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(54) Hollow core slab with improved fire resistance

(57) Hollow core slab comprising a top flange (14)
and a bottom flange (18), a plurality of voids and webs
(11) between said voids, said webs (11) extending be-
tween said bottom (18) and top (14) flange. The hollow
core slab is provided with one or more constructive ele-
ments for reducing the shear and/or bending force in the
webs and/or for increasing the shear and/or bending re-
sistance or capacity of the webs. Such constructive ele-

ments may comprise e.g. non-vertical webs (11), expan-
sion joints (12), non-homogeneous material distribution
(13) in the slab, small outer cores, preferably positioned
at the side of the top flange (14), wide outer webs and/or
absence of outer cores, bottom comer not significantly
rounded off (16), vertical outer edges (17), reinforcement
means (18) in the bottom flange, reinforcement means
(19) in at least part of the webs.
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Description

[0001] This invention refers to a hollow core slab, de-
fined as a precast slab of prestressed concrete, including,
in span direction, a plurality of mainly parallel voids and
concrete webs between said voids.
[0002] Hollow core slabs have been used widely
throughout the past three decades for flooring, roofing
and occasionally for walls. They have been applied in
buildings like hotels, offices, cinemas, car parks and
shopping centres. Hollow core slabs are used in favour
of conventional reinforced concrete slabs because their
weight is significantly lower and considerably larger
spans can be achieved. This results in significant overall
savings in construction costs, as the load bearing struc-
ture can be constructed lighter. This again leads to re-
duced dimensions of the foundations. Another advan-
tage of hollow core slabs with respect to conventional
reinforced concrete slabs is that the construction time is
shorter.
[0003] In order to construct a floor, concrete is poured
in the joints between the hollow core slabs, which can be
positioned beside and/or behind each other, and are sup-
ported by a load bearing structure. The joints are often
filled with concrete that has a lower modulus of elasticity
than the concrete that is used for the hollow core slabs.
Hollow core slabs may be strengthened by additional
concrete that is poured in the hollow cores or against one
or more of the external surfaces. When a hollow core
slab is used for flooring a concrete compression layer
may e.g. be poured in-situ on top of the hollow core slab.
This layer may contain reinforcement. Furthermore spe-
cial connection means, for example anchors, may be
used to connect the hollow core slab with the supporting
or surrounding load bearing structure. These anchors are
often partly incorporated in the concrete that is poured
in the hollow cores.
[0004] A typical cross-section of a hollow core slab is
presented in figure 1. The prestressing strands are rep-
resented by the black dots. The orientation of the con-
crete webs between the continuous voids of existing con-
crete hollow core slabs is mainly vertical. Only the orien-
tation of the two outer webs is not mainly vertical because
space is needed for a product specific clamp to lift the
slabs and to facilitate in-situ making of a joint between
the slabs. The shape of the voids of existing concrete
hollow core slabs is for example circular, rectangular or
elliptical. The slabs are significantly rounded off at their
bottom corners. At least one of the reasons for doing so
is to improve the visual appearance of a floor made up
of hollow core slabs in which the vertical deformation of
at least one of the slabs is larger than the deformation of
the other slabs. Figure 1 is only illustrative.
[0005] Recent research and fire damage have shown
that the fire resistance with regard to the load bearing
function of at least some existing hollow core slab types
is significantly lower than their expected fire resistance
based on tests and design calculations according to in-

ternational standards. This is thought to be caused by
horizontal cracks in the webs of the hollow core slab that
already occur during a very early stage of the fire. Due
to these horizontal cracks the slab subdivides in two
parts. In one case, where hollow core slabs where used
for flooring, these horizontal cracks lead to an early col-
lapse of the bottom part of the hollow core slab floor,
almost killing firemen. These horizontal cracks were rare-
ly seen during tests performed according to international
standards. In fire tests often vertical cracks occur in the
flanges, at the position where the height of the flanges
is least, instead of horizontal cracks in the webs. These
vertical cracks are relatively harmless compared to the
horizontal cracks because the vertical cracks only sub-
divide the hollow core slab into separate beams. Further
discussion of the problems experienced with the fire re-
sistance of existing hollow core slabs can be found at
www.verenigingbwt.nl/ufc/ file/ bwti_ sites/
4816d782a86107dec06632afdb8a12f2/pu/ Rapport_
Rotterda m_parkeergarage_I.pdf.
[0006] Where, in this application, is spoken of horizon-
tal and vertical respectively, it must be understood that
in most applications the hollow core slabs are installed
as a floor in (mainly) horizontal position, i.e. the top flange
and the bottom flange will extend mainly horizontally.
When a fire occurs, the bottom flange will be the "hot
flange" and the top flange will be the "cold flange". When,
however, hollow core slabs would be mounted in upright
position as a wall, the "hot flange" may be formed by one
of both sides and the "cold flange" by the other side.
Where appropriate, the notions "hot flange and "bottom
flange" will be considered, in this patent application, as
having the same meaning and implication and those no-
tions are mutually interchangeable. The same applies,
mutates mutandis, for the notions "cold flange" and "top
flange".
[0007] According to the present invention a novel hol-
low core slab is proposed having improved fire resistance
which is achieved by providing the hollow core slab, i.e.
the precast slab of prestressed concrete, including, in
span direction, a plurality of mainly parallel voids and
concrete webs between said voids, with one or more con-
structive elements, including means, dimensions,
shapes, cross-sections and/or further arrangements for
reducing the load on the webs and/or for increasing the
resistance of the webs of the hollow core slab in case of
fire, i.e. exposure to heat of the external surface of the
bottom flange of the slab.
[0008] More specifically, it is preferred that one or more
constructive elements of the novel hollow core slab ac-
cording to the invention include means, dimensions,
shapes, cross-sections and/or further arrangements
and/or configurations for reducing the shear and/or bend-
ing force in said webs and/or for increasing the shear
and/or bending resistance or capacity of said webs.
[0009] It is preferred that one or more constructive el-
ements of the novel hollow core slab according to the
invention, include at least one of the following elements:
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- one or more, preferably two or more mainly non-
square webs, where non-square is defined as non-
perpendicular to the planes of the top and bottom
flanges;

- one or more expansion joints;
- non-homogeneous material distribution in the slab;
- small outer cores, preferably positioned at the side

of the top flange;
- wide outer webs and/or absence of outer cores;
- side edges not significantly rounded off or bevelled;
- mainly square outer edges, where square is defined

as perpendicular to the planes of the flanges;
- reinforcement means in the bottom flange;
- reinforcement means in at least part of the webs.

[0010] Hereinafter the present invention will be dis-
cussed more in detail with reference to some figures.

Figure 1 shows a prior art hollow core slab in cross-
sectional view;

Figure 2 shows an exemplary embodiment of the nov-
el hollow core slab in cross-sectional view.

[0011] Figure 1 shows the cross-section of a prior art
hollow core slab, wherein the concrete slab 1 includes
prestressing strands 2, as well as a number of voids 3
and concrete webs 4 or wall between the voids. As can
be seen the main direction of the webs 4 is mainly vertical,
i.e. perpendicular to the (horizontal) top and bottom lay-
ers, called top flange 5 and bottom flange 6 respectively.
In these vertical webs horizontal cracks may originate
when exposed to a fire (in an area below the hollow core
slab). These horizontal cracks will occur, already in an
early stage of the fire, due to the occurrence of shear
and/or bending forces in said webs which exceed the
shear and/or bending resistance (capacity) of these
webs.
[0012] As mentioned in the previous text the invention
includes a novel hollow core slab configuration which -in
order to counteract or prevent that, like in the prior art
configuration, the shear and/or bending forces in the
webs occurring during fire, will exceed the shear and/or
bending resistance of those webs in a (too) early stage-
include means, dimensions, shapes, cross-sections
and/or further arrangements or configurations for reduc-
ing the shear and/or bending force in said webs and/or
for increasing the shear and/or bending resistance or ca-
pacity of said webs.
[0013] Figure 2 shows schematically a number of ex-
emplary embodiments of such means, dimensions,
shapes, cross-sections and/or further arrangements or
configurations for reducing the shear and/or bending
force in said webs and/or for increasing the shear and/or
bending resistance or capacity of said webs, which will
be discussed in the following point by point.

a. Non-vertical webs

[0014] A first preferred elaboration of the present in-
vention concerns a cross-sectional shape consisting of
a bottom and a top flange that are connected by at least
two webs that have a more or less opposite, non-vertical
orientation, see item 11 in figure 2, which possibly could
be completed with some mainly vertically oriented webs.
Preferably the cross-section contains two or more webs
that have a non-vertical orientation and together with at
least a part of the bottom or the top flange form the shape
of at least one triangle. Preferably the hollow cores are
triangular or diamond-shaped. Preferably the corners of
the hollow cores are rounded off. Preferably the cross-
sectional shape concerns a truss comprising one or more
triangular units.
[0015] This first preferred elaboration is advantageous
depending on the specific design of the hollow core slab,
for example the thickness of the "hot" flange and the
webs, the height and orientation of the webs and the
length of the "hot" flange between the webs. This first
preferred elaboration is advantageous when the increase
of the capacity (i.e. the resistance) of the webs to resist
horizontal forces, due to for example the fact that the
non-vertical webs are loaded less on shear and bending
and more on normal force than the vertical webs, is larger
than the increase of the horizontal forces due to the fact
that the non-vertical webs behave stiffer than the vertical
webs.

b. Expansion joint(s)

[0016] A second preferred elaboration of the present
invention concerns expansion joints in the "hot" or "cold"
flange of the hollow core slabs or in the compression
layer if present, see item 12 in figure 2. The expansion
joints may be positioned anywhere in the "hot" or "cold"
flanges and may be applied partially or fully (not drawn)
through the thickness of the flanges. The expansion joints
that are applied partially through the thickness of the
flanges may be applied from the exterior surface of the
hollow core slab or from the hollow cores. The expansion
joints can be continuous over the length of the hollow
core slab. Discontinuous expansion joints are not exclud-
ed. Expansion joints can be applied to hollow core slabs
that have already been applied in existing buildings and
to hollow core slabs that still have to be produced. Ex-
pansion joints may be filled with a material that has a low
modulus of elasticity compared to that of concrete. The
mechanical stress in this material is therefore negligible
during fire.
[0017] The expansion joints may also be filled with a
material whose modulus of elasticity is comparable to
that of concrete in case the material is cold and whose
modulus of elasticity decreases significantly when it is
heated during fire. The mechanical stress in this material
is therefore negligible during fire.
[0018] This second preferred elaboration is especially
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advantageous because it reduces the compressive force
in the "hot" flange and the tensile force in the "cold" flange,
and in the compression layer if present, thereby reducing
the forces in the webs. Expansion joints can even force
harmless vertical cracks in the flanges and the compres-
sion layer thereby preventing harmful horizontal cracks
in the webs.

c. Non-homogeneous material distribution in cross-sec-
tion

[0019] A third preferred elaboration of the present in-
vention concerns a non-homogeneous material distribu-
tion in the cross-section of the hollow core slab, two or
more types of concrete are used anywhere in the cross-
section, see item 13 in figure 2 where the cross-section
is for example made up of four types of concrete with
different properties.
[0020] Preferably the "hot" flange is made of a concrete
that has a low modulus of elasticity and/or tensile and/or
compressive strength and/or thermal expansion coeffi-
cient. This is especially advantageous because it reduc-
es the load on the webs when the "hot" flange is heated
by a fire.
[0021] It can be advantageous to use a different con-
crete for the outer webs, with a different modulus of elas-
ticity and/or tensile and/or compressive strength, de-
pending on the design of a specific hollow core slab, es-
pecially the absence of outer cores (see paragraph e.),
the size and position of the outer cores (see paragraph
d), the fact whether the bottom corners are significantly
rounded off or not (see paragraph f), and the outer edges
are vertical or not (see paragraph g).
[0022] Using a different concrete for the outer webs is
for example advantageous when the bottom corners are
significantly rounded off, the outer edges are not vertical
and the outer cores have a normal size, which is often
the case for prior art hollow core slabs and causes a
relatively high bending moment in the outer webs during
fire. In this example it depends on the specific design of
the hollow core slab whether a concrete with a high mod-
ulus of elasticity, tensile and compressive strength, or a
concrete with a low modulus of elasticity, tensile and com-
pressive strength, is advantageous. In this example a
concrete with a high modulus of elasticity is used when
the disadvantages of a stiffer concrete, causing an in-
crease of load in the outer webs, do not weigh up against
the advantages of the higher tensile strength, causing an
increase of capacity of the outer webs.
[0023] It can be advantageous to use a different con-
crete for the "cold" flange, with a different modulus of
elasticity and/or tensile and/or compressive strength than
the concrete that is used for the webs, depending on the
design of a specific hollow core slab, for example the
specific shape of the truss as mentioned in paragraph a.
[0024] Using a different concrete for the "cold" web is
for example advantageous when a low tensile strength
forces a vertical crack in a part of the "cold" flange that

is loaded under tension during fire, thereby preventing
harmful horizontal cracks in the webs.

d. Smaller outer cores that are positioned against the 
"cold" flange

[0025] A fourth preferred elaboration of the present in-
vention concerns smaller outer cores that are positioned
against the "cold" flange, see item 14 in figure 2. These
cores can have any shape. Preferably the cores are
rounded off to prevent peak tensile stresses causing lo-
calized horizontal cracks in the outer webs. In item 14 in
figure 2 this is clearly not the case.
[0026] Using smaller outer cores that are positioned
against the "cold" flange is especially advantageous
when the bottom corners of the hollow core slab are sig-
nificantly rounded off and/or the outer edges are not ver-
tical, which is the case for prior art hollow core slabs and
causes a relatively high bending moment in the outer
webs, potentially causing horizontal cracks
[0027] This fourth preferred elaboration is advanta-
geous when the increase of the capacity of outer webs
to resist horizontal forces, due to the fact that the outer
webs contain more concrete and/or have an improved
mechanical connection with at least one of the inner
webs, is larger than the increase of the horizontal forces
due to the fact that the outer webs behave stiffer.

e. Very wide outer webs / Absence of outer cores

[0028] A fifth preferred elaboration of the present in-
vention concerns the use of very wide outer webs or the
absence of the outer cores and is not presented in figure
2. An outer core is absent or an outer web is very wide
when the minimum width of the outer web is three times
the minimum width of the inner web with the smallest
width. Using very wide webs or the absence of the outer
cores is especially advantageous when the bottom cor-
ners of the hollow core slab are significantly rounded off
and/or the outer edges are not vertical, which is the case
for prior art hollow core slabs and causes a relatively high
bending moment in the outer webs, potentially causing
horizontal cracks
[0029] This fifth preferred elaboration is advantageous
when the increase of the capacity of outer webs to resist
horizontal forces, due to the fact that the outer webs are
wider, is larger than the increase of the horizontal forces
due to the fact that the outer webs behave stiffer.

f. Bottom corners not significantly rounded off

[0030] A sixth preferred elaboration of the present in-
vention concerns the use of bottom corners that are not
significantly rounded off and is presented as item 16 in
figure 2. The height of the side of the "hot" flange which
is not to come into (butt) contact with other slabs or any
other building structure, e.g. by rounding off or bevelling,
preferably has a maximum of about 10 mm, more pref-
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erably of about 5 mm.
[0031] Having bottom corners that are not significantly
rounded off is advantageous because this reduces the
forces in the outer webs, especially the bending moment,
because the compressive force in the "hot" flange does
not need to be transferred vertically in the outer web be-
fore it can be transferred horizontally to the "hot" flange
of the next hollow core slab.

g. Vertical outer edges

[0032] A seventh preferred elaboration concerns the
use of vertical outer edges and is presented as item 17
in figure 2. The top corners of the vertical outer edges
may be rounded off and small spaces for product specific
clamps to lift the slabs may be applied (not drawn). These
spaces should be located in the upper half of the slab.
The vertical outer edges of two adjacent slabs may be
positioned directly against each other when a large con-
tact surface can be achieved in practice. The hollow core
slabs with vertical outer edges may also be placed at a
distance that is preferably as small as possible. In this
case the joint should be filled with a material that has
mechanical properties comparable to the properties of
the concrete used for the hollow core slabs.
[0033] Having vertical outer edges is especially advan-
tageous when the bottom corners of the hollow core slabs
are rounded off and outer hollow cores of normal size
are present, which is often the case for prior art hollow
core slabs.
[0034] In this case filling of the joints with a material of
which the modulus of elasticity and compressive strength
is lower than that of the concrete used for the hollow core
slabs, which is mostly the case in current practice, in-
creases the bending moment in the outer webs because
the stiffness of the horizontal support of the outer webs
decreases. Furthermore the horizontal force will be trans-
ferred more concentrated through the bottom part of the
joints. This effect is strengthened when the shape of the
joint is non-vertical and causes an increase of tensile
stresses in the outer webs possibly causing horizontal
cracks in the webs. Therefore it is advantageous to have
vertical outer edges.

h. Reinforcement in "hot" flange

[0035] An eighth preferred elaboration of the present
invention concerns the use of reinforcement in the "hot"
flange and is presented as item 18 in figure 2. The rein-
forcement may consist of reinforcement bars or grids.
Reinforcement bars or grids are preferably positioned on
top of the prestressing strands. Preferably the reinforce-
ment bars or grids are positioned at a regular distance
in span direction of the hollow core slab. Preferably the
reinforcement bars or grids are positioned in the colder
top part of the "hot" flange.
[0036] Having reinforcement in the "hot" flange is ad-
vantageous because it reduces the horizontal forces in

the webs due to the fact that the internal resistance
against expansion of the "hot" flange increases. Having
reinforcement in the "hot" flange is furthermore advanta-
geous because this can prevent the occurrence of hori-
zontal cracks in the webs, depending on the specific de-
sign of a hollow core slab, due to the fact that the webs
remain supported by the "hot" flange due to the preven-
tion of vertical cracks in the "hot" flange or due to the
prevention of decomposition of the "hot" flange, by the
reinforcement.

i. Reinforcement in webs

[0037] A ninth preferred elaboration of the present in-
vention concerns the use of reinforcement in the webs
and is presented as item 19 in figure 2. The reinforcement
may consist of reinforcement bars or grids. Preferably
the reinforcement extends into the "hot" and/or "cold"
flanges.
[0038] Having reinforcement in the webs is advanta-
geous when the disadvantages of a stiffer web, causing
an increase of load in the webs, do not weigh up against
the advantages of the increase of capacity of the webs,
in case the concrete of the webs is cracked or not
cracked.

Claims

1. Hollow core slab (1), defined as a precast slab of
prestressed concrete, including a first layer or flange,
called first flange (5) hereinafter, and a second layer
or flange, called second flange (6) hereinafter, a plu-
rality of mainly parallel hollow cores or voids, called
voids (3) hereinafter, and walls or webs, called webs
(4) hereinafter, located between said voids and ex-
tending between said first flange and second flange,
wherein the hollow core slab is provided with one or
more constructive elements, including means, di-
mensions, shapes, cross-sections and/or further ar-
rangements for reducing the load on the webs and/or
for increasing the resistance of the webs of the hollow
core slab in case of fire, i.e. exposure of mainly one
exterior surface of the slab to heat.

2. Hollow core slab according to claim 1, wherein one
or more of said constructive elements of the hollow
core slab include means, dimensions, shapes,
cross-sections and/or further arrangements for re-
ducing the shear and/or bending force in said webs
and/or for increasing the shear and/or bending re-
sistance or capacity of said webs.

3. Hollow core slab according to claim 1 or 2, wherein
one or more of said constructive elements of the hol-
low core slab according to the invention, include at
least one of the following elements:
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- one or more, preferably two or more mainly
non-square webs (11), where non-square is de-
fined as non-perpendicular to the planes of the
first and second flanges;
- one or more expansion joints (12);
- non-homogeneous material distribution (13) in
the slab;
- small outer cores, preferably positioned at the
side of the first flange (14);
- wide outer webs and/or absence of outer cores;
- side edges not significantly rounded off or bev-
elled (16);
- mainly square outer edges (17), where square
is defined as perpendicular to the planes of the
first and second flanges;
- reinforcement means (18) in the second flange;
- reinforcement means (19) in at least part of the
webs.

4. Hollow core slab according to any preceding claim,
wherein the cross-sectional shape of the slab com-
prises a first flange and second flange which are in-
terconnected by webs (11) having a mainly non-
square orientation.

5. Hollow core slab according to claim 4, wherein the
cross-section comprises two or more webs having a
mainly non-square orientation and at least part of
the first flange or second flange forming the shape
of at least one triangle.

6. Hollow core slab according to claim 4, wherein at
least part of the voids are triangular or diamond-
shaped.

7. Hollow core slab according to claim 6, wherein the
corners of at least part of the voids are rounded off.

8. Hollow core slab according to claim 6, wherein the
cross-sectional shape includes a truss comprising
one or more triangular units.

9. Hollow core slab according to any preceding claim,
comprising one or more expansion joints (12) in the
first flange or second flange of the hollow core slab
and/or in an additional or attached compression lay-
er, said one or more expansion joints (12) extending
over at least part of the length and/or width of the
slab and/or the compression layer.

10. Hollow core slab according to claim 9, said one or
more expansion joints extending over at least part
of the thickness of the material between the outer
side of the first flange and/or second flange and rel-
evant voids.

11. Hollow core slab according to claim 9 or 10, said one
or more expansion joints extending from the outer

side of the first flange and/or second flange and/or
from their inner sides, e.g. from one or more voids.

12. Hollow core slab according to any of claims 9-11,
wherein at least part of the expansion joints are at
least partly filled with a material having a relatively
low modulus of elasticity compared to that of con-
crete.

13. Hollow core slab according to any of claims 9 - 11,
wherein at least part of the expansion joints are at
least partly filled with a material having a modulus
of elasticity which is comparable to that of concrete
in case the material is cold and whose modulus of
elasticity decreases significantly when it is heated
during fire.

14. Hollow core slab according to any preceding claim,
wherein the slab has a non-homogeneous material
distribution (13) over the cross-section and/or over
the width and/or over the length of the hollow core
slab, e.g. by using two or more types of concrete at
different slab locations.

15. Hollow core slab according to claim 14, wherein the
second flange is made of a concrete having a low
modulus of elasticity and/or tensile strength and/or
compressive strength and/or thermal expansion co-
efficient.

16. Hollow core slab according to claim 14, wherein a
different concrete is used for the inner and outer
webs respectively, having different moduli of elas-
ticity and/or tensile strengths and/or compressive
strengths

17. Hollow core slab according to any preceding claim,
comprising outer voids (14) having smaller cross-
sectional areas than the voids located more inwardly.

18. Hollow core slab according to claim 17, said outer
voids being located more towards the plane of the
first flange than the voids located more inwardly.

19. Hollow core slab according to any preceding claim,
comprising very wide outer webs and/or absence of
outer voids, said outer webs having a substantial
larger cross-section thickness than the webs located
more inwardly.

20. Hollow core slab according to claim 19, wherein the
minimum width of the outer web is at least twice,
preferably, three times the minimum width of the
webs located more inwardly.

21. Hollow core slab according to any preceding claim,
wherein at least part of the bottom corners (16) of
the slab are not significantly rounded off or bevelled.
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22. Hollow core slab according to claim 21, wherein the
rounding or bevelling of the slab at the relevant side
edge or edges (16) has a maximum of 10 mm, pref-
erably 5 mm.

23. Hollow core slab according to any preceding claim,
comprising mainly square outer edges (17).

24. Hollow core slab according to any preceding claim,
wherein the second flange comprises reinforcement
means (18), e.g. reinforcement bars and/or rein-
forcement grids.

25. Hollow core slab according to claim 24, comprising
reinforcement bars and/or reinforcement grids posi-
tioned on top of prestressing strands (2).

26. Hollow core slab according to claim 24 or 25, said
reinforcement bars and/or reinforcement grids being
positioned at regular distance in span direction of
the slab.

27. Hollow core slab according to any of claims 24 - 26,
said reinforcement bars and/or reinforcement grids
being positioned in the inside part of the second
flange.

28. Hollow core slab according to any preceding claim,
wherein at least part of the webs comprise reinforce-
ment means (19) in the webs, e.g. reinforcement
bars and/or reinforcement grids.

29. Hollow core slab according to claim 28, wherein said
reinforcement means extend to the second flange
and/or the first flange.
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