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Proposed structural system for mixed hollow flat slab
Ahmed Hashada and Emad Helalb

aConstruction Research Institute, National Water Research Center, Cairo, Egypt; bLecturer and responsible for the civil courses, 
Architectural Department, October University for Modern Sciences and Arts – MSA, Egypt

ABSTRACT
The economic design of the slabs is the most influential on the construction cost and choosing the 
appropriate system is the key to the slabs optimal design, and there are many systems that have 
been developed recently to reach the most economical design. In this research, we try to mix two 
systems, each of them has its optimal use, and each of them has its advantages and limits for uses, 
and they have been mixed to try to find a dual system with more advantages. This paper presents 
a slab system consisting of flat slab system that its field strip areas were replaced with two-way 
hollow block systems. Consequently, the total weight of the resulting slab was reduced, which 
positively affected the quantities of steel reinforcement used directly, in addition to its reflection on 
the design of columns and foundations due to the low self-weight of the slabs. The validity of the 
proposed concept has been verified through a finite element analysis using Program SAP2000 that 
was applied to several cases with different configurations under static and dynamic loadings.
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Introduction

Nowadays, several types of R.C. floor systems are used 
covering various architectural and functional build
ings’ requirements as demonstrated (Sergiu, Ciprian, 
& Floreaissues, 2010; Zekirija & Isak, 2017). Some of 
these systems are shown in Figure 1.

Several technologies have developed that work 
through the optimization of the reinforced concrete 
section in an attempt to reduce its volume as in the 
mid-20th Century, systems of hollow core floors have 
been invented to reduce the heavy self-weight of clas
sic R.C. flooring systems, but it was observed that 
shear and fire resistance for slabs of this system are 
considerably reduced. Figure 2 shows several types of 
this construction flooring system as demonstrated 
(Ihsan, Adel, & Radhwan, 2018; Liu, 2018).

Recently, a new technology called “Bubble Slab” has 
been developed through using two-way voided flat 
slabs. The slab middle layer of concrete was replaced 
by plastic balls to reduce floor concrete quantities; 
Figure 3 shows the bubble slab system as demon
strated (Bhagyashri & Barelikar, 2016; Churakov, 
2014; Ihsan et al., 2018; Lai, 2010; Reshma & Binu, 
2016; Surendar & Ranjitham, 2016; Tae-Young, Sang- 
Mo, & Sang-Dae, 2010).

The objective of the present study is to introduce 
a proposal for a combined flooring slab construction 
system that is a mix of two different systems. This 
proposed system consists of flat slab system replacing 
its field strips by two-way hollow block slabs, aimed to 
achieve a dual system with more advantages. The effect 

of applying the proposed system on the required quan
tities of concrete and steel reinforcement has been 
studied under the effect of static and dynamic loadings.

Proposed slab system

The proposed slab is a combination between flat slab 
and two-way hollow block slab. The new system is 
obtained through keeping the solid flat slab in the 
column strips, while replacing the interior field strips 
by two-way foamed blocks. The main object is redu
cing the self-weight of solid interior panels by using 
light weight foam blocks, which consequently reduces 
concrete quantities, reinforcement and reduces the 
total gravity loads that leads accordingly to reduce 
the cost for columns and foundations. Using two- 
way ribbed slab concept is easier, cheaper, and practi
cally more familiar compared to other current devel
oped systems such as bubble deck slab. Figure 4 shows 
the proposed mixed flat/ribbed slab. The validity of the 
proposed system was verified as detailed below.

Evaluation methodology

The evaluation of the proposed system was done by 
comparing the results of the designed floors using tradi
tional Flat Slab system, and the results when re-designed 
using the proposed system. A comparison of the results 
of the two design concepts was made to clarify the 
advantages of the proposed system. The performance of 
the proposed system was evaluated under the effect of 
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static and dynamic loads to test the extent to which it 
meets the design criteria in terms of stress and 
serviceability.

Three floor slabs with different spans were used as 
studied cases. The dimensions of the studied cases are 
shown in Figure 5 and summarized in Table 1 for both 

conventional and proposed systems. The evaluation 
methodology steps for the studied floors models were 
as follows: -

(1) Dimensions estimation for the (columns, col
umn & field strips, slab & drop panel thickness) 
for the three studied flat slab cases has been 
performed to satisfy the requirements of the 
Egyptian Code of Practice (ECP 203, 2007).

(2) The conventional flat slab system has been ana
lyzed using Program SAP2000 (Computers and 
Structures, Inc. 2002); thus, the assumed dimen
sions were checked under the effect of the ser
vice loads, for the ultimate moment values and 
also checked for the ultimate punching shear.

(3) In the proposed system, the three finite element 
models were modified by making the interior 
panels were replaced with two-way foam ribbed 
slabs for each model. The ribs were modeled as 
solid slab with virtual thickness “tv” that has same 
stiffness of corresponding ribbed slabs for 
simplicity.

Figure 1. Types of traditional R.C. Flooring systems.

Figure 2. Types of hollow-core flooring systems.

Figure 3. Bubble deck slab.
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Figure 4. Proposed mixed hollow flat slab systems.

Figure 5. Configuration for the studied cases.

Table 1. Configuration & dimensions for studied cases.

Cases

Spans “m” Col. St. (Drop Width) “m” Field St. (Ribbed Slab) “m”

NotesL1 L2 S1 S2 L1 – S1 L2 – S2

Case 1 7.0 7.0 3.0 3.0 4.0 4.0 No Drop Panel for Edge & Corner Columns
Case 2 9.0 9.0 4.0 4.0 5.0 5.0
Case 3 11.0 11.0 5.0 5.0 6.0 6.0
Cases Dimensions (cm) Slab Thickness (cm)

Span Col. Sec. ts; Slab Thick. td; Drop Thick. t;Total Thick. tv; Equiv Thick.
Case 1 700 × 700 40 × 40 25 7 32 18.06
Case 2 900 × 900 50 × 50 29 16 45 20.85
Case 3 1100 × 1100 60 × 60 34 21 55 24.28
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(4) Finally, comparing the overall performance in 
terms of resulting straining actions with corre
sponding deformations for both systems was 
done.

Materials properties: -

The service floor loads:

Numerical modeling

Two-dimensional linear static and dynamic analysis 
using finite element program SAP2000 was used to 
study the structural behavior of the proposed system 
and comparing to the conventional flat slab. The FEM 
for each case was consisted of three typical continuous 
bays along both directions, the concrete flooring slabs are 
modeled using 1764–4356 Shell elements according to 
the model. The flooring models were loaded with uni
formly distributed dead and live loads and then analyzed 
for static and dynamic responses. For simplicity in the 
proposed system, the interior panels are modeled as solid 
slabs using virtual thickness “tv” with the same flexural 
stiffness of the corresponding flat slab. Table 1 shows the 
equivalent thickness for all cases. For example, for case 2 
the total ribbed slab thickness ts = 29 cm using block 
height = 24 cm with slab thickness = 5.0 cm.

For flexural resistance, the corresponding moment 
of inertia of the typical section: 

Ix¼
100� tv3

12
¼ 75571:47cm4 

Thus, the used equivalent virtual solid slab thickness 
“tv” = 20.85 cm.

This simplification was verified for accuracy by 
making one of the slab models with ribs and compar
ing the results with the approximate model, which 
showed the convergence of the results. Figure 6 
shows the ultimate straining actions for case 2.

Shear stresses analysis

As shear stress is one of the most critical aspects in flat 
slab analysis and design, the problem becomes more 
critical for the proposed mixed system due to the 
corresponding reduction in shear resistance of the 
critical sections. Due to keeping column strips and 
drop panels with same configuration for both conven
tional and proposed systems, punching shear resis
tance at the critical sections according to ECP has 
been checked; Figure 7. The field strip that has been 
modified must be able to transfer the loads above it to 
its circumference without the occurrence of shear fail
ure and therefore this must be checked.

Dynamic analysis

A modal analysis was performed for both conven
tional and proposed systems. Table 2 compares 
between the first three modes of the proposed and 
the conventional flat slab systems. Also, an impulsive 
gravity load of = 200 kg/m2 is applied for the studied 
cases of both conventional and proposed systems 
using the shown load function.

Concrete Steel Reinforcement:

Density = 2.5 t/ 
m3

Modulus of 
Elasticity = 210 t/cm2

Yield 
Strength = 3600 kg/ 
cm2Poisson's 

Ratio = 0.3
Ultimate 

Strength = 250 kg/cm2

Floor Covering = 150 kg/ 
m2

Average Intensity of Walls = 150 kg/m2

Live Loads = 300 kg/m2 Average Density of Foam Blocks = 20 kg/ 
m3

Figure 6. SAP Results for Real Ribbed Model for Case 2.
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Results

The resulting straining actions for conventional flat slabs 
system and proposed mixed system were checked 
according to ECP; accordingly, the critical sections are 
perfectly safe and the required steel reinforcements were 
determined for both conventional and proposed systems. 
The critical sections for ultimate design moments; sec. 1, 
2, 3 are shown in Figure. 8. For instance, for case 1, the 
critical design bending moment (M11) for the column 
strip at sec. 2 equals (−40.7 m.t) for the conventional 
system against (−35.9 m.t) for the proposed system, with 
a reduction ratio equals 11.8%. Similarly, at sec.2 of the 
column strip, the reduction ratios of bending moment for 
cases 2, 3 equal 6.9%, 7.7%, respectively.

Samples of the resulting straining actions are shown 
in Figures 9 and 10. While in Table 3, a comparison 
between the maximum straining actions values and 
deflection for the conventional system and the pro
posed system was performed.

The results indicate that a significant increase of the 
maximum deflection values for the proposed system 
than the conventional system; this result is expected 
due to the valuable reduction of stiffness that exceeds 
60 %. Table 3 presents a comparison of the resulting 
deflection values with the allowable coded limits that 
indicates acceptable results for case 1 and case 2, while 
for case 3 (of longest studied spans 11.0 m), the actual 
deflection “∆act.” slightly increases the allowable limit 
“∆all..” Therefore, the deflection values has been 
rechecked more accurately using the exact configura
tion for the proposed system representing the interior 
panels by actual ribbed slabs, accordingly, “∆act.” 
decreased to “42 mm” that is within the allowable limit.

For all studied cases, the savings of self-weight of 
floors, concrete quantities, and the quantities of 
required steel reinforcements are summarized in 
Table 4, and the reduction percentage ratios applying 
the proposed concept are presented in Table 5.

Finally, the results indicate a valuable reduction for 
concrete and steel reinforcement quantities for all 
cases as shown.

Table 6 presents the self-weight load reduction 
ratio using the proposed system; the reduction 
ratios are relatively low as the proposed system in 

Figure 7. Critical punching shear sections.

Table 2. Dynamic characteristics for the two systems.
Cases/Modes Conventional F. S. System Proposed Mixed System Reduction Ratio (%)

Frequency (Hz) Frequency (Hz)
Case 1 Mode 1 6.73 6.07 9.8 %

Mode 2 7.23 6.47 10.5 %
Mode 3 7.28 6.81 6.5 %

Case 2 Mode 1 4.74 4.41 6.9 %
Mode 2 5.05 4.70 6.9 %
Mode 3 5.41 5.15 4.7 %

Case 3 Mode 1 3.88 3.48 10.2 %
Mode 2 4.15 3.71 10.5 %

Mode 3 4.33 4.09 5.5 % Impulsive Load Function

Figure 8. Critical Sections for ultimate design moments.
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this study is conservative due to keeping column 
strips and drop panels with the same configuration. 
Self-weight represents the greater ratio of flooring 
loads. Consequently, the design loads for columns 
and foundations were reduced between 7% 
and 10%.

Concerning the dynamic analysis, Table 2 shows 
the modal responses for the first three modes of the 
proposed system that indicate a small difference with 

the conventional flat slab system; this difference ranges 
5–10%. Additionally, the results indicate an increase of 
the maximum deflection and velocity values for the 
proposed system than the conventional system, 
although the results are within the allowable vibration 
limits according to the international vibration codes 
(BS 1993; DIN 1999; SN 640 312, 1992). Table 7 dis
plays comparison between the deflection and vibration 
velocity values.

Figure 9. Comparison moment results (M11).
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Table 8 shows the punching shear check results for 
all cases at the critical sec. 3, also, provided the ratio of 
the equivalent thickness for the interior panel ribbed 
slab section “tv.sh.” to the solid flat slab thickness. The 
punching shear check for all cases provided adequate 
safety margin. It is recommended to keep safety mar
gin for punching shear without more calculation to 
use thickness ratio not to be less than 0.4.

Conclusions

The proposed system is capable to resist efficiently same 
service load patterns as traditional solid flat plate slabs. In 
addition, the required steel reinforcement’s quantity of 
the flooring slabs was reduced with a valuable ratio 
reached to 16% and the floor concrete quantity was 
reduced up to 14% consequently; the design loads for 

Figure 10. Comparison shear results.
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columns and foundations were reduced up to 10%. The 
savings of required concrete and steel quantities would be 
more valuable for multi-story buildings. The results indi
cate an increase of deflection values for the proposed 
system than the conventional system, but it’s still within 
the acceptable limits.

The punching shear check for all cases at the 
critical sections is adequately safe, we can propose 
that the ratio of the equivalent thickness for the 
interior panel ribbed slab section “tv.sh.” to the 
solid flat slab thickness not to be less than 0.4 to 
provide more safety margin against punching 
shear.

Concerning the dynamic analysis, the results 
show that the proposed system has adequate effi
cient to conventional one. Additionally, the results 
of applying dynamic impulsive load satisfying the 
vibration velocity limits according to related 
standard.

Table 3. Comparisons of ultimate design moments M11 and deflections.

Cases

Ultimate Design Moments M11 (m.t)

Max. Deflection (mm)Column Strip Field Strip

Sec. 1 Sec. 2 Sec. 3 Sec. 1 Sec. 2 Sec. 3 ∆act. ∆all.

Case 1 Convent. + 7.7 − 40.7 + 1.8 + 5.9 − 3.1 + 0.3 16.7 28.0
Proposed + 5.4 − 35.9 − 0.1 + 4.2 − 2.2 − 0.5 20.9
% Ratio − 29.9 − 11.8 N.A − 28.8 − 29.0 N.A + 25.2

Case 2 Convent. + 13.4 − 83.2 + 1.3 + 10.5 − 4.9 − 0.1 26.5 36.0
Proposed + 15.6 − 77.5 − 0.6 + 5.9 − 1.7 + 0.5 33.9
% Ratio + 16.4 − 6.9 N.A − 43.8 − 65.3 N.A + 27.9

Case 3 Convent. + 21.8 − 145.1 + 1.4 + 17.1 − 7.8 − 0.7 39.0 44.0
Proposed + 25.0 − 134.0 − 1.8 + 8.8 − 7.4 − 1.4 49.8
% Ratio + 14.7 − 7.7 N.A − 48.5 − 5.1 + 100.0 + 27.7

Table 4. Comparisons of quantities between proposed system & conventional flat slab.

Cases

Concrete Quantity/floor (m3) Reinforcement Quantity/ floor (ton)

Conventional Flat Slab Proposed Mixed System Conventional Flat Slab Proposed Mixed System

Case 1 112.8 95.3 13.2 11.1
Case 2 234.5 200.0 27.0 22.6
Case 3 417.5 357.0 55.2 46.1

Table 5. Reduction ratios between proposed system & conventional flat slab.

Cases

Quantity Reduction %/Floor

Self-Weight Concrete Reinforcement

Case 1 14.5 % 15.5 % 15.7 %
Case 2 13.9 % 14.7 % 16.2 %
Case 3 13.9 % 14.5 % 16.4 %

Table 6. Comparisons of ultimate column loads.

Cases

Interior Column–Ult. Ld (ton) Edge Column–Ult. Ld (ton) Corner Column–Ult. Ld (ton)

Convent. 
System

Proposed 
System

Red. 
Ratio

Convent. 
System

Proposed 
System

Red. 
Ratio

Convent. 
System

Proposed 
System

Red. 
Ratio

Case 1 110.6 102.9 7.0 % 35.9 33.0 8.1 % 15.5 13.9 10.2 %
Case 2 205.5 190.3 7.4 % 68.6 63.2 7.9 % 26.6 23.9 10.2 %
Case 3 340.6 313.3 8.0 % 113.1 103.8 8.2 % 43.6 39.2 10.1 %

Table 7. Comparisons of dynamic characteristics.

Cases

Max. Deflection (mm) Max. Relative Velocity (mm/s)

Conventional System Proposed System Increase Ratio Conventional System Proposed System Increase Ratio

Case 1 1.9 2.6 36.8 % 4.7 5.9 25.5 %
Case 2 2.7 3.2 18.5 % 5.8 7.2 24.1 %
Case 3 3.7 5.4 45.9 % 7.7 13.8 79.2 %

Table 8. Punching shear results.

Cases

Shear Stress (kg/cm2), sec. 3

Status tv.sh./tsqu.act quall

Case 1 1.94 7.10 Safe 0.36
Case 2 2.40 7.04 Safe 0.34
Case 3 2.50 7.00 Safe 0.32
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