


















































2.8.3 Non-Composite Panels

For flat panels, the interior wythe is usually assumed to
be the structural wythe and is designed to support the
panel loads. For double tee wall panels, the wythe contain-
ing the stems is generally chosen to be the structural
wythe. If the non-structural wythe does not bear on the
structure below, its weight must be transferred to the struc-
tural wythe. Connectors are used to support the non-struc-
tural wythe as described in Section 2.4.2. Loading and de-
sign are the same as described in Sections 2.8.1 and 2.8.2
above. Examples of non-composite designs are detailed in
Appendix A. Flexural design of non-composite panels is
described in Section 2.7.2.

2.8.4 Composite Panels

Handling and service loads are resisted by the two wythes
acting in unison. In order to provide for composite behavior,
measures must be taken to ensure transfer of the calculated
shear between the wythes in the direction of panel span.
Rigid ties, welded wired trusses or regions of solid concrete
that join both wythes are used to achieve composite panels.
Loading and design are the same as described in Sections
2.8.1 and 2.8.2. Examples of composite panel designs are
detailed in Appendix A. Flexural design of composite panels
is described in Section 2.7.3.

2.8.5 Semi-Composite Panels

For effects of slenderness, the sum of the individual mo-
ments of inertia may be used. Loading and design are as de-
scribed in Sections 2.8.1 and 2.8.2 . Flexural design of semi-
composite panels is described in Section 2.7.4.

2.9 SHEAR WALL CONSIDERATIONS

2.9.1 General

Sandwich wall panels may be arranged to resist lateral
loads imposed on a structure by acting as vertical cantilever
beams from the foundation. For most configurations, the
portion of the total lateral force that each wall resists is
based on the bending and shear resistance of the wall. The
design of shear wall buildings is performed in accordance
with Sections 3.7 and 3.10 of the PCI Design Handbook,
Fourth Edition.?

Connecting long lengths of wall panels together can result
in an undesirable buildup of forces due to volume change;
thus, it is preferable to resist the lateral loads by individual
panels or by only small groups of panels.

If there is uplift at the base of the shear wall, a connection
similar to that shown in Section 2.10.2.4 can be designed to
transfer the force to the foundation. Connections to the roof
or floor similar to Sections 2.10.3 or 2.10.5 must transfer the
diaphragm forces to the shear wall panel and satisfy struc-
tural integrity requirements.

Example designs of shear wall panels can be found in Ap-
pendix A and in Section 3.7 of the PCI Design Handbook,
Fourth Edition.?
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2.9.2 Non-Composite Panels

Lateral load resistance of a non-composite panel is based
on the stiffness of the structural wythe only. Shear wall con-
nections at the foundation and at the roof or floor diaphragm
are made to the structural wythes.

2.9.3 Composite Panels

The bending and shear resistance of a composite panel are
based on the composite section of the sandwich panel. Con-
nections can be made to either wythe and are usually located
at solid areas where the insulation is interrupted.

2.9.4 Semi-Composite Panels

Lateral load resistance of a semi-composite panel is based
on the structural wythe, the same as for a non-composite
panel. The comments for non-composite panels above are
the same for semi-composite shear wall panels.

2.10 EXTERNAL CONNECTIONS

2.10.1 General

This section includes examples of connection details of
sandwich wall panels to foundations, to other framing mem-
bers of a structure, and to each other. The details included
are neither all inclusive or necessarily the best possible ar-
rangements. Most of the details come from sandwich wall
panel system brochures, from precasters’ standard connec-
tions and from actual construction projects. The details are
included to present ideas and to illustrate connections com-
monly used. Consultation with local precasters is recom-
mended when planning connection design. Precasters can ad-
vise which types of connections would be most appropriate
and economical for a given sandwich wall panel application.

Selection of a connection detail for a specific project re-
quires consideration of strength requirements, energy per-
formance and load transfer paths. Production, erection, ser-
viceability and durability should also be considered. This
state-of-the-art report presents connection ideas and general-
ities; thus, detailed design information is not shown on the
sketches. Sizes of plates, weld size and lengths and joint di-
mensions have been purposely omitted. The connections
should be designed using the principles and examples of the
PCI Design Handbook, Fourth Edition® and PCI MNL-123,
Design and Typical Details of Connections for Precast and
Prestressed Concrete, Second Edition.* The requirements for
structural intégrity, as outlined in the PCI Design Hand-
book, Fourth Edition? Section 3.10, and ACI 318-95,' Chap-
ters 7 and 16, must also be satisfied.

The following detail sketches are arranged in groups ac-
cording to the location of the connection on the panel and
what the panel is connected to. Within each category, the
description of the details, including features and considera-
tions, is given followed by sketches of the details. The de-
tails include the following categories:

* Panel base to foundation connections
* Panel top to roof connections
* Panel to lintel beam connections
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2.13 FIRE RESISTANCE

The fire endurance of sandwich wall panels can be esti-
mated by using the procedure as outlined in the PCI Design
Handbook, Fourth Edition,? and in PCI MNL 124.* Some
panel systems have been tested to provide these data. Once
the fire endurance of each individual element is known, the
estimated fire endurance of the assembly can be calculated
using the formula:

R= (R + R + RP59)17

To show the application of the above equation, two exam-
ples are given.

Example 1 — Calculate the estimated fire endurance of a
panel consisting of a 3 in. (76 mm) inside wythe, 2 in. (51
mm) of expanded polystyrene insulation, and a 2 in. (51 mm)
exterior wythe. The concrete contains siliceous aggregate.

R, = fire endurance of 3 in. (76 mm) wythe = 45 minutes

R, = fire endurance of 2 in. (5§51 mm) polystyrene = 5 min-
utes (as determined from fire tests; reference PCI De-
sign Handbook)

R5 = fire endurance of 2 in. (51 mm) wythe = 26 minutes

Substituting the above values in the given equation:

R = (R ]0.59 + R20,59 + R30.59)1A7
- [(45)0.59 + (5)0.59 + (26)0,59]#.7
= 148 minutes = 2 hours 28 minutes

In general, the joints between sandwich wall panels do not
require special treatment. PCI MNL 124¢ contains discus-
sion related to the treatment of joints. Local building codes
and MNL 124 should be referenced for specific project re-
quirements. Should special joint treatments be required, in-
terpolation of the graphic values of MNL 124 is accepted
practice.

Example 2 — Determine the fire endurance of a /2 in.
(13 mm) wide butt joint between 6 in. (152 mm) thick pan-
els utilizing a 1 in. (25.4 mm) thickness of ceramic fiber
blanket.

From Fig. 8.5 of MNL 124,* the fire endurance of a 1 in.
(25.4 mm) joint is approximately 1.7 hours and the fire en-
durance of a ¥s in. (9.5 mm) joint is approximately 3 hours.

By interpolation, the estimated fire endurance of a /2 in.
(13 mm) wide joint is:

R=3-[3-1.7)(0.5-0.375)/(1 - 0.375)]
= 2.74 hours

CHAPTER 3 — INSULATION AND THERMAL PERFORMANCE

3.1 GENERAL INFORMATION

Concrete sandwich wall panels provide the best structural
insulating system by positioning the most vulnerable part of
the assembly, the insulation, between two durable layers of
concrete. With this insulating technique, construction time is
reduced while the owner receives a durable, low mainte-
nance, fire resistant wall assembly that delivers the highest
R-value per unit cost.

Parallel to the development of sandwich walls by the con-
crete industry is an urgency in the construction industry to
develop procedures to calculate the actual performance
characteristics of building envelopes. This move to building
energy performance is manifested in the most recent
ASHRAE standard published in cooperation with the De-
partment of Energy (DOE) and the Environmental Protec-
tion Agency (EPA). This document, better known as
ASHRAE Standard 90.1,° based on the previous Standards
90-A and 90-75, sets strict compliance guidelines for build-
ing design and calculation of performance for the entire con-
structed facility. This standard focuses on all new construc-
tion, covering most building types. As a standard, 90.1 has
been adopted into the local building codes of all 50 states as
well as the three national building codes, BOCA, SSBCI,
and ICBO. The final form of this standard is a part of the
New Model Energy Code, also known as the Energy Policy
Act of 1992.

ASHRAE Standard 90.1° is an adopted energy language
that contributes to the initial design, the analysis of a design,
the construction, and the operation of new facilities. Build-
ing codes based on these latest revisions to energy perfor-
mance now include tighter minimum U-values for each as-
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sembly contributing to a building’s envelope. This effect has
mandated the improvement of calculation procedures, en-
ergy testing, and material production. Energy calculations
have been adopted to benefit the owner in selecting enve-
lope assemblies as well as benefiting the producer in mar-
keting a quality product.

These calculation procedures are covered in Section 3.4.
In addition to requiring tighter performance in every assem-
bly contributing to the envelope, the energy codes have also
reached to the manufactured materials used to produce the
given assemblies. Insulation materials have been signifi-
cantly affected by these code requirements and are dis-
cussed in Section 3.2.

3.2 INSULATION TYPES

Although there are many insulation types on the market
today, insulated concrete sandwich walls utilize a cellular
(rigid) insulation because it provides those material proper-
ties that are most compatible with concrete. These material
properties include moisture absorption, dimensional stabil-
ity, coefficient of expansion and compressive and flexural
strengths. The selection of the insulation type to enhance en-
ergy performance is as important as the reinforcement
needed to enhance structural performance. Depending on
site location, climate variables, and operating conditions, in-
sulation selection can affect the longevity of the panel’s in-
tended effectiveness.

Cellular insulation used in the manufacture of sandwich
panels comes in two primary forms, thermoplastic and ther-
mosetting. The thermoplastic insulations are better known
as molded expanded polystyrene (beadboard) and extruded
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curing system capable of providing external heat to ac-
celerate the concrete heat of hydration so as to permit
daily casting. The curing system usually incorporates
controls to hold the preset temperature of the freshly
placed concrete according to the procedures contained
in PCI MNL-116.8

The maximum curing temperature needs to be carefully
determined and monitored because some insulation materi-
als become unstable at 160°F (71°C). Many manufacturers
use a maximum curing temperature of 140°F (60°C). Under
high heat, extruded polystyrene may expand its thickness
by 50 percent, causing a “blowout,” and expanded
polystyrene may shrink causing gaps between the insula-
tion and concrete.

Special attention (such as tenting of curing tarps) is
given to the curing of the top and bottom wythes be-
cause heat applied from the bottom of the panel is pre-
vented from reaching the top wythe by the presence of
the insulation.

4.5 HANDLING

Handling, yarding, storage and shipping requires special-
ized equipment and personnel experienced with this prod-
uct. Products should be stored so that their weight is sup-
ported on the structural wythe.

4.6 FINISHES

Finishes on sandwich panels can be varied depending on
the design requirements, method of casting and budget for
the project.

The bottom wythe finish provided by steel or wood forms
is a smooth finish suitable for either interior or exterior use.
Coatings such as paint or stain can be used to provide an ex-
cellent completed surface. Various textured finishes can also
be provided on the bottom wythe by using form liners
placed on the form.

The top wythe finish can be produced with a variety of fin-
ishes, both by hand and by machinery. These finishes include
rake, rolled and imprinted. Designers usually check with
local manufacturers to determine the cost of different fin-
ishes prior to detailing. A finish available from one manufac-
turer may not be available from another. Manufacturers have
gone to great expense to develop certain finishes that they
find are acceptable to a wide range of products. Variations
from the norm may greatly increase the cost of the panels.

4.7 DETENSIONING

Prestressing strands are detensioned using the same pro-
cedures as with other prestressed concrete products. The
strands are generally cut using cutting torches or saws. Spe-
cial care is given when cutting strands located in thin con-
crete wythes so that strand impact forces are minimized.

CHAPTER 5 — PRODUCT TOLERANCES, CRACKING AND REPAIRS

5.1 TOLERANCES

5.1.1 Manufacturing Tolerances

The manufacturing tolerances as presented in PCI MNL
116® for “Insulated Wall Panels — Single-Story Structures”
are typically used for both single-story sandwich panels and
multistory sandwich panels. Because sandwich panels are
usually cast in long line forms similar to other prestressed
concrete products, the manufacturing tolerances of PCI
MNL 117-96 Manual for Quality Control for Plants and
Production of Architectural Precast Concrete Products® are
not applicable to sandwich panels.

5.1.2 Erection Tolerances

The erection tolerances as stated for structural wall panels
in the PCI Design Handbook, Fourth Edition,? are normally
used.

5.1.3 Relationships Between Different Tolerances

Confusion sometimes arises concerning whether or not an
in-place panel is within specified tolerances. To help clarify
this situation, the first two paragraphs of Section 8.1.5 of the
PCI Design Handbook, Fourth Edition,? are reprinted in
their entirety.

“A precast member is erected so that its primary con-
trol surface is in conformance with the established erec-
tion and interfacing tolerances. The secondary control

130

surfaces are generally not directly positioned during
erection, but are controlled by the product tolerances.
Thus, if the primary control surfaces are within erection
tolerances, the member is erected within tolerance. The
result is that the tolerance limit for the secondary surface
may be the sum of the product and erection tolerances.

Since tolerances for some features of a precast mem-
ber may be additive, it must be clear to the erector
which are the primary control surfaces. If both primary
and secondary surfaces must be controlled, provisions
for adjustment should be included. The accumulated
tolerance limits may have to be accommodated in the
interface clearance. Surface and feature control re-
quirements should be clearly outlined in the plans and
specifications.”

5.2 CRACKING

The addition of prestressing helps control cracking, but
sandwich panels crack in ways similar to other concrete wall
panels. Some of the same cracks are those that occur at re-
entrant corners, transverse cracks due to handling and longi-
tudinal cracks due to prestress splitting forces or handling.
In addition, some cracks have been observed at locations
where the insulation is discontinuous, such as at the ends of
panels detailed with a solid end block. None of these cracks
are normally cause for rejection, but the designer, manufac-
turer, shipper and erector can and should take measures to
reduce the occurrence of these cracks.
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5.3 REPAIRS

Repairs to cracks in sandwich panels are generally not
structural repairs. In other words, the repairs normally do
not return the cracked panel to its original uncracked stiff-
ness. The use of epoxy injection is not applicable in areas
where insulation is located because once the epoxy pene-
trates the injected wythe, there then exists an unlimited path
of travel for the epoxy at the concrete to insulation interface.

“Painting” of the cracks with injection epoxy is sometimes
used to seal the cracks.

Cracks that are located on the interior of the building and
are transverse to the prestressing strands are usually small in
width. If the interior of the structure is not in an aggressive
environment, these interior cracks are usually not repaired.
If the surface is to be painted, the painter can treat these
cracks in the same manner used to treat any concrete crack
prior to painting, such as spackling.

CHAPTER 6 — HANDLING, SHIPPING AND STORAGE OF SANDWICH PANELS

6.1 PANEL LENGTH AND WIDTH

Sandwich panel length and width vary due to project re-
quirements, form size, handling equipment capabilities and
transportation limitations. In some parts of the United
States, shipping laws allow unescorted, permitted trans-
portation of 12 ft (3.66 m) wide panels, but in other areas
this maximum width is only 10 ft (3.05 m). Panels as wide
as 14 ft (4.27 m) and as long as 60 ft (18.3 m) have been
manufactured and transported.

Panels are handled in conformance with the design re-
quirements. Panels are either back stripped using standard
lifting devices or special vacuum lifts, or they are edge
picked if cast on a special tilt table. Narrow panels may be
handled using side clamp lifting devices. Choice of lifting
points and stress analysis is done in accordance with the PCI
Design Handbook, Fourth Edition, Chapter 5.2

6.2 SHIPPING

Sandwich panels are shipped either on edge or in the flat
position. The shipping position is dependent on equipment
availability, form face finish requirements, transportation
equipment, and the flexural design of the panel.

When panels are shipped on their edge, consideration of
localized bearing stresses must be given in order to prevent
chipping and spalling. Non-composite panels should be
loaded so that only the structural wythe sits on dunnage.

Panels receiving a special finish are often edge shipped to
prevent damage or staining to the finish.

When panels are shipped in the flat position, more panels
can usually be shipped per load. Some items requiring atten-
tion are:
® Length of panels vs. length of trailer. If the trailer is flexi-

ble (such as a stretch trailer), over-stressing of the panel

may result.

* Dunnage is usually positioned at the lift point locations.

® Job site access needs to be such that torsional twist of the
trailer and panel is minimized or eliminated.

6.3 PANEL STORAGE

Plant storage is determined by the method of stripping
and/or shipping. Ideally, the panel is stored in the same po-
sition in which it is shipped. This reduces handling, thus re-
ducing cost and opportunities for damage.

Job site storage of sandwich panels is undesirable because
the panels need to be stored on dunnage resting on clear,
firm, flat areas. Areas such as these are not found on most
job sites. Job site storage also creates additional handling
unless the trailers are “dropped.” On most industrial build-
ings, the general contractor requests that some panels be left
out for equipment access during construction. These panels
can be leaned against the structure adjacent to their final lo-
cation, and shouid be securely tied off to the structure.

CHAPTER 7 — ERECTION OF SANDWICH PANELS

7.1 PANEL HANDLING AND JOB SITE STORAGE

Panel handling at the job site is basically the same as pre-
viously described in Chapter 6. The only difference may be
the equipment used and the type of rigging employed. The
panel manufacturer considers the type of equipment/rigging
to be used and specifies proper handling techniques so that
the panel is not damaged during the unloading process.
Some manufacturers show handling diagrams on the
precast/prestressed concrete erection drawings.

7.2 PANEL ERECTION

Panel erection is performed with proper sized cranes and-

rigging. Erection diagrams showing hook-up locations and
tripping procedures are often a part of the manufacturer’s
drawings. Panel handling procedures are described in the
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PCI Design Handbook, Fourth Edition, Chapter 5,> and PCI
MNL-127-85, Recommended Practice for Erection of Pre-
cast Concrete. "

7.3 PANEL BRACING

The use of temporary bracing is sometimes required dur-
ing the erection of loadbearing panels. Most often, wall
braces are used to acomplish this, an alternative being a
temporary beam and column system. Wall braces are com-
monly either inclined pipe columns or tube columns, placed
between the panel and either the floor slab or a deadman.
Deadmen can be either temporary or permanent. Structure
foundations, such as spread footings at columns, may also
be used to temporarily brace the panels. Braces can be
rented from several industry suppliers who will also provide
load tables appropriate for the particular brace.
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CHAPTER 8 — INSPECTION OF SANDWICH PANELS

8.1 PLANT INSPECTION

Inspection of sandwich wall panels at the manufacturing
facility follows normal pre-pour and post-pour quality
control procedures as outlined in PCI MNL 116.® Particu-
lar attention needs to be given to the location of the pre-
stressing strands, the location of lifting devices and wythe
thickness. Periodic inspection of the panels in storage is a
good practice. Any cracking, chipping or spalling is more
easily repaired prior to shipping. A final general inspec-

tion is usually conducted by the loading crew during the
loading process.

8.2 JOB SITE INSPECTION

Remedial work is normally performed by the precaster
prior to final inspection by the general contractor and
owner’s representative. Acceptance of the panels is based on
fulfilling the written project requirements. These require-
ments normally reference PCI MNL 116.¢
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