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ABSTRACT Al

the United States in 1906 where a building was constructed

-4 -

. . B
The concept of a'concrete sandwich panel originated in

with sandwich tilt-upMwall panels. Since then sandwich panels

have developed grad

(1)
(2)

is uged more commonly because there are less limitations compared

Tly'and have continued to.improve.
There are two.types of concrete sandwich vall panels:
Architectural wall panels (non-composite type), and
Load bearing wall panels (composite and non-composite type) . .

In general, the non-composite type ‘of load bearing panel

”

with the composite types. ' This thesis deals with the §

structural design and analysis of- the non-composite type of’

_load }ernq wall panel.

In the past, certain prubleﬂ\s besetted architectn,

engineers, and contractors worklng with concrete sandwich panels.

These problens _are associated with:

1)
(2)
3)
(4)

Bonding between coricrete and insulation

Joints in panel .. .
Panel connections ' - ) i
Control of cracking.

This study has been undertaken with the aim of solving

some of these problems, Three experlmenta were conducted I

accordingly to determine the behavior of concrete sandwich

panels. 'i‘he first experiment was to investigate the effects wf




of heating and cooXing on sandw!ch panels and to compaxe the
experimental results with theoretical calculations. The
principal results-of this experiment demonstrated the effects
on concrete sandwich. panels under varying thermal conditiona.
These results should serve as a guideline for the design of .
joints in sandwich panels, The second and:third ‘experinents
© were initiated to investxgate and ccmpare the bending stresses;
defléctions and shear strength in concrete sandwich pa‘nels
either with or without shear conrigctors. The: panels were"
subjected to a simulated uniformly distributed load under
Sinply mupported conditions;. Tt wanibesconcluled £iamthe
‘experimental results that a well designed anchor system joining
the concrete sandwich panel faces through the core insulation .
is a fundamental requirement in the future production of ’
- sandwich wall panels in order,t“o obtain full shear transfer
between the faces. Without these shear comnectors, a concrete
structural sandwich panel will usially fail by'n;xar_cf the
bond between the core an’d faces or by shear failure of g_he
core itself. ’
The detlection on a sandwich panel is the sum of ordinary
bending deflection and an additional deflectién associated L
with shear defomutit?n of the core. Experimental results showed
that deflectiofis were mainly associated with shear deformation
of the core for par;elu without shear connectors.
Deflections measured were less for panels containing shear
connectors. For both panels, from theoretical calculations,

it was foynd that the. deflections were mainly associated with
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shear deformation, with' less than 1% due '¢6 bending.

A proper shear connector system transfers all lgtaral
loads including wind forces from the exurior‘face to the
interior structural face of the panel. Hence the sleeve anchor,
torsion anchors and connector pins play a very m;ortant part
in the performance of concrete sandwich panels. Prestressing
techniques can also improve the design of-such panels and h.ave
been widely used in xecen-t’developmenu of sandwich panels.

. For this study, a typical non-composite type of coerete.
sandwich panel was selected as a design example. For the
design‘ of such concrete sandwich punéls, the following factors

were carefully considered: B "

(1) The thickpess of both faces of the panel
(2) The loading conditions

.(3) The fire resistance of the sandwich panel

(4) . The temperature gradient between the faces, and

“(5) Thé panel anchor system.

D
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CHAPTER I

INTRODUCTION

By definition, a concrete sandwich panel consists of two

faces of ‘high strength, high density concrete bonded to a core

of relatively low density insulation material.

The primary objective of "this thesis is to provide background

information and assess current procedures in the structural

design and dnalysis of concrete sandwich panels. In addition;

‘the thesis is'prepared to provide information which. was

requested by a local concrete supplier., To achieve this, an

extensive literature search and experimental investigations,

. was. performed. -

2 e
The presentation.of the thesis is outlined as follows:

Chapter I

Chapter II

Chapter IIT

. Chapter IV

Chapter Vv

Apanel o

is an introduction.

describes the history of sandwich panel concepts,
their gradual development and improvements up

to today. )

describes the types of concrate sandwich wall

panels, their characteristics and functions.

,describes some of the problems encountered by the

engineer, architect or contractor during

fabrication, on and stages.

describes the effects of thermal, shrinkage and
creep on concrete sandwich panels. An experiment

is carried out on heating. and cooling of a sandwich




Chapter VI  outlines the theory of ordinary sandwilh beam
behavior that is applicable for the analysis of

the concrete sandwich panels. An experiment 1

. ' is carried out on bending, deflection and shear 3
e g to determine 'the buhavior of the two panels, P
i i . with and vithout shear comnectors.
S Ch_aptzr VII presents basic comments on an effective way’ of
’ " curing concrete ‘sandwich panels. “a !
Chapter VIII describes in detail the design considerations for
" concrete sandwich panels and a design example of g

w Y a non-composite sandwich )nnel for experimental ;

testing. s *

4 Chapter IX' describes some of the practical applications of -
; concrete sandwich panels and the cost of -

fabricating such panels. :

Chapter X = contains the concluding| remarks based on the
. experimental results and research findings: for

concrete sandwich panels. . : ]




‘of sandwich panels utilizing different core and face materials.

<3 ¥y

CHAPTER II

. HETORICAL DEVELOPMENT OF CONCRETE SANDWICH PANELS

|
The principle of the structural sandwich panel is not a

new invention but simply a re-application of concepts used

in‘plywood.' The ancient sgypcxans, around 1500 B.C., used

the idea of slicing wood into -thin sheets and ze—constxtutxng
it with glue to give it superior strength.

. Although concrete sandwich panel design is considered
relatively new to the construction industry, there is evidence
that the sandwich principle was used as early as 1849.
Investigations into the history of sandwich pansls have
revealed that Mr. William Fairburn was the first/ person to
use the principle.in 1849 in experimenting with bridge design
using laminated wood deckitig and concrete as a composite beam.

Besides concrete sandwich panels, there are many_other ‘types

The three main types are:

. (1) Solid core: using materials such as balsa wood, fibre

board, foamed glass and expanded plastics.
(2) Honeycomb core: 'uuing three main'matérials such as”
‘. metals, plastics and resin-impregnated paper. Ual;ally
this honeycomb effect takes the form of partitioning
at right angles to the faces.

(3) Corrugated core: the materials used in this form are

similar to the honeycomb cores. The Corrugations create




the form of partitioning at an inclined angle to the

panel faces, and run along the full length of the panel.

In 1906, the possibilities of constructing concrete
sandwich panels were of great interest to engineers and
contractors’ in the United States. In that year, a bundmg
was constructed with sandwich’ tilt-up panels. Some of the -
walls were hollow, made by casting a 50 mm layer of concrete,
then a 50 mm layer of sand with a final 50 mm layes of
concrete. The two outer layers of concréte were tied together
with reinforcing ties. The sand between the two outer faces
of concrete'was washed out with water as the wall was lifted.

In 1930, the sandwich panel used by the building industry
was the cement asbestos board, which had cement asbestos
faces bonded to a fibie board.

In 1933, Swedish builders made a sandwich wall of 125 mm
lightweight concrete ‘block, which was cast and bonded to dense
in-site concrete. A 15 mm thick lime cement mortar was then
plastered on the outside of the lightweight concrete block.

. "In 1952, the designers in the United States developed a
mineralized wood chip sandwich panel. Each cladding panel
was composed of tWo outer faces of normal concrete 45 mm thick
reinforced with wire mesh. Lightweight precast insulation
was 40 mm thick using chemically mineralized wood chips as

an aggregate. The two outer faces were connected through

the insulation by shear ties in order to transfer horizontal

]
i
I
1
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shear from one face to the other. Since them concrete .
sandwich panels have been developed using different insulating Y
materials. Ideally, such insulating materials should possess
qualities such-as: low density, relatively high compressive
strength; high shear strength, good bonding characteristics,
high insilhtion values, and low cost. Available materials that
meet the ;Zove requirements are: cellular glafgs,‘ expanded
polystyrens, compressed wood £ibres in cement, foan’concrets,
styrofoan and polyurethane. )
In the late 1970's, there were many precast concrete sandwich
panels fabricated throughout the United States and Canada.
The most comonly used typé of sandwich panel consists of i
an inner face (i.e. tha load bearing panel), a layer of rigid .
thermal insulation and an architectural outer face. L
In the United States, the Burke Company from San Meteo,
california has developed concrete sandwich’panels with a
special anchor systém. This Burke parﬁl anchor system consists
of a panel anchor, torsion anchor, and 'horizontal ties. This
system connects the outer face and the load bearing face
together to resist.the vertical, huzizantal and eccentric loads.
In Central Canada, Superior Concrete of Rexdale, Ontario
(originating from Houston, Texas) has also developed similar = |

coricrete sandwich panels with -a sleeve anchor system.

In Atlantic Canada, Strescon Ltd. of Saint John, New l &

Brunswick, has developed a new type of concrete sandwich panel. i

This panel, which is composed of two prestressed concrete




faces with a continuous layer of insulation in between them,’
is named Corewall.

In addition, Atlantic Concrete Ltd. of St. John's,
Newfoundland is considering developing some new types of

concrete sandwich panels. It is partly for these reasons

that i are being for this project.

Due to the more advanced techniques in designing concrete
sandwich panels, production costs have been substantl.ally
reduced.’ Therefore, concrete sandwich panels are now more

widely used than before.

S
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TYPES OF CONCRETE SANDWICH WALL PANELS . £

A precast concrete’ sandwich panel consists of two. faces

of relatively thin, ‘high density and high strength concrete ’

"bonded tb a core of relativély rigid 1gw density material.

The function. of the core material is to stabilize the relatively

thin faces of high s'\—_éeng'th concrete; and to provide a high . .

Stiffness factor ‘for the combination of materials by’ separatmg
the faces. This comhlnaticm produces a" Lighter, stronger

wall and if the coré material is avgood “insulator, it produces
a better insulated wall. = !

From the usage and application points of.view, there are @

two -types of concrete sandwich panels,-namely:

(1) architectural panels, and -.

(2) load bearing panels.

3.1 Architectural panels W

Architectural sandwich wall panels are non-composite panels
inwhich both faces participate in transferring the lateral
loads to. the horxzantal structural steel or rexnfox‘ced concrete
£ramevoik. For tha. buxld1ng framework with precast concrete
sandwtc'h pahels, the frecast units are intended for building
enclasure only, and other, design loads are totally stpported
by the structural frame to' form a complex structural system.
The outer face of the panel is connected to the other face
by relatively flexible ties, allowing differential _moveme:n:_a'




the faces, with changing temperatures and humidity:conditions.
This type of sandwich panel is not commonly used because the
structural properties of the concrete are not fully utilized,

and thelefore considered to be not economically viable.

-«
- -
3.2 Load bearing ganels
Load bearing sandm.ch wall panels can be composite or g
non-composite. " ' =
(a) omgoslte panels are panels vhich have stiffer 4

):onnections between the inner and outer faces so that the two
fade's will act jointly imresisting loads. This permits a
net reduction in the overall wall thickness. Also, depending

on the rigidity of the connector system, interaction between

the faces may be total or partial. The gomposite panel will
often be subjected to bowing during service. The large

temperature changes between faces will tend to bow the papel

invards. The ideas of prestressing both faces of.a composite

panel are to help counteract thermal bowing, and to improve
the behavior of the members by creating uniform compression
in both faces.

(b). Non-composi te panels are panels which have the
innex face (structural face) ‘transfer the lateral loads to
the horizontal structural framework and support the weight
of the outer face (non-structural face). Non-compdsite panels

can be designed in a way that one face can move without affecting

the other. The minimum thickness of the faces ig dependent'"




upon structural requirements, reinforcement cover, and

handling considérations. Non-composite panels are more

. commonly used, dué to those potential perfomance problems

associated with composite panels, such as the bowing effécts
due to temperature variations between the concrete fades,

and the distribution effects of the eccentric loads on the

composite panels. ’ ”
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CHAPTER IV - ‘ L

PROBLEMS AND PERFORMANCE OF CONCRETE SANDWICH PANELS

The problems which architects, engineers and contractors

generally encounter with sandwich-panels during fabrication,

tion angd perf. stages are described as .follows: ]

4.1 Bonding between concrete and insulation’

“ A concrgte sandwich panel vhen loaded, develops shear stresses

at both interfaces of the core and the faces. If the panel

is not connected with, a proper shear connector, there will be
a bond shear failure between the core and the faces. From the
shear test on the conciate sanmcn panel specimens conducted
"by 6. singh and g. Clayton (1970) , the study indicated that
, the.shear failure in all the specimens was at the interface
between the core and the first layer of concrete casted during
fabr&catlon‘ In the same experiment, in order to achieve bond
strenqt:h between the core a@nd both faces, some cells from both
sides of the core surface were'cut out. to form microholes
and porespaces. The objective of this was to permit fresh
concrete flowing into the microholes and porespaces in order
- to produce reliable bonds of equal strength at bath interfaces.
To achieve this, the core was laid in a horizontal position
to receive ;'J}e .fresh concrete on its surface tc form the . s
first face, This face vas vibrated to consolidate the concrete
‘and forced the finer particles into the microholes and porespaces

at the surface of the core. Aftex .curing, the panel was
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inverted to receive the mext concrete facing in‘the same

* manner. Al though 'theé above pxl;cess of fabricating sandwich
panels could develop reliable bonds between the core and
the faces, it was not considered practical and economical,
because it was time consuming and labour intensive. aetce, .
new anchor systems have been developed for joining the panel ..——

faces through several millimeters of insulation, which will

minimize bond fa%lute between the core and the concrete faces.

4.2 Joints in panel

Most, concrete forms tend to produce larger elements when
they are ve<ussd. ‘This ‘s Que o tha boncrets pressures
created )_ay the continuous vibrations Df‘ the form bed at eacl
pour. For this reason, it is very difficult to produce the
concrete panels within its small allowable deviations. Hence
the diffithsions) stability and the corner squareness of the
formwork should be properly controlled, and re-checked in every
concrete pour, so as to minimize the possible close-in problems
during erection. . : i R
The weathertightness of a horizontal, vertical oxr torner
- joint is very important. If the joint is not designed or
constructed properly, there willlbe leakage due to wind pressure,
driving rain and water running down the wall. Caulfing with
a joint sealing compound and a low absorption backing rope is
the most common practice ‘of treating a joint between concre te o

panelT. "0 cope with the moisture problems between sandvich

. -
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layers, stainless steel archor systems and sheax ‘ties havé
been developed, and proper construction techniques will
ventilate the insulating layers. '

To avoid excessive cracking, control joints should be

provided in large panels to divide the outer face into units.

The pattern”for such control joints becomes an important

architectural feature and aligning such joints with adjacent

4

.panels remains a major design .consideration for “successful

performince . 2

4.3 Panel cannectian ;.

The ccnnectxons 5k the transmission of shear, axm 1odd,
nonents and torsions from fember to nener or member to
suppor ting structure are very important in sandwich panels.

The connections in load bearing panels directly affect the
structural integrity of the building structure and their design
must be adequate for the functions' intended.

Cracking of welded l:om*ectlons on precast concrete units
is creating problens for the lprecast industry. These caymectmns
may consist. of a welded joint betieen steel’ angles,; channels or
plates. Since therelare restraints developed on the connections
against thermal contfactions and other defomations occuring
throughout a structure, which have appreciable effects on
the damage to connections, or, to the panel itself. Bolted
connections with oversized slots on angles and plates have -
besn comonly used to:alloy flexibility on @ifferential ,

movements of connections .
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4.4 Ccontrol of crackxng

Control of cracking becomes as mportant as control of
deflection. in reinforced cohcrete structires as well as sandwich
panels. Most cracks are a result of the following actions
to which concrete canbe swbjected to: + '
(a) Volumetric change

(i) Drying shrinkage

2 (ii)  Creep under: sustained load-

(iil) Thermal stresses including elevated temperatures .
*The above (i), (ii), and (i) factors will be
described more thoroughly in Chapter V of! this
) thesis. .
(b) Direct ‘stress due to applied loads or reactions,
[ or internal stress due to continuity, long tem
| deflection or emvirommental effects including
differential movement in structural systems.

(o) | Flewral stress due »to bending.

‘While the net result of these three actions is the )
formation of cracks, the mechanisms of ch'eir developnent cannot
be considered identical. American Concrete Institute Committee
224, specially formed to investigate the problems of concrete
cracking, has the responsibility of correlating all the
available information for the purpose of establishing accurate .
recommended practices on crack EoHtrol i any concrete structures

. . » !




B!

“In a form satisfactory for use by the designers, engineers

and . Such ive

being formulated by the Committee and should be used to

are

eliminate the drawbacks in the performance of the precast

_concrete systems. .
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CHAPTER V
THERMAL, CREEP AND SHRINKAGE EFFECTS ON CONCRETE SANDWICH

WALL PANELS

5.1 Genéral
The evolution of concrete sandwich panels is gaining
popula:h:y‘ in the building industry. The most troublesome
problems encounterd with sandwich panels ‘are summarized in
Section 5.1.1 and 5.1.2.
A concrete sandwich wall ‘panel may be subjected
sinultaneously tos )
‘(a)® arying (shrinkage) and cooling (contraction),
] (b) drying (shrinkage) and heating (expansion), . °
1 (¢)  wetting (swelling) and cooling’ (contraction), or
(d) wetting (swelling) and heating (expansion).
The basic cause of a large majority of failures is’due
‘to inadequate provision for the effects of creep, shrinkage
and temperature changes. . S .
A combination of changes in temperature and humidity
can create more Severe conditions than the normal design
requirements. Excessive stxe§ses and deflECﬂDps will also

be caused by the combined effects of creep, shrinkage and

|

3 c
temperature changes, |

i
!
i
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5.1.1  Maintaining a design factor of he:t transmission
: u(s1) value
. The U(SI) o any wall or roof material is important

in the design of buildings. It indicates how much heat in
watts passes through a square metre of any given material in
1 hour for each degree difference in"temperature (Centigrade) ‘,
between the exterior-and interior fac;es. f -

w The effectiveness of a building assembly such as a
wall or roof in resisting the flow ‘of heat .under static
conditions is defined as its thermal resistance or R(SI)

values.  The heat loss U(SI) is inversely proportional to

* thermal resistance, it is thérefore possible to indicate-

e hE et Snns potentials of these walls by the
reciprocalsrof' their R(SI) values, )

Figure 5.1 gives the relative U(SI) values of the
different types of solid normal, lightweight and foaned concrete
panels togetlier with sandwich panels for several panel
thickpesses. - ‘Insulated sandwich panels are usually designed
with a U(SI) ranging from 0.852. to 1.136 W/m2.hr.°C. fThe
effect of ribs and solid sections in the panel is seldom
considered. This effect, however, is great enough to increase
the U(SI) values of the panel as much as 50 percent. ’

Leabu, V.F. (1959) indicated that ribs and solid
concrete sections of a sandwich panel using a highly efficient
insulation core reduce their insulation qualitied considerably,
not.enly at the ribs, but alsc for some distance beyond the’




‘solid |concrete sections. T illustrate this effect, some,
typloa) precass. cofrete sendwich panels designed for a U{SH)
value*of 0.852 are shown in Figure 5.2, The calculation of
$hilsrvlua:de bused on Eliesinantoted portion onlys e
actual value for the over-all panel (including ribs, etc.)
show a factor from 1.48 to 1.91. This represents an increase
of over 50 percent. The ratio of rib area to the insulated
area of panel has a considerable effect on the U(SI) value.
A higher percentage of rib area will increase the heat loss

iderably. Where possibl ribs and solid concrete

stiffeners should be kept to a minimum or eliminated if

structural design conditions permit.
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HEAT FLOW U(SI) VALUES (W/m? -hr -

Fig. 5.1 - Thérmal 'proparhes
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INSULATED AREA (m?) U(S1) VALUE (w/m? h¥.2C)
SANDHCH' PANELS s |warion] O |soninnas |swann] ERASE
100 mm,
‘ l
100 mm —af :-f % 5 "
TR m | 27% | 73% |30m?| 477 | o852 | 191
—|1225 mm i v
F |DOlUn‘

4sBoem | 21 % | 79% | 70m? | 477 0852 | 1.67

leis2s mmf

100 mm e jo—

0| 16% | 84% |13.4 m?| 477 | 0852 | 148

1 1830 mm—{ A
v

Fig. 5.2 - Typical sandwich panels designed for a heat flow U(SI)
value of 0.852, actual fuctors as . affected- by ribs.
- (Leabu, 1959) .




5.1.2 Bulging ] i
Bulging is a very common phenonenon in many precast
concrete panels and especially in the sandwich type of panels.
" Bulging and warping of precast sandvidh panels can
result in unsightly cracks at the ceiling, fldor and partitions,

unless proper provision is made in the design of panel and

connecting components. Bulging may be caused by temperature,
moisture, curing and shrinkage differences between the interior
and exterior faces. Their effects on sandwich panels are

described in Section 5:2. :

i - 5
4 ) ) :
Tension/compression ties, known as the shear connectors,

3 3
are comonly used' to'provide enough resistance to temperature £

i = . s
and shrinkage stress. Simple tie rods or bent bars are also __ ———
7 , » Srea-59

used as tension/compression ties 4s€wind loads and

___individval—layer Separation.

A sleeve anchor may be used to conneGt the concrete
faces. When it is installed together with the anchor rods, -
it will be able to carry all the applied shear load £rom
any direction.

More information and details on shear connector are

presented at Sectién 5.6. /

B2 Effects of creep, shrinkage and temperature changes

on _concrete sandwich panels

The design for thermal and shrinkage stresses is the

most neglected part of today's design practice. An analytical i




st\;dy ona few concrete structures sh_a::ec’l Siabisavete stissues
were set yp.’by ‘thermal changes. Based on such conﬂitiovns, .
‘ all rotations, movemenfs and fortes including those anticipated -
| 2 as a consequence of cr;pph shrinkage and temperature changes v

should be considered in the design of prefast concrete =~ = .. -

sandwich panels.

. T, 5.2.1 GCreep . i ;
. Many materials contxnue to defcm over ‘considérable .

f e lengths of time at a constant stress o -~ This property

| "' ‘iS\known as creep.

sl

" Whencoierete is subjected to a sustained 2oaa, the,*
PR

. deformation may bé dlvlﬂed into two parts: F e ¥
(1) An 1nstantaneous deformation emst which occurs
| immediately, and .0

(2) a time~dependent deformation which hegins imme
and ‘continues for a longer term.

b 2 i * me'iatter long-term deformatioR is called creep.

i Creep deforma 5t a given concrete is proportjonal
| : the—Tagni tude of the applied stresses. As can be seen from

Figure 5.3, the curve shows concrete was loaded to 4'MPa at  (~ i
‘ age 28 days with resulting instantaneo;s strain e nst” The load’
was then maintained for 230 days, during which time, creep -
deformation Ccreep Nad baelndFaeed t alnosts tinesilts
‘ ’ instantaneous value. If the load was maintained, the deformation
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- . 1
; i :
of concrete would follow the, solid curve. Creep would

. . S
proceed at a decreasing rate and ceased at a final value after

"2 to 5 years. 'This value would depend on the concrete strength

and other environmental factors. If the load was removed after
230 days, the deformation of concrete would follow the
unloading dashed curve.. When the concrete was' reloaded at
some later date, instantaneous and creep deformations would
develop again as shown in f:he} reloading dashed curve.

At any given stress, high-strength concrete shows less
creep’than low-strength concrete as shown in Table 5.1.

If €creep 18 the final value of the creep strain, and ©inst

is the initial, instantaneous strain; | the creep coefficient
C,

/ €jngys @nd the specific creep is e’ per MPa.

= el :
c creep creep
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/ ‘Figure « 5.3-Typical creep curve for
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- concrete loaded to 4MPg at 28 doys
(G. Winter ,1972)

.




Table 5.1 Creep parameters (G. Winter, 1972)

o ’ !
Compressive strength Specific creep Creep coefficient
MPa 107 per Mpa -
20 ‘145 3.1 .
27.5 : 116 2.9
40 . o 80 - 2.4

55 58 s R0 ) )

Based on Table 5.1, a prediction of concrete creep can
b made with the effents oF applisd stiens.  AsweNd e peciEen
“is'a concrete panel, with compressive strength at 27.5 MPa,
is subjected to a longtime load which causes sustained stress .
of B.5 MPa. Then after several years, the final value of
the creep strain will be of the order of ’

. 8.5 x 116 x 10°° = 0.00096 cm/cm. B '

“'5.2.2 Shrinkage effects
Shrinkage of concrete while curing presents a problem
not only during fabrication but also after erection. Wax;;ing
of panels due. to differential Qhrinkage, especially in a
sandwich type of panel, is difficult to control. The rate
of curing and evaporation of moisture 'of the two faces are

not uniform and usually result”in warped surfaces. Accelerated
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,éu);ix;q, removal from forms as soon as practical; and storing
panels, with equal exposure on both faces until erected,
.prevents excessiye warping. Concrete with a low slump,,
the use of curing compounds, water saturated covering and
steam curing processes are tonsidered to be important for
controlling shrinkage.
Since curing and measurable shrinkage of concrete can
continue for as long as|3 years, movement of concrete panels
. can be expected long after erection.due’ to hon-uniform
exposure of the two faces. N ‘ *
ACI Publication SP-27 (1971) describes that shrinkage
'Of concrete affects the internal stresses in sandwich panels.
In particular, the relative shrinkage of the sandwich panel
tends to be more-noticeable on the exterior side where it is
exposed to cli;mﬁtic conditions.
- The shfinkage coeffici&ht is defined as the shortening
per unit length, and varies from about 0.0002 :‘6 0.0006,
dfpending onanbient conditionsvand otisr catwesy Sneimcage:
is increased in an gnvironment of low h'umidity and wind
exposure. A value close to 0.0002 is commonly used in

®
shrinkage computations.

5.2.3 Temperature effects

Differential temperatures appear to have the greatest
effqcts on.precast concrete wall panels, and especially on the
sandwich type. Figure 5.4 shows the temperature gradient
through four different types of precast concrete panels for
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TEMPERATURE GRADIENT BASED ON: OUTSIDE: TEMP.= -23.3°C
’ "INSIDE TEMP. = + 21.1°C

]Losl ]

[a7s]

U(SI) VALUE |o.ao l I 278 I

TEMPERATURE - DEGREE CENTIGRADE

-s0 B
130 mm 130 mm 130 ‘mm
* . INSULATED © souD. o SoLio
SANDWICH FOAM LIGHTWEIGHT
PANEL CONCRETE CONCRETE

130 n!m

. soLID
NORMAL
CONCRETE

CONCRETE WT. CONCRETE WT. CONCRETE WT. CbNﬂiETE WT.

22400 kg/m® =800 kg/m® =1600 kg/md

INSULATION WT.
=175 ko/m¥ )
(EXPANDED POLYSTRENE)

22400 kg/m3

Fig. 5.4 - .,Tamperu’un
panel. (Leabu, 1959 ) .

gradient through four types of precast wall
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a temperature range of -23.3° C outside to 21.1°'C inside.

Note that the sandwich panel with its highly efficient insulation,
has the greatest temperature differential, and the typical

solid concrete panel the least. 1In the sandwich panel, a

temperature variation of approximately 38° C is possible

_ between the exterior and interior layers of concrete.:

By the laws of thermodynamics, the total resistance to the
heat flow through the wall shown in Figure 5.5 is equal
numerically to the sum of -the resistance in series. /The

resistances are the outer surface film of the wall, the material ~

. in the wall itself, the ipsulation, and the surface on the other

side of the wall. The drop in thermal gradient can be represented
by the wavy line in Figure .5.5. At the first.resistance, the
air surface film, there is a drop in the gradient necessary to
overcome the resistance R; of the film. The same is true for
the material of the wall and the resistance R Of the air
surface film on the other side. The sum of these resistances
is the total resisfance, The heat ;xansmx‘s‘gion u(s) is the
reciprocal of the sum Of the resistinces. The temperature at
various points within the assembly can be calculated by
apportioning the overall inside to outside temperature drop,,
(which is determined by the interior and exterior conQitions:)”
in proportional to the thermal resistance of the various

components of the assembly. !




L

Heat Flow U(SI) = 1/Ry(ST) . . Equation 5.1

1/Rp(SI) = 1/(R; + Ry L\ +Ry + R
Equation 5.2

Where U(SI) is the heat transmission in (watts/m?.hr.°c)

¢ Ry(SI) is the total thermal resistance (m’.hr.oC/watt)

X is the thickness of layer (mm)
Ri is the thermal resistance of the
& film on the interior face of the

(n®.hr.c/wate)

R, is the thermal resistance of the
concrete layer (m?.hr.%C/watt)
Ry is the thermal resistance of  the
(m?.hr.%/vatt)
“Ry is r:he thermal ‘resi?tanée éf the
concrete layer  (m?.hr.%C/watt)
R is the thermal resistance of the
film on the exterior face of the

(n?.hr.%C/watt)

air surface

wall

interior
insulation

exterior

air surface

wall

For example, we calculate the U(SI) value of the sandwich

pan€l shown in Figure 5.4.
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Assume the sandwich panel is made of normal concrete
and polystyrene insulation where:

X, =745mm ;0 Xy = 40mm 5 X, = 45mm
- L] = i

Ry 0.1z 04 Ry 0:03
= R, = 0.02 = 1.06

From Equations 5.1 and 5.2:

+ Ry £ Ry + R

u(si) = ‘/RT(SI’) = l/(Rir+ Rz

= - 1
(0.12 + 0.02 + 1.06 + 0.02 + 0.03)

s 1
- 1.25,

o

watts/hr.m?.° ¢

= 0.80 vatts/hr.n?.% ¢

The drop in gradient is dependent on the resistance on
each layer and the temperature range between the exterior and

interior of the concrete layer.




wH -

' With regards to the temperature gradient of a ‘typical

sandwich panel shown in Figuré 5.5:

Ty o= Ty - (R/RY(TT) “Equation 5.3

i . th

t Where Tn is the temperature on the surface of the n '
e . component of the wall for n = 1,2,3 and 4 (°C) :
. T, is the temperature on the surface of the
: ¥ (n-1)* component of the wall (°c)  ° :
T, ' is the interior temperature inside the wall «°c)
* &,  is the ekterior temperature outside the wall (°c)
For the sandwich panel shown in Figure 5.4 and from .
Equation 5.3:
T T - (Ry/Rp)(T-T)
= 21.1 - (0.12/1.25) (21.1- (-23.3))
= = +16.8° ¢
T, = Ty - (RZ/RT) (Ti_To) ¥ N
3 = 17 - (0.02/1.25) (21.1 = (-23.3)) ’ :
= +16.3° ¢ : :
T, = -21.3%¢ N
T, = -22.0°c
T‘ = . &
o T . M
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Fig. 5.5- Heat flow U(SI) through typical wail section.
(T. Collins, 1954) .




S e33 - . Kl
In order to design a sandwich wall panel from the
insulation standpoint, la U(ST) value kan be specified. Since:
the resistances of each material of the panel and the thickness
of the concrete faces are known, the insulation thickness could
be increased or decreased until the specified U(SI) value has
been achieved.
The horizontal displacement due to temperature differential
1 for normal (2400 kg/m’) and lightweight (1600 kg/m’) concrete
under 2 support conditions as shown in Figure 5.6 can be
" computed as follows: < ' )

Condition I - The panel acts as a beam on two pinned -end
connections. This panel has moment induced at midspan as a
result of change in panel length due to temperature differential.

Condition II - The panel acts as a beam on two fixed
end suppox‘ts. This panel has equal m«?il\ent at each end as a
result of change in panel length due to temperature differential.

Assumptions: No change in length at neutral axis :

Exterior face elongated = +e

Interidor face shortened = -e

For Support Condition I For Support Condition II
-y
e=CxBI XL . e ="C x 6T xf (,Z=§)
2 . 2 2
¢ .

e=PLx 1 3 e=P&x 1

E 72 E a7z
M=ra C— : M = Ppd ' .
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SUPPORT CONDITION 1

| TWO_PINNED END CONNECTIONS
e

L/4

N +

Ay

] e

\ \\ B ()]

\| | +
A mm L/4
w77

SUPPORT CONDITION I

TWO_FIXED END SUPPORTS

due to differential.

T
Fig. g.s- Hori
(Leabu, 1959)

s
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For Support Condition I . For shpport condition IT
P'= 1C x BT x AE Pl=leETxAE
M = }Cd x BT x AE M = }Cd x BT x AE -
I =ad¥ . I =g \
1 1
A= u2 A=mp = M (£=1:)
BET 8ET 32ET z
= cd x BT x AL? . "=cd x BT x AL?
I v S 1281
=C x 8T x L? N - =Cx BT x L7
ea —A74
Equation 5.4 . Equation 5.5

Where 6T = Difference of temperature between outside and

inside, degrees Centigrade.

Coefficient of expansion, mm/mm.°C :
normal Concrete, C = 0.000012 pet, degrees cehc'qzaé'e

L = Lerigth of panel (or length between supports depending
on the restraint of connections).

d = Effective depth of panel, distance between center

of gravity of exterior and interior faces of sandwich

panel, mm. i

P = Axial load due to ‘tempprature differential

e = Elongation or shortening, along the longitudtnal

axis, mm. )

A = Horizontal displacement, mm.

>
[

Total cross-sectional area of inner and outer
concrete faces per unit length, mm?.

Moment of Inertia, mm’.

-
[

[

Modulus of elasticity of concrete, MPa.

E
£ = Effective length of panel between fixed end supports.
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" From the above equations, the lateral deflection for a” .7
specified sandwich panel span can be determined for a range of
temperafure differential. .

The lateral deflection versus span length for a-typical
130 mm sandwich panel for a~z/7°‘c. temperature differential
is shown in Figure 5.7. These curves show the effect of .panel
support and type of concrete on bulging. From the curves, it
is evident that the use of lightweight concrete and continuity
of panels’ at points of support reduced the curvature of panels *
due to temperatureé differential. ‘In ictual practice, panel .
support is seldom fully fixed or simply supported, but
more likely between these £wo extremes. Ly

A recognized problem with precast concrete sandwi;:h panel’s
is the tendency of longer panels to bow outwards under prolonged
exposure to the hot weather conditions. The tendency of panels i
to bow is mainly influenced by the panel size, the rigidity of _ ©
the connection between the concrete faces, and dne daily
temperature variations on the exterior face of the panel.
Through good design and detailing practice, the efféct of
thermal bowing can be controlled. For example, computation of
lateral deflection due to temperature gradient can be utilized

to control bowing of concrete sandwich panels.
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From Figure 5.7, for. an allowable lateral deflection of
3.2 mm dQue to a temperature differential of 27°C for a 130.mm
" precast sandwich panel,. the following dimensions:are suggested
as approximate maximums for the panel’ span 1engths due to the
effects of panel support and type of concrete used.

(a) Normal concrete and Support Condition I = 2200 mm.

- (b) Normal concrete and Support Condition II - -4600 .

(c) Lightweight concx‘ete and Support Conditoh I'- 3450 mm.
- 6500 Mm.

(d) - Lightweight conctete and Support’ Condition
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qu 5.7 - Lateral -deflection versus span Ianqth for a typical 130 mm

sandwich panel.

Support condition I - simply supported.
IO - fixed support.
. (Leabu, 1959)
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5.3 Experiment on-héating and ccolmg of sandwich panel
5.3.1 Testing material

The first sandwich panel made for the experiment was
supplied by Atlantic Concrete Ltd. located in st. John' S,
Newfoundland. The panel consisted of two layers of 75 mm
concrete, sandwiched by a solid core of styrofoan insulation of
thickness 50 gm, with a total thickness of 200 mn.

The size of the panel was 1220 mm x 1070 mm x 200 mm.
To make the panel, a 75'mm layer of concrete was first cast
into the form bed, 2 sheets of 25 mn insulation vere then placed
‘on top of the concrete. Two pairs of 150 mm long 10M (#3)
rebars were pushed diagonally through the insulation and embedded
into the first layer of fresh concrete. A top wire mesh
reinforcement was then installed, followed by a final layer of
concrete placement. As soon as the concrete gained its initial
strength, the sandwich panel was removed from forms and s tored
in such a way with equal exposure on both faces. After the -
curing pericd,'d:e Panel was transported to the Structures
Laboratory of Memorial University of Newfoundland for

experimental analysis.

5.3.2 Testing of heating effects on sandwich panel

The general arrangement of the test apparatus is shown
in Figure 5.8. The sandwich panel was rested on a steel frame
wi-u. its bottom surface exposed to room-temperature. The top

surface of the panel was covered by an insulated box and exposed
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to an enclosed temperature ranging from 20° C to 33.3° c.
Hieating elenents were installed on top of the panel (Plate 5.1),
and being hooked up to an automatic temperature control for -
providing a maximm cut-out temperature. '
The purpose of this experiment is to test the effects of

temperature di f ference for a normal sandmc}; wall panel.

© Dial gages were installed on the top, the bottom, and the
sides of the sandwich panel as shown in Figures 5.8 and 5.9.
These gages vere for measuring the expansion of the panel
faces at different temperatures. A series of deflection
readings were taken from the exposed surface of the concrete
during heating of the panel. A temperature indicator was
sned for dhdbdng e vomerstue: ortie mrinceof T lkop
layer of concrete at different times during the operation of
the experiment (Plate 5.2), and the heat was supplied by a
heating transformer. Experimental results were recorded and

to be analyzed in Section 5.4 of the report.

\ 5.3.3 Testing of cooling effects on sandwich panel

The general arrangement of the test apparatus is the
lame ‘as the heating part except replaced by a cooling source.
i

A set of copper pipings were installed on top Of the panel

(Flate 5.3), and hooked up to an air compressor unit as shown,
in'Plate 5.4, The air compressor unit could cool the enclosed
surroundings up to a maximum of ~13° C with an automatic p

pressure control for setting the cut-in and cut-out temperatures..
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Dial gages were installed in the same vay as shown in
Figures 5.10 and 5.11 for mea‘surlné the contraction of the

panel mIntake pipes from the air compressor unit to the panel

enclosure were insulated to maintain cold air temperature.
All joints around the panel enclosure vere caulked and

remained ai’E/ tight during the experiment.
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75 mm 1220 mm

PANEL. &

™SL 75x 75x§

1220 x 1070 mm?2 PRECAST
CONGRETE SANDWICH

100% 100x6 —
BASE PLATE

350 mm

L

11050 mm

Fig. 5.8 - Elevation showing experimental set-up..
(Not to scale )
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PLATE 5.1 - Layout of heating coil on top of panel

PLATE 5.2 - Temperature indicator for checking

temperature on the surface of top layer of

concrete
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5.4 Bxpetl.mental results analysls

For the experiment of heating and cooling effects on
a sandwich panel, the deflections on-exposed surfaces of the
concrete panel were measured by dial gages. The temperatures

and deflections were recorded on an hourly interval until the

temperature reached the maximum output and stabilized for

a period of 72 hours. 'Gages 1, 2 and 3 were used to measjire
L.

Gages 6, 7 and 8 were used to measure the central deflection

profile on the bottol:{ surface-of the pa}nel. GQges' 4, 10, 11

3 : s
and 13 were used to measure the deflections on the four.sides

“of the top layer of concrete.: Gages 5, 9, 12 and 14 were

used to measure the deflections on the four sides of the

bottom layer of con'c:ete., (Figures 5.8 and 5.9) The top .

. layer of the sandwxch panel wms assumed to be the outside

surface of the structure and was exposed to the warm and

cold temperatures changes.

For the heht).ng part Df the experiment, the temperature
was heated from a room température of 20° ¢ to 33. 3° ¢ which
was' the highest temperature e expecinent Gould vhdedo in
ordér to avoid fire hazards. The temperature differential
for ;:he heating part was 13.3° c.

% For. ‘ihe cooling part of the experiment, the temperature
was gooled from 20° C to lJ o4 which was the coldest
temperature the reitiqeratlon unit could undergo‘ The
temperature differential for the cooling. part was 33°

which was about 2.5 times more than the heating part.




PLATE 5.3 - Layout of cooling coils for providing cold

temperature up to a maximum of 10° F (-13° ¢)

PLATE 5.4 -~ Air compressor cooling assembly for providing

cold temperature to a maximum of 10° r (-13° ¢)
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Tables 5.2 and 5.3 show the maximun deflections measured
at different locations of the panel after heating or cooling.
Figures 5.11 and 5.12 show éﬁe deformed shape of the panel
after the surfaces were subjected to warm or cold temperature
changes. "

For the panél tested, it was found that the shape of
the panel warped in a convex profile during high temperature
pei{'fads and’ in a concave profile during low temperatures.

No observations could be, made at the incerfage of the <Sore

and the concreéte faces due to the enclosed e)»r.aerimental

condi tion. ) '

. From Table 5.2, take Gage :2 for instance, the maximum
-deflection due to expansion is 0.2 mm, at a temperature
differential of 13.3° . From Table 5.3, take the same

Gage 2, in this case the maximum deflection due to contract:ion
is 0.52 mm, at a temperature differentigl of 33° c. Hence,

the amount of contraction is approximately 2.5 times more
than the expansion. Since the cooling temperature differential
is approximately 2.5 times more than the heating temperature
differential, it can be concluded that the rate of expansion
of the panel is approximately the same as the rate of contraction.

From Figure 5.11, the results show that the panél expands
more at the sides of the top layer than the bottom layer
during the heating process. From Figure 5.{2, the results
show that the panel contracts more at the sides of the® top

layer than the bottom layer during the cooling process. .
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TABLE 5.2 Maximum deflections due to expansion from
x temperature change of 20° c to 33.3° ¢

13.3° ¢ re differential)

Gage # Maxinum deflections (mm) Loca tion
1 +0.190 Top of slab
2 +0.200 Top of slab
3, ' +0.225 Top of slab
4 . Y 4+0.055 . 'side, top layer . Ty

. +0.030 Side, botton layer |

° - 0.160 : Underneath slab .
7 ‘ -0.210 Underneath slab
8 ! -0.145 Underneath ‘\plab '

2 9 +0.028 side, botton layer

10 g +0.040 side, top layer
11 . +0.045 side, top layer - -
12 +0.030 - S5ae, BOLLOE Layst
1n . +0.060 - side, top layer
u, ' +0.040 side, *otmm layer
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TABLE 5.3 Maximum deflections due to contraction from
. change-of 20° ¢ to -13° ¢
¥ (33° C temperature differential) '
Gage # Maximum de flection (mm) Location
- 1 - o.48 o Top of slab
2 - 0.52L Top of slab
3 - 0.430 . Top of slab
4 .= 0,210 ¢ side,, top layer M
5 - 0.080 Side, bottom layer
6 +0.275 . Underneath slab
7 : +0.380 o, . Underneath. slab i B
. 8 + 0.240 Underneath slab T
9 - 0.080 Side, bottom layer
10 - 0.225 Side, top layer
1 i T 0.275 > side, ‘top layer )
- -.0.080 s Side, bottom layer
7 -'0.285 Side, top layer

14 - 0.085 Side, bottom layer
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5.5 Comparison between experimental and theoretical results
Leabu (1959) stated that if the bouridary condition of
the panel is to be simply supported, the derived horizontal
displacement due to temperature differential will bE_

4 =cx6rxt?  (From Equation 5.4)
8d L »

e h
From the experiment,. under a similar support condition,
Length of panel L~ = 1220 mm

Effective depth of panel d = 130 mm

For the expansion of the panel, the temperature

- differential &T = 13.3% c

The theoretical center deflection due to €xpansion is:

& =cx BT x1?
s

= 0.25 mm

For the contraction of the panel, the temperature
differential 6T = 33 c
The theoretical center deflection due to contraction is:

& =0.66 mm

The following Table 5.4 shows the comparison between

experimental and theoretical results.
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TABLE 5.4 Comparison between theoretical and experimental

-
deflection at the center of the top concrete layer

Temperature differential Theoretical Experimental
Due to expansion : 13.3° 0.25 mn ~ 0.20 mm
Due to contraction : 33° ¢ 0.66 mm 0.52 mm

The experimental results of the deflection at the center
of the panel, indicated to be correlated with the
theoretical computations. The minor diserepancy is possibly
g

due to the non-uniform concrete surface.




-53 -

5.6 Thermal expansion on connecting pins and heat loss at

corner panels : methods of improvement

Joints between wall, roof and corner panels should be
detailed so that the passa‘ge of flamgs or hot gases is-
prevented, and transmission of heat does not exce:ed the
limits specified. These requirements present a challenge
to the architects and engineers, particularly for joints
that are designed to be weathertight, while permitting thermal
expansion and contraction and other movements.

' For concrete sandwich panel construction, the exterior
face will tend to move in response to the temperature change
and concréte shrinkage. To actomodate this movement without
causing any damage to the panel, the shear connectors should
be sufficiently flexible so that undue restraint will not
develop. A metal sleeve anchor, acting as a shear connector,
may be used to connect l;he two concrete faces together. The
metal sleeve is perforated rigid sleeve, when it is i?stalled
together with anchor rods, carries all applied shear loads
from any directions. Sinc_e movements due to temperature
differentials radiate away from the panel center, the sleeve
will not cause any undue restraint to the concrete faces and
allows certain free move‘ents. To avoid torsional effects,
the sleeve anchor should be installed in a position that
coincides with the center of gravity of the sandwich panel.

But it may be moved up or down the vertical axis, if panel

_rotation will be resisted by additional connecting pins.
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In order to resist the wind pressure, peeling of the concrete
layer,. and other, torsional effects, additional connecting pins
should be provided at the perimeter of the sandwich panel.
These connecting pins should not contribute any substantial
"resistance to the thermal movements of the individual
concrete layers. 8 If these pins are not flexible, cracking of
the cdncréte sandwich panel could result. The arrangement of
the' connecting pins should be installed in the direction of
the panel movement. _ ¥ %

Heat transmission for sandwich panels has been described
in’detail in Section 5.2.3. "Several building codes require
that where mon-combustible construction is specified, '
combustible elements in walls shall be limited to thermal
and sound insulation having a flame spread classification
of not more tharn 75 when the insulation is sandwiched between
two layers of non-combustible material such as concrete. This
flame spread classification means an index indicating the
extent of spread-of-flame on! the surface of a material or an
assembly of materials. The unit 75 is a rating as determined
in a standard fire test as prescribed in the' National Building
Code of Canada. Data on flame spread classification is
available from insulation manufacturers. The conveptional
SEHANIEH) VA1 BERETE WULH CORETRNONS LhRULAE16N,: BEOPEE" JLRE
width and suitable caulking materials, can provide the necessary

resistance to heat transmission. Joints at the corner of
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sandwich panels are the major problem areas that nead to be

treatedproperly. Hence, good corner details are essential to

' meet the heat loss prevention requirements. Panels with

returns are not easy to wea:}:ez' seal as the bowing effects
will occur in défferent planes. Three types of corner details
are suggested and as shown in Figure 5.13. The (i) and (i)
type show a method of constructing the corner of a sandwich
panel with a continuous insulation for preventing heat losses.
Appropriate flexible inserts must be used to ensure that
movement is not obstructed at these corner joints. A small
air space is shown between the insulation and the exterior
concrete face. This is an architectural detail and used

only if required by the architect. Conventional jointing
materials are used between the panel edges. : The (iii) type

is a corner piece with concrete only, and insulation to be

installed inside after the erection of the panel. Tglis

special corner unit is not necessary to be flushed with the
adjacent panels, and can be effectively used’ to minimize

bowing in the fwo different planes.




5.7 Discussion . o
The following are some of the remaining factors to be
considered by the engineer in controlling the effects of

thermal, shrinkage and creep on concrete sandwich panels.

(a) The size of panels should be fabricated in short lengths

within the allowable limits because of the thermal bowing

and warping effects. ! W

(b) The drying shrinkage should be determined from the

particular type of concrete used.

(c) The degree of exposure to the weather, and particularly =
to the range of temperature change, and to the relative
humidity likely to be encountered.

(d) The guality control to be accomplished over the

- m¥xing, placing, and curing procedures.

It is also necessary for the engineer to consider the
various differential movements, rotations and forces including
those. anticipated as a consequence of creep, shrinkage and
temperature changes in the design of the sandwich pamels.

All temperature stresses should be taken up internally. &

That is, tension and compression, stresses induced by restrained L
expansion, and/or contraction are added to the stresses due .
to dead, live and wind loadings. It is also very important ~
to develop acceptable structural, as well as architectural
sl

details, for the satisfactory performance of the sandwich
panels.
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CHAPTER VI
STRUCTURAL ANALYSIS OF CONCRETE SANDWICH PANELS FOR DIFFERENT

CORE MATERIALS AND FACE THICKNESS
6.1 Theory ' -

For the concrete sandbich panel, the analysis may bé
S{BELEEI6A By a8 Eing the SARGNLCH: bea behavior. The theory
serves to illustrate how the core and faces of the panel act"
as a single unit. The panel comsists of two faces each of
thickness t separated by a core thickness cs+ The overall
depth of the paneliis h and the unit width is b as shown in P
Figure 6.1. The stresses and deflections are calculated to
the first approximation using ordinary theory of bending.

In order to do so, two assumptions are made. Firstly, it is
assumed that ‘srosssesctions which areplaneand) perpendtduler

to the longitudinal axis of thé unloaded beam remain so after
bending. Secondly, it is assumed that the materials making

the core and faces of the beam are isotropic. For the analysis
of sandwich beam, H. G. Allen (1969) developed the following
equations: g
The relationship between bending moment (M) and curvature

(1/R) is: ' M = -1 Equation 6.1 .
BT 3 1 e

EI is the flexural rigidity which is the product of
"modulus of elrasticity E and the second moment of area I. The
negative sign in the equation complies with the sign conven-

tion as shown in Figure 6.2.

:, \
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“Le(l D denote the flexural rigidity. The sandwich beam
is'a composite beam and hence its flexural rigidity is'the
sum of the flexural rigidities of the two separate panels,

faces and core measured about the centroidal axis C-C of

‘the cross-section.

Therefore, .b = Ebt> + Ebtd? + E_bc® Equation 6.2
2 Rl . 17

Eg and E_ are the moduli of elasticity of the facés

£
and core. The first term of the right hand side of Equation
6.2 represents the local stiffness of the faces about their
own centroidal axis. The second and third term represents
the stiffness of the faces and core respectively bending

about’ the centroidal axis.  In practice, the first term may

be neglected if E 5

o
a .
gD s Equation 6.3

If this condition is fulfilled, the lo;cal bending
stiffness of each face about its own separate centroidal
axis makes a negligible contribution to the flexural rididity

of the sandwich,

The second term is always the dominant one 'and the

third term may be neglected if 2

E_.c

c

65t (E)z > 10 Equation 6.4
< ]

°




If this condition is fulfilled, the bending stiffness
of the core is negligible. T

For this particular project, where the faces are thick
and rigid and the core is too weak to provi‘de a significant
contribution to the flexural rigidity of the sandwich,

the shear stress is therefore assumed to be constant over

« the depth of the core.
As a result, the condition for Equation 6.4 i satisfied

and the third term is neglected leaving '

. Equation 6.5

© This equation only applies to a sandwich beam with faces
of equal thickness. For sandwich beam with faces of unequal
thickness as shown in Figure 6.3, the flexural rigidity D

is expressed as follows:

o - 3 3 - i
D =t Eg b (t)7 + £,°) + Bbd ety Equation 6.6
12 e

6.1.1 Bending and shear stresses
The bending and shear stresses for the faces and core
can be determined by simple bending theory adapted to composite
beams. The strain at a distance 8 below the centroidal
T .

1
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axis C-C is: = 3 ) i s

¢ = Mg * ~ [Equation 6.7

The stress at point % varies according to the type of
beam analyzed and its applied load condition.

(a) For sandwich beam with equal face thickness,
5 i 5

: I' = bt’+ bta® and 1. = bt Equation 6.8
& Tz T

Where < I  is the secopd moment of area of the faces
about: s ‘eantroid Bf the sandiich,

¢ is the sum of the second moments of area’
of the faces abdut their own centroid.

" If the beam is s’imply supported and subjected to an

uniformly distributed load g,

The maximum bending stress is: 0

Equation 6.9

~
RV = - - . . .
e L(1-1 Equation 6.10
2bd =




e i = 6h =

(b) For sandwich beam with unequal face thickness
& 2 ¢ 3 3
I—bdtlt2+1; (8 +t, )
R

and I, = b Pt ’)
12 Equation 6.11
The direct stress € in the faces varlies accgrding to
Jfhe level at which it is mcasured. '
For example, the four critical levels marked a, b, i, i,

in Figure 6.3, the bending stresses are given as follows:

= -1
dﬂ ( ( = ﬂ) Equation 6.12
t +t 2 I -
AR
5" % (4 SIRCVRIE
TtE, Ot 2 If 2 Equation 6.13
- 2 2 5
= %(i("ﬁ ‘_z)iz)
bty zl I 2 Equation 6.14
- - @
S (+1 dy oty
tyvt, 2 Equation 6.15

The maximum shear stress me for unequal face
" thickness is detcrmined from Equation 6.10 with d as

a variable.
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6.1.2 Deflection of a sandwith beam

The maximm deflection of a sandwich beam under an
uniformly distributed load is the sum of an ordinary bending
deflection £, and an additional deflection 4, associated

with the shear deformation of the core for both equal and

unequal face thickness. '

R b+ b, A
% 4 2 ) : § AT
= squt + af Equation 6.16 .
815 6 :
where A = bd? (d is the distance between the 'y
centerlines of the upper and R
rd lower faces) : ’

G is the core shear modulus.

o -
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6.2 Testing materials and apparatus

‘There were two types of sandwich panels made for bending

o2
and" deflection tests, using a 30 MPa normal concrete as
panel faces and two different types of insulation as core

material. & .

6.2.1 Small panel without shear connector

The small panel consisted of two equal layers of
concrete, each of 75 mm thickness, acting as the interior
and exterior faces, and 2 sheets of 25 mm thick styrofoam
insulation acting as the core. This panel was used previously

for conducting the heating'and cooling experiment. -

6.2.2 Large panel with shear connector

The large pancl consisted of a 62.5 mm concrete layer
as the exterior face, a 50 mm thick rigid polyurethane sheet

as the core, and a 100 mn concrete layer as the interior

‘structural face. This panel was also supplicd by Atlantic

Concrete Ltd. of St. John's, Newfoundland.
The overall dimensions of the large panel was 2400 mm x
.

1200 mm. The panel was designed with a sleeve anchor, which

transferrced the weight of the exterior face through the

insulation into the interior load bearing face. A series &
of type L connector pins were installed to provide additional
flexible comections for the two layers as shown in Figure 6.4.

Refer to Appendix I for a full description of connector pins



and sleeve anchor supplied by Superior Concrete Accessories
(Canada) Ltd.

Before concrete casting, a bottom layer Sf wire mesh
and the 1ifting inserts were placed, then the sleeve anchor
vas installed by means of anchor rods tied to the bottom
wiTe mesh as shown in Figurg 6.5. -The bottom layer of
CONEEETE WABTOWESY SN VibEatel, followed by the placefient
of a 50 mm thick polyurethane insulation, with a sheet of
plastic laid on top of the insulatién. A'!t{p layer of wire
mesh reinforcement was then placed, and tied to the slecve
anchor's top layer of anchor rods. fhen all the type S and
type I connector pins were installéd by pushing across the
reinforcement and through the insulation, and reaching into
the still. fresh concrete layer as shown in Figure 6.5.
Finally, the last layer of concrete was placed and vibrated.
Conventional heat and moisture curing were provided for
‘the panel fabricated. ? -
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6.2.3 Testing apparatus
. The testing rig was situated in the Structures
Laboratory .with the frame ‘rested on four concrete piers as
shown in Plate 6.1. . .
The supporting frame was rigid enouh so that all the
measured deflections and strains were due to the applied-load,

and not to the vibrations and movements of the supporting frame.

‘(a)  Load application

In order to simulate real conditions of loading in the
test, a unifomly distributed load was required. However this
type of loading condition would present man)'v problems, if used
over the whole area of the panel, such as interference with
the installation of the top dial gages, and also in any method
used of increasing the load as the panel deflected. Thus
from a practical point of view, it was impossible to produce
a true uniformly distributed load. Hence, to simulate a
uniformly distributed load, a sixteen point load system was
developed for testing the small panel, (Figure 6.6) and a
tubnty point load system was developed for testing the
large panel. (Figure 6.7)

The point load, applied from a lever system, was
distributed to the points by means of a system of brackets
and I-section beams. The brackets were made of angle section
in the shape of an "H". The cross piece at both sides was
fixed to the centre pieces by means of a high strength loose
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bolt, allowing the brackets to tilt with the panel as it .
deflected. Small pieces of wooden hardboards, were placed
on the surface of the panel at the points of application of
foad\in order to eliminate the concentration of stresses due
to local imperfections. The brackets were loaded by means
Of 2 I-sections. The 2. I-sections were loaded by means of
another I-section, which received the point load from the
lever. AlL points of contact' between the sections had

either a roller or a ball bearing in order to provide a

degree of movement for the system during loading. The layout

of the load distributfon system, dial and strain gages, for .

both thé small 4nd large panels are shown in Figures 6.6,

6.7, 6.8, 6.9, 6.10, 6.11 and Plates 6.1, 6.2, and 6.3.

The combined weight of the I-beams and H frames for the small

panel was 110 kilograms and for the large panel was 177

kilograms. These dead loads were considered to be small

compared with the weight of the panels and would not significantly

affect the deflection of the\panel. _They would in fact’

straighten out any initial unevéness between the panel and

the supports. Initially, the contacts between the panel and

supports were not perfectly smooth and these inconsistencies

were overcome after a certain amount of load had besn applied.
The load was applied to the lever by means of a 18 metrid

ton hydraulic pull ram. . s
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For the large panel, mxétribut&on of loads—(Figure-6+9)
may not be uniform along the unsupported edge of the panel. For
this reason, the panel stiffress along the edge would be affected
due to the simulated load distribution system. However,
‘e.mph,:sis for this test was placed on the measurement of deflections
and strains along the centerline of the panel betwéen Supports,
the arg#hgement of using the twenty point load system was
considered to be adequate.

>

(b) Deflection and strain

© Dial qaqgs were used to measure deflections both at the X
top and at the bottom of the panel. The gages layout is shown
in Figures 6.8 and 6.11. All the dial gages read between the
scale of 0.01 mn and 50 mm. Strains encountered at the bottom
face of the panel were measured by utilizing M-M precision
strain gages. The strain gages were installed at the bottom )
of the panel prior to testing. The strains were recorded on
a V/E-20 digital strain recorder manufactured by Vishay -

Instruments Inc. . = .
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6.3 for bending and deflection tests on sandwich 1
. panel with and without shear 4 ’ .
\ > e ¥
= % * P

6.3.1 For small panel without shear congsctor )
The general arrangement of the test is -shown in
Plate 6.1. Initially the dikl qage- were checked, and ensure

‘that they were not sticking. ALL the strain gages were tested,

and the recorder calibrated. The strain reading channels and - ¥l g
eow all dial_ gaqes were then zeroced at an initial datum load of e
25+ kilograms. Reudings ere taxen for.a series of load

increnents as illustrated in Table 6.1. After application. of

each load increment, a full minGte was allowed to pass before

the next reading was taken in order to allow the panel to ’ I

settle under the load. At all ‘timsa. évery dial gages was

checked to see if the plunger was sticking, ¥nd if so, it

s was tapped gently. & -

puring the experiment, the behavior of the pfnel under

each applied load was monitored closely, and the deflections
and strains vere recorded. When the load approached 3,000 kg,
2 hairline crack started to initiate at the botton face located
sbout 150 m to the right side of cinterline of panel.” Up to
this point, the applied load was rﬁipcea back to the datum load,
and the experiment was repeated twice at different times in
order to obtain average readings between each load increment
up to ‘3,000 kg. When the load was further increased ,b it was

- visualized that tefBlon‘cracks developed acrdss the bottom




Average dial gage (in

TABLE 6.1 millimeters) and strain gage (1 x 10°°) measurements
. for small panel . ; . :
) g:;i o e Ty s By, B3 By By By B!
(kgs) - -) =) =) =) ) ) (+) +) )
200 0.05 0.07 0.08 0.08 0.06 0.02 0.06 0.06 0.05 0.01 -0.01
- 500 0.21 0.23 '0.26 0.25. 0.24 0.16 0.17 0.18 0.16 0.16 0.18
1000 038 0.44 0.45 0.43 0.40 0.32 0.391 0.47 0.38 0.33 0.40
4 1500 0.57 0.69 0.77 -0.62 0.55- 0.50 0.59 0.62 0.50 0.53 0.68
2000 0.69  0.75 0.92 0.77 ,0.65° 0.64 0.70 0.77 0.71 0.65 0.77
2500 0.77 .0.88 1.15 0.90 0.79 0.81 0.89 0.95 0.82° 0.88 0.92
. 3000 1.7 .1.25 1.32 1.30 1.03 1.30 ‘' 1.23 1.08 0.99 1.10 1.20
3500/ - -]1.28 1.64 1.73 1.90. 1.97 1.75 1.70 1,54 1.17 1.45 1.50
4000 1.70 2,05 [2.25° 2.30) 2.40 2.75 2.40 2.15 1.20 2.06 2.30
4500 2.05 2.92 3.0 3.40 3.35 3.70 3.50 2.70 - 1.54 -2.35 3.05
Strain . ’
Load Gage Sl S2 S3 S‘
(kgs). _ R v
200 .. 4 5 -2 0 .
so0 | 7 .8 5 4 -
1000° 14 15 10 54
1500 19 18 15 5 =,
2000 | 28 23 19“1’. 5 e
2500 47 29 27 s .
3000 55 34 33 10
' 3500 72 42 41 17- .
4000 79 59 *62 20 %

-8 -
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face of the panel. The bondihg between the two layers of
. ihsulation failed and started to open up at the left side of -
the centerline of the panel. When the load reached 4,300 kg,
th; cbrle was crushed at the right side and lifted up at the ¥
left side, the cracking of concrete also occurred as shown

in Plate s.(. fThe experiment was completed at an applied

load of 4,500 kg, and final readings were recorddd.

6.3.2 For large panel with shear

The general.arrangement of the test is shown in
Plate 6.5. fhe experiment:was conducted in a similar
ptocedu_xe as the small panel. Readings were recorded and
illustrated in Table 6.2. During the experiment, the
behavior of the panel under each-applied load was monitored.
closely. 'When the load approached 2,500 kg, a hairline crack
‘started to initiate at the bottom face located at the
centerline of the panel. Up to this point, the applied load
was reduced back to the datum load, and the experiment was
repeated twice at different times in order to obtain average
readings l;etween each load increment up to 2,500 kg. ‘When the -
.1cdad ' was furtl':er :increased, the crack cont‘inued t;) develop and
s‘pzead across: thevbnttom face of the panel. The:e‘was a slight
bond failyre observed between the core and the bottom concrete
face as shown in Plate 6.6. The experiment was ccmpleteﬁ at
"an applied load of 3,000 kg, an§ the final readings were

recorded. ~ ~
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“Shear test experirient-on sapdwich pangl with and

without- shear connector B L

6.4.1-"For small panel without shear

The general arrangement of the.test is shown in
_Plate 6.7. The panel when loaded, devel®ped shear stresses
at the intérface of the core and the faces. As the appl)ed
load increased, the diagonal reln;orcmg ties started to

yleld'betwger; the steel and concrete. It was observed that | i
at an applied ibad of appxoximate’ly 5,000 Kg, tHe panel "
failed and relative di‘sﬁlacement took place at the interface of -
the two layers of ‘insulation as shown in Plate 6. 8, This

)"

fallure was due to a combl.natlon Of the bond stress limit of

the diagonal rebars and the weak bond between the insulation.

i X 4
6.4.2 For large panel with sfiear connector

The general arrangement of the test is shown in
Plate 6.9. For the core, there was only one 50 mm layer of
insulation used. The concrete faces were comected by a
sleeve archor at the center, fom'lif_:'ing inserts, and a
series of connector pins around ‘the perimeter of the panel.
There was fo failure observed between the core and the faces i
when the load reached a value of 12,000 kg.sThere was also
no relative displacement er;couiltered between the core and .

the concrete faces. {
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PLATE 6.8 - View of core failure for small panel after

shear test
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‘and on the top gage T
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6.5 Results analysis _
Experimental tests for bending, deflection and shear were
carried out for Do viee: sandviih panels. The averade dial
gage and 'strain gage readings aré tabulated in Table 6.1 for
the small panel; and the Table 6.2 for the large panel. The
" maximum central deflection measurements under different applied
loads were obtained by assuming the average of the readings
on the top qage'-r3 and Botton gage By for the small panel;
y and bottom gage B, for the’large

panel. Comparison of the ical and the 1

maximum central deflections under different applied loads
are shown in Tables 6.3 and 6.4, and ‘their relations are

plotted in Figures 6.12 and 6.13.

6.5.1 For the small panel’

From the experimental results, at loads under 3,000 kg,

the recorded deflections' increased linearly with the applied-
: B

loads as shown in Figure 6.12. At loads above 3,000 kg, the

core started to deform, and the readings were no longer in

with the ical values as £rom

Equation 6.16. Hence, beyond an applied load of 4,300 kg,
it appeared that the deflection was mainly associated vgi’h
the core crushing at the right side, and bond failure at ~

the left side of the panel as shown in Plate 6.4. The shear

test for the small panel indicated that failure occurred at

the interfacial bond between the two layers of insulation, i

which is an undesirable factor for sandwich construction.
[y

- g
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]
6.5.2 For the large panel’ .

Due to the installation of the shear connector and
connector pins between faces; the local bending. stiffness
of the faces had a definite effect on the shear defoymation
of ‘the core. Considering the graph as illustrated in
Figure 6.13, the experimental results for the deflection
are generally less thdfi the theoretical values. The shear.
test for the large panel indicated thit no shear failure’
ogeurred at ‘the interface betwéen the core and the concrete
fucea.v Thus, the flexible con‘nacter _pins “were contributing
td the stiffness of the panel by joining the two concrete
layers and prevented them from peeling off the e

For bo;ch panels, from theoretical calculations, it was
found that ‘the deflections were mainly associated with shear )
deformation, with less than 1% due to bending. The two
panels behaved differently because of the span length, the

panel thickness and the core materials. The styrofoam has

.a higher core shear modulus G than polyurethane.

|
i
i

l
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From Equations 6.9 and 6.10, for the small panel of =~
equal -face thickness under an’ applied load of 2,000 kq:

; The maximum bending stress :“?mx = 131 kPa' (19 psi) | J
i ! : _ - _ -6
P The maximum strain’ £ ., = ¢uax =-6:6x10 i
B * % E,
i P . £ P
The'maximum ‘shear stress TW = 5.5 kPa (0.8 psi) {
The experimental measured strain = 23 x 1076

From Equations 6.15 and 6.10, for the large panel of

l'y . ® ° “unequal face thickness under an applied load of 2,000 kg: -

s , 2 )
The maximum bending stress & MAx = 558 kPa (Bl psi)

. The maximum. strain £ .y L= 22T %1078 )
The maximum shear stress Tm‘ = 11 kPi (1.6 psi) - &
The experimental measured strain =45 x 107

. . . .
For the strain measurements, the above results sMow ja
small difference between the experimental and the calculated -
. B i
strain which is considered to ‘be acceptable. :
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Based on the analysis of the experimental and-theoretical -

rea\ullﬁ the following conclusions can be made: - ~ d
L 4 | : % w . L,

B o

1 \ Due to the low shear strength of the core, and uhere there 1\

8 P i
was ‘no shear connector system holding the two concrete faces

t.ogsther, the £lexural strength of the small panel was limited. :

|
With| the shear connector system installdd, -the two concrete .

faces of the larde panel wére connected to provide full shear
‘ |

‘tran\fez between faces and to prevent then, from peeling off
the cére. . } n s
| #2. | The crushing of the core would cause more deflection on -’ ;

| . e
the top of the panel than on ‘the bottom &% the panel where

the 1oad was applied This was noticed in the test results.

.io: the svlléll panel where there was no ‘shear connector. /
# 3. ‘The measured deflections were fcund 3 be ma.\nly ;ssoc’ia;ed
with sheaz deformation qt the core for both the small and j
large panels.

- 4. | The installation of a shear connector, torsion anchor . B

and connector pins between the ;fz\ces effectively reduced "
the shear deflection for the, large panel.

'S, The thdoretical bending and shéar stresses for the - ;,
large panel t%elte much higher than the small panel., ) .

S
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CHAPTER VII ' :
‘CURING OF CONCRETE ‘SANDWICH PANEL
7 . e

Fresh concrete gains strength most rapidly during ‘the

first few days, and the riormal weight Portland Cement concrete

should have about seventy percent of the specified strength *
at the end of the first week after placing. The final:
concrete strength depends greatly on the conditions of
moisture and temperature during this initial period. . Thirty
percent of the strength or more.can be lost by premature
drying. out of the concrete, and similar amount may be lost

by permitting the temperature to drop to 4° C or less during
the first few days, if no proper curing is provided. To
prevent such damage, concrete should be protected from loss
of, moisture, for at least seven days. When high early strength
cements are used, curing periods can be cut in hau‘ but
accelerated heat curing techniques are xequu—ed X

€ The conventional way for curing of precast c‘cncteté or

sandwich panels takes place in the form. .THe exposed surface -
of concrete panels should be covered to minimize water loss
during curing. For the precast bed that has a curing system
‘which is oil heated, only the bottom of the sandwich panel

18 Meated frem underneatM. Hence,.curing of the bottom layér
(below the XLsulation) is normally much better ‘than, curing
of the top layer, because heat from'underneath the bed is
vébained by Ehe inboiation wul wilis cansit Svaporiies
Consequently, the bottom layqr will have earlier high stremgth

‘compared with the top layer. In order to proviide the top




~ JOD - . ‘

layer with the same treatment, additxonal external heat: aouxce‘
will be required. The top exposed surface should also

be covered and kept moist to minimize the water loss, or : .
the cover to be insulated.to retain the normhl hydration
heat. For early removal. of aanawich-éanél from forms,
high early strength ‘gement may be ‘used, but proper heat -
and moist-cure system)are definitely required. Heat curing’

will accelerate the early dge cqupressive and tensile . ot S
strength of the concrete which is needed at the. time when e el
panels are reioved from forms. Ebllowing stripping, further : 1

Guring is required to ensure both faces uf the sanﬂwich panel H

will'be exposed.to similar conditions. The panels shculd be
protected from direct sunshine during final curing: In . A
general, uneven curing will be minimized if the maximum ' !

possible strength is achieved prior to stripping:

-
5 T
5
L




CHAPTER VIII U 5 0 . & o

: DESIGN OF TYPICAL CONCRETE SANbWICH PANELS
‘ |
8.1 Design considerations }

The following factors should be taken, into consideraticn

when designing concretg sandwich wall panels.’ ° 2 T g 0

(1) The thickness of both faces\of panel' N
. esto

The minimum thickness of the panel faces depends upon "' i~

-structural requirement, architectural finish, reinforcement ¥

; cover, handling corisiderations. and past performance experience.

‘The thickness of the outside face should be kept as thin as

-possible. However, for production reasons, a minimum thickness
of 60 to 70 mm. for the exterior face is usually recommended. -

To assure the’ lateral stability of the sandwich panel,

oad bearing face should be at least

- the thickness of the

100 nm if the exterior face is 60 mm thick; and it varies ) 3
'accoxﬁinq‘tp the aPi:li_cat}on, The thickness of the panel \

faces will be redued if prestressing techniques are utilized. i

The thickness of a load bearing wa¥l should also be‘ sufficient_

at all points to ensure that the stresses due to the worst .

.conditions of loading for which the structure.is designed,

are.within the limits prescribed in ‘the building code.

s iR |
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The loading corlditions —

The forces which must be considered xP.\he design of

concrete sandwich panels can be classlf:ed as follows:

(a) ..Gravity loads:

For non-composite panels, the dead weight of the outer

& ¥ada s suppo’xted By ‘the Toad Bearing Tace, which dssenss
L the total. structural function of the panel,’and is analyzed
"' ‘assuming no interaction with the other parts of the panel.

The stresses in a totally non-composite panel may be calculated
using only e prlperties of the load bearing face. For a ) i
composite panel, the degree of interaction between connected Tow 4

faces must be known and the istresses may be calculated using

the composite prupertles. . i

¢ .
(b)  Earthquake forces:

To design an earthquake resistant structure’, the design

engineer should be very familiat with the minimum requirements

. specified by the National Building Code 1980 for seismic
design. For structural or non-structural elements, such as,/~ -

wall panels, which do not participate in the lateral resistance

of the building, special load -factors are applied to the

. " conpections ‘to assure ‘thdt the element will ‘remain in place.




(c) . Wind load: ’ K

Sandwich wall panels are subject to loads applied in both
vertical and horizontal direction. Lateral loads applied
normal to the wall are the result of wind pressure. Local
applicable codes specify the distribution of wind pressure
for which a building is to be designed. The magnitude and
distribution G Rhese lateral loads, and the means for
resisting these loads using shear walls and floor .diaphrams, -

should be considered. L]

(d) - Snow and £loor load
# .= Both of these loads must Nso bé considered as a
' - separate gravity loading condition for load bearing walls %
! : only, since these loads are transmitted by connections between
the panels. As the load accumulates from each floor downwards,
the transfer of the load from panel to panel becomes a much

more significant factor which can determine the minimum

panel dimension.

(e)" Loading from manufacturing to erection process:

The in-service loads were generally not as critical as

~those loads imposed on the wall panels during the production
‘and erection stages. Thus the forces imposed during the
stripping, handling, transportation, and erection stages are

considered as part of the design calculations.
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(£)  Eccentricity effects:

Bocentrieition of the canpressive Load oH Oé CopIELYe
sandwich panels can be a major design consideration. This is
" " .particularly the case when the composite panels are to be used ; & -
in multi-storey buildings. At present, provisions in the .
design for eccentricitywf load is largely dependent on the
assunption of the behavior of concrete colums under eccerltric

loads. Unless some publicized information is obtained on

the actual eccentricities of loads that can apply to sandwich '
panels in buildings, it is unlikely that the assumption can P

" - be made much less conservative.

(3) The £id resistance of sandwich panals

Behavior of precast concrete sandwich panels under fire
conditions is also a governing factor in the design. | 5

Based on fire tests, the PCI Committee on fire pr‘c‘tecticﬂ
Presents Hesign data for calculating the thickness of many - ;
types of walls that will provide fire endurances of 1,2,3 and
4 hours. 1In particular, tables and design charts are included
for détermining the thickness of sandwich panels. Suggestions =
are offered for the treatment of joints between wall panels,
the protection of connections, and the fire stopping between

floors and- wall panels..
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(4).. The re gradient bet faces '

The thickness of insulation will be detetmined by the’
thermal characteristics of the material and the design
tepperature of the structure. Composite sandwich ‘panels
tehd to bow to a greatér degree than non-composite panels.
Hefce the maximum height of a composite panel is reconmended
not to exceed 4500 mm (15 feet) unless the panel is
prestressed on both “faces. * For non-composite panel's, the
installation of bond breakers between the insulation and
‘the load bearing face is necessary so as to allow relatively
free movement between both'layexrs for the dissipation af
temper ture and other volumé change stresses. An air
space 33y also consider to be necessary for ventilation .
beticer] the outside face and the insulation to avoid

moisture built up. .

(5) g The sandwlch Ppanel anchor szstem

The sandwich panel anchor system is'irtended ' m

interconnect the outside face and the load bearing face of °

. the sandwich panel, and to transmit to the latter the

stresses acting on' the outside face. The panel anchor

_system can be supplied by Swerior Concrete Accessories, Inc.

or by the Burke Company. The sandwich panel anchor systenm is

. |
basically composed of three elements: —
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(a) . The sandwich panel anchor, acting as a shear connector,
is designed for.transferring the weight of the non-loadbearing
section into the structural bea’rinq section. The panel

anchor can be either a perforated sleeve anchor, or a pair

of tension and compression struts.

(B) The torsion anchor is intended for taking the eccentric
loads. Itds inprinciple a sandvich. panel anchox, but it
consists of just one tension and compression pin or strut,
because of the fact that it.is subjected to less loading.
The tbrsion afichor is installed horizontally so that it

does not participate in the vertical load. The anchor design
provides extremely high torsional stiffness; ther gby possessing
‘resistance to smll eccentricities., The torsion anchors are
important for panals.containing windows md doors , because

the nain panel anchor is difficult to be situated at the

center of gravity of the panel. This torsion anchors are
required to prevent the panel £rom rotation duwring thermal
movements:

(c) The chnnector pins ‘are horizontal ties for taking the
horizontal force, such as. wind pressures. They also offer
resistance ‘bo\the change in length of the outside face in'

every direction, and yet be able to take the tension and

. compreéssion forces' without buckling or tearing out of the concrete.
. B v, -
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8.2 Design example of a non-composite sandwich panel

Based on the above design considerations, the theory of.
sandvich panels, the design procedures suggested by the
. ‘ PCT manual, and the manufacturer's brochures, a éesiga
example is illustrated below with reference-to Figures

6.4, 6.5 and 8. 1.

i .  Compressive strength of cnncxete at 28 days =, 30 MPa|
g Density of mormal-veight concrete = 2400 k‘/m3
‘ Density of insulation ) . = .32 ka/a’

| 1w Size of panel ' = 2400 mn x 1200 mm

(1) Panel section properties

" The; location of the centroildal axis is as shown in

Figure 8.1, . :
¥, = .100.5mm from the top of load bearing face
¥, = 112.0mm from the bottom of exterior face

From Figure 8.1 : ;
The foment of inertia about the centroidal axis

Ic-c = 245 x 10 mm (from Equation 6. ll)

The section modulus S of the load beaxmq face
1 = 245 x 1% = 4 *10% mm? =
ey 100.5 .
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Panel Weight - : -Comcrete © = 3.90 kN/m®
Papel eldht

Insulation = 0.01 kn/m?

Total weight w = 3.91 kN/m?

(2) . Stripping’désign (Figure 8.1) .

Multiplier ‘= . 1.2
-~ = 1wiZx1.2 = 1x3.91x0.525% x 1.3
g oo 2 2w
= 0.65 kN-m/m
e = (;wﬁ-;wul)xl.z“
, 8 2 Ve
= lx39lx 2042 - 1 x 3.91 x 2.4 x 0.525)
" 58 2 %
“x1.2 '
. = 0.43 kN-m/m
. 6 \
. =M = _0.65 x 10
¥ 0:65 x 107 E
8 244 x 10
= 2.66'MPa £ 0.95./30 MPa 0.K.

Therefore, panel will not crack.
‘
Provide minimum ‘reinforcing steel in each face of the panel.

Use wire mesh W102 x 102 MW 18.7 x MW 18.7

(3)  Stripping insert ' (Two point pick up)
R = 3.91 x1.2x1.2x]1 = 2.81kN
P z
safety factor for insert = 4 (PCI Manual)

. o
Therefore, provide 4 stripping insert, each of carrying

capacity of  11.24 kN

\ B ’ *

R



et

¥ - -

. ;
(4) Handling insert (Two point pick up)
R = 3.91 x 2.4 x 1.2 x'1 = 5.63 kN
2

safety factor for inare "= 4 (PCI Manual) .
Therefore, provide 2 handling inserts, each of.carrying
capacity of 22.52 kN \ )
. @ 5

(5)  Wind design (Figure 5.1) .

Wind pressure @ = 0.96 KN/m%

Assume panel connections are located at 450 mm from “
the botton' of the panel, and 150 mm from the top of the panel.

Bistance between connections is 1800 mm

-« = qlf = "0.96,x 0.45°% = 0.1 kN-m/m
=z .
W= a?eoa ¢ - = 0.96 x1.8%- 0.05 . &
: il ' d
=, 0.34 ki-m/n
£ "0.34 x 105 = 1.4 MPa < 2.66 MPa . O.K.
bz 10 : ’

244 x 10

i Therefore, - stripping stress governs the design. .

6) Panel anchor system (manufactured by Supexrior Concrete Inc.)
a. Shear connector : Weight of the non-strictural
face is 432 kgs. Provide one sgainless steel sleeve anchor
of minimum carrying capacity 1000 kgs, and install at the
‘center of the panel to tramsfer the weight of the

non-structural face to the load bearing face.
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b. Torsion anchor : Provide two sets of Type 'S pins

in locations as shown in Figure 6.4. . “F

~c. Horizontal ties' : Provide Type L connector pins.

i
X - !
£

§ I .

H around the perimeter of the panel as shown in Figure 6.4.

(] Fire resistance of the sandwich-panel

It is possible to calculate the fire endurance of the

‘sandwich panel by using the following formula from PCI’Manual

{ (1977) J i ’ ¢

R .= (R + R, + R3°'5‘9)1'7 Y 0.

where R is the total fire endurance of the sandwich
panel, Rl, R2 and R3 are the fire endurances of each of the

layers in minutes. win

For the 100 mm thick load bearing face,

R = 90 minutes, R10.59. = 14.2 :

For ‘the 50 mm thick polyurethane insulation,

0.59
Ry

) R, = 5 minutes, = 2.58

\ For the 62.5 mm thick exterior face, . -

. 5 “Ry = 40 minutes, 'Rz‘"s9 = 8.8 ¥




¥ § A

. Total fire endurance of the sandwich panel.is
R = (14.2 + 2.58 + 343)5‘7

3 = 247 minutes

[

hours

(8) - gradient between faces

For . this particular design example, the temperature

‘gradient is calculated in accordance with the formulas as
"described in Section 5.2:3.

]

: ; R = 0.12,° Ry = 0.03n%.hr.%/watt
! X, = 100 mm, .. Rz‘, = 0.06 n?.ny.Scrvats o
%y = 50 mm, Ry = z.}/ﬁ’{é;»{act ' .
X, = 62.5mm, R = 0.04 mz_g\r."c/uatt
/ " Total thermal resistance R(SD = 2.2 n?hr.Oc/watt.
Total heat loss U(SI) ‘ = 0.45 watts/hz.rpz.“c

From Figure 5.5, the temperature gradient at the
surface of each layer of the. panel is:

o

* Temperature Ti = $21.1° C
Temperature T, = +18.8° C e
. Temperature T, =" +17.5° ¢
‘ Temperature T, = -21.5° ¢ L5 g T
Temperatyre T, .= -22.3° C iy
Temperature T, = -23.3° ¢

i °




s

‘ cbetween the panels and the supporting structure,

(9)  Volume éhange. loads |

., 'All concrete is subject to volumF change resulting from

qv.empe:a:u\-e change, shrinkagé and creep effect. For. tHe

“sandwich panel, a shrinkage coefficient £ 0.0002 /. i3

_comonly used in shrinkage effect computations. .

, Forces induced by restrained differential movements
are best  + N
avoided by alloving suffxcxerJ: movement in the design of
panel connections. ol . ? ) 5

In common practjce, a ’jolnt width of 12 mar is provided _ i

for the volumetric changes encountéred between panels. ’ ;

s " e L
(10) Other loid conditions .

Other design components such as snow and £loor load
will depend on the location of the structure, its occupanfy, "

and the local building code requirements.

A typical hnAsite pariel installation details is

shown in Figure 8.2. The sandwich panel is connected to the

concrete structural frame with details shown at the base,

floor and roof slab.

-



FIG. 82 Typical

installation details .
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e

. PRACTICAL "APPLICATION AND COST EVALUATION OF CONCRETE -

* SANDWICH PANELS

Recent development of welll desierd anchor systems for
connecting the' concrete faces through several millimeters of
. ‘insuiagion have made' the sandwich panel more commonly used
in .construt;tidn industries. Many factors have contribited )
to ‘the 'trend towaxds‘ greater use OF the wall panel. These
include the growth of using building S T—- avail‘ability .
of ‘efficient,produstion techniqués and the realistic cost
. of "sandyich materials. ;

. The.sandwich wall panels similar to precast panels

have mapy practical advantagés against conventional bfick '

and block buildings. The advantages of utilizing sandwich
panels can be Summarized as follows: -
(1) offers a wide rangeof gocd surface fir‘xish.
_(2)  provides an outstanding rigidity. 3 .
(i) provides good thermal, acoustical, and aesthetical
'properties. "

(4) provides standard mass production.

..} (5)--requi¥es no operation and maintenance after erection:

1h eddition, o concrete mixes can: be arranged:to cast
the sandwich panels, concrete for the exterior face, chosen
for coldr.and texture to suit the clients' requirements.
The interior face is poured on top, providing a smooth finish

for inside attachment of building system.
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In the United States and parts 553 Canada, some schools,
Hospitals, apartment bulldxn;/;; msucué\ons have used
sandwich wall panels to good advantage, particularly where
a high degree of repetition has made the labour and equipment .-
R *. cost more economical. i g e »

“In gemeral, thé coSt of fabricating concrete sandwich
pansl! wolild dndlude: & !
(1)| preparing precast bed and forming panels.
w MF ,(2.) installing anchoring systems, connmector pins‘, and inserts.
(3) installing rigid insulation and bond breaker, L
.(4) placing and finishing concrete to the Epecified texture
. and color. - ! @ ’
3 (5) curing, S TpbliG; Hinditng and Seation
From discussions with a local supplier, Atlantic Concrete
Ltd., it was indicated that the fabrication of sandwich panels
would be more time consuming, and required additional labour
and facilities for both pouring and curing. The unit cost
£o EabilcaEtng Sach Eandwlch pansls I8y depenas cnitre. -
thickness, occupancy, exposure finish and how complex. the
. system is.. The cost will be in the approximate range of
$ 270 to 320 per square meter (§ 25-30 per square’feet). This
approximate rengel applien/to:building size 4f less than 1,800 -
- square meters (20,000 square feet). The unﬁ‘t cost of production
Vill be reduced to an extent for a larger size of building,

because of mass production and high degree of repetition.
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CHAPTER X : . B

CONCLUSTONS ' ’ ‘

Experimental investigations’on concrete sandwich panels

have been carried out, and based on the analysis of the

data obtained, the following conclusions can be made: -
10.1 For_ the heating and cooling of the sandwich panel

(1)

10.2

(1)

The rate of expansion was approximately the same as the
rate of contraction, and as a result, allowance could be
made for the design of joints between sandwich panels.
For the panel tested, the shape of the panel warped in

a convex profile during high temperature periods, in
relation to the face subjected tb the temperature change:
and in a concave profile during low temperature periods.
The sides of the exterior layer of the panel expanded o
contr‘acted mdre than the sides of the interi;r layer.
The, maximum measured deflection at the top of the
concrete’face was in close agreement with the theoretical
calculation under heating and cooling conditions.

For the bending, deflections and shear test on the
sandwich panel
- )

The measured deflections for both panels were mainly ’%

e,

due to shear deformation of the core, and the measurements

were not symmetrical at a given load.

v
o
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(2)  The measured bending deflections and strains vere
reasonably close to the results obtained by theoretical
analysis at loads below 2,000 kg for both panels. .

(3)') For the large panel, the bond at the interface of

_the concrete and insulation was found to be sufficient.

No shear failure occurred when the load réached a

value of 12,000 kg.

(4) For the small panel, the bond at the interface of  .° )
the concrete and insulation was found to be insufficient.
Shear failure occurred when the load reached a value
Of 5,600 kg. : i ’

(5) 'The shear capacity of the small panel was found to
be small, unless the two faces were held together so -
t.havt they could not move or rotate in relation to l;ne
another.

It is important to note that the results obtained
weré under experiméntal conditions only, and if applying them
to design, due allowances must be made for practical conditions’

and uncertainties.

¢
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The following factors should be examined and considered
for the future design and construction of concrete
sandwich panels: -
(1) The temperature gradient between faces..
A2y The thickness of both faces of parel.
(3)  The fire . panels.

(4) °~ The loading conditions. d ) B

(5)° . The sandwich panel anchor system. .
untdi znow,, Whssprincipal maedf: sinduich panels by s

the building industry has .been mostly non-composite panels,

i because of the unavailability of publications on the actiual
) = behavior of composite panels under eccentric.loads.. Hence

. © .. further research is requiréd to determine the effects of

eccentricities of the compressive load on.the composite panel.

1
\
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o
LI&‘ OF SUPPLIERS FOR CONCRETE SANDWICH PANEL ANCHOR SYSTEM
v ) ¥

(1) canada '

Superior Concrete Accessories (Canada) Ltd.
230 Belfield Road,

Rexdale, Ontario. |
Supplier of the following items (refer to picture)
(a) Sleeve anchor - The sleeve anchor is a metal sleeve

i i ‘made ‘of stainless stepl material, acting as a shear

conriector.

¥ A ; !
b “(b)  Iype S conmector pin - A pair of connector pins inserted .

'
at 45 degrees into the panel, acting as a torsion anchor

to prevent the panel from rotation. r N

v
(c) Type L connector pin - The pins are horizontal ties
installed to resist "peeling” of the panel. They are

wud

used when the bottom concrete layer is allowed to

hirden before the top layer is poured.
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(2) United States

The Burke Concrete Accessories Lt\d'.-

2655 Campus Drive,

San Mateo, California 94403.

Alternate Supplier of the following items (refer to picture)

C(al Panel anchor - The anchor is a pair of tension and
— S

compressiop struts, serving the same purpose as a
sleeve anchor.

(b,

{
L
.
,
i
'

Torsion anchor - The tolrsion anchor is just.one tension

and compression strut, s‘ezving-the rame purpose as a

pair of Type S connector! pins. l
(c) ‘Iies - The horizontal ties are made from steel rods,

serving the same purpose as Type L cnnnictoi pins.

i

e
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