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Abstract 
In this review, a novel ribbed ground slab (RGS) system without mid-span support for 
underground buildings is proposed, and the mechanics model of the RGS  is established. 
Because they  lower both the amount of concrete and the total weight of the structure, the latter 
being the most significant, ribbed slabs are very common in reinforcement concrete building. 
The review addresses the basic one–way ribbed slab  structural system with its major parts, i.e. 
concrete topping, longitudinal ribs, reinforcement and supports. Special emphasis is  placed on 
flexural performance, shear capacity, deflection, cracking and serviceability criteria. In addition, 
conventional design methodologies that utilize traditional reinforced concrete design principles 
and numerical methods particularly finite element (FE) analysis to predict the structural 
behaviour under various loading  conditions are presented. Comparative studies demonstrate the 
effects of rib spacing ,  rib depth, screed thickness, reinforcement configuration, and material 
properties on structural efficiency and performance. Recent trends such as the use of fiber 
reinforced concrete, light weight materials, sophisticated numerical modeling, vibration control, 
fire resistance and sustainable  design are also discussed. A numerical example is presented to 
illustrate the calculation of equivalent line load, maximum bending moment and support shear 
for simply supported  ribbed slab. Major gaps for future research are long-term behavior, 
experimental verification of numerical modeling, construction variation, and linking structural 
performance with that  of environment. Results show that to have a  good design of ribbed slab, 
strength, stiffness, serviceability, material efficiency and constructability should be considered 
properly . 
Keywords: Concrete ribbed slabs; structural performance; flexural behavior; shear resistance; 
finite element analysis; serviceability; reinforced concrete design; sustainability. 

----------------------------------------------************************------------------------------------------ 
1. Introduction 
Concrete ribbed slabs are fairly common in reinforced  concrete construction due to the fact that 
they offer a good structural solution with reduced self-weight and sufficient load-carrying 
capacity and stiffness. In comparison to traditional solid slabs, ribbed slabs are made up of  a 
relatively thin concrete cover supported on a number of reinforced concrete ribs.[1]  
These ribs are the main load resisting elements and the  topping carries out load spreading and 
also is a contributing member to the flexural strength of the section  .The high structural 
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performance of ribbed slabs is due to the optimal concrete allocation in  the cross-section. 
Concrete Is Maintained in Areas Where  It Is Most Effective in Resisting Compression while 
Voids Between Ribs Minimize Material Usage. Such an arrangement is able to reduce the dead 
load on the beams, columns and foundations by that much, which may lead to a better economy 
for the  whole structure  .Nevertheless, the behavior of ribbed slabs is affected by a number of 
interacting parameters such as  concrete compressive strength, reinforcement ratio, rib spacing, 
rib width and depth, thickness of topping, loading conditions and support arrangement. Ultimate 
strength considerations are not at the only structural  design criteria – service conditions have to 
be met, also with regard to cracking, deflection, vibration, durability and fire resistance.[2] 
These aspects are being studied more often with the use of the finite element method, 
experimental investigation, alternative concrete types, as  well as some optimization approaches 
in recent studies.[3]  
Hence, the structural behavior, analytical design methods, numerical modeling techniques, and 
new trends in  research on concrete ribbed slabs are presented in this review. It also points out 
research gaps that could lead to the design of more efficient, safer ,  and greener floor systems. 
The form of the structure should be determined  by the span, the load, the building function, the 
construction technology, and the relevant codes of practice.[4] 

 
Figure 1. Conceptual cross-section illustrating the concrete topping, ribs, reinforcement, and 

voids. The dimensions and reinforcement shown are schematic and are not intended for 
construction. 

The concrete slab ties together the ribs and transfers loads among them, as seen in Figure 1. The 
ribs give the structural depth required to resist bending and shear, and the voids lessen the 
amount of concrete inside the floor system. The specific reinforcement configuration and support 
conditions should be determined by structural design.[5] 
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2. Structural Configuration and Classification of Ribbed Slabs 
Generally concrete ribbed slabs may be divided into the so-called one-way  and two-way 
systems based on the ribs layout and load transfer directions. Two-way ribbed slabs can be 
considered as a grid of beams  with ribs extending in two perpendicular directions. One-way 
ribbed slabs have parallel ribs and mainly transfer loads  in one direction. [6] 
They are generally employed in  situations where structural configuration results in fairly 
rectangular floor panels with well-defined supports edges. A two-way ribbed slab consists of ribs 
running in two orthogonal directions, which makes it  possible to span a load over a two-
dimensional matrix. Such systems may be applicable for floor panels with roughly equal spans in  
two directions, at least, under certain conditions of support and structural design  .The  basic 
elements in a ribbed slab are concrete topping, ribs, reinforcement and inter ribs.[7]  
The topping spreads loads and  sometimes functions as the compression flange of a T-shaped 
beam. The  ribs give the necessary depth for flexural strength and house the major longitudinal 
reinforcement. It might be necessary to provide transverse reinforcement to counteract shear and 
to confine the core  ,  based on the design .The  type of structure to be used must be determined by 
the span length, imposed loads, architectural requirements, methods of construction, and 
standards of design.[8] 
 

 
Figure 2. Typical configuration of a one-way concrete ribbed slab 

Cross-sectional schematic (not to scale) 
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Figure 2. Schematic cross section with concrete topping, ribs, reinforcement and voids The 
dimensions and reinforcement are schematic and not for construction. As shown in Figure 2, the 
concrete topping which joins the ribs and spans over them evenly distributes the loads. The ribs 
give the structural depth required to withstand bending and shear and the voids reduce the 
amount of concrete in the floor system. The real pattern of reinforcement and the support details 
must be determined by structural design.[9] 
 
3. Structural Performance of Concrete Ribbed Slabs 
3.1 Flexural behavior 
The flexural behavior is the main index to assess the performance of ribbed slab. When a slab is 
loaded vertically, bending moments are induced in the ribs, which cause compression in one 
portion of the cross-section and tension in the other. Since concrete's tensile strength is 
comparatively low, tensile stresses are counteracted by longitudinal reinforcement in the tensile 
zone after it cracks.For a simply supported rib with a uniformly distributed load, the maximum 
bending moment is given by the classical beam formula[10]: 

Mmax = 
௪௅

଼
                                                                  (1) 

where Mmax   is the maximum bending moment, www is the uniformly distributed line load 
acting on the rib, and L is the span length. 
It can be seen from equation (1) that moment is proportional to the square of span in bending. 
Thus, a longer span with no change in rib depth, reinforcement or structural system will impart 
more than a proportional increase in flexural demand. Negative bending moments can also 
develop in continuous slabs on internal supports. For a preliminary design the applied area load 
can be transformed into a line load on a single rib by using its tributary width[11]: 

w=q s+wrib                                                          (2) 
where q is the area load measured in kN/m2, s is the rib spacing in m, and wrib is the self-
weight of the rib, portion not included in q, in kN/m. Load definition shall not account for double 
the weight of: the Loff or other Components. The line load calculation is also based on the 
premise that the chosen tributary-width method is suitable for the slab in question. 
 
3.2 Shear resistance and failure mechanisms 
Concentration shear force is especially  relevant in ribs as they have relatively thin webs in 
comparison with the total slab width. Point loads and supports reactions may induce high shear 
stresses at the  ends of the ribs. When the required shear strength is not provided, diagonal 
cracking can appear  and cause to brittle collapse  .The moment of resistance of a slab should be 
calculated with  a flexural resistance to be considered together with the design shear force. Shear 
capacity  may be function of concrete strength, d, ρl, and ρt, depending on the controlling code 
and structural system. Stirrups should be provided if the calculated  shear demand is greater than 
the shear capacity of concrete and other allowed contributions  .Common failure modes are[12] 
 • :Flexural failure with yielding of the longitudinal reinforcements 
 • .Diagonal tension  failure as a result shear overloading 
 • .Compression failure of  concrete in a highly loaded area 
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  • .Anchorage or bond failure if the reinforcement  is not properly developed  .A ductile flexural  
response is typically more desirable than an abrupt shear failure. Hence, the ribbed slab design 
requires the detailing and validation of the dominant failure mechanisms ,  which is the crux of 
this paper . 
3.3 Deflection and cracking 
Serviceability considerations, such as deflection and cracking, may control the design of thin 
ribbed slabs, even when their strength is sufficient. Instantaneous deflection is a function of 
flexural stiffness, span, load, and cracking width. Creep, shrinkage, and long-term loading also 
influence late deflections.Long-term deflection is also influenced by sustained loading, of 
course. For a simplified model of a simply supported beam with constant flexural rigidity and a 
uniform load distribution, the peak elastic deflection is[13]: 

δmax =
ହ௪௅ସ

ଷ଼ସாூ
                                                                   (3) 

 where δmax  is the maximum vertical deflection, E is the elastic modulus, and III is the second 
moment of area of the section. 
It can be seen from Eq (3) that the deflection is very sensitive to the span length (i.e., it is 
proportional to the fourth power of the span) if the above assumptions hold. Nevertheless, real 
reinforced concrete ribs may crack, have a lower effective stiffness and deform over time. 
Therefore, this equation is more appropriate to understand the fundamental behavior; it is not a 
substitute for code-required deflection calculations for cracked reinforced concrete sections . 
 
Table 1. Main structural performance characteristics of concrete ribbed slabs 
Performance 
parameter 

Main influencing factors Engineering significance 

Flexural strength Rib depth, reinforcement area, 
concrete strength 

Determines resistance to bending 
moments 

Shear resistance Web width, effective depth, 
concrete strength, stirrups 

Controls resistance to diagonal 
cracking and shear failure 

Deflection Span, flexural stiffness, cracking, 
sustained load 

Influences serviceability and floor 
usability 

Crack development Reinforcement distribution, 
concrete properties, loading 

Affects durability, appearance, and 
stiffness 

Vibration Mass, stiffness, span, damping Influences occupant comfort 
Self-weight Topping thickness, rib dimensions, 

void geometry 
Affects loads transferred to 
supporting elements 

Durability Concrete cover, exposure, cracking, 
material quality 

Influences service life and 
maintenance requirements 

 
The results in Table 1 show that the behavior of ribbed slab cannot be predicted by a single 
parameter. A minimum mass configuration is not in general the best solution in terms of 
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vibration response or long-term serviceability. Hence, a compromise in absolute strength, 
stiffness, durability and cost is required in structural design. 
 
4. Design Methodologies for Concrete Ribbed Slabs 
The analysis and design of ribbed slabs involves structural analysis, cross-sectional design, 
reinforcement detailing and serviceability verification. The choice of method depends on the slab 
configuration, span-to-depth ratio, loading, continuity and relevant design code . 
 
4.1 Conventional analytical design 
Standard practice design procedures apply traditional bending theory from mechanics of 
materials to determine the moment-curvature relationships ,  bending moment diagrams, shear 
force diagrams, deflections, and reinforcement areas. For one-way ribbed slabs, each rib can be 
treated as a beam with a  width equal to its tributary width, on the condition that this 
simplification does not compromise the structural performance  .The concrete  rib and topping 
can be considered as a T-section if the composite action is recognized. In positive bending, the  
topping usually serves as the compression flange, and the longitudinal reinforcement is in 
tension. In negative bending over  continuous supports (negative moment), the compression and 
tension zones could interchange and special reinforcing will be required close to the top 
surface.In the case of a simplified singly reinforced rectangular beam, the nominal flexural  
capacity may be expressed as[14]: 

Mn=Asfy(d− 
௔

ଶ
)                                                             (4) 

 where Mn  is the nominal flexural resistance, As is the area of tensile reinforcement, fy is the 
specified yield strength of the reinforcement, d is the effective depth, and a is the depth of the 
equivalent rectangular compression block. 
This expression is valid only when the assumptions of the chosen section model are fulfilled. 
For a T-shaped section of a ribbed slab, the position of the compression block and the effective 
width of the flange must be determined in accordance with the pertinent design rules. The 
design strength shall also be prか1 to the relevant strength-reduction or partial safety factors. 
 
4.2 Finite element analysis 
Finite element analysis (FEA) is commonly used to study ribbed slabs, particularly when their 
shape, support conditions, loading, or material response is complex. The level of detail can vary: 
the slab topping may be represented by shell elements, the ribs by beam elements, or the whole 
structure by three-dimensional solid elements.Simpler models take less computing time and 
make it easier to compare different design options. However, they may miss details such as local 
stress concentrations, crack development, and how the topping and ribs interact .To produce 
reliable results, the model needs suitable material data, support conditions, loading, and mesh 
size. For nonlinear analysis, the concrete and reinforcement behavior also need to be represented 
carefully. Before relying on the results to guide design decisions, the model should be checked 
against test data or sound, independently verified calculations.[15] 
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Figure 3 . General analytical and numerical design workflow 

 
1. Structural system definition Span  ,  rib spacing, supports, materials and design code 

. 2 Calculate  loads  Dead load, finishes, partitions and live  loads 
3.Calculate the structural reaction Bending moments, shear forces ,  support reactions and 
displacements 
 4.Cross-section  design Flexural strength, shear capacity and  the amount of reinforcement 
5. Assess  performance Deflection ,  cracking, vibration, service life and fire resistance. 
6. Validate  and optimize Compliance with the code, model  validation and material efficiency 
Figure 2. A  generalized procedure for the design and verification of concrete ribbed slabs .The 
process of Figure 2 underlines that  the structural design is iterative. If a section does not pass a 
strength or serviceability check, the engineer may need to alter the ribs dimensions, the 
reinforcement layout, the slab thickness or the  structural configuration and perform the analysis 
again . 
 
4.3 Structural optimization and material efficiency 
Optimization seeks to find the slab layout that meets the structural requirements with minimum 
material use, construction cost, or environmental impact. Design variables commonly considered 
are rib spacing (spacing between two consecutive ribs), rib depth, rib width, topping thickness 
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and area of reinforcement. The saving in concrete can be calculated as the difference between the 
volume of concrete in the ribbed slab and that for a solid slab of equal depth over the same floor 
area.A general formula for the percentage reduction is in general terms.: 

 

RV= 
௏௦ି

௏௦
 ×100%                                                (5) 

 where RV  is the percentage reduction in concrete volume, Vsis the concrete volume of the 
reference solid slab, and Vris the concrete volume of the ribbed slab over the same area. 
A positive value means the ribbed design uses less concrete than the reference slab, provided 
both systems cover the same floor area and are measured within the same boundaries. However, 
using less concrete doesn’t necessarily make the design cheaper or more sustainable overall. 
Reinforcement, formwork, labor, and construction difficulty also affect cost and environmental 
impact[16]. 
 
Table 2. Comparison of design and analysis methodologies 
Methodology Principal advantages Main limitations Suitable 

application 
Classical beam 
analysis 

Simple, transparent, and 
computationally efficient 

Relies on idealized 
structural behavior 

Preliminary design 
of regular one-way 
slabs 

Equivalent T-
beam method 

Represents flange 
contribution to flexural 
resistance 

Requires appropriate 
effective flange 
assumptions 

Cross-sectional 
strength 
calculations 

Grillage analysis Represents load distribution 
through intersecting 
members 

Results depend on 
member idealization and 
stiffness assumptions 

Two-way ribbed 
floor systems 

Linear finite 
element analysis 

Efficient assessment of 
complex geometry and load 
distribution 

Does not directly 
capture nonlinear 
cracking and failure 

Elastic analysis and 
preliminary design 

Nonlinear finite 
element analysis 

Can represent cracking, 
material nonlinearity, and 
post-cracking response 

Requires careful 
calibration and greater 
computational effort 

Advanced 
performance 
assessment 

Experimental 
testing 

Provides direct evidence of 
structural behavior 

May be costly and 
limited to tested 
configurations 

Model validation 
and research 
investigations 

 
Table 2 shows that no single method is universally superior. Classical methods remain useful for 
routine design and independent checks, while numerical and experimental approaches become 
more important when the structural response is complex or when new materials and 
configurations are investigated. 
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5. Recent Research Developments 
5.1 Lightweight and fiber-reinforced concrete 
The goal of the study for lightweight concrete is to reduce the dead load of structure and ensure 
sufficient strength and stiffness for safe service performance. Reduced density can decrease the 
dead loads and the loads on the supporting elements. Yet lightweight concrete may have a 
different modulus of elasticity, tensile behavior and cracking pattern than normal concrete and, 
therefore, these variations have to be accounted for in the analysis. Fiber-reinforced concrete is 
also of interest as fibers may enhance crack management and post-crack performance. The 
performance of a fiber depends on its material, shape, volume fraction, and orientation. 
Experimental testing is crucially important to see whether improvements in tensile behaviour 
translate into reliable design advantages for ribbed slab systems. 
 
5.2 Dynamic performance and vibration 
With the slenderization of floor systems, vibration performance might become a relevant design 
factor. Natural frequency and damping affect the response of a floor to dynamic load induced by 
occupants, machines, or other sources. Medeiros et al. (2024) studied the dynamic properties of 
R.C. one-way ribbed slabs by analytical, experimental and numerical techniques. This class of 
hybrid approach is beneficial in that it enables numerical predictions to be validated with 
measured structural response. Vibration evaluation will need to be coordinated with strength and 
deflection evaluations, especially for floors with long spans or sensitive occupancies. 
 
5.3 Fire resistance 
Exposure to fire can lower the strength and modulus of  concrete and reinforcement and can 
result in high thermal gradients even through the depth of a slab. In particular, ribbed profiles 
need special care as their geometry, concrete layer and reinforcement arrangement influence the  
heating rate and the structural behaviour at elevated temperature  .Thermal numerical simulations 
can be useful to predict the  temperature fields in the ribs and the topping. Reliable fire  design 
must however also account for structural restraint, the level of load in fire, material degradation, 
and the provisions in the relevant code. A thermal model by itself does not determine the fire 
resistance of the entire floor system unless the corresponding  structural response is also properly 
analyzed . 
 
5.4 Sustainability and life-cycle assessment 
The smaller concrete volume of ribbed slabs can provide environmental benefits, especially if it 
results in a reduction of the  overall material demand of a building. However, an impactful 
evaluation of sustainability would have to encompass all the life-cycle stages, such as raw 
material extraction, reinforcement, formwork, construction, maintenance and  service life  .In 
future work, structural  optimization could be coupled with life-cycle assessment to assess if 
reductions in concrete usage are still favoured when other materials and construction procedures 
are considered. Such investigations  should be conducted on systems with equal structural 
capacity and serviceability rather than on material quantities on their own . 



 International Journal of Scientific Research and Engineering Development-– Volume 9 Issue 5, Sep-Oct 2026  
                         Available at www.ijsred.com                               

ISSN: 2581-7175                                    ©IJSRED: All Rights are Reserved Page 2101 
 

6. Illustrative Structural Calculations 
As a preliminary example, take a one-way ribbed slab spanning 5.0 m, with ribs spaced 0.60 m 
apart. Assume the area load is 6.0 kN/m², including the topping and other distributed loads, and 
that each rib adds 0.8 kN/m of self-weight. The line load on a single rib can then be calculated 
using Equation (2): 
w=(6.0)(0.60)+0.8=4.4 kN/m 
For a simply supported rib under this uniformly distributed load, Equation (1) gives: 

Mmax =
(ସ.ସ)(ହ.଴)ଶ

଼
=13.75 kN  

The corresponding maximum support shear force is: 

Vmax = 
௪௅

ଶ
                                                   (6) 

 Substituting the assumed values gives: 

Vmax =
(ସ.ସ)(ହ.଴)

ଶ
=11.0 

 These are tentative estimates of internal forces, not results from a finalized structural design. 
The size of the ribs, the strength of the concrete, the amount of reinforcement, the type of 
bearing, and the load combinations considered must be known to check the flexural and shear 
strength 
 
Table 3. Illustrative design inputs and calculated responses 
Parameter Symbol Illustrative value 
Span length L 5.0 m 
Rib spacing s 0.60 m 
Area load q 6.0 kN/m² 
Additional rib self-weight wribw_{\mathrm{rib}}wrib 0.8 kN/m 
Calculated line load www 4.4 kN/m 
Maximum bending moment Mmax M_{\max}Mmax 13.75 kN·m 
Maximum support shear Vmax V_{\max}Vmax 11.0 kN 
 
For instance, the floor area load is converted to the load on a single rib and is then applied to the 
estimation of the principal internal forces. In the end, the engineer needs to check load 
definitions, relevant load combinations, continuity effects, and design-code requirements, then 
decide on the final section and the reinforcement. 
 
7. Research Gaps and Future Research Directions 
Despite great advances in design and analysis of concrete ribbed slabs, there are still a few 
matters that require attention. The following gaps in the literature are especially pertinent to the 
future experimental and numerical efforts. 
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Table 4. Research gaps and proposed future investigations 
Research gap Limitation or unresolved issue Recommended research 

direction 
Flexural and shear 
interaction 

Simplified calculations may not 
capture all local effects 

Conduct experimental tests 
supported by validated nonlinear 
models 

Long-term 
deflection 

Creep, shrinkage, and cracking 
complicate prediction 

Develop and validate long-term 
response models 

Alternative 
concrete materials 

Material benefits may vary with rib 
geometry and reinforcement 

Compare conventional, 
lightweight, and fiber-reinforced 
concrete 

Dynamic 
performance 

Frequency and damping predictions 
depend on stiffness and boundary 
conditions 

Combine modal testing with 
numerical analysis 

Fire resistance Temperature distribution alone does 
not establish structural capacity 

Couple thermal analysis with 
structural response calculations 

Sustainability Reduced concrete volume does not 
represent the entire environmental 
impact 

Integrate life-cycle assessment 
with structural optimization 

Design-code 
comparisons 

Different provisions may lead to 
different design outcomes 

Compare code-based predictions 
against common benchmark tests 

 
The table highlights ways to make design methods more dependable and evaluate ribbed slabs 
more fully. One promising approach is to pair physical testing with computer simulations and 
optimization. This would help researchers understand how different design dimensions affect 
strength, deflection, material use, and environmental impact. 
 
8. Parametric Analysis and Performance Evaluation 
The inlfuence of rib spacing, rib depth, topping thickness, concrete strength, and reinforcement 
ratio on the behavior of a ribbed slab can be studied by a parametric study. The parameters need 
to be altered in a controlled manner, i.e. the other variables need to be held constant, so as to 
observe the direct and interactive effects. For instance, a decrease in rib spacing could enhance 
load distribution, potentially change floor system stiffness, and result in an increase in the 
number of ribs – and in formwork and reinforcing needs. Increasing the rib depth may enhance 
flexural stiffness but it may impact the floor-to-floor height and the architectural coordination. 
Such trade-offs suggest that the optimal solution must be obtained through a combination of 
structural analysis and practical considerations of construction. A simplified performance 
measure to represent the comparison of a structural demand with capacity is: 

η=
ௌௗ

ோௗ
                                                                           (7) 
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 where η is the demand-to-resistance ratio, SdS  is the design action effect, and Rd  is the 
corresponding design resistance, expressed on a consistent basis. 
If the ratio is smaller than unity, it means that the considered strength check  is fulfilled satisfied 
the the demand-to-resistance ratio. But this does not imply that the whole slab is safe: all the 
pertinent strength checks, serviceability criteria, detailing regulations and any  other relevant 
limit states must be checked .For a first estimation of structural forms, material efficiency can be 
also defined as : 
: 

ξ= 
ோௗ

௏௖
                                              (8) 

 where ξ is a simplified resistance-per-unit-concrete-volume indicator and Vc  is the concrete 
volume associated with the member or slab system. 
Larger value of ξ represents  larger design resistance under given definition per volume of 
concrete. However, this index ignores the consumption of reinforcement, the cost  of 
construction, the deflection, the service life and the environmental effect .So it can be considered 
a part of the jigsaw  in evaluating overall performance . 
 
9. Conclusions 
The concrete ribbed slab is a successful type of reinforced concrete floor system that can reduce 
the self-weight and concrete  usage with adequate flexural resistance when well designed. Their 
structural capacity is a function of the interaction between the concrete  topping, ribs, 
reinforcement, the applied load conditions, and the substructure. Then Developable design of 
reinforced concrete beams should consider key design parameters including  bending strength, 
shear strength, deflection, cracking and vibration  .Traditional analytical techniques give a good 
basis for general, day to day structural design and finite element modeling permits a more 
detailed study of complex geometry, non-linear material behavior and  stress distribution. 
Experimental testing continues to be crucial for the validation of  numerical results, particularly 
when novel materials or atypical configurations are taken into account  .For ribbed slab 
engineering, recent developments in the literature cover lightweight and fiber reinforced 
concrete, dynamic performance, fire resistance, and  so on. However, additional efforts are still 
needed to draw consistent correlations among geometry, mechanical behavior, long term 
performance and  environmental exposure  .Research  should be directed towards combining 
code-based design, experimentally validated numerical models, and life-cycle assessment. This 
holistic methodology can be used to enable safer, cost-effective  and more sustainable concrete 
ribbed slab systems . 
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