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A new precast concrete sandwich panel
system with a high thermal resistance and
optimum structural performance has been
developed. A hybrid truss provides the
connector in this panel system — the
diagonals are fiber-reinforced plastic bars and
the chords are prestressed steel strands.
Each connector consists of a fiber-reinforced
plastic bar fabricated in a deformed spiral
shape through which a pair of prestressing
strands is threaded to provide anchorage in
the concrete wythes. The developed shear
connecting system is described together with
its advantages. An experimental and
analytical investigation of the connecting
system was conducted. The experimental
program included testing of small scale
specimens by push-off (pure shear) loading,
small scale specimens by flexural loading,
and full scale panels by flexural loading. The
analytical investigation included finite element
modeling of the fested small scale specimens
and comparisons with theory of elasticity
solutions. Experimental and analytical resulls
from finite element modeling and from theory
of elasticity equations correlated well and
showed that the developed pansal system
meets the objectives of the research and is
expected o have a promising future.
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recast concrete sandwich panels

(PC&Ps) are structurally and

thermally efficient elements
used for exterior walls in multi-unit
residential, commercial, und ware-
house buildings throughout Marth
America. A typical PCSP consists of
two precast reinforced concreee layers
{ealled wythes) separated by u layer of
insulation and joined with connectors
that penetrate the insulanon laver.

The connectors used in the majorty
of available PCSP systems consist of
concrete webs or blocks. steel ele-
ments, or a combination of these com-
ponents. Because of their low thermal
resistance, sieel and concrete connec-
tors can significantly reduce the effec-
tive thermal resistance of the panel
through thermal bridging,

PCS5Ps outperform other construc-
non matenals because of their superor
thermal and structural efficiency. For
example. PCSP walls require lower
peak Ioads by about I3 percent for
heating and 30 percent for cooling
than insulated metal or wood-framed
walls having the same U-value under
the same heat gradient conditions.'

Like all other precast concrete prod-
ucts, PCSP walls possess several ben-
eficial features such as high guality,
proven durability, fast erection, and at-
tractive architectural appearance,

Several PCSF systems are available
in European and Ametican markets .
They can be divided into three major
categories:

1. Composite panels with concrews
and steel conneciors — These panels
are used as both architectural and
bearing walls because of their com-
posite behavior (see Fig, a),

2. Non-compuosite panels with steel
connectors — These panels are used
only as architectural walls (see Fig. 1b).

3. Non-composite panels with non-
metaliic connectors (see Fig. [c),

The first category is structurally ef-
ficient becausé of its composite behav-
1or. However, these sysiems typically
have two disadvantages: steel and con-
crete connectors cause significant re-
duction in the effective thermal resis-
tance of the panel through thermal
bridging.” and excessive undesirable
panel bowing (thermal bowing) may
oecur due to different lemperatures at
their interior and exterior surfaces.
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Fig. 1. Examples of existing PCSP systams.

The second and third panel categores
do not experience thermal bowing, but
are not strocturally efficient with the
third being only thermally efficient.

The objective of the research sum-
marized in this paper is to devise a
sandwich pane! system that is both
structurally and thermally efficient.
This can be achieved by devising a
shear connecting system that has the
highest possible thermal resistance
and provides enough shear capacity
for optimum composite action be-
tween the exterior reinforced concrere
wrythes.

To fulfill this objective, the authors
developed a new PCSP svstem that
provides both composite strength and
thermal efficiency. This new system
uses fiber-reinforced plasuic (FRP)
connectors that have high thermal re-
sistance and can develop the compos-
ite strength of the panel, Although the
initial material cost 1¢ marginally
higher than steel or concrete connec-
tors at the present time, their use can
reduce considerably the long term
building heating/cooling costs,

This paper describes 4 new PCSP
svstem developed ar the University of
MNebraska including experimental eval-
uation through small scale and full
scale testng, analvtical modeling, and
4 discussion of the results. The results

demonstrate the structural efficiency
of the new system. Evaluation of the
system’s thermal efficiency is in
progress with results expected in the
near future.

DESCRIPTION OF THE
NEW PCSP SYSTEM

The primary difference berween the
new PCSP system and other existing
systems 15 the method of connection
through the insulation wythe, A ther-
mally and strucwrally efficient PCSP
svstern requires the following features;

1. The connectors must be sirong
and stiff encugh o develop composie
behavior of the panels.

2. The connectors must have a high
thermal resistance.

3. No concrete penetrations through
the insulation layer should exist.

The use of FRP conneciors, which
are strong and thermally resistant, sat-
isfies the first two criteria while the
third requires special precautions dur-
ing panel manufacturing to prevent
concrele penetrations through the in-
sulation fayer,

A preliminary evaluation of the can-
didare connectors shown in Fig. 2 led
to the selection of the FRP hent bar
(FRPEB) conneclor (see Fig. 2d) for
further evaluation, The evaluation
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Fig. 3. Shear testing load diagram.

consisted of tests similar (o the shear
1ests deseribed below. The tested spec-
imens in this evaluation step included
various FRP connectors made from
seclions readily available, such as
channels and wide flanges (see Fig.
2a1. Manufacturing such specimens
was lagborions and their performance
wias ipferior due to weak anchorage
capability.

The connector shown in Fig. 2b was
estimated 10 be more EXPENSIVE (0 Pro-
duce. cut, and place in the pansls, In

gz

partially cut PCSPs.

addition, possible air voids around the
strand, inside the connectors, rendered
this type of connectar unsuitable. The
third type of connector, shown in Fig.
2, was also expected to be expensive
due 1o the need for FRP straps and
steel pins. Also, the various compo-
nents are difficult to physically fit into
the panels,

The FRPBB connector consists of
an FRF bar fabricated in 2 deformed
helical shape with approximate inch-
nation angles of 45 degrees, The cross
section of the bar is circuiar with a di-
ameter as required by design. Two re-
inforcing bars or presiressing strands
are threaded into the FRPBE during
construction of the panel to form a
truss with steel chords and FRFP diago-
nals, Installation of the FRPBBE con-
nectors requires only modest labor and
no special skills other than threading
the top and bottom strands (chords)
into the FRP bents. Embedding these
chords into the wythes provides good
anchorage for the FRP bars.

The FRPBB connectors are encased
in foam insulation blocks before casi-
ing to prevent concrete penetrations
during construction of the panels,

TESTING

Two small scale testing programs
were conducted 1o assess the behavior
of the FRPRE connectors. to oblamn
their streneth and stiffness. and to pro-
vide information for the developroent
of full scale specimens.

Shear Testing

Initial evaluation of the structural
performance of the FRF bent bar con-
nectors in shear was performed using a
sequence of pure shear (push-off) tests.
This type of t2st has been used by pre-
vious resgearchers for similar pur-
poses** These tests are conducted by
placing each specimen in a horizontal
position and pushing the top wythe rel-
ative o the bottom one in 2 spacially
designed stee] frame (see Fig. 3).

Eight specimens with identical
overall dimensions were constructed
for shear resting, The msulation wythe
consias of a 3 in. (76 mm) expanded
polvstyrene (EPS) insulation board.
Normal weight concrete with fI =
5000 psi {34.5 MPa) 15 used for the
top and bottom wythes. Along with
the #3 (10 mm diameier) stesl rein-
forcing bar threaded into the FRPEB
connector, each wythe 15 reinforced
with a laver of Type 4x4-W4.0sW4.0
(102x102-MW23,8xMW25.8) welded
wire fabric to rezist stresses due to
stripping and handiing.

The fabrication process and quality
control were similar o those used in
producing commercial PCSPs. Fig, 4
contains 2 summary of specimen dif-
ferences. The msulation used in Speci-
mens 1, 2, 3. and 4 was faced with
bond breaking sheets. while the insu-
lation used in Specimens 1A, ZA, 3A,
and 4A was not,

Summary of Results — Einea pro-
vides g full discussion of Lhe results
obtained from the shear tesis in Ref. 5.
The significant observations from this
report are:

1. The axial strength of the conngc-
rors governs the shear strength of all
specimens, No failure occurs i the
wythes.

2. The mmonty of the FRPBE con-
nectors failed at the portions of the di-
gponals falling within the insulation
laver due to axial compression. flexure
combined with axial compression, and
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