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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 unigue 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.

e 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.

e 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.

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.

e 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.

v
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Specifying the Slab Model
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Building Analysis

Sre-Analyss | ModelOpbons | Ansiysis | Post-Anatysis

Pre-Analyss Chedis Report i

Strong Column Checks

Analysis Model Echo Report

Storey Displacements Report

Egenvale Results

Sendemess Calculatons Report

Member Loads Report |

Seismc Isolator Report |

Geotechnical Report Pre-Design Summary |

Caces:
7| Tss00-2000, TSC 2016 (RFD), TS 468

TECY 2018

Post Analysis Checks Report

(TBEC 2018-CL7.115)

AVue  : Shear diference of upper and lower walls (Max_ of all combinations)

Low  :Total Lengthof slabs connected to the wall

Aces  :Total Section Area of slabs connected to the wall

e 1 AVune / Asee

" wpfe

Tt +0.65 ()2 (re Limiting value)

D : Slab Connecton Steel Percertage (for 1m)

Ax . Slab Connection Seel Area (added to bending steel)

P :Axal load 1o be supported by each transfer beam

Ay : Required webreinforcement of beam undertension

o : Stress developed in beam under compression

oumt 051 (value that does not necessitate confinement reinforcement o)

Wal AV Lo Asas w Ass|  Transfer P Ass| 3

(kN) (m)|  (md) (kN/m) P (cmtim)|  Beams| &N)| fom)|  (Nim?)

Sorey: 1
] 65545 10.000| 150 43696<35802 v| 0120 179
P18 65735 100001 150 4382353802 v| 012 180
P19 65729 10000 150 43819<3%802 v| 012 180]
P7 65551 10000 150 437013802 v| 0120 179]
P8 38537 5000 075 51383<35602 v| 0.141 21
P9 414311 50001 075 5524135602 v| 0151 227
P10 7163  5000| 075 49551<35602 v| 013% 204
P11 40124) 5000 075 53499535802 v| 0146 220
P12 37852 5000 075 5046935602 v 0138 207]
P 37881 5000 075 50509<35602 v| 0138 207
P23 0171 500 075 53561<35802 v| 0.147 220
P2 3269 5000] 075 49692<3%602 v| 013% 204
P21 41710( 50001 075 5613535802 v| 0152 228
P2 776/ 5000| 075 5170235602 v| 0142 212
P17 38659| 5000 075 51545<35602 v| 0141 212]
P16 41561|  5000( 075 %5414<35802 v| 0152 228
P15 J2131 5000 075 4969735602 v| 013% 204

Slab/Wall In-plane Shear Stress Checks
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SLAB IN-PLANE STRESS CHECKS:

(TBEC 2018-C1. 7.11.3)

Ce - Average Aua Compressive Sress

Geumt - 085 &4 (0 Limit Value)

- : Average Axal Tensile Sress

owmt - fas (o1 imt Value requinng Tensile Reirforcement)
% . Average Shear Stress

1 0858 +pte

Tmt 085 ('@ (re imz Value)

As - Additonal tension reforcement area ffor 1m)

As . Addifonal shear reinforcement area (for 1m)

Al stresses n the table are multiplied with overstrength factor (D).

Slab L3 o T A Ayl
(kN/n¥) (kN/m?) (kNim¥) (cré/m) (cmém)
Sorey: 1
D109 60700517000 v 000s 1280 v 3710835602 v
D107 62058 < 17000 v 000< 1280 v %832<35802 v
D108 51923<17000 v 000< 1280 v 747035602 v -
D118 574217000 v 000< 1280 v 37382<35602 v - :
D114 53219<17000 v 000s 1280 v 3704435602 v - -
D119 60882517000 v 000< 1280 v %914s35602 v - -
D117 5814817000 v 000s 1280 v 3004535602 v - -
D113 63651<17000 v 000< 1280 v 31818<35602 v -
D112 47520<17000 v 000< 1280 v $473<35602 v - -
D101 2632<17000 v 000< 1280 v 2502535602 v - -
D102 57283517000 v 000s 1280 v %836<35602 v - .

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

e The dead and live loads considered in the example model are a self-weight of 3.75 kN/m? (for
15 cm slab thickness), an additional dead load of 2.38 kN/m?, and a live load of 3 kN/m?.
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Sample Model Additional Dead Loads
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Slab Live Loads ¢
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Sample Model Live Loads

e 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.

TEC 2018 Seismic Parameters (New Building)
Parameters | Analysis | Structwal Iregulaities | Settings |
| | TBEC Design Spectium, DD-2. ZD, R=7. D=25, |=1, SDs=0521, SD1=0284 Spectrum Points ‘
Spectrum Angle (*): 00|| %00 T
0 Perod | e | spectun 1
Soi Class: 2D v 8| 1
& o8 | 0083 |
= o ot | o | ows |
= — = : . 0.055 0.365 0124 |
exth ss st Fs F1|  sos| w1 Ta ™ e e o |
DD-1 0693 0213 1246 217 0863 0461 0.107 0.535 5 e e
DD-2* 0341 0120 157 235 052 0284 0.109 054 6219 6521 Di‘i‘
OD-3 0429 0051 1600 2400 0207 042 018 0591 - - ‘
DD-4 0085 0037 1600 2900 0.4 008 0.119 0597 LR 0248 e
=800 TRIE 0 one
B3R seismicHazard Map (@ ik from offine map... 0.545 0521 0074 |
it 0582 0433 0070 |
Buldng Usage Class: (BKS=3 ~ ||@ I=1 TL=6 0.609 0.466 0.067 |
Earthquake Design Class: DTS =2 i 0647 0439 0063 |
ey 0.697 0.407 0.0%8 |
Buiding Height: 1500m |@ BYs=s 071 0an 0053 |
c 21 0842 0.337 004 |
Ductiity Level: | Hgh “ 0274 0340 0302 0043 |
: — 1058 0.268 008 |
Structural System Type: (O 1): |A15 vi[@] r=[ 70| o= 25 o e e |
Structural System Type: (Dr 2): |A1S v 2= 70| D= 25 1359 0.209 003 |
0.21
8] 10l Wall Connections: & Inflexibly Connected € Fiexibly Connected DAL - T 0 A - S
0.18 1.760 0.161 0.023
Live Load Participation Factor can be defined using the ‘Edt Storey” dialog separately for 2002 0.142 0.020
each storey. 0.15 2274 0.125 0.018
DTS = 2 ve BYS = 6ign Performans Hedeflen (* On Tasarm, 0" DGT, § SGOT ) 257 0110 0016
3.5.1. 1. Yaps sahibrin istedine bagk olarak deprem dizeylerine karsik gelen ) s - 2917 0.097 0.014
dah s i 3 * t
aha iler performans hedefier seclebilr : i \ Cam s | oo
. DD-3 | D002 Lo 0 . 372 0.077 0.011
Yeni Bina (8Y522) A 0.06 - - 4153 0088 0010
Normal Performans Hedefi = K D) = ‘W 4594 0.061 0009 |
flen Performans Hedefi SH(S) kMDY KH(S) 0.03 517 0055 0008
Mevcut Bina (BYS22) d s i i
HNormal Performans Hedef: - (310 - _— e i I
Tleri Per formans Hedef SH(S) - Ll R
2 - Period (s 3 oad Save
izolatork Yeni Bina (Ustyap) L il .
Normal Performens Hede D) = ., Display Elasti ® Direction 1 Direction 2 = =] &
lleri Peformans Hedefi K D) -
Izolatorlii Mevcut Bina (Ustyap) - Spectrum to Use: { DD-1(2475 years) & DD-2 (475 years) (~ DD-3 (72 years) (" DD-4 (43 years) v x R concel

Sample Model Seismic Parameters
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e The load combinations used in the analysis can be seen in the image below.
No|Combination |LLRed| R/C | Steel | G| Ge| Q| Q| Qs1|  Qs2 Ez|  Ex+| ExB+ Ex-| Bx8-| Ey+| EyB+| Ey-| EyB-|
1640 M M~ 1.40 0 160 0 0 0 0 0 0 0 0 0 0 0
2 G+Qs1 1.40 0 0 0 1.60 0 0 0 0 0 0 0 0 0 0
3 G+Qs2 1.40 0 0 0 0 1.60 0 0 0 0 0 0 0 0 0
4 Gc+Qc+Ez+E... 0 1.00 0 1.00 0 0 0.30 1.00 0 0 0 0 0 0.30 0
5 Gc+Qc+EzE... 0 1.00 0 1.00 0 0 0.30 -1.00 0 0 0 0 0 -0.30 0
6| Gc+Qc+Ez+E... 0 1.00 0 1.00 0 0 0.30 0 0 1.00 0 0.30 0 0 0
7 Gc+Qc+EzEx- 0 1.00 0 1.00 0 0 0.30 0 0 -1.00 0 -0.30 0 0 0
8 Gc+Qc+Ez+E... 0 1.00 0 1.00 0 0 0.30 0 0 0.30 0 1.00 0 0 0
9 Gc+Qc+EzE... 0 1.00 0 1.00 0 0 0.30 0 0 -0.30 0 -1.00 0 0 0
10 Gc+Qc+Ez+E... 0 1.00 0 1.00 0 0 0.30 0.30 0 0 0 0 0 1.00 0
11 Gc+Qc+Ez-Ey- 0 1.00 0 1.00 0 0 0.30 -0.30 0 0 0 0 0 -1.00 0
12 Gc+Ez+Ex+ 0 0.%0 0 0 0 0 -0.30 1.00 0 0 0 0 0 0.30 0
13 Gc+Ez-Ex+ 0 0.%0 0 0 0 0 -0.30 -1.00 0 0 0 0 0 -0.30 0
14 Gc+Ez+Ex- 0 0.90 0 0 0 0 -0.30 0 0 1.00 0 0.30 0 0 0
15 Gc+Ez-Ex- 0 0.%0 0 0 0 0 -0.30 0 0 -1.00 0 -0.30 0 0 0
16 Gc+Ez+Ey+ 0 0.%0 0 0 0 0 -0.30 0 0 0.30 0 1.00 0 0 0
Sample Model Load Combinations Table
ProtaStructure’ ProtaSteel’  ProtaDetails’ ProtaBIM’
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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.

e 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.

I SLAB IN-PLANE STRESS CHECKS: I
{TBEC 2018-C1.7.11.3)

Cc : Average Axal Compressive Stress

oemt : 0.85£: (o Limit Value)

ot : Average Axal Tensile Stress

oiumt fas (o:Limit Value requinng Tensile Reinforcement)
T4 : Awerage Shear Stress

™ 065k +p e

Tt 065 (fad'2 (v Limit Value)

As . Addifonal tension reinforcement area (for 1m)

As : Additional shear reinforcement area (for 1m)

All stresses in the table are multiplied with overstrength factor (D)

Slab Oe Ot ] A A
(kN/m2) (kN/m?2) (kN/m2) (cm?m) (cm?/m)
Storey: 1
D109 607.00< 17000 v 000<1280 v 37108<356802 v
D107 620.58 < 17000 v 0.00< 1280 v 3%832<3560.2 v
D108 5192317000 v 000<1280 v 37470<3560.2 v
D118 54742<17000 v 000< 1280 v 37382<3560.2 v
D114 53219<17000 v 000< 1280 v 37044 <3560.2 v
D119 608.82<17000 v 000< 1280 v 3%9.14<3560.2 v
D117 58148 < 17000 v 000< 1280 v 3%004<3560.2 v
D113 636.51<17000 v 0.00< 1280 v 318.18<3560.2 v
D112 4752017000 v 000< 1280 v 347335602 v
D101 256.32<17000 v 000<1280 v 32502<35602 v
D102 572.83<17000 v 000< 1280 v %836<3560.2 v

Slab In-plane Stress Checks

Compressive Stress Checks

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

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
atthel, 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.

21, 1k F

(F > 0 for compression)
3. hsuELL

OAVERAGE COMPRESSION STRESS—SHELL — D.

n
Zi:l OAVERAGE COMPRESSION STRESS—SHELL
n

OAVERAGE COMPRESSION STRESS—SLAB =

The average axial compression stress should not exceed 0.85fc4. The feq value is 20 MPa for concrete
class C30.

ProtaStructure® ProtaSteel’ ProtaDetails’ ProtaBIM’
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puilding Analysis Model X

Effects

4 Displacement

Contour Details

F11
(kN/m)

4
g
-128.83 :
110.42
9202
7362
5521
3681
18.41

Required Steel Areas

4
2-

1-.. D
2-.. D

1256
F11: -8.34 kN/m

Required Steel Areas
67.76 63.53 .

| (R |

d.
d.
d

d.

,_k‘ 5(D118)
Area: 0.25 m2 [T

9 243
F11: -67.76 kN/m F11: -63.53 kN/m

Sample Model Triangular Shell Member

Tensile Stress Checks

According to TBDY2018 Section 7.11.3, when the fqq 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 fu, the in-plane tensile stress shall not exceed p.fys, p being the ratio of
reinforcement required for the flexural strength of the slab. If the tensile stress exceeds p.fyq, 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, 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.

2, 1k F

. (F <0 for tension)
3. hSHELL

OAVERAGE TENSION STRESS—SHELL = D

n
Zi:l OAVERAGE TENSION STRESS—SHELL
n

OAVERAGE TENSION STRESS—SLAB =

If the axial tensile stress exceeds the 0.85f. value, the value of p.f,¢ should not be exceeded. fuq value
is 1.28 MPa for concrete class C30. fyq value is 365 MPa for S420 reinforcing steel.

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM’
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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, 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.

2, 7.k F12

TAVERAGE SHEAR STRESS—SHELL = D. 3. h
*""SHELL

n
Zi:l TAVERAGE SHEAR STRESS—SHELL
n

TAVERAGE SHEAR STRESS—SLAB =

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.

T < T = 0.65fq + pfyq

The p 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.

T < 0.65,/fux

faa value is 1.28 MPa for concrete class C30. fyq value is 365MPa for S420 reinforcing steel.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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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, As, and transfer
reinforcement, As; must be provided, as shown in the figure.

X Aktarma
donatisi
s ASE

Baglanti
donatisi
Asb

Slab-Shearwall Overlapping Surface

Horizontal Shear Stress Checks

According to TBDY2018 Section 7.11.5, the difference of the wall shear forces DVq shall not exceed the
sum of the horizontal shear forces 2Asafyd + HAstfys. The Asa used at the limit value is defined as the
transfer reinforcement. A, 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.

Dydq = Dyg,i — Dvg,i+1 =< 2Asafyq + HAspfyq

fya value is 365MPa for S420 reinforcing steel. It is given as . < 1 in TSC2018 Section 7.11.5.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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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

ProtaStructure’
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