6102n:m)_'| |'_(6102n:m)_'|'_(51Dzn:m)_'l{sugrrllml'_ ’l{su;nlnm“—(1zzg;nm)4’|

Important Information:

It is critical that Steps #1
through #6 be completed
immediately after the
bottom wythe has been
consolidated and leveled
to its required thickness,
no later than 15-20
minutes after placement
of the concrete to ensure
it is still plastic. If the
Delta Tie is not embedded
into the concrete while
the concrete is still
plastic, the concrete will
not properly engage the
Delta Tie.

As the P24 Delta Tie is a
one-way shear connector,
meaning it is stronger in
one direction than it is in
the other direction, care
must be taken to make
certain it is installed in its
intended orientation in
the panel.

When using the Dayton
Superior P24 Delta

Tie, the lifting inserts
and brace anchors are
installed in the structural
wythe ONLY resulting in
no thermal bridge.

|‘_(1 zzg;nm)_’l(ao;n;m)|"_

p. (305mm)

<2~

0 v

~~

t
1 ;I'yp. (305mm)

|

-

2' Typ.(610mm)

4

—_—~—
"]

2' Typ.(610mm)

Typical Delta Tie Placement
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Typical Construction Details

Roofs and Parapets

Insert Detail Footi d Wall
nsert Detai ooting and Wal Standard Joint

(Plain View)

Roof at Wall

Corners

45 Degree Joint
(Plain View)

Butt Joint
(Plain View)

openings Parapet Wall

Additional Ties at Parapet

G s :
Loading Dock Overhead Door
(Plain View) (Plain View)

Man Door
(Plain View)
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CONCRETE ACCESSORIES

Accubrace®

Aztec®

Bar Lock®

Corewall®

Fleet-Lift™

Swift Lift®

Taper-Lock®

CONSTRUCTION CHEMICALS
Unitex®

DAYTON SUPERIOR BRANDS

FORMING PRODUCTS
Symons®
Max-A-Form®
Steel-Ply®
Sym-Ply®

BRIDGE DECK FORMING
Adjustable Joist Hangers
Bridge Overhang Brackets
Haunch and Fillet Forming
Pres-Steel, Coil Rod and Con-Beam
Hangers
Screed Supports

CHEMICALS
Bond Breakers
Cleaners / Strippers
Concrete Repair/Restoration
Curing Compounds / Sealers
Epoxies
Floor Levelers
Form Release Agents
Grout
Hardeners / Industrial Toppings
Liquid Densifiers
Surface Retarders

FORMING AND SHORING
Aluminum Shoring
Ganged Formwork
Garage Beam System
Handset Formwork
Highway Forms
Jump Forms
Modular Deck Shoring
One Sided Frames
Self Spanning Forms
Steel Frame Shoring

FORMLINERS
ABS Plastic
Polystyrene Plastic

PAVING
Dowel Bar Expansion Caps
Dowel Bar Retrofit System
Elastomeric and Hot Pour Joint Seal
Metal Keyway Form Systems
Tie Bar Assemblies
Transverse Bar Assemblies
Welded Dowel Assemblies
Wire Baskets without Dowels

PRECAST
Anchors and Lift Systems
Coil / Ferrule Inserts
Core Plugs
Magnets
Precast Forms
Rustications/Chamfers
Sandwich Panel Connector
Shear Connectors
Slotted Inserts

DAYTON SUPERIOR PRODUCTS

REBAR SPLICING
Forged Dowel Bar Couplers
Lockshear Bolt Couplers
Shear Resistance Products
Straight Thread Couplers
Taper Thread Couplers

REBAR SUPPORTS

Concrete Dobies

Continuous Plastic and Steel
Bar Supports

Individual Plastic and Steel
Bar Supports

Mesh Chairs

Paving Chairs

Side Form Spacers

TIES AND ACCESSORIES
Modular Form Ties
Single Waler System
Ties and Accessories

TILT-UP
Braces and Brace Anchors
Helical Ground Anchors
Setting Plugs
Strongback System
Tilt-Up Anchors and Lifting Systems

CORPORATE HEADQUARTERS
1125 Byers Road
Miamisburg, OH 45342
937-866-0711

WWW.DAYTONSUPERIOR
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CONTACT INFORMATION

ACCESSORIES AND CHEMICALS
Customer Service: 888-977-9600
Technical Assistance: 877-266-7732
info@daytonsuperior.com
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BUILDING

FORMING PRODUCTS
Customer Service: 800-800-7966
Technical Assistance: 877-266-7732
info@daytonsuperior.com
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