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Full Scale Testing of Precast Concrete Sandwich Panels

by David C. Saimon, Amin Einea, Maher K. Tadros, and Todd D. Culp

This paper describes newly developed precast concrete sandwich panels. The
panels use a new system of fiber reinforced plastic (FRP) connectors, devel-
oped at the University of Nebraska's Center for Infrastructure Research, for
transferring shear forces from one concrete wythe to the other. The use of
FRP as the connector material increases the thermal efficiency of the panels
compared o panels that contain steel or concrete connectors, The geometry
and material properties of the new connector provide sufficient strength and
stiffness for a significant transfer of shear between the two concrete wythes.
The results of structural tests are analyzed and design recommendations are
presented. Description of an accompanying thermal performance testing of
these panels is also included.

Four full-scale specimens were tested in a vertical position. Two of the
specimens contain the new FRP connectors, and two contain steel truss
connectors. Measurements of load versus panel deflection and load versus
connector stress are provided. The ultimate strength of the panels contain-
ing the new connector were found comparable 1o the strength expected of
Jully composite panels.

The design of panels containing the proposed FRP connecting system can
be undertaken in a manner similar to that of fully composite panels. Uli-
mate strength of the panels can be computed assuming full composite
action between the concrete wythes, if sufficient shear connectors are pro-
vided and the panels are not over-reinforced.
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efficient; thermally efficient; walls.

INTRODUCTION

Precast concrete sandwich panels (PCSPs) are used world-
wide, primarily in the commercial building sector, to provide
an insulated outer shell to buildings. This insulated shell re-
duces heating and cooling costs for the structure. Fig. 1
shows a typical PCSP detail containing the primary panel
components: outer concrete layers (wythes) surrounding an
insulation layer. The concrete wythes are connected through
the insulation layer by means of various types of connectors.

Structural behavior of the panels depends on the strength
and stiffness of the connectors while the thermal resistance of
the insulation wythe governs the insulative value of the panel.
When the strength and stiffness of the connectors are suffi-
cient to transfer the shear forces caused by bending between
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the outer and inner concrete wythes the panel is called fully
composite. Connectors with low shear resistance typically
transfer minimal shear force from one concrete wythe to the
other. Panels utilizing such connecting systems are considered
non-composite. Partially composite panels lie in between
these two extremes and provide some shear force transfer be-
tween the wythes. Fig. 2 shows typical bending stress and
strain diagrams for each panel type. The shear deformation A
between the concrete wythes is not negligible for either the
non-composite or partially composite panel types. It is as-
sumed to be negligible for fully composite panels.

Current practice in the U.S. is to use one of two basic panel
configurations: 1) where strength is required a composite
sandwich panel is used with stiff connectors usually made of
steel or concrete; and 2) where less strength is required, a
partially or non-composite panel is used. The use of fully
composite panels has carried with it a loss of insulative value
caused by thermal bridging through the highly conductive
steel or concrete structural connectors. Non-composite pan-
els are generally considerably more energy efficient. A de-
tailed description and comparison of the different types of
PCSPs is available in Reference 1.

RESEARCH SIGNIFICANCE

The University of Nebraska-Lincoln’s Center for Infra-
structure Research, in cooperation with Wilson Concrete
Company and the Nebraska Energy Office, is currently re-
searching alternatives to current practice with the objective
of producing composite sandwich panels with the same insu-
lative value as currently available, non-composite panels.
This paper presents the results of full-scale tests of prototype
panels, analysis methodology, and a suggested design proce-
dure suitable for the new panel system.
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BACKGROUND .

A description of some popular types of PCSPs is available
in Reference 1. The vast majority of these panels fall into
two groups: energy efficient, non-composite panels with
limited shear connection between the wythes but low struc-
tural efficiency, and structurally efficient panels with steel or
concrete connections between the wythes and low thermal
efficiency. Fig. 3(a) shows a newly developed panel connec-
tor that is both structurally and thermally efficient.>3#

The new connector design consists of one or more fiber-
reinforced plastic (FRP) bent bar connectors that form the di-
agonals of a truss along the length of the panel. One or more
lines of connectors may be placed within the panel to transfer
shear force from one wythe to the other, The thermal resis-
tance of the new system arises from a continuous insulation
layer with no thermally conductive penetrations. This is ac-
complished by encasing the connector within an insulation
block before placing the connector in the panel. In addition
to preventing concrete penetrations through the insulation
layer, encasing the FRP bent bar connector within this insu-
lation block provides for easier handling and placement of
the connector.

The thickness of each concrete wythe of a PCSP depends
on its structural function, concrete cover, anchorage of con-
nectors, stripping, and finish. Non-composite panels typical-
ly have a thicker structural wythe backing a thinner
architectural wythe. The structural wythe is assumed to carry
all lateral and axial loads. Composite panels typically have
wythes of equal thickness and act as a single structural Sys-
tem to carry axial and lateral loads. Composite panels gener-
ally have an overall thickness less than that of non-
composite panels. Although some publications®® contain
guidelines for wythe thickness, each PCSP producer deter-
mines appropriate thickness for his own practice.

The insulation layer mainly controls the thermal efficiency
of the panel. This efficiency is a function of the insulation
material and thickness and the amount and type of penetra-
tions through this layer. The design of the insulation layer is
based on the thermal properties of the insulation material, the
design interior temperature of the structure, and the desired
thermal resistance of the panel. Generally, a minimum thick-
ness of 1 in. is used. The insulation should have low absorp-
tion to minimize the loss of water from the freshly placed
concrete during panel manufacturing,
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Fig. I—Sandwich panel section

The connection between the concrete wythes determines
the structural behavior of the panel and helps to keep the in-
sulation in place. Bond between the insulation and the con-
crete wythes provides some shear transfer, but this bond
deteriorates over time and will not provide strength over the
lifetime of the panel. A number of different connection strat-
egies have been used.! Two main connector categories exist:
shear and non-shear connectors.

Non-shear connectors resist insignificant shear force and
generally used in non-composite PCSPs. The connectors in
non-composite PCSPs primarily resist the tensile forces re-
quired to maintain the integrity of the panel by keeping both
concrete wythes attached.

Shear connectors must provide adequate strength and stiff-
ness to produce significant composite behavior in the panel.
At service loads, the connector stiffness governs the degree
to which the two concrete wythes act as a structural unit,
However, the connectors must also provide adequate
strength to resist the design loads of the panel. In addition,
thermal deflections in long PCSPs can be significant. These
deflections can breach the building envelope, especially at
corners near the southern exposure of the building. Thermal
deflections are proportional to the stiffness of the connectors
and represent a design tradeoff between developing full
composite action for resisting lateral loads, and reducing
composite action to reduce thermal deflections. Thermal de-
flections of sandwich panels are discussed in References 1
and 7.

Preliminary small-scale testing of the structural perfor-
mance of the FRP bent bar connector consisted of two tests:
a push-off test to evaluate shear strength, and a bending test
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