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USE OF PRECAST AND PRESTRESSED HOLLOW CORE
SLABS IN CONSTRUCTION INDUSTRY

ABSTRACT

Physical and technical characteristics as well as the design proce-
dures of the prestressed precast hollow core slab and wall elements are
studied. It is intended to present for the convenience of practicing en-
gineers, a general guideline and comprehensive information about the hol-
low core slabs and walls used in both residential and commercial buildings.

After a brief introduction to the precast and prestressed structures,
physical and technical characteristics such as thermal insulation, acoustical
parameters, fire resistance, manufacturing methods and advantages of
prestressed hollow core slab elements are described.

Subsequently, after the load carrying characteristics of these elements
are emphasized, the connection detailes are illustrated with their design cal-
culation techniques. In addition, analysis and design of hollow core slab ele-
ments under the horizontal and vertical loads are discussed. The design pro-
cedures are presented together  with numerical examples in accordance
with the ACI 318-83 and TS 3233 codes. Furthermore, special design con-
siderations are also explained with numerical illustrations.

Finally, the basic advantages of the use of these prestressed prefabri-
cated elements in housing construction are summarized.
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PREKAST VE ONGERILMELI
BOSLUKLU DOSEME ELEMANLARININ
INSAAT ENDUSTRISINDE KULLANIMI

OZET

Konut ve ticari yapilarda kullanlmakta olan Ongerilmeli boslukiu
dogseme elemenlarimin dizayn prosediirleri genig bir sekilde ele alinmug, fizik-
sel ve teknik oOzellikleri incelenmis, pratikte cahsan mithendisler agisindan
her bakimdan tiim bilgileri iceren bir kaynak olusturma yoluna gidilmistir.

Prekast ve ongerilmeli yapilara giris yapildiktan sonra bogluklu 6ngeril-
meli dboseme elemanlarmin fiziksel ve teknik oOzellikleri, 1s1 ses ve yangina
karsi mukavemetleri, iiretim metotlar1 ve avantajlari izah edilmigtir.

Daha sonra, bu elemanlarm yiik tastma kapasiteleri anlatildiktan sonra
birlesim detaylan izah edilerek, bunlarin hesap metotlar1 anlatilmigtir. Bu
elemanlarin yatay ve diisey yiik etkisi altindaki hesap esaslari genis bir
sekilde ele almmg ve dizayn prensipleri ACI 318-83 ve TS 3233 stan-
dartlanna gore izah edilerek Ornek hesaplar verilmistir. Daha sonra,
uygulamada ortaya c¢ikan Ozel dizayn problemlerinin ¢oziimleri Ornekleriyle

“agiklanmigtir.

Sonug olarak, bu tiir Ongerilmeli yap:r elemanlariin konut yapiminda
kullamlmasimn getirecefi temel avantajlar Gzetlenmistir.
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I- INTRODUCTION TO PRECAST AND
PRESTRESSED STRUCTURES

In a relatively short period of time, precast, prestressed concrete has
become an important method of framing for structures. Virtually all types
of structures are being built with this material - industrial buildings, park-
ing garages, commercial buildings, multi-family housing, motels, schools,
recreational buildings and bridges.

Precasting offers the opportunity of compressing construction time
schedules. Compared with ordinary reinforced concrete, the use of prestress-
ing allows longer spans with shallower depths, more controllable perfor-
mance in terms of cracking and deflection, and less material usage.

L.1. Prestressed Concrete

Prestressing can be defined as the application of a predetermined
force or moment to a structural member in such a manner that the com-
bined internal stresses in the member, resulting from this force or moment
and from any anticipated condition of external loading, will be confined
within specific limits. Prestressing concrete is the result of applying this prin-
ciple to concrete structural members, with a view toward eliminating or
materially reducing the tensile stresses in the concrete. The most significant
fact is that prestressed concrete has proved to be economical in buildings,
bridges, and other structures that would not be practical or economical in
reinforced concerete under conditions of span and loading.

1.1.1. General Design Principles

Prestressing, in its simplest form, can be illustrated by considering a
simple prismatic, flexural member prestressed . by a concentric force, as
shown in Fig. 1 (Ref. 6). It is readily seen that if the flexural tensile stres-
ses in the bottom fiber, due to the dead and live loads, are to be
eliminated, the uniform compressive stress due to prestressing must be
equal in magnitude to the sum of these tensile stresses.

v. €8 -
gaksekogretim EKurula
Dokiimantasyon Merkesal
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. Fig. 1 Simple rectangular beam prestressed concentrically

There is a time-dependent reduction in the prestressing force, due to
the creep and shrinkage of the concrete and the relaxation of the prestress-
ing steel. If no tensile stresses are to be permitted in the conceret it is
necessary to provide -an initial prestressing force that is larger than would
be required to compensate for the flexural stresses a reduction of the ini-
tial prestressing force by 10 to 30 percent. Therefore, if the stress distribu-
tions shown in Fig. 2 are desired after the loss of stress has taken place
(under the effects of the final prestressing force), the distribution of stres-
ses under the initial prestressing force would have to be as shown in Fig.
3. (Ref. 6) '

Comp. . Comp. Compression
r + + =
Tension ) Tension
(a) Stresses Due (b) Stresses Due () Stresses Due (d)Stresses in Loaded
to Dead Load . to Prestressing . tolive Load Prestressed Member

Fig. 2 Distribution of stresses at midspan of a simple beam concentri-
. ally prestressed

Prestressing with the concentric force just illustrated has the disad-
vantage that the top fiber is required to withstand the compressive stress
due to prestressing in addition to the compressive stresses resulting from
the desigh loads. Furthermore, since sufficient prestressing must be provided
to compress the top fibers, as well as the bottom fibers, if sufficient
prestressing is to be supplied to eliminate all of the flexural tensile stres-
ses, the average stress due to the majimum flexural tensile stress resulting
from the design loads.

If this same rectangular member were prestressed by a force applied
at a point one-third of the depth of the beam from the bottom of the



Comp. Conip. Comp. Compression

S ] o« -

Tension » Tension Compression
(a) Stresses Due (b) Stresses Due  (c) Stresses Due (d)'$tresses in Loaded
to Dead Load to lnitial to Live Load  Prestressed Member

Prestressing Before Relaxation

Fig. 3 Distribution of stresses at midspan of a simple beam under

initial concentric prestressing force

beam, the distribution of the stresses due to prestressing would be as
shown in Fig. 4 (Ref. 6). In this case, as in the previous example, the
final stress in the bottom fibre due to prestressing should be equal in mag-
nitude to the sum of the tensile stresses resulting from the design loads.
By inspection of the two stress diagrams for prestressing (Figs. 2-b and 4),
it is evident that the average stress in the beam, prestressed with the force
at the third point, is only one-half of that required for the beam with con-
centric prestress. Therefore, the total prestressingr of the second example
will be only one-half of the amount required in the first example. In addi-
tion, the top fiber is not required to carry any compressive stress due to
prestreééﬁg when the force is applied at the third point.

Final stress l
' ‘» Initial stress

Fig. 4 Distribution of stresses due to prestressing forces applied at
lower third point of rectangular cross section

The economy that results from applyihg the prestressing force eccentri-
cally is abvious. Further economy can be actieved when small tensile stres-
ses are permissible in the tup fibers-these tensile stresses may be due to
prestressing alone or to the combined effects of prestressing and any exter-
nal loads that may be acting at the time of prestressing. This is because
the required bottom-fibre prestress can be attained with a smaller prestress-
ing force, which is applied at a greater eccentricity under such conditions.

1.1.2. Pre-Tensioning

Pre-tensioning is accomplished by stressing steel wires or strands,
called tendons to a. predetermined amount, and then while the stress is



maintained in the tendons, placing concrete around the tendons. After the
concrete has hardened, the tendons are released and the concrete, which
has become bonded to the tendons, is prestressed as a result of the ten-
dons attempting to regain the length they had before they were stressed.
In pretensioning the tendons are usually stressed by the use of hydraulic
jack; The stress is maintained during the placing and curing of the con-
crete by anchoring the ends of the tendons to abutments that may be as
much as 150 m or more apart. The abutments and appurtenances used in
this procedure are referred to as a pre-tensioning bed or bench. In some
instance, rather than using pre-tensioning benches, as mentioned above, the
steel molds or forms that are used to form the concrete members are
designed in such a manner that the tendons can be safely anchored to the
mold after they have been stressed. The results obtained with each of
these methods is identical, and the factors involved in determining which
method should be used are of concern to the fabricator of prestressed con-
crete, but do not usually affect the designer. "The tendons used in pre-ten-
sioned constructlon must be relatively small in diameter, because the bond
stress between the concrete and the tendon is relied upon to transfer the
stress -from the tendon to the concrete. It should be recognized that the
ratio of bond area to cross sectional area for a circular wire or bar is

Bond Area 4L

Cross Section Area d

in which d is the diameter and L is length. For a unit length, it
will be seen from the equation above that the ratio, which is also the
ratio of the bond area available to the force the tendon can withstand,
decreases as the diameter increases. Therefore, a number of the small ten-
dons are normally required to develop the required prestressing force.

1.1.3. Post-Tensioning

When a member is fabricated in such a nﬁanner that the tendons are
stressed and each end is ahchored to the concrete section, after the con-
crete has been cast and has attained sufficient strength to safely withstand
the prestressing force, the member is said to be post-tensioned. When

using post-tensioning, a common method used in preventing the tendon



from bonding to the concrete during placing and curing of the concrete is
to encase the tendon in a mortar-tight, metal tube (or flexible metal hose)
before placing it in the forms. After the tendon has been stressed, the
void between the tendon and the sheath is filled with grout. In this man-
ner, the tendon becopes bonded to the concrete section and corrosion of
the steel is prevented.

Post-tensioning offers a means of prestressing on the job site. This
f)rocedure may be necessary or desirable in some instances. Very large
building or bridge girders that can not be transported from a precasting
plant to the job site (due to their weight, size, or the distance between
plant and job site) can be made by post-tensioning on the job site. Post
tensioning is used in precast as well as in cast-in place construction. In ad-
dition, fabricators of pre-tensioned concrete will frequently post-tension the
members for small projects on which the number of units to be produced
does not warrant the expenditures required to set-up pre-tensiohing facilities.

1.2. Précast Concrete

When concrete products are made in other than their final position,
they are considered precast. They may be unreinforced, reinforced. They in-
clude in their number a wide range of products : block, brick, pipe, plank,
slabs, Qpndm‘t, joists, beams and girders, trusses and truss components,
curbs, lintgls, sills, piles, pile caps, and walls.

Precasting often is chosen because it permits efficient mass produc-
tion of concrete units. With precasting, it usually is easier to maintain
quality control and produce higher-strength concrete than with field concret-
ing. Formwork is simpler, and a good deal of falsework can be eliminated.
Also, since precasting normally is done at ground level, workers can move
about more freely. But sometimes these advantages are more than offset by
the cost of handling, transporting, and erecting the precast units. Also,
joints may be troublesome and costly.

Design of precast products follows the same rules, in general, as for
cast-in-place units. Precast units must be designed for handling and erection
stresses, which may be more severe than those they will be subjected to in



service. Normally, inserts are embedded in the concrete for picking up the
units. They should be picked up by these inserts, and when set down, they
should be supported right side up, in such a manner as not to induce stres-
ses higher than the units would have to resist in service.



II- INTRODUCTION TO HOLLOW
CORE ELEMENTS

2.1. Methods of Manufacturing -

A hollow core slab is a precast, prestressed concrete member with
continuous voids provided to reduce weight and, therefore, cost and as a
side benefit, to use for concealed electrical or mechanical runs. Primarily
used as floor or roof deck systems, hollow core slabs also have applications
as wall panels, spandrel members and bridge deck units.

Two basic manufacturing methods are currently in use for the produc-
tion of hollow core slabs. One is dry cast or extrusion system where a
very low slump concrete is forced through the machine. The cores are
formed with augers or tubes with the concrete being compacted around the
cores. The second system uses a higher slump concrete. Sides are formed
either with stationary, fixed forms or with forms attached to the machine
with. the sides being slip formed. The cores in the mormal slump, or wet
cast, systems are formed with either light-weight aggregate fed through
tubes attached to the casting machine, pneumatic tubes anchored in a fixed
form or long tubes attached to the casting‘ machine which slip form the
cores.

The economy of a hollow core system is in the quantity of slabs
that can be produced at ‘a given time with a minimum of labor required.
Each slab on a given casting line will have the same number of prestress-
ing strands. Therefore, the greatest production efficiency is obtained by
- mixing slabs with the same reinforcing requirements from several - projects
on a single production line. This implies that best efficiency for a single
project is obtained if slab requirements are repetitive.

2.2. Materials

Hollow core slabs are produced with two basic concrete mixes; low
slamp and normal slump concrete. For the low slump concretes, water con-
tent is limited to slightly more than is required for cement hydration.



Water-cement ratios are in the range of 30 percent. Mixing is critical be-
cause the limited water available must be well dispersed in the mix. Water
reducing admixtures can be used to optimize a mix by reducing cement
and water requirements while still retaining enough workability for proper
compaction of the concrete by the machine. Air entrainment admixtures are
not effective in the dry mix concrete. With the low water-cement ratjos
and compaction placing method, air is difficult to disperse well and main-
tain.

Aggregates vary in the manufacturing processes depending on what
type is locally available. Maximum aggregate size rarely gets larger than
graVel No. 1, because of the confined areas into which concrete must be
placed. Concrete unit weights ranging from 18 to 24 kN/m> are used in
the industry. ' |

23. Advantages of Hollow Core Slabs

Hollow core slabs are most widely known for providing economical,
efficient floor and roof systems. The top surface can be prepared for the in-
stallation of a floor covering by feathering the joints with a latex cement,
installing non-structural fill concretes ranging from 1 cm to 2 cm thick
depending on the material uséd, or by casting a composite structural con-
crete fopping. The underside can be used as a finished ceiling as installed,
by painting, or by applying an acoustical spray.

When properly coordinated for alignment, the voids in a hollow core
slab may be used for electrical or mechanical runs. Structurally, a hollow
core slab provides the efficiency of a prestresed member for load capacity,
span range, and deflection control. In addition, a basic diaphragm is
provided for resisting lateral loads -by the grouted 'slab assembly provided
proper connections and details exist.

Excellent fire resistance is another attribute of the hollow core slab.
Depending on thickness and strand cover, ratings up to a 4 hour ‘enf
durance can be achieved. A fire rating is de’pendent' on equivalent thick-
.ness for heat transmission, concrete cover over the prestressing strands for
strength in a high temperature condition, and end restraint.



Used as floor-ceiling assemblies, hollow core slabs have the excellent
sound transmission characteristics associated with concrete. The Sound Trans-
mission Class rating ranges from about 47 to 57 dB without topping and
the Impact Insulation Class rating starts at about 23 for a plain slab and
may be increased to over 70 dB with the addition of carpeting and padding.

24. Framing Concepts.

The primary consideration in developing a framing scheme using hol-
low core slabs is the span length. For a given loading and fire endurance
rating, span length and slab thickness may be optimized by consulting a
producer’s published load tables. For roof slabs, a span-depth ratio limit
of 50 is suggested and for floor slabs, a limit of 40 is suggested. In prac-
tice a spari—depth ratio of 45 is common for floors and roofs when fire en-
durance, openings, or heavy or sustained live loads do not control a design.

Consideration must be given to factors which affect slab thickness
selection -for a given span. Heavy superimposed loads, as required by the
function of a system, would require a lower span-depth ratio. Similarly,
heavy pénitions or a large number of openings will result in higher load
capacity requirements. The fire resistance rating required .for the applica-
tion will also affect the load capacity of a slab. As the code required fire
rating igcrea_ses, prestressing strands can be raised for more protection from
the heat. .

Hollow core members are cambered as with any other prestressed
flexural member. In the planning stages, consideration should be given to
the causes of differential camber. For two slabs of identical length and
prestressing, the camber may be different because of concrete and curing
variations. This factor is independent of a framing scheme. However, joints
between slabs of unequal spans, or joints at which a change in span direc-
tion occurs, will cause a potential differential camber problem. This must
be recognised and dealt with in the design layout.

Camber must also be accomodated when a topping is to be
provided. The quantity of topping required must consider the amount of
camber and the functon of the floor. In occupancies where flat floors are
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not a requirement, a constant topping thickness may be used to follow the
curvature of the slabs.

Hollow core slabs are designed as individual one way , simple span
slabs. When the slabs are installed and grouted at the keyways, the in-
dividual slabs become a system that behaves similarly to a monolithic slab.
A major benefit of the slabs acting together is the ability to transfer forces
from one slab to another. In most hollow core slab deck applications, non-
uniform loading occurs in the form of line loads, concentrated loads, or
load concentrations at openings. The ability of individual slabs to interact al-
lows these load concentrations to be shared by several slabs. In many
cases, load concentrations do not have to be carried by the slabs. For ex-
ample, a header at a large opening may be suppurted directly to a founda-
tion or vertical support element; a beam might be installed to directly
carry a heavy concentrated load; or a heavy wall parallel to a slab span
might be designed to carry its' own weight or .any load superimposed on
the wau' as a deep beam spanning between vertical support.

. "As load is applied to one slab in a system, the response of the slab
is to deflect and also twist if the load is not on the longitudinal centerline
of the system. As the loaded edges try to move down, the interlock of the
grout in the joints with the keyways formed in the slab edges forces the ad-
jacent slabs to deflect a similar amount. The flexural and torsional stiffness
of the adjacent slabs reduce the deflection of the loaded slab from what
might be expected if the slab were alone. Shear forces are developed along
the keyways and the loaded slab then gets some support from the ad-
jacent slabs. As this effect trickles through the system, the keyways . between
slabs force equal deflections for slab edges at any given keyway.

Many times shrinkage cracks will occur in the grouted joints at the
interface between the grout and slab edge. This cracking does not impair
the mechanism described above because the configuration of the keyways in
the slab edges still provides mechanical interlock even with the presence of
a crack.

Shear forces transferred along keyways cause two sets of forces that
are normally not considered in hollow core slab design. The first is torsion
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which develops because the shear on one edge of a given slab is different
in magnitude from the shear on the opposite edge. As depicted in Figure
5 (Ref. 5), the keyway shears reduce as the distance from the load in-
creases. These torsions cause shear stress in the slabs in addition to the
direct shear stress.

-

The second set of forces is induced because the system is tending to
behave as a two way slab. Transverse bending moments occur because of
the edge support provided by adjacent slabs. The result is transverse tensile
stress developed in the bottom of the slab and compressive stress in the
top.

1 IDDD&DDER H.]DDDDDD[ H 1000000

Vi Vy Vo V2
Vi> Vy > Vg ;

Fig. 5 Keyway shears

" Several factors affect the ability of a slab system to distribute loads
to adjacent slabs. As the width of an assembly of slabs gets narrower than
the span length, a reduction in the number of slabs contribﬁting to the sup-
port of a concentration of load occurs. This occurs because the freedom
of the free edges of the system to deflect and twist becomes more sig-
nificant. A’ second factor is the spacing of the slab joints. With slabs avail-
able in widths ranging from 60 cm to 240 cm, some differences in load dis-
tribution behavior can be expected. Finally, the span length affects the num-
ber of contributing slabs. As span length changes for a wide system, the in-
teraction of flexural and torsional stiffnesses changes. For longer spahs,
flexural stiffness - reduces relative to torsional stiffness. This results in rela-
tively less slab rotation and less transverse curvature. The result is that
more slabs can contribute to distribution on longer spans as long as the sys-
tem is wide relative to its length

Vs
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III- PHYSICAL CHARACTERISTICS OF
HOLLOW CORE SLABS

3.1. Fire Resistance

One of the attributes of hallow core slab construction is excellent
fire resistance. The fire resistance of precast prestressed concrete elements
and assemblies can be determined in most cases by calculation. These cal-
culations are based on engineering principles and ‘take into account the con-
ditions of a standart fire test. This is known as the Rational Design
Method of determining fire resistance. It is based on extensive research con-
ducted by the National Research Council, the Portland Cement Association,
and many other laboratories in Europe and America.

Many fire tests and related research studies have been directed
toward an understanding of the structural behaviour of prestressed concrete
subjected. to fire. The purpose of this section is to present an introduction
to the calculation procedures. Because the method of support is the most
1mportant factor affecting structural behaviour of flexural elements during
fire, the discussion that follows deals with three conditions of support
Simply - supported elements, continuous slabs and beams, and elements in
which restraint to thermal expansion occurs.

3.11. Simply Supported Elements

Assume that a simply supported prestressed concrete slab is exposed
to fire from below, that the ends of the slab are free to rotate, and that
expansion can occur without restriction. Also assume that the reinforcement
consists of straight strands located near the bottom of the slab. With the
underside of the slab exposed to fire, the bottom will expand more than
the top, causing the slab to deflect downward; also, the strength of the
steel and concrete near the bottom will decrease as the temperature rises.
When the strength of the steel diminishes to that required to support the
slab, flexural collapse will occur. In essence, the applied moment remains
practically constant during the fire exposure, but the resisting moment
capacity is reduced as the steel weakens.
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M, = moment resistance
@ 2h

T

= applied moment
M, = reduced moment resistance

Fig. 6 Moment diagrams for simply-supported beam or slab

Fig. 6 (Ref. 8) illustrates the behaviour of a simply supported slab ex-
posed to fire from beneath as described above. Because strands are paralel

to the axis of the slab, the factored flexural resistance is constant
throughout the length:

Mu = g Mn = Q Aps fps (d-a/2)

Where;

@ = 090

Aps =  Cross-sectional area of the prestressed reinforcement

fps =  Stress in the prestressed reinforcement at nominal flexural
resistance

d = Distance from the centroid of the prestressed reinforcement
to the extreme compression fibre

a = Depth of the equivalent rectangular compression stress

block at nominal flexural resistance, and is equal to
a = Aps fps / 0.85 f(‘: b

where fc is the specified compressive strength of the concrete and b is the
width of the slab.
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Mn = Nominal flexural resistance

In lieu of an analysis based on strain compatibility, the value of fps
can be assumed to be :
fps = fpu (1- 0.5 Aps fpu / b d )
where fpu is the specified tensile strength of the prestressed reinforcement

parabolic with a maximum value at midspan of :

M=wl*/8 where :
w = Dead plus live load per unit of length
1 = Span length
As the material strengths diminish with elevated temperatures, the
retained nominal resistance -becomes :

Mpe = Aps . fpse( d-ae/2)

In which 6 signifies the effects of high temperatures. Note Aps and
d are not affected, but fps is reduced. Similarly ae is reduced, but the con-
crete stréngth at the top of the slab, fc' is generally not reduced significant-
ly because of its lower temperature. |

Flexural failure can be assumed to occur when Mne is reduced to
M. The resistance factor, @ is not applied because a safety factor is in-
cluded -in the required ratings. From this expression, it can be seen that
the fire endurance depends on the applied loading and on the strength-
temperature characteristics of the reinforcement.

Test results have shown that the theory discussed above is valid, not
only for hollow core floors, but also for roofs with insulation on top of
the slabs.

3.1.2. Structurally Continuous Slabs

Continuous elements undergo changes in stresses when subjected - to
fire. These stresses result from temperature gradients within the structural
elements, or changes in strength of the materials at high temperatures, or
both.
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Flg 7 Moment diagram for two-span continuous beam

Fig. 7 (Ref. 8) Shows a two-span continuous beam whose underside is ex-
posed to a fire test. The bottom of the beam becomes hotter than the top
and tends to expand more than the top. This differential temperature ef-
fect causes the ends of the beam to tend to lift from their supports there-
by increasing the reaction at the interior support. This action results in a
redistribution of moments, i.e. the negative moment at the interior support
increases while the positive moments decrease. During a ﬁré, the negative
moment reinforcement remains cooler than the positive moment reinforce-
ment  because it is better protected from the fire. In addition, the
redistribution that occurs is sufficient to cause yielding of the negative mo-
ment reinforcement. Thus, a relatively large increase in negative moment
can be accomrodated throughout the test. The resulting decrease in posi-
tive moment means that the positive moment reinforcement can be heated
to a higher temperature before failure will occur. Therefore, the fire en-
durance of a continuous concrete beam is generally significantly longer than
that of a simply supported beam having the same cover and the same ap-
plied loads.
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It is possible to design the reinforcement in a continuous beam or
slab for a particular fire endurance period. As seen from the fig 8. the
beam can be expected to collapse when the positive moment capacity Mne
is reduced to the value indicated by the dashed horizontal line, i.e., when
the redistributed moment at point xj, from the auter support, Mxi = Mne.

Fig. 8 (Ref 8) shows a uniformly loaded beam or slab continuous

(or fixied) at one support and simply supported at the other. Also shown
is the redistributed applied moment diagram at failure.
w E},)

#_LL.I_]_LLJ_I_I_L_L_LLJ_.L_I_I_L_L_LJ_D%

L

Mz

X4

M:OL_W

X2

. Flg. 8 Uniformly loaded element continuous at one support

It can be shown that at the point of positive moment, x1 :

% =.%f- ;& at x = x5, M =0 and x, = 2%4 ;
2 Mr-le - _ wl2 2 |2 MI-";G
X = M = —— + wl
o wl ne 2 wlZ ]

In most cases, redistribution of moments occur early during the
course of a fire and the negative moment reinforcement can be expected
to yield before the negative moment capacity has been reduced by the ef-
fects of fire. In such cases, the length of xo is increased, ie., the inflec-
tion point moves toward the simple support. If the inflection point moves
beyond the cut off points of the negative moment reinforcement, sudden
failure may result. Fig. 9 (Ref 8) shows a symmetrical beam or slab in
which the end moments are equal:
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Fig. 9 Symmetrical uniformly loaded element continuous at both supports

2 W x% 8 M+e
M- =wl" /8 - M+ Mt = x, = | —=2
ne ne ne 8 2 W
: , 8 M+ |
S 1.1 | _"ne
x, =3 (I-x;) = 3 2J——:

To determine the maximum value of xo, the value of w should be
the minimum service load anticipated, and (w 18 - Mp) should be sub-
stituted: for Mpe in the equation :

I il
2 w

For any given fire endurance period, the value of Mpe can be calcu-
lated by the procedures given in the section on simply-supported elements.
Then the value of Mne can be calculated by the use of the two preceding
equationsi B

x =
o

N

2 7 M 2 |
M- =MLy oy 12 Do o M- = EL oy
ne 2 ne 8 ne
2 wl™ : i

and the necessary lengths of the negative moment reinforcement can be

SM%'G‘
o wl o \l w

It should be noted that the amount of moment redistribution that
can occur is dependent on the amount of negative moment reinforcement.
Tests conducted by laboratories have clearly demonstrated that in most
cases, the negative moment reinforcement will yield, so the negative mo-
ment capacity is reached early during a fire test, regardless of the applied

determined from :
2 M-
_ ne

X

N

r =-]---—
(o] X 2
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loading. The designer must exercise care to ensure that a secondary type
of failure will not occur. To avoid a compression failure in the negative
moment region, the amount of negative moment reinforcement should be
small enough so that Wo = As fyo / bo do feco , is less than 0.30, before
and after reductions in fy, b, d and fc are taken into account. Further-
more, the negative moment bars or mesh must be long enough to accom-
modate the complete redistributed moment and change in the inflection
points. It should be noted that the worst condition occurs when the ap-
plied loading is smallest, such as the dead load plus partial or no live
load. It is recommended that at least 20 percent of the maximum negative
moment reinforcement extend throughout the span.

3.1.3. Elements Restrained Against Thermal Expansion

If a fire occurs beneath an interior portion of a large reinforced con-
crete slab, the heated portion will tend to expand and push against the sur-
rounding part of the slab. In turn, the unheated part of the slab exerts
compressive forces on the heated portion. The effects of restraint to ther-
mal expansion can be characterized as shown in Fig. 10 Ref. (8) The ther-
mal thrust acts in a manner similar to an external prestressing force,
which, in effect, increases the positive moment capacity.

The increase in bending moment capacity is similar to the effect of
added reinforcement located along the line of action of the thrust. It can
be assumed that the added reinforcement has a yield strength (force) equal
to the thrust. By this approach, it is possible to determine the magnitude
and location of the required thrust to provide a given fire endurance.

The above explanation is greatly simplified because in reality,
restraint is quite complex, and can be likened to the behaviour of a
flexural element subjected to an axial force.

3.2. Acoustical Properties

The basic purpose of architectural “acoustics is to provide a satisfac-
tory environment in which desired sounds are clearly heard by the in-
tended listeners and unwanted sounds (noise) are isolated or absorbed.
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Fig. 10 Axially restrained beam during fire exposure

Good acoustical design utilizes both absorptive and reflective surfaces,
sound barriers and vibration isolators.

3.2.1. Approaching the Design Process

- The basic process of sound transmission between rooms is illustrated
in Fig. 10 (Ref. 8). A sound source in Room 1 produces an average
sound pressure level Ly in the room; a fraction of the sound power inci-
dent on the partition between rooms is transmitted to room 2, where it
produces an average sound pressure level L.

(Room 1) / (Room 2)

Ly —pf | — Lg,Ag

d

e IS =
— A\

in Room 1, L, is the average level produced
by the sound source; in Room 2, L, is the average
level of sound due to transmission through the
partition, and A, is the sound absorption of the
room in metric sabins.

Fig. 11 Model of sound transmission process between rooms.
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The equation governing this process is :

Li - 12 = TL - 10 Log (S / Ap)

where TL is the transmission loss of the partiﬁon, ie., the ratio of sound
power incident on the partition to that transmitted through it, S is the
area of the partition, and Az is the sound absorbtion in the receiving
room. Thus the reduction in level between rooms depends on the TL of
the partition, the area of the partition, and the sound absorbtion in the
receiving room. To simplify the acoustical design process, it is customary to
replace the detailed TL data by a single number rating known as the
sound transmission class (STC). For a partition whose transmission -loss
characteristic is known, the sound transmission class is determined by com-
paring the TL curve with a family of idealized TL curves known as STC
contours. The rating process involves selecting the highest STC contour rela-
tive to which the actual TL curve has an average deficiency of no more
than 2dB over the frequency range 12 S to 4000 Hz.

60 1T T 1T T7T1 T 11}

Sound transmission class
[4)]
o

40

Surtace density, m, (kg/m?)

Straight tine corresponds to STC = 20 log mg + 1

Fig. 12 STC vs. mass per unit area of single-leaf concrete walls and
" floors.

%
ASTM Standart Method E90- Laboratory measurement of airborne  sound transmission loss of build-

ing partitions. American Society for Testing and Materials, 1916 Race St., Philadelphia, PA, USA, 19103.
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A massive concrete wall or floor is intrinsically a good barrier to
sound transmission. Figure 12 (Ref 8) shows the relation between the mass
per unit area of such walls and the sound transmission class. The data
points are for actual walls and floors measured in the laboratory or in
buildings. The straight line, empirically fitted to the points, is STC = 20
log ms + 1, where mg is the surface density in kg/mz.

- SOUND TRANSMISSION (STC), dB
150 mm 50
150 mm  SLAB  + 50 mm TOPPING 51
200 mm . 56
200 mm  SLAB  + 50 mm TOPPING 59
L

Table 1- Sound Transmission Values (STC), dB

Table 1- Ref (10) contains values for the Sound Transmission Class
(STC) - utilizing hollow core slabs respectively. The larger the value of the
STC for a given system, the greater the sound insulation.

3.3. Thermal Insulation Parameters

Precast and prestressed concrete construction has a unique advantage,
with its thermal inertia and thermal storage properties. These provide a
bonus which minimizes the energy needed to heat, cool and operate a
buildings.

, Table 2- (Ref. 10) contains the insulation values ("U" Factors) for hol-
low core slabs in conjuction with a varied range of commonly used insula-
tion materials, respectively. All tabular values listed herein are based upon
coefficients tabulated in the A.S.HR.A.E. Guide. Thermal coefficients of in-
sulation materials are selected from manufacturers data sheets.

For all standart uses in composite cross sections -applications are as
listed. Variation in slab conductivity will vary slightly with change in slab
thickness as noted in tables. Insulation materials other than those noted
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may be compared to the selected material and values chosen accordingly
from the table 2 (Ref. 10)

~ "y" VALLES OF COMPOSITE SECTIONS (Winter Condition)

SLAB THICKNESS, mm

rﬁOOFING
1
A S R N INS UL ATION

LA N et et e ] .

OOOOOO<> 100|150 | 200 { 250 | 300
T':* ._’. .,'. .,“-.’:'.r.', l:

r u ] u u u
TYPE OF noo; INSULATION K v . “ . “
Ka2 ¥oZ | KmZz | Km2 | Km2
25 POLYSTYRENE 0.98 0.80 |0.78 [0.76 |6.72 |0.71
50 POLYSTYRENE 0.98 0.48 |0.46 |0.45 |0.44 |0.43
25 BEAD EOARD 1.27 0.96 |0.92 |0.88 |0.85 |0.81
50 BEAD BOARD 1.27 0.58 |o.57 |o0.56 |0.53 |o.52
25 URETHANE 0.83 0.72 |o0.70 [0.67 [0.65 |0.64
SO URETHANE 0.83 0.41 [0.4% {0.39 |0.39 |0.38
25 CELLULAR GLASS 1.86 1.2 [1.15 [1.09 |1.04 [0.99
50 . CELLULAR GLASS 1.86 6.78 |o0.74 |0.72 {0.71 | 0.69
. [ .25 eERLITE BOARD 1.76 1.17 | 1.12 {1.07 | 1.02 [0.96
50 PERLITE BOARD 1.76 o.78 |o0.72 |0.70 |0.67 {0.66
NO INSULATION - 2.76 . |2.45 [2.23 | 2.00 {1.85

Table 2- "U" Values of Composite Sections (Winter Condition)

34. Coofdinatioh with Mechanical, Electrical and. Other

Sub-Systems

Prestressed and precast concrete is used in a wide variety of build-
ings, and its integration with lighting, ' mechanical, plumbing, and other ser-
vices is of importance to the designer. Because of increased environmental
demands, the ratio of costs for mechanical and electrical installations to

total building cost has increased substantially in recent years.

3.4.1. Electrified Floors

The increasing use of business machines, telephones and other com-
munication systems stresses the need for adequate and flexible means . of
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supplying electricity and communication service. Since a cast-in-place topping
is usually placed on prestressed floor elements, conduit runs and floor out-
lets can be readily buried within this topping. Moreover, voids in hollow-

core -slabs can also be used as electrical raceways as seen from the Fig.
13 (Ref. 8)

) Flg 13 Use of electrical ducts with slabs within concrete topping

3.4.2. Ductwork

Prestressed concrete hollow core girders have been used to serve a
triple function as air conditioning distribution ducts, conduit for utility lines
and structural supporting elements for the roof deck units. Conditioned air
can be distributed within the void area of the girders and than introduced
into the building work areas through holes cast into the sides and bottoms
of the box girders. The system is balanced by plugging selected holes.
Suspended' ceilings, crane rails, and other sub-systems can be easily accom-
modated with standart manufactured hardware items and embedded plates.
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IV- LOAD CARRYING CHARACTERISTICS

The load tables presented herein define the allowable live load that
a given slab can safely support in addition to. the slab self weight. The
load capacity will be a function of the slab. thickness, the amount of
prestressing provided, and the effective depth of the prestressing strand.
Fire rated slabs may require additional concrete cover below the strands
which will affect the load capacity.The design criteria used to develop these
load tables are defined by TS 3233 and ACI Building Code. Depending on
the design criteria controlling a slab’s load capacity, some advantage may
be gained by understanding that in most applications, superimposed loads
will consist of both dead and live loads. Where ultimate strength controls,
an equivalent live load can be used to enter a load table. It is calculatied
as :

Wequivalent = 1.4 / 1.7 Dead load + Live load

‘ ‘However, if bottom fiber tensile stresses control, no adjustment in su-
perimﬁdéed loads may be used. Similarly, many loading conditions consist
of loads other than uniform loads. For preliminary design only, an
equivalent uniform load may be calculated from the maximum moment
caused by the actual loads. ’

Weduivalent = 8 Misuperimposed / 12

Shear will not be properly addressed in this situation. Thus, the final
design must consider the actual load pattern.

The load tables on the following pages show dimensions, section
‘properties and engineering capabilities of the shapes most commonly used
throughout the industry. The dimensions of the shapes shown in the
tables may vary among manufacturers. Adjustment for these minor varia-
tions can be made by the designer. Hollow core slabs of different thick-
nesses, core sizes and shapes are available in the market under various
trade names. Designers making use of these load tables should contact the
manufacturers in the geographic area of the proposed structure to deter-
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mine availability and exact dimensions of products shown hére. Manufac-
turers will usually have their own load tables for sections which are not in-
cluded on the following pages..

4.1. Explanation of load Tables

Load tables show the allowable superimposed service load, estimated
camber at the time of erection and the estimated long-time camber after
" the element has essentially stabilized. The upper table gives the information
for the element with no topping, and the lower table is for the same ele-
ment with 50 mm of normal density concrete topping acting compositely
with the precast section. Values in the tables assume a uniform 50 mm top-
ping the full span length, and assume the element to be unshored at the
time the topping is placed. Safe loads and cambers shown in the tables
are based on the dimensions and section properties shown on the page,
and will vary for elements with different dimensions.

4.1.1. Safe Superimposed load

" The values for safe superimposed service load are based on the
ca'pac»ity' of the element as governed by the code limitations on flexural
resistance, service load flexural stresses and shear resistance. A portion of
the safe load shown is assumed to be dead load for the purpose of apply-
ing load factors and determining time dependent cambers and deflections.
For untd;iped hollow core slabs, 0.5 kN/m? of the capacity shown is as-
sumed as superimposed dead load. For topped hollow core elements, 0.7
KN/m”® of the capacity shown is assumed as superimposed dead load. The
capacity shown is in addition to the dead load of the topping.

4.1.2, Limiting Criteria

The criteria used to determine the safe superimposed load and the
strand placement are based on requirements of the code. A summary of
the code provisions used in the development of these load tables is as fol-

lows. -
Factored Flexural Resistance :

Load factors : 1.4 for dead load, 1.6 for live load
Resistance factor : @ = 0.90
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Section Propetties -

1200 x 200
unt d Topped
Normal Density Concrete ntoppe op

A = 134000 mm?
I = 851 x 10 mm* 1 303x 10 mm*
b 1200 — ‘50 yp = 100 mm 138 mm
| l i vy = 100 mm 1)1 mm
S ¥ sp= 6508x10°mm? 9371x10° mmé
40 (O Q O O O Oj 200 S; =  6508x10*mm® 11735 x 103 mm?
e Mt L . A4 by = 300 mm? | 300 fam
T m = 265 kg/m? 387 kg/m?
Z H
! = 25MPa \\I/VIS: i:j:/m 5.8 kN/m
f. = 35MPa :
Table of sate superimposed service load (kN/m?) and cambers (mm) No Topping
Ségmd ' Span(m)
(kN/slab) 45 50 55 60 65 70 7.5 80 85 90 9.5 100

184 105 83 66 53 43 35 28 23 18
0 o] o} 0

600 0 0. O ¢ 0 o}
10 10 10 0 0 0 0 0 6 —10
135 114 93 76 63 52 43 35 20 23 18
800 10 10 10 10 10 10 10 0 0 Q 0
10 10 10 10 10 10 0 o . 0 0 -10
111 ©6 80 66 55 46 38 31 26
1000 R 10 10 10 10 10 10 10 10 0
20 20 20 10 10 10 0 0 o]

108 93 78 66 56 48 4.0 34
1200 . . |- 20 20 20 20 20 20 20 10
: 20 20 20 20 20 20 10 (9]

85 72 62 53 45 39

1400 20 30 30 30 20 20
30 30 30 30 20 20

Table of sate superimposéd service load (kN/m?) and cambers {mm) 50 h1m Normal Density Topping
s&{,ﬂ"ed Span (m)
(kN/siab) 50 55 60 65 70 7.5 80 85 90 95 100

130 102 81 64 51 38 27 17
o o ©o ©6 ©o © 0 ©
9 ©o 0 ©0 ©o o _ _© -0
141 113 ©2 75 58 45 33 24 16
800 10 10 1 10 10 10 0
101016 0 ©0 0 0 10 -20
134 117 ©7 7.8 B2 49 38 28 20
1000 1 10 10 10 10 10 10 10 0
101010 100 0 0 -~10 20
111 98 80 65 52 4.1 3.1
1200 ' 20 20 20 206 20 20 10
20 1010 40 ., O © o
g4 80 66 53 43
1400 30 30 30 20 20
2020 10 10 0

600

Table 3- Safe superimposed service load and cambers for 1200 x 200
hollow core slab
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Topped

3421x108mm¢
194 mm
156 mm
17835x 103 mm?
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1200 x 300
Normal Density Concrete Untopped
A = 179000 mm?
L 1200 - ) I = 2049 x10* mm+*
| ' | 50 y,=  150mm
s N e ,v,;»—}' = 150 mm
' T Sp= 13657 x10rmme
40 300 St = 13657 x105mm?
§ - O Q O Q = 240mm
L m = 357 kg/m2
f;, = 25MPa wo= 3.5 kN/m?
fé = 35 MPa V/S= 60 mm

21931x103mm?
240 mm

479 kg/m?
4.7 kN/m?

Table of safe superimposed service load (kN/m?) and cambers (mm) No Topping
Shand Span(m)
(kN/stab) 70 75 80 85 90 95 10.0 105 11.0 11.5 120 125 13.0 13.5 14.0 14.5 15.0
112 94 79 67 57 48 41 34 29 24 20 1.8
800 10 10 10 10 10 o] o 0 o] 0 o] [e]
10 10 10 10 10 o] 0 0 0 0 —~10 20 )
112 103 89 77 66 57 49 42 36 30 25 21 17
1000 10 10 10 10 10 10 10 10 0 0 0 o} 0
10 10 10 10 10 10 10 o] 0 0 -0 -—10 -—20
90 B2 71 62 54 46 40 34 29 24 20 16
1200 20 20 20 10 10 10 10 10 [¢] 0 o 10
« 20 20 20 10 10 10 o] 0 0 —~10 ~-20_-30
: 80 73 64 56 49 43 37 32 27 23 19
1400 20 20 20 20 20 10 10 10 o] ¢} [0]
20 20 20 20 20 10 8] 0 0 —-10 =30
72 63 56 48 43 38 33 29 25
1600 30 3 30 20 20 20 10 10 0
30 30 30 20 20 10 0 0 10

Table of safe supefimposed service load (kN/m?) and cambers (mm)

50 mm Normal Density Topping

Sé;adned Span (m)
(kN/slab) 70 7.5 80 85 8.0 9.5 100 105 11.0 11.5 12.0 125 13.0 13.5 14.0
126 105 87 7.3 61 51 42 34 26 18
800 10 10 10 10 10 .0 o} 0 o] 0
10 ‘10 0 0 0 0 0 0 -—10 —10
110 97 83 70 60 50 40 31 24 17
1000 10 10 10 10 10 10 10 0 0 0
10 10 10~ 0 9] 0 9] 0 -—10 -20
88 7.7 66 54 45 36 28 22 16
1200 20 20 10 10 10 10 10 0 0
10 10 10 0 4] 0 -—10_ =20 ~30
77 69 58 48 40 32 25 19
1400 20 20 20 20 10 10 10 10
10 10 10 0 0 Q —10 -20
6.8 60 51 42 35 28
1600 30 30 20 20 20 10
20 10 10 4] 0 _-—10
Table 4- Safe superimposed service load and cambers for 1200 x 300

hollow core slab
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Calculation of moments assumes simple spans with roller supports. If
the strands are fully developed, the critical moment is assumed to be at
midspan in elements with straight strands, and at 0.4 1 in products with
strands depressed at midspan.

Flexural Stresses at Transfer :

The following limitations are placed on flexural stresses immediately
after transfer of prestress, before long time losses; it is assumed that
strands are initially tensioned to 0.7 fpu :

Compression : 0.6 fci
End tension : 0.5 [f&'

Midspan tension : 0.25[fg where fpu is specified temsile strength of
prestressed reinforcement, and fci is compressive strength of concrete at
time of initial prestress. Although the code allows higher values of service
load ténsion under certain circumstances for loadings other than storage,
parking or fixed seating, these high'er' values have not been used in prepar-
ing the load tables herein. The critical point for service load moment is as-
sumed at midspan for elements with straight strands and &t 0.4 1 for ele-
ments with strands depressed at midspan.

Span / Dept Ratios : -

Hollow core elements show no values beyond a span/depth ratio of
50 for untopped elements and 40 for topped .elements. These are the sug-
gested maximums for roof and floor elements respectively, unless a detailed
analysis is made. '

4.1.3. Estimated Camber

The estimated cambers shown are calculated to the nearest 10 mm
using the multipliers shown in chapter 6.2.5.1.- These values are estimates,
and should not be used as absolute values. Nonstructural components at-
tached to elements which could be affected by camber variations such as
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partitions or folding ‘doors, should be placed with adequate allowance for
error. Calculation of topping quantities should also recognise that the
values can vary.

414, Concrete Streﬁgth and Density

-

Twenty-eight day cylinder strength for concrete in the prestressed
units is assumed to be 350 kg/cmz. Tables for units with composite topping
:are based on the topping concrete being normal density concrete with a
cylinder strength of 200 kg/cmz. For hollow core slabs the concrete
strength at time of strand tension release is 250 kg/cm2 unless the value
falls below the heavy line shown in the load table, indicating that a
cylinder strength greater than 250 kg,/cm2 is required. No values are shown
when the required release strength exceeds 300 kg/cmz. The designer
should recognise that it is sometimes difficult to obtain a release strength
higher than 250 kg/cm2 on a one day casting cycle. In such cases, the cost
of production will be increased and the designer should consult with
prospective producers when required release strengths are above 250 kg/cm2.

" Mahy prestressing plants prefer to use higher strength concretes result-
ing in somewhat higher allowable loads or greater spans than indicated in
the load tables contained herein. In this chapter, all tables épply to normal
density concrete only, with the density assumed as 2400 kg/m3.

4.1.5. PreStfessing Strand and Losses

For the hollow core elements the manufacturer is allowed some
flexibility in choice of strand size and tensile strength. The "Strand Code"
number shown in the first column of the strand area (Aps) and the
'speciﬁed tensile strength (fpu) expressed in kN per slab.

. As an example, for a 1200x200 hollow-core slab with a strand code
of 1000, the total value of Aps fpu required would be 1000 kNyslab. If the
producer uses 18600 kg/cm2 strand, the total strand area required would be
(1000/18600).1000 = 5.38 cm?. The producer might then choose, for in-
stance, to use 6-13 mm diameter strands (Aps=6x99=>5.94 sz) or 4-13

mm diameter and 3-9 mm diameter strands (Aps=4x99+3x55=5.61 cmz),
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or another combination of size and strength to produce a total value of
Aps-fpu of at least 1000 kN/slab.

Losses assumed in computing the required concrete strength at time
of strand release are 10 percemt. Total losses are assumed to be 21 per-
cent for normal density concrete. For long span, heavily prestressed
products, losses may be somewhat higher than these assumed values, and
for shorter spans with less prestressing they may be lower. However,these
values will usually be adequate for element selection.

4.1.6. Strand Placement

For hollow core deck elements, the load table values are based on
strand centred 40 mm from the bottom of the slab. Strand placement can
vary from as low as 25 mm to as high as 55 mm from the bottom, which
will change the capacity and camber values shown. The higher strand place-
ments give improved fire resistance ratings. The lower strand placement
may require higher release strengths, or top tension reinforcement at the
ends. .

4.1.7. Load Bearing Wall Panels

An interaction curve for various types of commonly used wall panels
is provided herein. (Ref. 8) This interaction curve is for factored loads and
moments- ‘and the appropriate load factors must' be applied to the service
loads and moments before entering the chart. Also, the curve is for short
elements. Moment magnifiers caused by slenderness effects must be calcu-
lated and applied to the design moments before using the curve for final
element selection. Most of the wall panel curves show the lower portion of
the curve only (flexure controlling). Actual design loads will rarely exceed
the values shown.

Full development has been assumed for prestressed wall panels.” The
effects of strands above the neutral axis has been neglected for the calcula-
tion of the flexural resistance under zero axial load.This curve for hollow-
core wall panels is based on a generic section as shown. It can be used
with small error for all sections commonly marketed for wall panel use.
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- fig. 14 ‘.Partial interaction curve for prestressed hollow-core wall panels
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V- DESIGN OF CONNECTIONS

This section presents concepts of analysis and equations for design of
connections for various types of connections as slab to slab, slab to beam,
slab to wall, and also typical beam to column details.

5.1. Criteria for Connections

Connections must meet a variety of design and performance criteria,
and not all connections are required to meet the same criteria. Some of
the items discussed in this section are self evident. Other requirements may
not be so obvious and may require special consideration or specification by
the designer.

Resistance

A ‘connection must resist the forces to which it will be subjected
during. its lifetime. Some of these forces are apperent, caused by dead and
live gravity loads, wind, earthquake, etc. Others are not so obvious and are
frequently overlooked. These are the forces caused by restraint of volume
changes in the elements and forces required to maintain stability. The con-
nection’ resistance can be categorized by the types of force that may be in-
duced. T_hese include:

a) Compression
b) Tension

¢) Flexure

d) Shear

e) Torsion

Many connections will have a high degree of resistance to one type
of force, but little or no resistance to another. For example a connection
may have a high shear capacity and little or no moment capacity. It may
be unnecessary, or even undesirable to provide a high capability to resist
certain types of forces.
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Ductility

Ductility is usually defined as the ability to accommodate relatively
large deformations without failure. In structural materials, ductility is usually
measured by the amount of deformation that occurs between first yield and
ultimate failure. Ductility in building frames is usually associated with mo-
ment resistance. This is particularly true in designing for earthquake forces,
where concerns over ductility are usually exspressed.

Volume Change Consideration

The combined shortening effects of creep, shrinkage and temperature
drop can cause severe stresses on all types of precast, prestressed concrete
elements, if the end connections restrain movement. These stresses must be
considered in the design, but it is usually for better if the connection will
allow some movement to take place, thus relieving the stresses.

Most of the severe problems that have been caused by restraint of
volume . .change movements have appeared when relatively long elements,
usually stemmed deck units, were welded to their supports at the bottom
on both ends. When such elements are connected only at the top, volume
changes are adequetly accommodated. On relatively short, heavily loaded ele-
ments, such as beams, an unyielding top connection may attract negative
moments that are difficult to accomodate.

S5.2. Connection Design of Slab to Slab

Hollow core slab elements transfer the in-plane shear forces from
one to another, by means of the resistance along their ' longtindinal
keyways. The strength and capacity of the keyway is dependent on shear
strength of the grout, as well as on the existance of the topping.This is
the standart connection used between hollow-core and solid slabs. The size
and shape of the key vary with the method of manufdacture. The key is
usually filled with a sand-cement grout. This connection distributes vertical
loads and provides horizontal shear transfer for moderate loads when the
deck is used as a diaphragm. '
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Fig. 15 Typical slab to slab connection

The Turkish Earthquake Code does not specify any particular capacity
for the unreinforced grout and topping, but, one can select the maximum
shear capactiy of a low quality concrete to be on the safe side. For in-
stance, the ultimate shear strength is specified as 'C= 0.17@ where fc is
specified compressive strength of concrete which, results in C= 068
N/mm2 for BS16, and (= 0.76 N/mm? for BS20. The allowable shear
stresses, for the same quality concretes, by TS500, are C = 0.5 N/mm?,
and 'C = 0.60 N/mm® respectively.

The Uniform Building Code, specifies the maximum’ strength of a
grout as T= 0.56 N/mm? which is very good harmony with the above
values.

The :strength of a unreinforced grout is tested in the following man-

ner:
Fa < O F ° where, .
Fd = calculated shear force with load factors
g = 0.85
F ="C.dl
d = heiht of grout plus topping, if any
1 = length of grout for shear force, Vu

If the grout is not sufficient to carry the shear force, reinforcing
bars, or special fasteners should be utilised. The cross-sectional area of
the reinforcement is obtained from.

Ag = Fa / (D fy)
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Usually, the reinforcement placed in the butt joints at hollow core
slab ends, will provide effective resistance against such longitudinal shear.

As an alternate method, the hollow core slabs may be connected to
each other by means of U-shaped reinforcing bars, or welded steel plates
along the longitudinal joint as shown in Fig. 16 (ref. 8). However,steel con-
nections along the longitudinal joint are relatively more expensive than the

reinforcement along the butt joint.

Reinforcement across Welded connection
grout keyway

Fig. 16 Alternate longitudinal shear connections

5.3. Connection Design of Slab to Beam

Whén there are multi-bay arrangment, as shown in Fig. 17, it is
necessé'ry’ to design that, the horizontal connection along the beam line,
should resist the acting shears, Vu. The acting shear for the beam line -of
the upper bay, is calculated in one of the following two methods :

Diaphragm Action technique

Assuming the right hand side supports as rigid, since they are
restrained against shear forces, and following the instructions described in
the chapter before, the shear force Vy can be obtained from

V =T =FL/8&h in which,
F = Lateral earthquake force of the slab segment in question
L = length of diaphragm span

h = Width of slab segment in question

j = Moment level arm ratio in a beam cross-section.

It should be noticed that the valid. length of the shear force Vy is
L/2 which is one half of the span length of the diaphragm.
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Fig. 17 Multi-bay slab arrangement

Flexural ‘Shear Action Technique

'Aé,suming the entire slab diaphragm, BxL, as a deep beam, and using
the expression for the calculation of the horizontal flexural shear in a
beam, -the shear force per unit distance, Vu, along the horizontal beam,
may be obtained from

’Z =. V.Q /Ib Vu =r(u.b Vu = VQ / b { where,

V = Shear force of the diaphragm beam at the point where Vy is re-

quired.

Q = Static moment area of the part of the cross-section of the diaphragm
above the beam line in question. .

I = Moment of inertia of the cross-section of the complete diaphragm.

Assuming ,a‘ diaphragm thickness of d, and referring to Fig. 18

V = F/2 (maximum at support)
Q = 15 h%d
I = d BY12
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In the light of the procedures explained, the necessary reinforcement can
be determined from the same way described in section 5.3.

Fig. 18 Typical slab to beam connections

The design of all slab-to-beam connections, whether for floors or
roofs, should consider the effects of volume changes and the transfer of
horizontal forces from the slab to the beam when the floor or roof is as-
sumed: to act as a diaphragm. Movements at the connection between roof
slabs and beams may damage the roofing, thus a special expansion detail
should be considered. On floors with cast-in-place topping, additional mesh
or reinforcement should be placed accross the beam to minimize cracking.

a) This detail shows one way to develop diaphragm action at a beam
in a hollow-core roof system if friction is not sufficient to transfer the
lateral forces and thus a positive connection is required. Plates are cast
‘into the upper portion of the ledger beam and welded deformed stud bars
extend into the grouted joint between slabs. Erection considerations may
dictate a different detail, such as having the beam top lower than the tops
of the slabs to allow for placement of continuous reinforcing bars in slab
keyways. Details should be limited to those recommended by the local
producers as long as they are consistent with the design requirement.
Floors with topping usually do not require any addtional connection to the
beam.

b) This connection provides a positive integral floor system without
welding or cast-in-place topping. With projecting stirrups as shown, the cast-
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in-place top portion of the beam acts compositely with the precast section,
providing added structural capacity

54. Connection Design of Slab to Wall

Horizontal joints in load bearing wall construction occur at floor
levels and at the transition to foundation or transfer beams. Depending on
function of walls, these joints connect floors and walls or wall units only.
The principal forces to be transferred are vertical and horizontal loads
from panels above and from the diaphragm action of floor slabs. The result-
ing forces are : (a) normal to joint-compression or tensiom; (b) horizontal
to joint-horizontal shear; (c¢) vertical to joint at face-vertical shear; (d) per-
pendicular to joint-compression or tension from floor to diaphragm Fig. 19
(Ref. 8).

Considering the limited frame action that can be developed prepen-
dicular to a wall, moment stresses in the joint are normally only of minor
importance.

Wall

Fig. 19 An interior floor to wall connection

It should be noted that any tension force in the joint has to be
transferred into the wall panels by appropriate connection and tie details.
Horizontal shear forces from the floor diaphragm action or direct lateral
loads are resisted by (or combinations of) the shear strength of the grout,
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friction, or shear-friction. Since shrinkage or structural movements may
create a crack at the wall-grout interface, the lesser of the friction, shear
resistance or shear friction resistance should be used in design.

The horizontal shear resistance can be determined by :

@ Voh < Pd. ' (fricion) , @ Vah < @ Veg . tg . | (shear)
Where

P4 = Vertical dead load

M = 1.0 for roughened surfaces ; 0.60 for smooth surfaces
o = 070

Veg = Grout shear strength < 0.2 feg and < 60 kg/crn2
fog = Compressive strength of grout concrete.

To develop horizontal force through friction, a normal force must be
present. This normal force can result from imposed loads (without load fac-
tors), from reinforcing steel crossing an assumed crack, or from post-tension-
ing forces. When the equivalent of a normal force is provided by reinforc-
ing steel, the area of steel can be calculated by shear friction :

Avf = Vun / @ . fy . Me where; :
fy = yield strength of steel but < 4 t/cm? @ = 070

This shear-friction reinforcement should be uniformly distributed along
the assumed length of crack and adequately anchored into the panels.

The details show some of the combinations of slabs supported by
walls. Also shown is the connection of a roof slab to a paralelel wall. In
most designs some degree of continuty is required at the slab-to-wall con-
nection.

a) This detail represents’ a typical installation of hollow-core slabs on
masonry walls. A bond beam is provided directly under the slabs, and the
joint between the ends of slabs i grouted full. In multi-story construction,
it is necessary to insure that the ends of the slabs can transmit the verti-
cal compressive forces. In multi-bay construction, consideration must be
given to the forces developed due to restraint of volume changes.
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Fig. 20 Typical slab to wall connections

b) In this detail positive anchorage of the hollow-core units to the
wall is accomplished by inserting hairpin bars into the bond beam and em-
bedding them in the grout closure between the slab ends. If required, L-
shaped bars are cast into the bond beam and into mortar filled cores of
the block as shown in order to transfer forces into the wall. For positive
roof diaphragm action, or when topping is not used on floors, a reinforcing
bar can"be grouted into the keyways between hollo-core slabs. This bar
also. serves to tie the slabs together, preventing roofing problems at the
joint.

5.5. Typical Beam to Column Details

Connection types BC-1 through BC-7 are a few of the connection
combinations used for beams to columns. For simplicity, all the beams
shown are rectangular, although they could be 'ledger beams, I-beams, or
single tees.

BC-1- This detail conceals a corbel or haunch without using a dapped-
end beam as shown in BC-3. Confinement anges and/or bearing pads may
be required by the design. The detail shown is for a simple span condi-
tion. It can also be used for a moment connection by using non-shrink
grout between the end of the beam and the columm and by providing for
transfer of tension at the top of the beam.

BC-2- This is a variation of BC-1 with the reinforced concrete
haunch projecting from the column. It is shown with an elastomeric bearing
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pad and plates in both the haunch and the beam. As with BC-1, this
detail is shown for a simple span condition, ‘but it can be developed into
a moment connection if required. Bearing pads are optional, according to
design ‘requirements.

BC-3- This detail is often referred to as a dapped-end connection,
and usually requires confinement angles because of high stresses. To
develop this detail into a moment connection requires non-shrink grout at
two different interfaces, which is a difficult field procedure. Placement of
reinforcement in this detail is probably the most critical of all the beam-to-
column details shown; at no place should an unreinforced shear plane
occur between the connection reinforcement and the main flexural steel.

BC-4- This detail is often used when it is desired to hide the beam-
to-column connection. Shown is a wide flange section projecting from the
column. Other .embed'ded structural steel shapes may be used, such as T-
beams, double channels or double plates. Again, like BC-3 the dapped
beam -requires care in detailing and placing the reinforcement. Closely
spaced ties should be placed in the column immediately above and below
the embedded structural steel shape.

BC-5- This is a dowelled connection with. bars projecting from the
column into conduit or steel tubes cast into the beam. The tube is then
grouted’ full. To prevent restraint against volume change rotation, ver-
miculite,” sand or other loose material may be placed in the bottom of the
tube before grouting. In freezing weather it is important to prevent water
from entering the tubes prior to grouting. Bearing pads, steel plates or con-
finement angles are used at the bearing surfaces. The connection can be
made continuous by providing welded or lapped tension reinforcement
similar to that shown in BC-6. Tension bars can also be placed in topping
or in blockouts in the tops of the beams.

BC-6- This detail is a moment connection variation of BC-5 achieved
by welding reinforcing bars to angles. It has the advantage of allowing for
future extemsion of the column by placing anchor bolts or inserts in the
cast-in-place concrete between the ends of the beams. When this is done,

tied column bars should extend into the cast-in-place closure from the
column below.
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21 Typical beam-to-

Fig
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BC-7- This detail shows a straight post-tensioning bar which is ten-
sioned following placement of the non-shrink grout between the column
and the beam end. This requires a good mechanical anchorage to prevent
loss of post-tensioning stress due to seating or slippage. It also requires
proper placement of confinement ties to prevent excessive bearing stress
under the end anchorage. The tendon may also be curved and anchored at
the bottom of the beam, or be made continuous throughout the beam.
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VI- ANALYSIS AND DESIGN OF
HOLLOW CORE SLABS

6.1- Under Horizontal Loads

As a floor or roof deck, a hollow core slab system can be readily
used as a horizontal diaphragm to resist lateral loads in addition to carry-
ing vertical loads. However, additional elements are required to complete
the lateral load resisting system.

In resisting lateral loads, the basic consideration is to transfer the
lateral load from the point of application of the load to the foundation sys-
tem. Several design elements are in this load path and each element must
be capable of accepting the load, carrying the load to the next element in
the load path, and transferring the load into the next element. As seen
from Figure 22, for lateral load in the direction shown, hollow core wall
panels 1" and 2 must have the flexural capacity to span between the foun-
dation. and roof when subjected to the lateral load. The connections of the
wall panels must have the capacity in tension or compression to transfer
the bottom and top wall panel reactions to the foundation and the roof.
The hollow core roof, as a diaphragm, must have the shear and flexural
capacity, to span as a horizontal beam to the shear walls, 4 and 5, which
provide the reactions for the diaphragm. The connections of the diaphragm
to the shear walls must be capable of transmitting the diaphragm reaction
in shear to the shear walls.Finally, the shear walls must have the member
strength and adequate connections to transmit the shear from the roof eleva-
tion down to the foundation. This section will present criteria for design of
a hollow core slab system used as the diaphragm portion of the lateral
load resisting system. The design information is based on the completed
structure. During erection, temporary measures may be required for erec-
tion stability.

6.1.1. An Overview of Earthquake Code Requirements

Initially, prestressed and precast elements were limited to low rise -
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panel structures. But, the volume of construction of prefabricated multi-
storey structures have been increased, especially in Japan and Eastern
Europe in the last two decades.

Although, there 1is some conservatism in Turkey to accept a
widespread application of prefabbricated structures, there has been a major
advancement in this fielld, also in the last few years. There are, however,
only a few specific provisions in the Turkish FEarthquake Design Code
(Ref. 1), regarding the design principles prestressed -for and precast struc-
tures. In the absence of any specific design requirement in the Turkish
code, fortunately, one may consult the seismic code provisions of other
countries, like Japan and USA, in which the design concepts and require-
ments are clearly documented and well established for prestressed and
precast structures.

6.1.1.1. Turkish Earthquake Code

For The Building as a Whole

"The base shear coefficient recommended by the current Turkish
Earthquake Code is as follows :

_C = Co.K.S.I in which,

-Co = Risk zone factor, as 0.10, 0.08, 0.06 and 0.03 for zones

.1, 2, 3 and 4 respectively.

K = Structural factor varying from 0.6 to 1.50. For all one and
two storey buildings, minimum value of K is 1.

S = Soil-structure interaction factor which is determined by ;

S = 1/(08 + T-To  where; -

T = Fundamental period of vibration of the structure, in the
first mode, sec. )

To = Predominant period of vibration of the underlying soil,

as 0.25, 0.42, 0.60 and 0.80 sec, for soil conditions,
equivalent to rock, hard clay, medium clay, and soft silty
clay, respectively. |

S = 1 for all one and two storeystructures, for all masonary
structures of all heights and also maximum value for all
buildings.
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1 = Importance factor, normally as 1.0, but for the buildings
people exist very much as 1.50.

For' Precast Elements

It is important to notice that no requirements are specified in the
Turkish Earthquake Code, regarding neither the design of precast non-bear-
ing non-shear wall panels nor their connections and fasteners. Hence, it
would be very useful to review the earthquake design provisions of the
Uniform Building Code, especially pertaining to the precast elements and
their connections.

6.1.12. Uniform Building Code

For The Building As a Whole

The base shear coefficient recommended by the 1979 Uniform Build-
ing Code (Ref. 3), is given by

- C = Z.Co.KSI in which
Co = 1/ 15{T < 012
Z = Zone factof, specified as Z = 1, 0.75, 0:375 and 0.1875 for
earthquake risk zones 4, 3, 2 and 1 respectively.
K = Structural coefficient varying between 0.67 and 1.33
S = Soil-structure coefficient
'S =23 + 06a- 03a>  for a>1
S = 1.0 + a-0.52% for a<1 a= T / To

If, To = Soil predominant period, can not be properly defined, it is
recommended to take S = 15. In. no case however, the product Co.S
should exceed 0.14.

For Precast Elements

For a particular component of the structure, or for any particular
precast element, the lateral earthquake load efficient is,

C = Z.CpI in which, Cp = 03 for most precast concrete
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components and their connections. There are certain rules for calculating
the design forces of the precast elements a:follows:

1- The body of a precast connection for non-bearing non-shear wall panel

Il

is required to resist a seismic lateral load obtained by using Cp = 0.40.

2- Fasteners attaching the connector to the panel, or the elements such as
bolts, inserts, welds, or dlowels are required to resist a seismic lateral
load obtained by using Cp = 1.20. |

3- Connections and panel joints should also allow for a relative movement
between stories of the greater of 1.27 cm, two times the storey drift
caused by wind or 3/K times the calculated. storey displacement caused
by seismic forces.

4- Precast members and connections of a braced steel frame in buildings lo-

cated in Seismic Zones No. 3, and No. 4, buildings located in Seismic
Zone no. 2 with an importance factor, I, greater than 1.0 are required
to: resist a seismic force, utilizing 125 times the Cp values recom-
mended above.

It is seen from the above rules of the UBC (1979) that, the precast
elenien_’gs are designed to resist a statically equivalent seismic force of

C= 125. Z.Cp.1

From the view point of the rules and the procedures described
above, the seismic force is calculated by
F=C.W

in which, W = Weight of the precast component under consideration.
These load coefficients, varying from 37.5 percent to 150 percent, are really
very stringent requirements for the connection design of precast §lab and
wall elements. It is hoped that, similar provisions are incorporated in the fu-
ture versions of the Turkish Earthquake Code, since there has been a
widespread utilisation of precast slab and wall elements in the construction
of multistorey buildings in Turkey, recently.
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6.1.2. Assumptions In Diaphragm Design

Hollow core slabs may be used effectively to produce a diaphragm
either with or without a composite structural topping depending upon local
building codes. If used without a ‘Structural topping, connections must be
provided to accept a lateral load and to transmit the load to the vertical
bracing element. The diaphragm must also  have structural integrity in
shear and flexure to span as a horizontal beam between lines of support.

Diaphragm design involves determination of the forces to be resisted
by the diaphragm and developing the mechanism to get forces out the
diaphragm. Equilibrium can then be determined for the system. The follow-
ing assumptions are made for the purpose of solving this force determina-
tion problem.

For only the purpose of distribution of forces to vertical elements,
the hollow core slab elements (diaphragm) is normally assumed to be in-
finitely rigid. Vertical elements will then be designed to resist forces in the
diaphfégm,_ in proportion to their stiffnesses. However, -the design of connec-
tions of the diaphragm itself follows an opposite path, and hence the
shear forces are usually based on the principle of a flexible deep beam
seated -on infinitely rigid vertical elements. Such a dual assumption is wide-
ly used throughout the world and resulted in no particular problem, since
all the forces and shears calculated on this basis, are on the safe side..
More refined and sophisticated techniques and procedures, involving con-
sideration of the stiffnesses of both the diaphragm vertical element, and
the use of finite element method, would be rarely justified.

The lateral loads to be used for the design of a given diaphragm
will vary from level to level depending on its location vertically in the
building. The design load is based primarily on the maximum horizontal ac-
celeration that is calculated for that particular level in the building, with
minimum values prescribed by Code. Changes in stiffness of shear elements
directly above and below the diaphragm must be considered in the design.
The loads assumed by the codes for diaphragm design are rather ap-
proximate. Such things as openings and frame or shear wall stiffnesses have



an effect on the distribution of loads. Thus, design refinements are not war-
ranted, and simplifying design assumptions are normally used. The following
principals should be comsidered in the analysis and design of hollow core
diaphragms :

1- There must be sufficient shear strength between hollow - core slab ele-
ments to act as an integral structural beam web; enough perimeter
(flange) reinforcement to develop flexural tension; and adequate connec-
tions to transfer shear to the shear walls or frames. Perimeter bars in
the frame or shear wall may be used as flange reinforcement.

2- Struts may be required between shear walls or frames to distribute for-
ces to the diaphragm, ‘to transfer forces between vertical shear ele-
ments, or to redistribute forces around openings in the floor diaphragm.
Cast-in-place concrete pour strips may be used for this purpose if
mechanical fasteners can not handle the forces.

3- The “'diaphragm is usually assumed to be an infinitely stiff element for
analysis of the load distribution between the shear elements. Diaphragm
deflections are normally very small and most are caused by shear defor-
mation rather than flexural deformation. However, if the diaphragm has
substantial flexibility these deflections should be added to the story
drifts. contributed by the shear frames or walls.

4- Horizdﬁial torsion resulting from the center of mass being eccentric to
the center of rigidity must be included in the design. Most codes and
also The Turkish Earthquake Code require that, five percent of the
longest plan dimension is the minimum eccentricity to be considered.

5- Shear transfer of the hollow core diaphragm  with topping is dependent
on the bond of the topping to the precast element. Diaphragm systems

without topping must transfer these generated forces through mechanical

connections or continuous pour strips. Mechanical connections cause
stress concentrations which may result in local failure under the pos-
sible peak load conditions. This may be avoided by reducing the allow-
able stresses used fordesign of the connections and thus increase the
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elastic capacity. Continuous pour strip connections result in a more
-uniform stress distribution, but are much more costly.

6- Interior bearing walls and slab openings tend to disrupt diaphragm con-

tinuity. Additional reinforcement may be required in these areas.

-

7- Earthquake loads may be induced into a diaphragm from any direction.
The diaphragm and its connections should be designed for the most
critical loading directionn

6.1.3. Analysis of Diaphragm Action

Based on the assumptions to be taken into account described, the
peripherical shears, chord forces and stresses of a diaphragm in the form
of a deep beam, may be calculated for various support conditions, as fol-
lows:

TYPE 1-" Simple Beam Action
- (Lateral rigid supports are at the ends)

S P=F/L 4 P=FIL

COTIIT 7 RSN
___iF | -
h ) ’ vl ':}Mc,h
/ |
T A —
! L | I I
1 1 f -_.2__ M
PE_FL
/'M‘L?'T

W " V=F/2
T-FL/8h

Fig. 23 Simple Beam Action Type 1

. Calculation of shear forces along the periphery :
\% = F/2
T = F.IL/8jh
A" = Shear along the lateral support
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T = Resultant chord force along the longitudinal side of
diaphragm, either in tension, or in compression.

F = Lateral earthquake or wind load acting on the diaphragm

F = C.W (earthquake)

F = p.L (wind)

C = Earthquake lateral load coefficient at the storey concerned

W = Weight of the diaphragm

p = Uniform wind load acting on the diaphragm

L = Span length of diaphragm

h = Depth of diaphragm

j = Ratio of moment lever arm in a beam cross-section

varying diaphragm to 2/3 for a from 1.0 for flanged
diaphragm to 2/3 for a diaphragm without flanges.

The support shear value V is valid along the entire diaphragm
height. Similarly, the resultant chord force T, is assumed to be wvalid
along one half of the diaphragm span length.

The cord force T, should be normally calculated using T = Mjh
where, j, represents the ratio of lever arm distance between the centroids
of compressive and tensile stress areas. Walls, spandrels, or beams when
resisting tensions, or compreséions resulting from  diaphragm bending mo-
ments, may be regarded as flanges of the diaphragm. Therefore, in order
to account for flanges, the above expressions for calculation of T, should
be divided by the appropriate value of j. |

TYPE 2- Cantilever Beam Action
(Lateral supports are at three sides)

Maximum shear force along the support V, as well as the resultant
chord force along the longitudinal side of the diagram, T, are calculated as:
V =F
T = FL./ Zjh

The variable shear force at any particular distance x, from the support, f
unit length is '
T = P (Lx)? /2h
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Fig. 24 Cantilever Beam Action Type 2

in which, p= the uniform wind load. If however, the lateral lbad is seis-
mic load, an equivalent uniform load value, p F/L should be used. In
cantilever beam action, the right hand side of the diaphragm, is assumed
as free, even though that it may be vertically supported. Simply because

I

there is no shear resistance along this edge. If, a vertical support does not
provide any resistance against in-plane shear forces such a line is regarded
as a free support line, for the purpose of diaphragm action only.

62. Under Vertical Loads

As with prestressed concrete members in general, hollow core slabs
are checked for prestress transfer stresses, handling stresses, service load
stresses and design (ultimate) strength in both shear and flexure. After
these controls it is necessary to check the cambers if they are within the
limits specified by the codes.

In this section, Flexure resistance at ultimate limit state, - Flexural
design at service limit state, Shear design, and finally camber and deflec-
tion check considerations will be described to find out the moment capacity
of the 'secﬁon, the stresses in concrete and prestressed reinforcement, shear



reinforcement if necessary and to determine camber.

6.2.1. Flexural Resistance at Ultimate Limit Sfate

The moment capacity of a prestressed member is a function of the
ultimate stress developed in the prestressing strands. As with non
prestressed concrete, upper and lower limits are placed on the amount of
reinforcing to ensure that the stress in the strands is compatible with con-
crete stresses for ductile behavior. The flexural resistance of an element
must meet the requirements :

My < @ Mp and @My > 12 Mg~ where

My = Factored moment at a section
Mz = Nominal flexural resistance of a section g = 090
Mer = Cracking moment under combined moment

The nominal resistance of a section is based on the solution of the
equations of equilibrium, normally using the rectangular stress block.For
prestressed elements, the steel stress at nominal resistance (fps) can be
determined either. by the approximate equation given in ACI (318-83) Code
and Turkish Code TS 3233 or by a strain compatibility analysis.

For elements with compression reinforcement, the nominal resistance
can be “calculated with little error by assuming that the compression reinfor-
cement Yiélds, which may not actually be the case. For desing of elements,
a section and reinforcement will normally be chosen and the factored resis-
tance computed and compared with the factored moment. If necessary, the
reinforcement and/or section is revised and the factored resistance recalcu-
lated. A flow chart illustrating the application of design calculations for the
computation of the nominal resistance of flexural elements is given in Fig.27

Stress Block

The equations for nominal flexural resistance given in below figure
apply only to rectangular cross sections. To derive the depth of the stress
block "a", divide the first equation of equilibrium by bdfc giving :
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0.851,

1
i A'ly

o c| @ 0.85{cba

> Apsths

> A,

For equilibrium at nominal resistance:
0.85 fgba = A fps + Adfy — Al

— _Apsfos | Ay Ay '
W= patt T bl " bdfl - W Tw—w

M, = fibd?% (1 — 0.59@) + Al (d — d})
or M, = ALfoe (D, — a/2) + Ay (dg — 8/2)
— ALty (d} — a/2)

Fig. 25 Nominal flexural resistance (Ref 8)

0.85 £f' ba A__f A £ A' £!
c s

s ps s W i it
3T = bdf T4, bdE -V  in which,
. e C . (&4 c

= wp + W - w (reinforcement percentage index)
Area of prestressed reinforcement
Area of non-prestressed temsion reinforcement
Depth of equivalent rectangular stress block
Width of compression face of element
Distance from extreme compression fibre to neutral axis
Distance from extreme compression fibre to centroid
~ of tension reinforcement
fc ~'= Specified compressive strength of concrete
fy = Specified yield strength of non-prestressed tension
reinforcement
fy = Specified yield strength of non-prestressed compression
reinforcement .

Therefore, a= 1.18 W.d If a > hf (flange thickness), the force Fi1 re-
quired to develop the compressive strength of the overhanging flanges is
deducted from the total force in the tension reniforcement in order to
determine the flexural resistance component of the web as shown in the
flow chart, fig. 27.

]
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73

|

i
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]

For the ductility requirement of the section, the lower limit of rein-
forcing requires that : @ Mn > 1.2 Mer
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Mcr = (% + -P—ég + 0.6 \]rf_('?> Sb where,
\ b

Mc = Cracking moment under combined loading

P = Prestress force after losses

A = Cross-sectional area

€ = Eccentricity

Sb = Section modulus with respect to the bottom fibre of a
cross section

fc = Specified compressive strength of concrete

6.2.1.1. ACI (318-83), TS 3233 Code equations

A conservative method for determining the value of stress in
prestressed reinforcement at nominal resistance (fps) is given by the Code
equation

. f
. 3 _pu_
fps fpu (1-0.5 ?p f": ) where,
 fpu = Specified tensile strength of prestressed reinforcement
Pp = Aps / bd, reinforcement ratio for prestressed reinforcement

Thus the only unknown in solving for - the flexural resistance of
prestressed elements in fig. 25 can be determined, as shown in the first ex-
ample in this section

@ Mn = B Aps . fps (d - a12) a = 118 W d @ = 090

n.n

Since "a" is determined it is rather easy to find the factured moment
capasity of the section. The formula differs in Turkish Code TS 3233 just
substituting 0.4 instead of 0.5 coefficient.

Example: Factored flexural resistance by use of approximate equation for fps
Given : 1200 x 200 hollow core

Concrete s fc = 35 N/rnm2
Prestressed reinforcement :4 x 13 mm 1860 N/mm2 strands
Aps = 4 (99) = 396 mm’



l 1200 N
l | ,
40
HOQOOL00) =
-t 150 ¢ cores
Section properties : A = 134 000 mm®
Sp = 6508 x 103 mm>
Problem : Find factored flexural resistance @Mp
Solution :
A
_ 'ps _ 396 _
Pp = ba = T200.160 ~ 0-00206
| _ ) 1860, _ 2
fps = fpuv(l-O.S Pp'fpu/fc':) = 1860 (1-0.5(0.00206) 35 ) 1758 N/mm

Check that depth of compression block isless than top' flange thickness of (200-
150) / 2 = 25 mm

| A_.f
oo A fis  396.1758
W= Wy T Tpag!  1200.160.35 U L0

118 w'd = (118) (0.103) (160) = 19 mm < 25
@ Mn = @ fc b &% (1-059 W)
= (09) (35) (1200) (160)> (0.103) [1-(0.59) (0.103)] /.106 = 93.6 kNm

Alternatively

CAs fos 306.1758

8 = 0.85 £1b ~ 0.85.35.1200

= 19 mm

QMn =6 Aps fps (d-a/2)

= (0.9)‘396.1758.(160-13) /10% = 94.7 1Nm

Check the ductility requirement that @Mn > 1.2 Mer

Assuming an effective prestress fse = 1030 N/mm?

P = fio . Aps = (1030) (396) /10° = 408 kN
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_ P, .Pe I

124 =1.2 ( + 5 + 0.6 \)fc) S,
_ 408000 , 408000.60 - 6508000 _ _ ‘
= 1.2 (134000 + ~¢sosos0 T 0-6 |35‘) == 80.9 kNm<93.6 0.X

10
6.2.1.2. Analysis Using Strain Compatibility

Fig. 26 taken from ref. 8 represents a plot of the stress induced in
bonded prestressing strand as a ratio of its tensile strength based on stress-
strain compatibility. It can be seen from fig. 26 that for high values of
Cw.wpu, 5 to 15 percent savings in steel can be achieved using this more
precise method of analysis compared to using the approximate ‘equation for
fps just described above. After obtaining fps from this figure, the flexural
resistance is determined using the equations given in flow chart, fig. 27.

An example is given related to flow chart and strain compatibility analysis -

at the end of this sub-section..Hereby,

Cw = Coefficient used for stress-strain relationship of bonded strand
A £

W = ES pu

pu b fc':

Example: Use of Fig. 26 Values of fps by stress-strain relationship-bonded
strand

Given = 1200 x 200 hollow core slab

Concrete . f2 = 35 N/mm?
Prestressed reinforcement ¢ 12x13 mm 1860 N/mm2 strand
. Aps = (12) (99) = 1188 mm?®
Problem : Find the factored flexural resistance @Mn
l 1200 | |

- '| | }
HOQ0000 %
' \__—150¢c.ores }
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C.wpy = C"’Ed- 0

tos/Tou

Aos fou

"

€qy = 0.003

Values of C,,
1c(MPa) Cw
20 1.00
25 1.00
30 1.02
35 1.06
40 1.12
45 117
50 1.24
55 1.31

€ps— €se

\ forCown<o08
1.00. \ ]
Tos
use;— =0.98
| pu.—ssrs.—==_=
T Code
. . ne
0.95 | 7 ps“"“by '
%ﬁ
0.90 \
: \
N
0.85
e
-
o
o
-
1 0.80 o—\" »
o \> \»
o \&\°
[ [\
s \" |
0.75 7 ‘ : \
0.70 \ \ : ;
Fig. 26 Values of fps by stress-strain relationship-bonded strand
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Solution : Determine Cw . wpu for the section

For f¢ = 35 N/mm? from fig. 26 Cw = 106

C., A f
¢ w = -¥PS 'pu_ (1.06)(1188)(1860) _ ; g

w  pu b d fé ~ (1200)(160)(35)

Usually reinforcements are prestressed to 70 percent of their tensile
strength, and the loss of prestressed is assumed to be 21 percent of initial
prestressing. Therefore,

fse = (0.70) (1860) (0.79) = 1030 N/mm?> . |
Entering Fig. 26 with Cw.wpu = 0.349 and fee = 1030 gives a value of :
fos / fpu = 0.88 fps = (0.88) (1860) = 1637 N/mm2

Referring to flow chart of Fig. 27

A_.f
- _ - _ps ps _ . 1188.1637 _ ; \
= ¥p T pafl  1200.160.35 - 0-289<0:3

Theréfb"re', section is not over reinforced
@ Mn = @ fcb d° W (1-059 W) |
= (0.9) (35) (1200) (160)* (0.289) [1-(0.59) (0.289)] /10° =232 kNm

This capacity can be compared with the value obtained using the ap-

proximate- code equation for fps :

fps = fpu (l-O.SfP _pu,

0.5 1188 1860
fos = 1860 (179567760 35 )

= 1554 N/mm2

A £
- _ "ps'"ps _ _1188.1554 _
¥ T Tpbdf! " 1200.160.35 =0.275<0.3

@ Ma = (0.9) (35) (1200) (160)% (0.275) [1-(0.59) (0.275)] /10° = 223 kNm

Note that this value of @M; is 4 percent lower than the value obtained
by the more precise strain compatibility analysis method.
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M, = 0.25 f bd?
+ Al (d — d])

+ Ay (d — dg)

M, = {bd2@ (1 ~ 0.59 &)

Fig. 27 Flow chart for flexural resistance calculations

6.2.3. Flekﬁ'ral Resistance at Service Limit State

Unlike concrete, reinforced with non-prestressed reinforcement,
necessary that service load-stresses in prestressed elements be checked at
critical points, in addition to design for the ultimate limit state. Limitations
on the service load stresses according to the TS 3233 are summarized as

follows :

Allowable stresses in concrete :

1- At release (transfer) of prestress, before time dependent losses

a) Compression : 0.6 fci

it is




b) Tension (except ends) : 0.25 fei

c) Tension at ends of simply supported elements : 0.5 fei
2-  Under service loads :

a) Compression : 045 fc

b) Tension in precompressed tensile zone : 0.5/t

Allowable Stresses in Prestressed Reinforcement :
1-  Tension during tendon jacking : 0.80 fpu
2- Tension immediately after prestress transfer :

a) Stress relieved strand or wire : 0.70 fpu
b) Low relaxation strand or wire : 0.75 fpu

P Pe . M - Top
A - S, S, ' =  siress
Applied ¢ , .
service ! ‘ s .
lpad . o k. 3 e — . . ; g — l
moment ' ‘ e
Mo 4 > 4
Prestressing P Pe M Bottom
tendan force, P A Y § — 5 = stress

Fig. 28 Calculation of service load stresses

Critical Sections

For .stresses immediately after transfer, the most critical section is
usually near the end of the element. The actual critical end stress is at
the point where the prestressing force has been completely transferred to
the concrete, usually assumed to be 50 strand diameters from the end. For
convenience, using hand calculation, it is normal practice to calculate the
stress at the end (assuming full ‘transfer), and check the transfer point only
if necessary to meet code requirements. If release stresses are higher than
allowed by code, it may be necessary to either increase the specified
release strength, or provide supplemental tensile reinforcement. In short
span, heavily loaded elements, such as beams, it is usually more practical
to reinforce for the release tension. Under uniform service 1oads,' the criti-
cal section is at midspan for elements with straight tendons and near 0.4 1
from the end for elements with tendons depressed at midpoint. The exact
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critical point can be determined by a detailed analysis, but designing for
critical stresses at the midspan and 0.4 1 points will usually determine the
capacity within 1 or 2 percent.

Composite Elements

-

It is usually more economical to place cast-in-place composite topping
without shoring the eleinepts, especially fordeck elements. This means that
the mass of the topping must be carried by the precast element alone. Ad-
ditional superimposed dead and live loads are carried by the composite sec-
tion.

Example : Calculation of flexural resistance at service limit state
Given : 1200 x 300 hollow core slab, span = 14 m
Problem : Find critical service load stresses

‘ 1200 )
I l

101000 ;

—
Superimposed dead load = 0.5 kN/m? = 0.60 kN/m
Superimposed live load = 1.75 kN/m? = 2.10 kN/m

Concreté -
fo = 35 N/mm? fi = 25 N/mm’

Prestressed reinforcement :
8-13 mm 1860 N/mm?> strands, Aps = 8 (99) = 792 mm?

Section properties :

A = 179 000. mm?

I = 2049 x 10° mm*
yp = 150 mm

yt = 150 mm

S, = 13657 x 10° mm>

]

St 13657 x 10> mm?>
m = 357 kgm®> = 428 kg/m
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Problem : Find critical service load stresses

Solution :
Prestress loss :

P; = (792) (0.70) (1860) /10° = 1030 kN -

Po (0.90) (1030) = 927 kN (Assume 10 % initial loss)
= (0.76) (1030) = 783 kN (Assume 24 % total loss)

e = 150 - 40 = 110 mm

Service load moments :

- at midspan :
Mg = (428) (14)* /8 = 105 kKNm
Msa = (0.60) (14)? /8 = 15 kNm
M = (2.10) (14)% /8 = 51 kNm

According to the allowable stfess specified by the Turkish Code TS 3233,
1200 x 300 hollow core element is suitable under the loads given.

S Support at Release|Midspan at Release Midspan at Service
Load P = P, P = P4 Load P = P,
fb ft fb i:t fb ft
P/A 5.2 5.2 5.2 5.20 4.4 4.4
P/S | 7.5 -7.5 7.5 -7.5 6.3 -6.3
Md/S - - -7.7 7.7 -7.7 7.7
Msd/S - - - - —101 lol
Ml/S - - - - -3.7 3.7
Stresses +12.7 ~2.3 +5.0 +5.4 -1.8 - 10.6
.6 ‘. “U. '. . ‘. . : ’. “\. ! .
Allowable 0 fc1 0.5 fc1 0.6 fc1 0:6 fc1 .0 5 fC 0.45 f¢
Stresses .
(TSE) 15 -2.5 15 15 -3.0 +15.8
0.X 0.X 0.K © 0.K 0.K 0.K




6.2.4. Prestress Losses

Loss of prestress is the reduction of tensile stress in prestressing ten-
dons due to shortening of the concrete around the tendons, relaxation of
stress within the tendons, and external factors which reduce the total initial
force before it is applied to the concrete. The prestress losses are as fol-
lows :

Anchorage seating loss and friction :

These two sources of loss are mechanical. They represent the dif-
ference between the tension applied to the tendon by the jacking unit and
the initial tension available for application to the concrete by the tendon.

Elastic shortening of concrete :

The concrete around the tendons shortens as the prestressing force is
applied . to it. Those tendons which are already bonded to the concrete
shorten with it.

Shrinkage of concrete :

. Loss of stress in the tendon due to shrinkage of the concrete sur-
rounding it is proportional to that part of the shrinkage that takes place
after the transfer of prestress force to the concrete.

Creep of concrete and relaxation of tendons :

Losses due to creep of concrete and relaxation of tendons complicate
stress loss calculations. The rate of loss due to each of these factors chan-
‘ges when the stress level changes and the stress level is changing constant-
ly throughout the life of the structure. Therefore, the rates of loss due.to
creep and relaxation are constantly changing.

Prestress Loss by PCI Committee Method

Recommendations for Estimating Prestress Losses", prepared by the



PCI Committee on Prestress Losses, presents a "General Method" and a
*Simplified Method" to determine total prestress losses.

The General Method considers a number of time intervals during the
life of the structure. It establishes the stress levels existing in the tendons
and the concrete at the beginning of each interval, computes the loss due
to each factor during the interval, and determines the stress levels in ten-

dons and concrete at the end of the interval

The simplified method is based on the General Method but
eliminates most of the mathematics. Using the Simplified Method, stress
loss is determined by computing the value of for (concrete stress at
centroid of prestress force immediately after transfer) and fcds (concrete
compressive stress at centroid of prestress force due to all permanent dead
loads not used in computing fcr) and substituting them in the appropriate
empirical equations. These equations are used to compute total loss TL in
N/mmz. ; Total loss is the sum of losses due to shrinkage, elastic shortening
and creep of concrete plus loss due to relaxation of tendons.

For normal density concrete :
TL = 228+13.8 fcr-4.5 feds (Using stress-relieved strand)
TL = 137+16.3 fer-5.4 fcds (Using low-relaxation strand)

For semi-low density concrete :
TL = 215416.8 for-3.8 feds (Using stress-relieved strand)
TL = 121+204 fc-4.8 fcds (Using low-relaxation strand)

For typical elements, the only variable that is not included in the
equations but could make an appreciable difference in the net result is
volume/surface ratio. A correction factor is applied for that :

V/8 ratio (mm) 25 50 75 100
Adjustment +32| 0o | -38|-76
{percent) , ;

Table 5- Correction Factors For Prestress Losses
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Example : For V/S = 75 reduce losses by 3.8 percent

The equations above are based on the initial tension, after reduction
for anchor slip, normally used in pretensioned elements ie., 0.7 fpu for low-
relaxation strarmd. Use of a higher or lower initial tension will result in an
appreciable change in net losses especially in the case of stress-relieved ten-
dons. Use of the equations requires calculation of the stresses fer and feds

fr = Po/A +Po . €* /1 - Mge /1

fcds = Mgde /1 where;

A = Area of the precast section

e = Eccentricity of the strand at the critical section
fois = Concrete stress at centroid of tendon at the critical

section caused by sustained loads not included in
the calculation of fer

fer = Concrete compressive stress at centroid of tendon at
y critical section immediately after transfer
1 = Moment of inertia of the section
“Md = Moment due to mass of the element
Msd = Moment due to all sustained loads except the element
mass | '
Po = Prestress force at transfer, after initial loss. It is within

reasonable accuracy to assume 10 % initial loss for
stress relieved strand and 7.5 % initial loss for
low-relaxation strand.

Example : Loss of prestress-depressed stress relieved strand.
Given  : 1200 x 300 hollow core slab, with 50 mm topping, span : 12 m,
no superimposed dead load except topping

1200 50 L 1 2-00 m $

L r !
OO0 — B
Concrete : fc = 35 N/mm2

f4 = 25 N/mm? Normal density concrete



Prestressed reinforcement :

12 x 13 mm 1860

N/mm? strand Aps = (12) (99) = 1188 mm?

Section properties (untopped)

A

I
Sb
VIS

W =

I

n

179 000 “mm?
- 2049 x 106 mrn4
13657 x 10° mm>

= 60 mm

350 kg/m® = 420 kg/m

w of topping = 120 kg/m® = 144 kg/m

Depressed at mid-span :

1

€e
€c

Problem :

100 mm (at end)

= 100 mm (at centre)

Determine- total loss of prestress by PCI Committee simplified method

Solution :

For depressed strand, .critical section is at 0.4 1 Determine moments, ec-

centricity, and prestress force :

M, at 041 = Wx2 (Ix) = W.041) /2 (-04]) = 0.12 wi?
Md = 0.12 . (0420) . (12)> = 7.26 tm
M;sd = 0.12 . 0.144 .(12)> = 249 tm
eat 041 =08.20-10 = 6 cm
P = 0.7. Aps . fpu = (0.7) .1188 . 1860 /10* = 155 ¢
Po = 09 .P; = (0.9) (155) = 140 t
Determine for and feds
P P e M. e

. _O o __d
fcr T A + I I
¢ o 1400.10° 1400602100 (72.6) 60.10° .
cr 179000 6

2049.10° © 2049.10
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foo = 7.82 + 246 - 2.13 = 8.15 N/mm?
M ,.e 6
£, =S4 _ 249 60 éo — 0.73 N/mn?
I 2049 10

For normal density concrete and stress-relievedstrand :

TL = 228 + 138 fer - 4.5 feds
TL = 228 + (13.8) (8.15) - (4.5) (0.73) = 337 N/mm?*

Adjust for V/S 60 mm ratio (interpolate between 50 and 75)

Adjustment factor = -3.8 + (75-60) . 3.8 / (75-50) = -1.52 %
(-1.52/100) . 337 = -5.12 N/mm?
Final loss is 337 -5.12 = 331.9 N/mm’

Final prestress force :
P = 1550 - 331.9.118%/10° = 1156 kN = 1156 t

625 Camber and Deflection

Camber is the upward deflection of a prestressed member and results
from the prestressing force being eccentric from the center of gravity of
the cross-section. Since both prestressing force and eccentricity are estab-
lished by the required design load and span length, camber is a result of
the design rather than a design parameter. Therefore, camber requirements
should not be specified.

Deflections are also affected by the amount of prestressing only be-
cause prestressing establishes the load at which a member will crack. If ten-
sile stresses are kept below cracking, deflections will be independent of the
prestress level. Cambers and deflections will change with time due to con-
crete creep, prestress loss and other factors. The sustained compression due
to the prestressing will cause camber growth. Balancing this is the effect of
creep on deflections due to self weight and other sustained loads. It is this
time dependent movement which, in addition to instaneous deflections, must
be considered in the development of framing schemes and detailing.
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Instantaneous cambers and deflections are predictable as long as the
material properties are known. The time dependent cambers and deflections
are not predictable with any degree of accuracy and any calculation of long
term movements must be considered to be only estimates.

6.2.5.1. Camber

Hollow core slabs are produced with straight strand patterns rather
than using draped or depressed strands. Using (+) to indicate upward
movement and (-) to indicate downward movement, net camber can be cal-
culated as :

Camber = P.el?/ 8EI - 5w . 1* / 384 EI

To determine initial camber, the appropriate values for prestress
force and modulus of elasticity of the concrete must be used. When ul-
timate moment rather than tensile stress govern a design, the initial strand
stress may be reduced to modify the anticipated camber. Additionally, slab
camber is sensitive to support point locations during storage. Camber will in-
crease "as these support points move in from the slab ends.

Example : Initial camber calculation

Given : 20 cm 1200 x 200 hollow core slab, concrete BS 35
Prestressing steel :

6x13 mm-dia. 18600 kg/cm® low relaxation strands. Aps = 0.99 cm?
Aps . fpu = 099 . 18600 = 18414 kg/strand

II_ 1200 JI ;
2/0Q0000 %
_ 150 ¢ cores |

Initial stress : 70 % fpu, span : 10 m, E = 332 000 kg/em®

Section properties :
dp = 20-4 = 16 cm
I = 65100 cm®
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e = yp-4 =10-4 = 6 cm
= 260 kg/m®> = 312 kg/m

Solution :

Po = 095 .0.70 . 6 . 18414 = 73472 kg

Camber - 13472:6.(900)% _ 5.(3.12).(900)"

8.332000.65100 384.332000.65100
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= 2.07-1.23=0.84 cm

Estimating long term effects is complicated because, as time passes,
prestressing force decreases due to losses and the modulus of elasticity of
the concrete increases with concrete strength again. Traditionally, a creep
factor of 2.0 has been applied to instantaneous deflections to estimate the
additional deflection due to creep. Table 6 (Ref. 5) presents suggested
multipliers to determine both long term final deflections and position at
erection. It should be noted that in using these multipliers, a total deflec-
tion is calculated rather than the additional increment due to long term ef-

fects.
Without With
Composite Composite
Condition Topping Topping
At Erection:
. Deflection (downward) component - apply to the elastic de-
flection due to the member weight at release of prestress 1.85 1.85
. Camber (upward) component - apply to the elastic camber
due to the prestress at the time of release of prestress 1.80 1.80
Final: '
. Deflection (downward) component - apply to the elastic de-
flection due to the member weight at release of prestress 2.70 2.40
. Camber (upward) component - apply to the elastic camber
due to prestress at the time of release of prestress 2.45 2.20
. Deflection (downward) - apply to elastic deflection due to
superimposed dead load only 3.00 3.00
. Deflection (downward) - apply to elastic deflection caused
by the composite topping — 2.30

Table 6- Long Term Multipliers




Example : For the slab of example before, determine the net camber at
erection and the final camber

Solution :

At erection ; Initial camber = 2.07 - 1.23 = 084 ¢m
Erection camber = 2.07 (1.80) - 1.23 (1.85) = 145 cm

Final :  Final camber =2.07 (2.45) - 1.23 (2.70) = 1.75 cm

6.2.5.2 Deflections

As with camber, concrete creep will also affect deflections due to sus-
tained superimposed loads. These long term effects must be considered for
comparison  with permissible computed deflections specified in Table 7
taken from ACI- 318.83 or TS 3233 referring. to TS 500 code. Engineering
judgement should be used in comparing calculated deflections to the code
limits. Mény code specified live loads exceed the actual loads in a struc-
ture. While it may be implied that the full live load be used for com-
parison to Table 7, situations may arise where it is more reasonable to
use actual anticipated live loads for deflection comparisons.

Deflection

Type of Element Deflection to be Considered Limitation

Flat roofs not supporting or | Immediate deflection due to
attached to non-structural| the live load
elements likely to be dam-
aged by large deflections

L
180

Floors not supporting or | Immediate deflection due to
attached to non-structurat| the live load
elements likely to be dam-
aged by large deflections

g
MN|r=
(@)

‘Roof or floor construction | That part of the total deflection
supporting or attached to | which occurs after attachment-
non-structural elements | of the non-structural elements, {
likely to be damaged by | the sum of the long-time deflec 480
large deflections tion due to all sustained ioads

and the immediate deflection

due to any additional live load®

Roof or floor construction
supporting or attached to
non-structural elements
not likely to be damaged
by large deflections

Table 7- Maximum allowable computed deflections
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A further complication for superimposed loads is that flexural crack-
ing will reduce the effective moment of inertia of the section. Calculations
using bilinear moment-deflection relationships are required when tension ex-
ceeds 0.5 fc and are covered extensively in ACI 318-83 and PCI Design
Handbook. By definition, cracking occurs at a tensile stress of 0.6 fai.
While the ACI Code requires such bilinear calculations when 0.5 fci ten-
sion is exceeded, in effect bilinear behavior is meaningless up to a tension
of 0.6 fci.

Since hollow core slabs are normally designed to be uncracked under
service loads, the effects of cracking will not be considered in deflection cal-
culation. Table 6 in section 6.2.5.1. includes multipliers for determining the
long term effects for superimposed loads. Again, use of the multipliers
gives an estimate of total deflection rather than an increment for the addi-
tional long term deflection.

Example : For the slab of Examples in section 6.3.1, determine the total
deflection due to a superimposed load of 100 kg/m2 dead and 250 kg/m2
live on .a clear span of 9 m including long term effects.

Use Ec = 332 000 kg/em®

Solutio@ :

From example before, Final camber = 1.75 c¢m

100 kg/m® = 100 . (120) = 120 kg/m (120 : élab width)
Superimposed dead load instantaneous deflection :

5w 1% 5.1.20(900)*

384 E_I = 384 332000 65100 ~ 0-47 ™

Final deflection = 0,47 . (3,00) = 141 cm

Instantaneous live load deflection : 250 kg/m2 = 300 kg/m
5 x 3,00 x (900)* / (384 x 332000 x 65100) = 1.19 cm
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Final position :

Final camber = 175
Sustained dead load = —141
Net camber = 034
Live load increment = —1.19
= —-0.85 cm ()

Note that, if any topping is to be poured on the slab,deflection increment due
to topping should be calculated and added also.

6.2.6. Shear Design

For elements with an effective prestress force at least equal to 40 per-
cent of the tensilestrength of the flexural reinforcement, the nominal shear

resistance V¢ is :

S AV
o IR ud
.vc‘ = (0.05 ch + 8 M ) b d but,
o v, d ¢
| : S .0
0.17 f'c bwd\<VC 0.4 JE' b d and M §1

Alternatively, V¢ may be taken as the lesser of Vi or Vew where the
inclined .flexure-shear cracking resistance Vi is :

- { V1 Mcr
V,.=0051{f' b d+V, + where,
ci c w d M .

max
£
Vci> 0.14 fc bW d
M =—Il(os '+ £ - £)
cr Yt e pe d

The web-shear cracking resistance Vcw -equals :
Vow = (03dfc + 03 fpe) bw d + Vp

Alternatively, Vew may be computed as the shear force corresponding
to the dead load plus live load resulting in a principal tensile stress of
033 fc. ACI Code 318-83 places certain upper and lower limits on the
use of these equations, which are shown in Fig. 29



50 x Diam. of strand
F“.J‘ /— ¢ Vew Or O.4¢\/f_g b,d

N T
| .

Provide shear reinforcement
W in shaded areas

@ Vepor ¢ Ve
\ V, factored shear force -

Shear Force

L
0.17 ¢ VL b,d

PN
e

r—@_ span

Nlrs

Fig. 29 Shear Diagram

The distance d is the effective depth from the extreme compression
fibre to the centroid of the longitudinal tension reinforcement, but need
not be taken less than 0.80 h, except in the expression Vy d / My where
d is limited to the actual effective depth. In unusual cases, such as ele-
‘ments which carry heavy concentrated loads, or short spans with light super-
imposed" loads, it may  be mnecessary to construct the shear resistance
diagram (@ Vc) and superimpose the factored shear force diagram (Vu) as
illustrated in Fig. 29

The steps for constructing the shear resistance diagram are as follows :

1- Draw a. horizontal line at a value of 0.17 @ fc bw d.

2- Construct the curved portion of the diagram. For this, either @ Vg or,
more conservatively, @ V¢ may be used. Usually it is adequate to find
3 points on the curve.

3- Draw the upper limit line, @ Vcw if Ve has been used in step 2, or
04 @ Jfc'bw d if Vc has been used.

4- The diagonal line at the upper left of Fig. 29 delineates the upper limit

of the shear resistance diagram in the prestress tranfer zone. This line
starts at a value of 0.3 @ J_f? bwd at the end of the element, and inter-
sects the @ Vew line at 50 strand diameters from the end of the ele-
ment.
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Example : Construction of Shear Diagram
Given : 1200 x 300 hollow core slab and loadings shown

| - 1200 - |

| "

jf_f,' .QQQ\I T

— Precast conc. wall
Weg = 1.2 KN/m 81 10.6 kN/m .

Wy =30kN/m & T—zsoo——l
3 y 1 1 17 I N T

75 i 7000 Ali 75
i

Section properties :

A =179 000 mm?

I =2049 x 10° mm*

yb =150 mm

bw =240 mm

w =35 kN/m2 = 042 t/m

Concreté,.:
" ff =35 N/mm? normal density

Prestressed reinforcement. :
8 x 13 mm 1860 N/mm® strands

p=2 (99) (0.79) (0.70) (1860) _ 814 kN assuming 21 % losses
10°

Solution :

1- Determine factored loads
Uniform dead = 140 (120 + 4.20) = 7.6 kN/m
Uniform live = 160 (3.0) = 5.1 kN/m
Concentrated dead = 14 (1.20) (10.6) = 17.8 kN
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2-  Construct the applied factored shear force diagram as shown

48.9 ﬂ\

6.4
24.2| .
12718
1 N
o ' \‘\L_‘54.0
225/ | 3850 2350 | |225
o "Ts500 LN

3-  Construct the factored shear resistance diagram as described in
previous section:

a) .Cbnstmct line at 0.17 @ {fc bwd
= (0.17) (0.85) 35" (240) (260) / 1000= 533 kN

b). Construct @ V¢ line :

B Ve =@ 005+ 5 Vud / My) bwd

B Ve = (0.85) ((0.0535'+ (5) (260) VuMy) (240) (260)/10°
@ Ve = 157 + 68900 Vu/My

Vuleft = 50800 - 12.7 x

Muett = 50800 x - 12.7 x*/2

Vuright = 55900 - 12.7 x

Muright = 55900 x - 12.7 x*12

x v, M, 68900V, [ ¢V,
Point { (mm) | (N) | (Nemm}' |(kN) T | (kN)

300(47 000|14700000| 220.7 |236.4
600|43200(28200000| 105.5 |121.2
120035 600|51 800 000 47.3 63.0
300|562 100/16 200000} 221.6 |237.2
6004830031 300000{ 106.3 |122.0
1200| 40 700{57 900 000 48.4 64 .1

DO AN =

c) Construct upper limit line at :
04 @[ bw d= (04) (0.85) [35 (240) (260)/10°> = 1255 kN
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d) Construct diagonal’ line in transfer zone from
0.3 @J fe'bwd = 94.1 kN at end of element to @ Vew

at 50 dp = 650 mm from end of element where :
@ Vew = @ [(03]f' + 03 fpe) bw d + Vp]
: . 3
@ Vew = 0.85[(0.3y35 + 0'137 9%})‘(‘) 107 241000360 £0,
=166.5 kN

€) Superimpose the factored shear force diagram on the shear
resistance diagram

236.4<-€ z
-
] 650mm =
T 3
166.5 d 5
° -
1265 ‘ &
1212 2 2
84.1 A )
63.0 | 2
533 | - :
e :
z 5
533,
x | 64.1]
8 B4t
B H
& 1220
= 12535
)]
L
7
|
237.2°
|

4- It is apparent from construction of these diagrams that shear reinforce-
ment is not required.

Shear Reinforcement (TS 3233)

a) As stated in TS 3233 if Vg < 0.5 V, then it is not
necessary shear reinforcement.
b) Except the situation explained above

Asw = 025 bws fad / fy where fud is concrete tensile design
strength

c) If design shear force exceed, eg Vd > V¢
Asw = (Vd-Vc)/fyddS
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VII- SPECIAL DESIGN CONSIDERATIONS

The application of hollow core slabs as roof and floor deck mem-
bers creates several situations for consideration in design which are either
not completely covered by the codes or which involve consideration of
production processes. In this section, load distribution mechanisms, its
design considerations, effect of openings, continuity over supports and can-
tilever design concept will be discussed.

7.1. Load Distribution Mechanism

Hollow core slabs are designed as individual, one way, simple span
slabs. When the slabs are installed and grouted together at the keyways,
the individual slabs become a system that behaves similarly to a monolithic
slab. A major benefit of the slabs acting together is the ability to transfer
forces from one slab to another. In most hollow core slab deck applica-
tions, non-uniform loading occurs in the form of line loads, concentrated
loads, or load concentrations at openings.

As load is applied to one slab in a system, the response of the slab
system "is to deflect and also twist if the load-is not on the longitudinal
centerline of the system. Several factors affect the ability of a slab system
to distribute loads to adjacent slabs. As the width of an assembly of slabs
gets ‘narr'o.wer than the span length, a reduction in the number of slabs con-
tributing to the support of a concentration of load occurs. This occurs be-
cause the freedom of the free edges of the system to deflect and twist be-
comes more significant. A second factor is the spacing of the slab joints.
When one hollow core slab element is loaded with a point load, or with a
knife edge distributed load, the adjacent slab elements will also participate
in carrying this load, due to the continuity existing along the keyways.

- The amount of participation by the adjacent slab elements is very difficult

to determine. Therefore, some approximate distances are assumed, for the
influence of these irregular loads. There are basically two different methods
to determine the distribution of irregular loads. These methods are il-
lustrated in Figs. 30 and 32. In method A (Ref. 5), the shears and bend-
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ing moments of a particular point load, or knife edge load, are calculated
accross the span of the slab element, then after being divided by the cor-
responding distribution widths, they are added onto the uniform Iload
values. Note that, the distribution widths, vary from a constant value in the
support region, to a final constant width, in the middle half segment of
the span, as shown in Fig. 30

/___Point load (typ)

‘ : 030m
?’S@zm 4 | ow ' 0.25L_0.30m

S~ . - : !

- ! . B §
0.25L .060m
/—Knife edgg load (typ) 7 1
m:u:m:& ————————————— B 120m

AT T TR OO

DW &
1
| : | § - 0.25L.0.60m
. ‘ —F
o025t I~ osoL Jo o025t |
L(meter)

Fig. 30 Distribution of irregular loads (Method A)

In method B (Ref. 11), however, the distribution width is constant

throughout the span length of the slab. Therefore, the load distribution cal-
culations - “are much easier. Based on extensive testing by hollow core
precast slab manufacturers (Ref 11), the maximum point loads allowed on
slabs with various thicknesses, are given in Table 8. The locations of point
loads are shown in Fig. 31. In case, the point loads, or their limiting
points of application exceed the values given in this table, either the loads
should be reduced, or the thickness of the slab should be increased. Points
of interest about the interpretation of test results may be summarised as fol-
lows: |
1- Values are based on a factor of safety of n=2, and a capacity reduc-
tion factor of 0.9 A
2- Values for 15 cm, 20 c¢m, and 25 cm slabs, are extrapolated and not |

verified by test
3- Interpolation is allowed for double point loads, spaced between

e = 03 mand e = 0.5 L apart.
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SLAB THICKNESS, cm

TYPE OF LOAD

15 20 25 30
SINGLE POINT LOAD 4.0 6.5 8.7 | 11.3
DOI;B.LE POINT LOADS
a) Spaced greater than 0.5 L 2.7 | 4.4 | 5.8 [ 7.5
b) Spaced Less than 0.30 m 2.0 3.3 | 4.4 5.6

Table 8- Maximum point loads allowed on hollow core slabs (ton)
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Fig. 31 Locations of maximum point loads

Width to span ratio effect on load distribution

In the study of distribution of non-uniform loads it was found that
~ the midspan distribution width was a function of the width to span ratio.
In most situations, this ratio will be much. greater than 1.0. However, for
the special cases where this ratio is less than 1.0, the basic distribution
widths must be expressed as' KL, where K is determined from the figure
below. For edge loads, the factor K must be halved. Where central open-
ings are present, a net width should be used for determining the width to
span ratio. .



Line Loads
Located on an interior slab :
. i
% —+ LINE
4
W
1
/1
CLEAR SPAN
LINE
. LOAD

Located on an edge slab

]

— -
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SLAB
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30 135
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Concentrated Loads
Located on ‘an interior slab :

I 14 1
POINT = -
N e N T l
]\% 1:L5 0.4 x CLEAR SPANT
i L
] I
—l - 1
1200R e GREATER THAN126+

DW = Distribution width
(04 x clear span)

"LESS

b CLEARSPAN

THI?I-(?\IBESS DwW1 DW2
15 ‘ 100 100
20 120 120
25 138 150
30 135 180
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Located on an edge/s&' 7 LOAD
b : 1 '
i o T - T
! , LL I
]I |
moor Y’ - GREATER THAN 126~

CLEARSPAN___—.{

Fig. 32 Distribution of irregular loads (Method B)




1.0

WIDTH/SPAN 0.5

K

Fig. 33 Width to span ratio effect (Ref 12)
Example : Width to span ratio effect on load distribution

Given 20 cm hollow core floor shown

‘Superimposed live load = 200 kg/m?
Superimposed dead load = 50 l(g/m2
Plank dead load = 290 kg/m®

__T_

| 200 p25125, 300

Jee—— L ] R ;‘
—*

}———- /S5 m . ___.,!'...
- Wall load = 1050 kg/m DL
Wall load = 1650 kg/m LL
Concentrated load = 1250 kg DL
Concentrated load = 2000 kg LL

Problem :

Determine the equivalent effective design loadings to enable the floor
slabs within the allowable distribution widths to carry the loads shown.
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Solution :
Width / Span = 5/85 = 0.6, from chart (Fig. 33) K= 044

Figure separately the distribution for the concentrated load, the wall
load, and the uniform loads. )

P _ 1.4 1250 + 1.6 2000

u= = 1323.5 kg/m
0.44 8.5
W = 1.4 1050 + 1.6 1650 _ 100 1o /p2
0.44 8.5
W= 1.4 (290+50) +1.6 200 = 796 kg/m”

1323.5kg/m
fogokg/m | l fi0SSkg/m
79Bkgim
o . AN
L j 55 m 1

Vu.= (1099 3 1.5 + 1099 3.7 + 1323.5 425 + 796 8.5 4.25) / 85
Vu = 734175 kg/m
Mu = 7341.75 4.25 - 1099 3 2.75 - 796 4.25 2.125 = 14946.8 kgm /m

N

7.2. Effect of Openings
Openings may be provided in hollow core systems by either saw cut-

ting. after a deck is installed and grouted, by forming or sawing the open-v

ings in the plant or by installing short slabs with steel headers. A typical
header configuration is shown in Fig. 34 (Ref. 5). In laying out openings
for a project, the least structural effect will be obtained by orienting the

longest dimension of an opening parallel to a 'span, or by coring small

holes to cut the fewest prestressing strands, or when several openings must
be provided, aligning the openings parallel to the span to again cut the
least number of prestressing strands.

For slab design, openings cause load concentrations which may be
distributed over the slab system as discussed in the previous section. As
with non-uniform loads, openings cause torsion in the slabs. Therefore, the
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Bearing

HEADER DETAIL

PLAN

Feather edge with latex, :{ggow i 7
conceal in wall, or

recess when
no toppping

T

R R A W

h s arceaidie
......................... o N e -

SECTION “B-B” B SECTION "A-A”

Fig. 34 Steel header detail at openings.

method "of determining shear adequacy must also consider the effects of tor-
sion on -the shear stresses. In flexure the primary considerations are the
length of the opening parallel to the span and the length of strand embed-
ment available from the end of an opening to the point of maximum mo-
ment. Fig. 35  shows some general opening locations with suggested inter-
pretations of the effective resisting slab width described before.

Fig. 35a depicts a relatively small opening located 1 at midspan. In
flexure, the load from the short slabs can be resisted by slabs within 0.25
on each side of the opening. As a guideline, if an end of the opening
shown is not closer to the support than 3/8 1, there will be no special con-
siderations for shear design with only uniform loads.

Fig. 35b shows a similar condition where an opening is located with

Header angles

85



e "o
\ / 0.25¢
<3l \ / ° i
—— e DS A Y

(b)

N o 0.5¢ ™
X ‘1 |
h ( ) AN
\\ @ // 0.25¢

30em~ T 30cm
{c)

‘Fig. 35 Effects of Openings.

an end closer to the support than 3/8 1. In this case, shear is considered
as though the opening created a free edge. That is, load from the short
slabs or l'opening will be trasmitted as an edge load to the adjacent slabs.
The résulting torsion on the adjacent slabs requires that a reduced effective
width at the support be used if torsional shear stresses are not directly cal-
culated.

Fig. 35c depicts the extreme where an opening is located right at
the end of a span. Again, the reduced shear width adjacent to the opening
is required to reflect torsional shear stress. An end opening extending less
than the lesser of 0.125 1 or 120 c¢cm into the span may be neglected when
considering flexure. However, some capacity reduction might be requried for
the slab with the opening when strand embedment length is less than full
required development. When nop-uniform loads are superimposed in the
area of an end opening, these loads should be considered as being at a
free edge for shear calculations.
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Test results for openings :

Tests conducted by the manufacturers. to determine the effects of
openings in the midspan area of a hollow core system found out some
results. These tests were one phases of the sfudy of the distribution of non-
uniform loads. For this test series, a central opening was defined as an
opening located within the center quarter of the span and away from a
free edge; the opening width used was 100 cm. The conclusions are as fol-

lows.

1- Central openings do not negate the ability of the hollow core plank sys-

tem to distribute loads.

2- Central openings affect the bending distribution width by deducing the
stiffness of the system. In checking width to span ratio, subtract the
opening width from the system width.

3- Centr;ilgfopenings do not affect the distribution width for shear design
near’ a support.

4- Central openings essentially cause additional loads on  the adjoining
plank, which may be distributed as explained in the previous chapter.

Example : Load distribution around central openings

Given : 20 ¢m Hollow core floor shown q_g
Plank dead load =290 kg/m” 51 | Tt
Superimposed dead load =50 kg/m® g Ny
Superimposed live load =200 kg/m2 : M i

12

Problem :

Determine the design loads for the plank supporting the opening

Solution : -

For flexural design, use a total distribution width of 0.55 L to dis-
tribute the load from the deck cut by the opening, and then add the fac-
tored uniform loads.
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Wy = L400+50) + 16 200 12 _ p04 yopm2
055 85
Wy = 14 (290450) + 16 (200) = 796 kg/m®

l204kaim2] . [204kgim?2 -

796kg/m2
AN
i)

L 365 ] .20 | 365
L] - 2

u = (204 3.65 1.825 + 204 3.65 6.675 + 796 85 4.25)/8.5=4127.6 kg/m
Mu = 4127.6 4.25 - 204 3.65 2.425 - 796 4.25 2.125 =8547.8 kgm/m

No special shear ,designh is required, since the opening is located in
the middle quarter of the span.

7.3. Continuity Over Supports

Hollow core slabs are normally designed as part of a simple span sys-
tem. However, continuity over supports can be achieved by placing reinforc-
ing steel in the grouted keyways, in a composite structural topping, or by
concretmg bars into cores. Within limits, the result will be better control
of superimposed load deflections and a lower requirement for positive mo-
ment capacity.

Wlth reinforcing steel in either a composite topping or in cores, elas-
tic moments with allowance for negative moment redistribution determine
the amount of reinforcement required. Because of the relative efficiencies
of positive prestressing steel and negative reinforcement steel, it is difficult
to economically justify a continuous system design. When reinforcement is
required at supports for reasons such as structural integrity ties or
diaphragm connections, the reinforcement ratios are generally quite low,
and therefore, develop little moment capacity. While this reinforcing may
be considered in calculating service load deflections, it is recommended that
full simple span positive moment capacity be provided for strength design
unless moment curvature relationships existing at the support at ultimate
loads are known.
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Test results :

Tests conducted by the manufacturers were to determine whether
mild reinforcement in a structural topping was an effective method to
achieve continuity at plank ends. The most common application of this is in-
crease in ultimate strength and a decrease in live load deflections. The test
results may be summarised as follows :

STRUCTURAL TOPPING———\ A G— /—-RE!NFORC‘NG

Fig. 36 Continuity at butt joint

—
]

Negative moments and corresponding increases in ultimate strength can
be achieved by using mild reinforcement in a structural topping.

2- Care must be taken to insure adequate bond between the topping and
the plank. |

3- Mild' reinforcing will yield, and moment redistribution can be ac-
complished with reinforcing ratios ranging from 0.0026 to 0.0044.

4- The mild reinforcement will casue a distribution of negative flexural
cracking under loading, instead of one crack over the butt joint.

Example : Continuity over supports
Given : A 7.3 meter multispan 20 c¢cm hollow core floor system with 5 cm

structural topping :

Superimposed live load. =488 kg/rn2
Plank dead load =290 kg/m®
Topping =125 kg/m2

I i) SN
|
1

-

23m | 23m | 23m
t

Al
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Problem :
Determine reinforcing requirements of plank and topping.
Solution :
For interior spans (exterior span approach is similar):
My = (14 DL + 1.6 LL) L*%8

My = [14 x (290+125) + 1.6 x 488] x (7.3)% /8
= 90713 kgm/m

AN

Simple span moment

Jimr:tf/\‘ﬁ

Topping steel moment Combined resuit

Select a plank series less than required by simple span moment alone,
since the plank ultimate moment capacity must equal My + My combined.

Try a plahk from the load tables with My = 6796 kgm/m

If My + Mp = 6796 kgm/m, then My = 6796 - 90713 = - 22753
QMZ = ﬁ.Asfy]u d
22753 100 - 297 cm

09 225 0.9 4200

This can be supplied by 7.5/150/150 as mesh reinforcement

74. Design of Cantilevers

Cantilever design in hollow core slabs differs from design with conven-
tional precast members because of the production procedures used for hol-
low core slabs. Guidelines noted here are conservative and may be ex-
ceeded depending on the specific design requirement.
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Because long line beds are used for the production of hollow core
slabs, top prestressing strands may be economical only when full bed
capacity is utilized. Even then, substantial amounts of prestressing strand
may be used inefficiently because of debonding requirements. When top
strands are used, the length of the cantilever is usually not sufficient to
fully develop a strand. A reduced value for f is required and may be
taken from Ref. 5. With either top strands or reinforcing, it may be neces-
sary to debond portions of the bottom prestressing strand in the cantilever
zone to help minimize the top tension under service loads. It is desirable
to limit service level temsions in cantilevers so that uncracked section
properties may be used to more accurately predict deflections. This tensile
stress limit may vary for different systems used. For example, the practice
with some dry cast systems is to limit tensile stresses to 70 N/mm?2. In hol-
low core slab systems, the limit may be raised to 6 Jfc. As a mle of
thumb, cantilever lengths falling in the range of 6 to 12 times the slab
thickness ‘will be workable within tension limits depending on the superim-
posed load and on individual producer’s capabilities.

Design Calculations

When a hollow core slab is used as a cantilever, for a cantilevering
length, more than three times the thickness of the slab, the concrete ten-
sile stress at the top fibres, must be checked, not to exceed the maximum
allowable.. stress level. The top fibre stress due to prestressing forces and
the <app1ié‘d moment, is calculated as follows.

/— top wire

\bottom wire

Fig. 37 Cross-section of a cantilever hollow core slab
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1) Due to bottom strands :

f = o P (_I:J; _ P1 eb yo)
1 A I

2) Due to top strands :

| —— Py Py ¢y Yo i
£, = = F (% + )

3) Due to applied moment
M Yo
3 I

Total top fiber stress, fiop is the sum of all three stresses calcu-
lated above
Fiop = f1 + f2 + f3

which, if in tension, should not eXCéed the allowable tensile stress,
prescribed by the code. Using the ACI (318-77) requirements, one can
write ;

fop < 05 J?é' (N/mmz)

Definitions

The definitions of the notation used in the above expressions, are

given bé]ow :

o< : Initial stress level ratio of the prestressing force, usually : 0.70
B Ratio of the prestressing force after losses, usually : 0.85

P1 : Total area of bottom prestressing strands, times the calculated

stress in bottom prestressing steel at design load.
P2 : Total area of top prestressing strands, times the calculated
stress in top prestressing steel at design load.

A :  Cross-sectional area of the hollow core slab element.
I Moment of inertia of the hollow core slab element
et : Distance from neutral axis to the centroid of the top

prestressing reinforcement.
€b : Distance from neutral axis to the centrmd of the bottom
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prestressing reinforcement.

Fibre distance from top of slab to neutral axis.

Fibre distance from bottom of slab to neutral axis.

Maximum applied moment at the cantilever for the full
width of the hollow core slab element, using the load factors.
Specified compressive strength of slab concrete, N/mm?



VIII- CONCLUSIONS

It has been demonstrated thorughout this thesis that, there are a
variety of possibilities to use hollow core slab and wall elements in the con-
struction of both residential and cemmercial buildings.

These elements, when combined with a properly designed structural
framework, represent an ideal solution for prefabricated systems, possesing
excellent qualities in strength, durability, speed in erection and convenience
in design.

Basic Advantages of the Hollow Core System

The basic . advantages of the hollow core system from the view of
the owner, contractor and designer, may be summarized as follows :

Advantagés to the Owner

¢ Initial construction cost is low, because the hollow core system offers
considerable economy over the conventional systems.

¢ Maintenance costs are very low, because the hollow core elements are
made. of relatively very durable high strength concrete. Further these ele-
ments are not succeptible to rust, rot and other deterioration.

e There is a quicker start of income due to shorter construction time aris-
ing from a very speedy erection.

e Hollow core systems have very excellent fire ratings, therefore the fire
hazard and the corresponding fire insurance rates are relatively very low.

e Hollow core elements have ‘very .excellent heat insulation parameters,
resulting in relatively very low heating and cooling costs.

e lLast but not the least, the owners will be more than happy since, the
hollow core systems have very good sound resistance characteristics.

o4
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Advantages to the Contractor

e The contractor will be able to have relatively much faster turnover of
his projects due to shorter construction time.

e¢ The hollow core system minimizes also the overhead costs because
there are fewer construction crews to coordinate.

e The construction scheduling is much easier, more flexible and more
definitive because the deckwork space is readily available for the sub-
sequent crews.

Advantages to the Designer

e The hollow core systems allow the designer to achieve a higher stand-
ard"and maximum required function. Therefore, the client is very satis-
fied to obtain a higher value for minimum cost.

e The designer has freedom for exterior architectural expressions.

e It is very easy to do space planning because of hollow core elements’
capability of extending large spans without the obstruction of any shear
walls- or columns.

e The hollow core slab elements contain excellent hiding places for the in-
stallation systems like the electricity, piping, etc.

e Structural analysis and design is easier, since the wall and slab elements
are standard items conveniently connected to the shear walls or frames.

Considering all the advantages inherent to the hollow core prefabri-
cated system, it is believed that it will constitute a very efficient tool in

the near future, in overcoming the problem of shortage of housing in
Turkey.
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