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Limitation of 

Responsibilities 

 Prota shall not be held responsible for any losses caused by 

documentation, software, or usage errors. 

In addition to Prota License Agreement Terms, it is the responsibility of 

the user 

• to check results generated by documentation and software, 

• make sure that the users of the software and their supervisors 
have adequate technical capabilities, 

• make sure that the software is used correctly per the reference 
manual and documentation, 

 

Intellectual 

Property 

 ProtaStructure is a registered trademark of Prota Software Inc., and all 
intellectual property rights belong to Prota Software Inc. Documentation, 
training, and reference manuals. Any program component can not be 
copied, distributed, or used in violation of the license agreement. 
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Introduction 

This guide presents the analysis steps of slab elements in TBDY 2018 (Turkish Seismic Code 2018) Section 

7.11 that should be done in ProtaStructure under the influence of earthquakes. Modeling procedures, 

design requirements, and reporting of results are described in this document. Hints and suggestions are 

provided for selected seismic codes where necessary. 

Elastic and rigid diaphragm definitions can be defined in the versions of ProtaStructure that have been 

published so far. 

Slab Modeling 

In structural systems, earthquake loads are transferred to the main structures by the slabs in the floor 

plane. These slabs can be designed as rigid or semi-rigid (elastic). It is necessary to check that the 

stresses caused by earthquake loads can be safely carried and transferred to vertical structural 

members. Although these stress values in beam-and-slab systems are less than in flat slab systems or in 

the case of significant gaps in the slab, they still need to be checked. Connecting these slabs directly to 

columns or shear walls is critical as it causes stress concentrations and requires unique controls. For the 

slab design and post-analysis controls to be carried out correctly, the slab and diaphragm assumptions 

defined in ProtaStructure must comply with the assumptions specified in TBDY 2018 Section 7.11. 

Slab Modeling Recommendations 

To guide in the creation of valid models, the recommended best practice for pre-analysis and post-

analysis checks in ProtaStructure is as follows. 

• After the modeling of the structural system is completed, the required slab assumptions can be 

accessed by clicking on the Building Analysis > Model Options > Slab Model tab before proceeding 

to the building analysis. 

• In the 'Slab Model' tab, there is a section where diaphragm properties, analysis method, mesh 

size, and slab stiffness ratios can be selected. 

o According to TBDY2018 Section 7.11.5, slabs must be defined as rigid diaphragms to 

perform post-analysis controls. Depending on the state of the building, ProtaStructure 

can determine multiple rigid diaphragms or free nodes in a slab (if applicable) by selecting 

the ‘Slabs to Define Rigid Diaphragm' option in the 'Storey Diaphragm Model' section. 

ProtaStructure will automatically decide on rigid diaphragms by examining cases such as 

disconnected or staggered slabs. Suppose you want to utilize rigid diaphragm assumption 

only in some storeys. You can choose the floors you want to apply rigid diaphragm 

constraints using the ‘Storey with Diaphragm Definition' list. 

o As stated in TBDY2018 Section 4.5.6.2, in-plane forces are to be safely transferred to 

vertical structural members according to TBDY2018 Section 4.5.6 and 4.5.7 in buildings 

with flat slabs systems, beam-and-slab systems with A2 and A3 irregularities or transition 

floors. And it is necessary to ensure that the slab has sufficient thickness to resist in-plane 

effects. Especially in systems with slab discontinuities, the number of considered masses 

will need to be increased to simulate the irregularity adequately because a single rigid 

diaphragm will not be sufficient to reflect the situation. A flexible diaphragm can be used 
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by turning off the rigid diaphragm for the particular storey and meshing the floor to make 

this possible in ProtaStructure. In the 'Finite Elements Mesh' section, the 'Include Slabs in 

the Building Model' option can be clicked, and the floors defined as flexible slabs must be 

unchecked in the 'Storeys to be Meshed' section. In the 'Slab Stiffness Coefficients' 

section, the 'In-Plane (Membrane)' and 'Bending' modifiers can be entered by engineering 

judgment. If these values are entered equal to 1, the flexible diaphragm is assumed using 

the slabs' gross (uncracked) in-plane and out-of-plane section properties. Values less than 

1, will reduce the stiffness of the slabs. 

o In the 'Shell Element Size' section, the shell size can be entered as a minimum of 50 cm 

and a maximum size of 50% more than the minimum size. A margin should always be left 

between the minimum and maximum size. ProtaStructure can also use dimensions 

smaller than the entered minimum value where required. 

• The analysis is completed after all pre-analysis checks are done. By clicking on the 'Post-Analysis 

Checks Report', the results can be accessed under the heading 'Slab/Wall In-Plane Shear Stress 

Checks' for TBDY2018 Section 7.11.5 and 'Slab In-Plane Stress Checks' for Section 7.11.3. 

 
Specifying the Slab Model 
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Post Analysis Checks Report 

 
Slab/Wall In-plane Shear Stress Checks 
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Slab In-plane Stress Checks 

 

Explanation of the Post-Analysis Checks Report on the Sample Model 

• The sample model consists of 1 basement with 5x5m spans and five storeys with 3x5m spans in 

the X and Y directions. This beam-slab model has 30x500 cm shearwalls on the exterior facades 

in X and Y directions, 50x50 cm columns, and 30x60 cm beams with 15 cm slab thickness. C30 

and S420 concrete and steel reinforcement classes are chosen, respectively. 

 

 
Sample Model Basement Floor Plan 
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Sample Model Normal Floor Plan 

 

• The dead and live loads considered in the example model are a self-weight of 3.75 kN/m2 (for 

15 cm slab thickness), an additional dead load of 2.38 kN/m2, and a live load of 3 kN/m2. 

 
Sample Model Additional Dead Loads 
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Sample Model Live Loads 

• For the seismic load, the point at 39.91394525° latitude and 32.84876888° longitude was 

selected offline from the Seismic Parameters Library. By choosing Modal Response Spectrum as 

the analysis type, the number of modes to be considered is 18. The seismic parameters used 

can be seen in the image below. 

 
 Sample Model Seismic Parameters 
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• The load combinations used in the analysis can be seen in the image below. 

 
Sample Model Load Combinations Table 
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Slab In-Plane Stress Checks (TBDY2018 Section 7.11.3) 

It is assumed that the slabs behave semi-rigidly (flexible) when performing the 'Slab In-Plane Stress 

Check'. For this reason, these slabs should be modeled as a 'Finite Elements Mesh,' and the rigid 

diaphragm constraint must be turned off for the particular storey. The ‘Overstrength Factor' D will be 

applied to the in-plane average tensile, compressive, and shear stresses due to seismic loads. 

• After the analysis is completed, the results of the 'Slabs In-Plane Stress Checks' TBDY2018 

Section 7.11.3 in the 'Post-Analysis Checks Report' can be seen in the image below.  

 
Slab In-plane Stress Checks 

Compressive Stress Checks 

According to TBDY2018 Section 7.11.3, the average compressive stress should not exceed 0.85fcd. 

In ProtaStructure, slab analysis is performed with the finite element method. Each slab is divided into 

triangular shell elements, and the average stresses are calculated from the maximum stresses occurring 

at the I, J, and K points of each triangle element. This process is done for all finite triangular elements in 

the slab. The total value is divided by the total number of triangular elements to obtain the average 

stress value. This calculation is made for all seismic load cases, and the most critical value is used. The 

maximum value is found by multiplying by the coefficient D. 

𝜎𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝐶𝑂𝑀𝑃𝑅𝐸𝑆𝑆𝐼𝑂𝑁 𝑆𝑇𝑅𝐸𝑆𝑆−𝑆𝐻𝐸𝐿𝐿 = 𝐷.
∑ 𝐹𝐼,𝐽,𝐾

3. ℎ𝑆𝐻𝐸𝐿𝐿
     (𝐹 > 0 𝑓𝑜𝑟 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛) 

𝜎𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝐶𝑂𝑀𝑃𝑅𝐸𝑆𝑆𝐼𝑂𝑁 𝑆𝑇𝑅𝐸𝑆𝑆−𝑆𝐿𝐴𝐵 =
∑ 𝜎𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝐶𝑂𝑀𝑃𝑅𝐸𝑆𝑆𝐼𝑂𝑁 𝑆𝑇𝑅𝐸𝑆𝑆−𝑆𝐻𝐸𝐿𝐿

𝑛
𝑖=1

𝑛
 

The average axial compression stress should not exceed 0.85fcd. The fcd value is 20 MPa for concrete 

class C30. 
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Sample Model Triangular Shell Member  

Tensile Stress Checks 

According to TBDY2018 Section 7.11.3, when the fctd value is exceeded, the concrete cracks under the 

tensile stresses, and this tensile force must be satisfied by the slab reinforcement. If the axial tensile 

force is greater than fctd, the in-plane tensile stress shall not exceed ρ.fyd, ρ being the ratio of 

reinforcement required for the flexural strength of the slab. If the tensile stress exceeds ρ.fyd, required 

reinforcement must be provided in addition to the rebars calculated for gravity design. 

In ProtaStructure, slab analysis is performed with the finite element method. Each slab is divided into 

triangular shell elements, and the average stresses are calculated from the maximum stresses occurring 

at the I, J, and K points of each triangle element. This process is done for all finite triangular elements in 

the slab. The total value is divided by the total number of triangular elements to obtain the average 

stress value. This calculation is made for all seismic load cases, and the most critical value is used. The 

maximum value is found by multiplying by the coefficient D. 

𝜎𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝑇𝐸𝑁𝑆𝐼𝑂𝑁 𝑆𝑇𝑅𝐸𝑆𝑆−𝑆𝐻𝐸𝐿𝐿 = 𝐷.
∑ 𝐹𝐼,𝐽,𝐾

3. ℎ𝑆𝐻𝐸𝐿𝐿
   (𝐹 < 0 𝑓𝑜𝑟 𝑡𝑒𝑛𝑠𝑖𝑜𝑛) 

𝜎𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝑇𝐸𝑁𝑆𝐼𝑂𝑁 𝑆𝑇𝑅𝐸𝑆𝑆−𝑆𝐿𝐴𝐵 =
∑ 𝜎𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝑇𝐸𝑁𝑆𝐼𝑂𝑁 𝑆𝑇𝑅𝐸𝑆𝑆−𝑆𝐻𝐸𝐿𝐿

𝑛
𝑖=1

𝑛
 

If the axial tensile stress exceeds the 0.85fcd value, the value of ρ.fyd should not be exceeded. fctd value 

is 1.28 MPa for concrete class C30. fyd value is 365 MPa for S420 reinforcing steel. 
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In-Plane Shear Stress Checks 

In ProtaStructure, slab analysis is performed with the finite element method. Each slab is divided into 

triangular shell elements, and the average stresses are calculated from the maximum stresses occurring 

at the I, J, and K points of each triangle element. This process is done for all finite triangular elements in 

the slab. The total value is divided by the total number of triangular elements to obtain the average 

stress value. This calculation is made for all seismic load cases, and the most critical value is used. The 

maximum value is found by multiplying by the coefficient D. 

𝜏𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝑆𝐻𝐸𝐴𝑅 𝑆𝑇𝑅𝐸𝑆𝑆−𝑆𝐻𝐸𝐿𝐿 = 𝐷.
∑ 𝐹12𝐼,𝐽,𝐾

3. ℎ𝑆𝐻𝐸𝐿𝐿
    

𝜏𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝑆𝐻𝐸𝐴𝑅 𝑆𝑇𝑅𝐸𝑆𝑆−𝑆𝐿𝐴𝐵 =
∑ 𝜏𝐴𝑉𝐸𝑅𝐴𝐺𝐸 𝑆𝐻𝐸𝐴𝑅 𝑆𝑇𝑅𝐸𝑆𝑆−𝑆𝐻𝐸𝐿𝐿

𝑛
𝑖=1

𝑛
 

According to TBDY2018 Section 7.11.3, the horizontal shear stresses within the floor plane should not 

exceed the value calculated by the formula below. 

τ < τr = 0.65fctd + ρfyd 

The ρ value used in the limit value is the ratio of the slab reinforcement to be placed in the direction 

parallel to the shear stress and remaining from the reinforcement required for the flexural strength. 

Horizontal shear stresses must also satisfy the following condition. 

τ < 0.65√fck 

fctd value is 1.28 MPa for concrete class C30. fyd value is 365MPa for S420 reinforcing steel. 
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Slab/Wall In-Plane Shear Stress Checks (TSC2018 Section 7.11.5) 

In flat slab or beam-slab systems, it is necessary to prove that the earthquake loads are safely 

transferred from the slabs to the vertical structural members. This check is required primarily for 

buildings with A2 and A3 irregularities, discontinuities, and gaps. The earthquake forces transferred 

from the slab to the shearwall in the wall's major direction can be calculated as the difference of shear 

forces between the lower and upper floors. The shear forces are increased with the ‘Overstrength 

Factor’ D of earthquake effects. The shear friction on the wall-slab joint must resist the unbalanced 

shear force. If it is not sufficient alone, additional shear friction reinforcement, Asb, and transfer 

reinforcement, Asa must be provided, as shown in the figure. 

 
Slab-Shearwall Overlapping Surface 

Horizontal Shear Stress Checks 

According to TBDY2018 Section 7.11.5, the difference of the wall shear forces DVd shall not exceed the 

sum of the horizontal shear forces 2ASAfyd + µAsbfyd. The Asa used at the limit value is defined as the 

transfer reinforcement. Asa is the transfer reinforcement at the slab-wall joint. Due to the earthquake 

force, the maximum shear on the shearwalls will be on the ground floor shear walls. 

DVd = DVd,i − DVd,i+1 =< 2Asafyd + µAsbfyd 

fyd value is 365MPa for S420 reinforcing steel. It is given as µ ≤ 1 in TSC2018 Section 7.11.5. 
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Thank You… 

Thank you for choosing the ProtaStructure Suite product family. 

Our top priority is to make your experience excellent with our software technology solutions.  

Should you have any technical support requests or questions, please do not hesitate to contact us at all 

times through globalsupport@protasoftware.com and asiasupport@protasoftware.com  

Our dedicated online support center and responsive technical support team are available to help you 

get the most out of Prota’s technology solutions.  

The Prota Team 
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