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INTRODUCTION
Floors with hollow core slabs supported on DELTABEAM® is a commonly 
used structural slab system. The design of this integrated flooring system 
is done by separate parties working together in the same building project. 
To have an integrated flooring system behaving as assumed, a common 
understanding of the interaction and the design assumptions must exist. 
In this paper, a safe and reliable simplification for the position of support 
reaction forces for the hollow core slab on the DELTABEAM® is presented. 
Peikko and Consolis have agreed on this design approach, based on 
engineering mechanics, standards, and test evaluations for the different 
design stages.

It should be noted that the design codes mentioned in this paper are 
valid within Europe. In areas outside Europe, other design rules may 
apply. Nevertheless, the mechanical background for the presented design 
approach is valid also in other countries.

SHORT DESCRIPTION OF THE TWO MAIN COMPONENTS

HOLLOW CORE SLAB FLOOR
Floor consisting of precast concrete elements with longitudinal voids 
and with only longitudinal prestressing tendons. No shear, transverse or 
spalling reinforcement is used in hollow core slabs. The vertical shear 
capacity is based on the main tensile strength of the concrete. Due to 
transmission of the prestressing force, tensile stresses occur in the webs. 
Normally hollow core slabs have a width of 1.20 m. After assembly of the 
elements, the joints are filled with concrete.

DELTABEAM® INTEGRATED COMPOSITE BEAM
DELTABEAM® is a slim floor composite beam which is integrated into 
the (hollow core) floor. The beam is filled with concrete on site. The infill 
concrete and DELTABEAM® form a composite structure after the concrete 
has hardened. DELTABEAM® acts as a steel beam before the infill concrete 
has reached the required strength. It can be used with all common floor 
types. Its integrated fire proofing consists of the concrete-encased steel 
beam and, if required, factory-installed reinforcement inside the boxed 
cross section which is activated when the bottom plate is heated and 
loses most of its strength during a fire incident.

FIGURE 2 EXAMPLE OF A DELTABEAM® CROSS SECTION

VERTICAL SHEAR RESISTANCE OF HOLLOW CORE SLABS

DIRECT, RIGID SUPPORT
The vertical shear resistance of hollow core slabs for single span 
application is based on the uncracked (principal tensile stress) situation. 
The formula describing the physical stress state is given in the product 
standard for hollow core slabs, EN 1168 [1]. Starting point of the design is a 
directly and rigidly supported hollow core slab (e.g. on a brick or concrete 
wall). Shear test results based on EN 1168 [1], Annex J comply with the 
given formula and are also based on a direct and rigid support.

INFLUENCE OF AN INDIRECT SUPPORT
In case of an indirect support (connection of slabs without a support 
pressure underneath the slab end), the webs of the hollow core slab are 
loaded with additional stress on top of the stress state caused by the 
transfer of prestress, vertical shear forces and bending moments. For 
indirect support, there is some design information available (fib Bulletin 
6 [2]), but capacity goes down to the level of cracked shear. This type of 
support is critical due to the strong dependency on the concrete tensile 
strength and should be avoided. Therefore, in most European countries, a 
direct support is required. 

FIGURE 1 EXAMPLE OF A HOLLOW CORE SLAB CROSS SECTION
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INFLUENCE OF A NON-RIGID (FLEXIBLE) SUPPORT OF HOLLOW CORE 
FLOORS
A non-rigid or flexible support occurs if the member supporting hollow 
core slabs may bend from slab loads. More than 30 full scale tests 
have been carried out to assess the effect of flexible support, including 
tests with DELTABEAM®. Based on these tests, several modified design 
methods were developed in different European countries, still based on 
the principal tensile stress approach. Additional stress due to composite 
action between the HCS and the supporting beam is applied in these 
models (= transverse shear stress in the hollow core slab webs)

forces away from the beam. This demonstrates that the exact position of 
the support reaction is the result of an equilibrium state based on hollow 
core slab deflection, DELTABEAM® ledge deflection and load level. In 
composite stage, several additional details like connecting reinforcement, 
concrete cracking etc. have an influence on the resulting position.

The suggested design approach simplifies this complex interaction and 
provides a safe design solution. It can be furthermore stated that the 
position of the support reaction is self-equilibrating and small changes in 
its final position do not have a significant impact on design results of HCS.

SUPPORT LENGTH OF HOLLOW CORE SLABS
Chapter 10.9.5 of Eurocode 2 [6] gives guidance for the design of the 
minimum bearing length (at ambient temperature) of the supported hollow 
core floor with: a1=30 mm / a2=a3=0 / Δa2=15 mm / Δa3=8 mm. 

The result is a ≥ 50 mm based on formula 10.6 in Eurocode 2 [6]. Product 
manuals or local regulations may give additional information.
The assumed position of the reaction force shall be in accordance with the 
European design rules for the bearing length. 

Other recommendations may apply outside Europe.

FIGURE 3 SUPPORT OF HOLLOW CORE SLAB ON DELTABEAM® LEDGE

FLEXIBLE BUT DIRECT SUPPORT FOR HOLLOW CORE SLABS
In case of a flexible support on beams (e.g. DELTABEAM®), the Finnish 
design approach given in Codecard 18 [3] suggests a direct support of 
the hollow core slabs for its application in the design process (see Figure 
4b). The same can be assumed for other European design approaches 
like Dutch CUR/BmS Aanbeveling 104 [4], German Roggendorf dissertation 
[5] etc., since they are all derived from the same principal tensile stress 
formula.

For design of hollow core slabs supported on DELTABEAM®, a direct 
support is suggested in the following sections of this paper.
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(3) Recommended values for cp per one strand are presented in Annex B, Table 

2/B for various slab sections, |
cp
| < P/A

hc
.  P is the effective full prestressing force 

after the losses of prestressing have taken place.  

 

3.3.3  Location of the critical section 

(1) The critical section, where the design shear stresses are evaluated, is located 

at a distance of x
cr
 from the inner edge of the bearing for the slabs, as presented in 

Fig. 2/3.  

 
Critical sectionCritical section

x
x

cr cr

h

ct
= 0

Points for considering

the stresses

Points for considering

the stresses

h

ct

45

45

h

hhc

hc

 

 

 

 

 

 

Fig. 2/3 Location of the critical section, x
cr
 = (h

hc
 – h

ct
)/2, where the design stresses 

are evaluated at the points shown in the slab sections 

 

3.4 The design shear flow, v
w
 that causes the transverse horizontal shear 

forces in the webs of the slab 

(1)P The design shear flow shall be evaluated considering the entire load effects 

activated after the initiation of the composite interaction.  These include weight of the 

concrete topping, loads due to temporary propping of the slabs, removed after the 

grouting, action effects due to erection and grouting of the slabs at different times, 

direct loads on the beam and live load on the slabs. 

(2)P It shall be assumed that the design shear flow is totally transferred through the 

webs of the slabs as the horizontal shear forces that affect the resistance of the 

webs, unless it can be shown reliably that part of the shear flow is directly transferred 

to the beam at the top of the beam section. 

(3) The design shear flow may be calculated separately for various action effects, 

superimposing the parts. 

(4) The part of the design shear flow transferred directly to the beam can be 

extracted from the total value by application of the reduction factor 
t
 on the shear 

flow induced by the design live load. 

(5) The design shear flow affecting the webs of the slab is calculated from Eqs. (4): 
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Code Card No18 English edition (Final version  08.08.2003) 

Original edition in Finnish                                                                
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FIGURE 5 BEARING LENGTH ACC. TO FIGURE 10.6 IN EUROCODE 2 [6]

FIGURE 4 ASSUMPTIONS OF SUPPORT SITUATION IN FINNISH CODECARD 18 [3]

PARAMETERS DETERMINING THE POSITION OF SUPPORT REACTION 
RESULTANT FORCES
Transverse bending of the steel bottom plate ledge (outer part of the 
DELTABEAM® bottom plate) supporting the hollow core slabs causes 
a shift of the hollow core slab’s support reaction towards the beam.  
A smaller stiffness of the ledge increases this shift. On the other hand, a 
deflection of the hollow core slab from slab bending, an increased stiffness 
of the steel flange or concrete cracking shifts the position of the reaction 

USE OF NEOPRENE STRIPS
The need of using a neoprene bearing strip between the hollow core 
slab and the steel ledge is depending on national regulations of the EU 
country, e.g.

•	 Germany: obligatory according to former approvals and DAfStb 
design guide [7]

•	 The Netherlands: not obligatory and not always recommended 
by hollow core industry

•	 Finland, Denmark: not applied and not recommended
 
For the application of the suggested design approach, the thickness of 
neoprene strips should not be less than 8-10 mm. This ensures proper 
concrete filling of the gap between the steel flange and the soffit of the 
slab behind the neoprene strip. If this minimum thickness cannot be 
applied, it is suggested to not use any neoprene strip.

DIFFERENT SUPPORT SITUATIONS THROUGHOUT THE CONSTRUCTION 
PROCESS AND LIFETIME
Regardless of the design phase described below and the actual support 
reaction position applied for design, the assumptions for the support 
detailing and the position of the reaction force for designing DELTABEAM® 
and hollow core slabs must match or be assumed on the safe side.
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Three different phases for evaluating the support reaction are 
distinguished:

•	 Construction stage (absence of joint filling)
•	 Final stage (ULS), ambient temperature (joints are filled and 

hardened and cracked due to loading of the floor)
•	 Fire situation (reduced design load and high temperatures at  

the soffit of the floor) 

HOLLOW CORE SLAB DESIGN – POSITION OF THE SUPPORT REACTION 
FORCE AND DESIGN RECOMMENDATIONS FOR THE EFFECTIVE 
BEARING LENGTH OF HOLLOW CORE SLABS
If no national guidelines or approvals apply and these do not give 
conflicting information, the following recommendations can be followed 
with respect to the position of the reaction force of the hollow core slab on 
DELTABEAM®’s steel bottom plate ledge and the effective bearing length.

In the following schemes, the slab support with (right side) and without 
(left side) a neoprene strip is combined in one figure.

The red arrows indicate the position of the support reaction force. The 
green shape indicates the assumed support stress distribution. The 
suggested position of the support reaction shall in all cases be equivalent 
with a direct support for the hollow core slab.

CONSTRUCTION STAGE – ASSEMBLY OF SLAB ELEMENTS
Nominal distance between slab end and the web of the DELTABEAM® is 
not more than 20 mm. The hollow core slabs are simply supported on the 
bottom plate ledge of the DELTABEAM®.

No bearing strip With neoprene strip

1/3 of support length Center of neoprene strip

FIGURE 8 SUPPORT SITUATION IN CONSTRUCTION STAGE, AFTER GROUTING 
WITH CONCRETE

FINAL STAGE (ULS) AT AMBIENT TEMPERATURE
The verification of hollow core slabs can be done based on the stress 
distribution and location of the support reaction as shown in Figure 9. 
Basis for this design is a simply supported slab. In case of reinforced top 
concrete, a dilatation zone should be established to limit hogging bending 
moments in the slabs. A straight horizontal connecting reinforcement is 
applied to keep the hollow core slab and DELTABEAM® from separating 
and to ensure a safe load transfer.
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CONSTRUCTION STAGE – AFTER GROUTING CONCRETE
The joints are filled and hardened, and no significant additional loads 
are applied. 

No bearing strip With neoprene strip

1/3 of support length  
(=ledge length)

1/3 of support length 
 (≈ledge length)

FIGURE 9 SUPPORT IN THE FINAL STAGE – AMBIENT TEMPERATURE

The line of failure for calculating the vertical shear resistance of hollow 
core slabs may be assumed to be starting at the outer edge of the 
supporting bottom plate ledge.

Please note that the crack width between DELTABEAM® and concrete 
grout is enlarged in figures 9 and 10 for better visibility.

No bearing strip With neoprene strip

1/3 of support length Center of neoprene strip 

FIGURE 6 SUPPORT SITUATION IN CONSTRUCTION STAGE, DURING ASSEMBLY 

Special case of downstand profile on DELTABEAM® flange

	

No bearing strip With neoprene strip

1/3 of support length 
(inverse from normal!) 

Center of neoprene strip 

FIGURE 7 SUPPORT SITUATION IN CONSTRUCTION STAGE – SPECIAL CASE OF 
DOWNSTAND PROFILES
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IN CASE OF A FIRE INCIDENT
The reaction force shifts towards the DELTABEAM® web due to heating 
of the bottom plate. The support reaction can be assumed to be located 
at the end of the slab. The horizontal connecting reinforcement causes 
an inclined compression strut between slab end and the web of the 
DELTABEAM®. This activates the bearing length starting from the web of 
the DELTABEAM®.

No bearing strip With neoprene strip

Reaction force just under slab end Reaction force just under slab end

FIGURE 10 SUPPORT SITUATION IN CASE OF A FIRE INCIDENT

The line of failure for calculating the vertical shear resistance of hollow 
core slabs in fire situation is described in the following section. On the safe 
side, it may be assumed to start at the bottom end of the slab elements 
with an inclination of 45° according to EN 1168 [1], Annex G.
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SUPPORT LENGTH FOR HOLLOW CORE SLAB DESIGN IN FIRE SITUATION
According to EN 1168 [1], Annex G, the support length of the hollow 
core slabs defines the position of the critical section and the effective 
anchorage length “x” of the prestressing tendons, see Figure 11. Based 
on the position of the support reaction described in the previous sections 
and derived from fire test results (e.g. [8], [9], [10]), the length of the slab 
support is gradually reduced during fire exposure when the bottom plate 
of the supporting beam is heated. Nevertheless, it could be observed that 
the remaining support pressure under the end of the slab is able to ensure 
initial anchorage of the prestressing tendons. 

The exact support length in fire situation is yet depending on many 
parameters and cannot be specified easily.

FIGURE 11 CRITICAL SECTION FOR VERTICAL SHEAR RESISTANCE IN FIRE CASE, 
EN1168 [1], FIGURE G.2

For design of the vertical shear resistance of hollow core slabs, it is 
therefore suggested as an approach on the safe side to assume a support 
length of

bSL= 0 mm 

for calculating the slab’s vertical shear resistance. For this reason, an 
additional connecting reinforcement is required to maintain the required 
level of vertical shear resistance of the hollow core slab, based on  
EN 1168 [1], Annex G. The connecting reinforcement has to be properly 
anchored behind the inclined critical section shown in Figure 11 in the slab 
joints or in opened voids with concrete infill. The shear connection of the 
interface between concrete grout and slab concrete is sufficiently strong 
if the minimum anchorage length of 700 mm is met. The anchorage of 
the connecting reinforcement must be separately verified according to 
Eurocode 2 [6], which can result in a higher anchorage length. According 
to fib bulletin 6 [2], the minimum anchorage length in joints between slab 
elements must be at least 100*ds.
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CONNECTING REINFORCEMENT
A straight connecting reinforcement between slab elements and 
DELTABEAM® is required to ensure proper load transfer, avoid separation 
and to ensure vertical shear resistance of the hollow core slabs in fire 
situation, as described in the previous section. Table 1 gives an overview 
of the components that need to be regarded for design of the connecting 
reinforcement in different design situations.

TABLE 1 DESIGN COMPONENTS TO BE CONSIDERED FOR CONNECTING 
REINFORCEMENT 

No Component for reinforcement design

1 Torsion from unequal loading on both sides of the DELTABEAM®

2 Load transfer from slab to beam (strut-and-tie model)

3 Vertical shear resistance of hollow core slabs in fire case  
(EN 1168 [1], Annex G)

4 Other requirements (e.g., robustness, accidental situations, 
progressive collapse, etc.)

The responsibility for defining the required total amount of reinforcement 
has to be agreed for each project. This way, the reliability of the overall 
structure is secured. A generally valid rule for distributing the responsibility 
cannot be given here due to differences in roles and practices in different 
countries. Merely component 3 can be clearly assigned to the designer of 
hollow core slabs.

The combination rules applied should be assessed by the participating 
design engineers. In absence of any additional other requirements, the 
amount of reinforcement obtained for components 1 and 2 should be 
summarized. Component 3 is only required in fire situation and only the 
maximum amount of reinforcement for component 3 or a combination of 
the other components must be applied. For component 2, the amount of 
reinforcement must not be less than 94 mm²/m (e.g. 1 Ø 12 mm / 120 cm), 
but a higher value may apply based on design calculations.

SUMMARY AND CONCLUSION
The presented paper is a tangible result of common effort and sharing 
of internal information from both Peikko and Consolis. We as companies 
together strive for smooth and reliable design processes and for more 
cooperation between all parties involved in projects worldwide. For a safe 
and reliable application of innovative solutions and products, a common 
understanding of their interaction and good communication between the 
stakeholders are of particular importance. 

This document provides a safe and reliable simplification for the position 
of support reaction forces as well as guidance on the dimensioning of 
connecting reinforcement between Peikko’s DELTABEAM® and hollow 
core slabs for different design situations.
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