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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

e to check results generated by documentation and software,

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

e make sure that the software is appropriately used following the
reference manual and documentation,

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.

ProtaStructure®, ProtaDetails®, ProtaSteel® ve ProtaBIM® are
registered trademarks of Prota Software Inc. Prota logo is a trademark
of Prota Software Inc.
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Introduction

This guide shows how to model a base isolation system in ProtaStructure for your seismically isolated
buildings. Procedures for modeling, design requirements and reporting of the results are within the
scope of this guide. Where necessary, tips and recommendations for selected seismic codes are given.

Please note that base isolation units in ProtaStructure can only be modeled by a link element using
linear elastic properties for currently released versions.

Modeling of Base Isolator

A preliminary isolation system design should be conducted before you start modeling the isolators on
your structural model. In practice, the ‘Equivalent Lateral Force Procedure’ in the base isolation chapters
of the seismic code is used to obtain stiffness and target displacement of the isolation system. Next, the
isolation system performance is evaluated using linear or nonlinear analyses.

Please do not forget that the isolation system design and evaluation are iterative. Engineers might need
to reanalyze the structure to obtain economic and performance targets repeatedly. As a result, isolators
may have the same or different mechanical or geometric properties depending on the axial load for
different loading combinations. ProtaStructure will allow you to model the same or different types of
isolators under each column or shear wall.

General Modeling Tips

We recommend the following best practice approach for modeling a base isolation system into the
ProtaStructure to help establish valid models.

e Anisolation unit can be inserted either from the ‘Column Options’ tab or by right-clicking on the
selected column(s).

e When clicked on ‘Insert Base Isolator’, a window will appear asking for isolator type, location, and
mechanical properties.

o One can select Lead Rubber Bearing, Friction Pendulum, and Triple Friction Pendulum
types from the ‘Isolator Type’ dropdown menu. For the time being, all three types have
the same linear elastic mechanical input properties.

o ProtaStructure will modify the structural system and add a link element to the specified
location when isolator location and total height are introduced. If ‘None’ is selected, the
assigned isolator(s) will be deleted from the structure.

o The two orthogonal lateral stiffnesses and axial stiffness of the isolator are manually
entered in the ‘Stiffnesses’ section; thus, the structural stiffness matrix is modified
accordingly.

o As an additional parameter, the estimated target displacement is included. Target
displacement is solely used to see if the displacement response of isolators beneath each
column or shearwall, as determined by ‘Equivalent Static Load’ or ‘Response Spectrum’
analysis, exceeds the limit.

o When the ‘OK’ button is clicked, ProtaStructure will ask the user if the input parameters will be
applied to all columns/walls or only to the selected elements.
e The seismic isolation elements will be shown in black color when it is placed on a column/wall.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Seismic Isolator Parameters

Isolator Type: |Lead Rubber Bearing v |
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—Displacement

Limit Displacement: 350 mm |
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oK 1| Close
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Inserting a Seismic Isolator

Note: If the desired axial stiffness input of the isolator has a higher-order magnitude than the allowable order by the
ProtaStructure, the user can increase the order from Settings Center > Unit Format > Line Load > Field Width. (The line load

field width is set as ‘10" by default).
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Spec

ific Modeling Requirements for Base Isolated Structures

Response Modification, Overstrength, and Building Importance Factors

In seismic isolation applications, the superstructure is desired to remain linear elastic. In other
words, the input energy from the earthquake is carried by the flexible isolation layer. Little or
no damage is allowed to superstructural or substructural members. Therefore, in the design
process, the response modification factor (i.e., behavior factor ‘g’ in Eurocode) or overstrength
factor is taken as equal or close to unity (R = 1). Please refer to the seismic isolation chapter of
your specified seismic code for selecting the ductility demand, overstrength, and building
importance factors for isolated buildings.

ProtaStructure will not automatically modify the response parameters mentioned above for
some seismic codes. Thus, the user might need to change ‘Seismic Parameters’ according to the
seismic code requirements. An example of seismic parameters is shown below for the Turkish
Seismic Code 2018 (R=1.2 and D= 1.2). As can be seen, the elastic response spectrum and the
design response spectrum are very close or equal to each other.

Note: This procedure can be applied for structures having elastomeric or sliding bearings with little or no damping capabilities.

The guidelines in the next section can be followed if the bearings have significant damping properties.
TEC 2018 Seismic Parameters (New Building)
Parameters | Analysis | Structural Irregularities | Settngs
C Design Spectrum. DD-1.ZD. R=12. D=12. I-1. SDs=1.896. SD 576 Spectrum Points *
Spectrum Angle (%): 0.0 90.0 oo — =y A
Sol Class: [2D ~|[a e S
0.758 0.632
Speciral and Sol Factors (DD-2"; Desian EQ) L] . === 0025 L0t L
0.050 1.327 1.106
Earth Ss s1 Fs F1 SDs SD1 Ta T
0074 1612 1343
DD-1 1.896 0.532 1.000 1.768 1.896 0.941 0.099 0.496
0.099 1.896 1.580
DD-2* 1.0%0 0.29% 1.064 2.002 1.160 0.588 0.103 0.516 0158 185 1530
DD-3 0.418 0.112 1.466 2.376 0.613 0.266 0.087 0.434
DD-4 0269 0071 1585 2400 0.426 0.170) 0.080 0.400 0.8 L858 580
0397 1.8% 1580
Seismic Hazard Map () Fick from offine map... 0.496 1.89% 1.580
0535 1.760 1.466
Building Usage Class: |BKS =3 vl =1 TL=6 0.562 1.672 1.394
Earthquake Design Class: DTS =1 [] oen 1.584 1.303
0.653 1.439 1.200
Building Height: 12.00m o|evs-c 020 o) =
0.803 1171 0.978
Ductity Level: [Limted 0305 1.033 0.885
1.027 0.916 0.763
Structural System Types (O 0: Y1 v|@r=[ 12| b- 12
C 1371 0803 0663
Structural System Type: (Dir 2): [ R= 12| b= 12 1.339 0.702 0.585
a Infill Wal Connections: ¢ Inflexibly Connected ¢ Flexibly Connected 1533 0613 0511
1.755 0.536 0.447
Live Load Particpation Factor can be defined using the "Edit Storey” dislog separately for 2006 0469 0351
each storey.
2.288 0.411 0.343
DTS = 1 ve BYS = 6ign Performans Hedefleri ( *: On Tasanm, D: DGT, $: $GDT) 2604 0.361 0301
3.5.1. 1, Yam sahibinin isteGine badh olarsk deprem dizeylerine karsik aglen = 2,955 0.318 0.265
dahaleri performans hedeffer seciebir.
3342 0281 0235
DD-3 DD-2 DD-1 3.768 0.250 0.208
Yeni Bina (BYS>2) - 4335 0222 0185
Normal Performans Hedef - KH () - oon e e
Tleri Performans Hedefi SH(S  KHET KH (5) 5298 0178 0.148
Mevcut Bina (BYS22)
5.898 0.159 0.133
Normal Performans Hedef = KH (5) = nnn g n hd
Hleri Performans Hedefi HE) - KA )
, o Period (s) V| Automatic
Tzolatarlii Yeni Bina (Ustyapi)
Normal Performans Hedef - SHE) - I Display Elastic Spectrum | @ Show Markers | Direction 1 Direction 2 = ——f——] &
Tleri Performans Hedefi = KK.@) -
Izolatérlii Mevcut Bina (Ustyapi) v Spectrum to Use: & DD-1 (2475 years) {" DD-2 (475 years) {” DD-3 (72 years) (" DD-4 (43 years) & oK ¥ Cancel
2

Elastic and Design Response Spectra
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Damping the Seismic Input

Due to the significant damping capability of the seismic isolation layer, the seismic excitation transferred
to the superstructure is significantly decreased. ProtaStructure does not allow the user to define
effective linear damping for the base isolators. Therefore damping of the isolation layer should be
introduced to the program with different methods.

e The user can modify spectral demands used for isolated structures by using damping
coefficients. The damping coefficient is a function of the damping ratio of the isolation system.
It can be found in the base isolation chapter of the corresponding seismic code (i.e., ASCE7-10
and ASCE7-16 Table 17.5-1, EC8-1 Eq 3.6, TEC2018 Eq 14.32). In this case, ProtaStructure does
not automatically modify the spectral accelerations; thus, the modified response spectrum
should be introduced manually. An example of the elastic spectrum modification is given below
for the ASCE7-16 specification for an equivalent isolation damping ratio of 20%.

—Elastic Spectrum (5% damped)

Design Spectrum (20% damped)

ASCE 7-16 Table 17.5-1:
20% Damping -» By = 1.5

Sa(T.€)

Reduction by
Bjy damping coefficient

Period

Modification of Elastic Spectrum

Note: For structures with significant behavior contribution of higher modes, the damping coefficients shall be applied to the
regions of the elastic response spectrum that corresponds to the modes dominated by the isolation layer. Otherwise, the
superstructural demands induced by the higher modes might be underestimated.

e To estimate the maximum displacement of the isolation system, the user can also analyze the
structure with a 5% damped spectrum. Then, maximum displacements can be modified by the
damping coefficients in the specifications mentioned above. This approach will only give the
user an idea of how much displacement can the isolation system undergo. However, it will not
apply the effect of damping on the seismic forces transferred to the superstructure.

Effective Section Rigidities of Structural Members

For some seismic codes, the cracked section rigidities of structural members used for seismic analyses
of isolated buildings might be different than those of fixed base conventional structures. Therefore,
please refer to your seismic code before making any changes to the section rigidities of structural
members.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’



rp\g DEOTA Page - 8

Reporting the Results

After the analysis, the base isolator results can be reported from ‘Drawings&Reports > Reports > Seismic
Isolators’. ‘Isolator Report Options’ window will allow the user to create a summary or detailed report
for all loading cases and combinations.

ML U WL L L e L 1 TR L L3

Views Help
E 2B
Quantity Report  Reports

Extraction Tables  Manager
Rep Pre-Analysis Checks
Post-Analysis Checks
@ Strong Column Checks G\'
Joint Shear Checks

)

S
.

Analysis Model Echo

e

@®-

Eigenvalue Results
Slenderness Calculations Report

@ Analysis Results Report

1’
|
|
|

Steel Bearn Design

|
| .
Storey Displacements m
i
|
|
| Ly
| Isolator Repert Options
J

Steel Column Design

RC Beam Design v Create Summary Report

RC ColumniWall Design

—
1
Lt

Indude Load Case Result
Fermwaerk Design Indude Load Combination Results
Carbon Fiber (CFRP) Retrofitting Report v/| Add Table Parameters
Seismic Isolators

Member Loads

Member Property Assignments
Check Slab Thickness
Check Wall Thickness

OK Cancel

Strip Footing Design
b
Pad Base 8 Pile Cap Design

Geotechnical Report Pre-Design Summary

&)

e
Lt

N Base Reactions

|

|

|

|

_ |
FE Foundation Report |
|

|

|

|

|

|

! !
- I |
=) ! |
| !
| |

Seismic Isolator Reporting

e The default summary report includes isolators’ lateral and axial stiffnesses, the axial loads from
and maximum displacements obtained in the most critical loading combinations, and the
displacement limit check for the isolators under each column.

e If all load cases and combinations are included in the options, the report will show detailed
results for each loading status for each column.
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Seismic Isolator Results
Common
Parameters
Kz : Equivalent Stiffness of the |solator in X Direction
K, : Equivalernt Stifness of the lsolator in Y Direction
Kz : Awal Stffness of the solator
N : Effective Axial Load on the Isolator
e : Masxamum Axial Load on the lsolator
¥t : Absolute Displacement of the |solator Top Node in X Direction
d¥-birax : Absolute Displacement of the |solator Botiom Node in X Direction
oY -trax . Absolute Dizplacement of the Isolator Top Mode in Y Direction
dY-birax : Absolute Displacement of the |solator Botiom Node in Y Direction
- : Relative Displacement of the Isalator in X Dirsction
- : Relative Displacement of the Isalator in Y Dirsction
AdLimit : Masxamum Allowable Relative Displacement for lsolators
Summary Report
Column / Ka Ky Kz Narax JuS S AY ALimit
Storey (kNim) (kNim) (kNim) kN) = {m) = {m) = {m) s
8671 250,000 250000  5000E=05 33001 GesQc+Ez-Ex 0222161 GosQo+Ez+Ex 0243819 GosQc+Ez+Ey= 0.230000 Ema‘jﬁ“j}
s7/1 B0000 250000 5000E<05 0001 S9E 022161 GodoErEe| 020619 GoQoEeEy| 020000 L
51211 250,000 250000  5000E=05 32911 Ge=Qo+Ez-Ey 0244106 GesQo+Ez+Ex- 0222425 Ge-QosEzEye 0.230000 Ema‘jﬁ“j}
Ge+Qc+Ez- Limit
5101 250,000 250000  5000E=05 32911 e 0222425 GosQo+Ez+Ex- 0244105 Ge-QosEzEye 0230000 e
52/1 250,000 250000  5000E=05 33001 Ge=Qc+Ez-Ey 0243819 GosQo+Ez+Ex 0222161 GosQo+Ez=Ey= 0.230000 Ema‘;‘;’}
S11/1 B0000 250000 5000E<05 ;or SUOE) 000819 GoQeoErEx| 022061 GoQeeErEy| 020000 o oo
58/1 250,000 250000  5000E=05 49828 G+0p?2 0222359 GesQo+Ez-Ex 0222359 GesQc+Ez-Ey 0230000  Adequate
Go+Qe+Ez- Limit
5171 250,000 250000  5000E=05 32911 “Q“Eﬁ 0244105 Ge-QosEzExe 0222425 GosQo+Ez+Ey- 023000 o
53/1 250,000 250000  5000E=05 32911 Ge=Qo+Ez-Ex 0222425 Ge-QosEzExe 0244106 GesQo+Ez+Ey- 0.230000 Em;:ﬁ
8511 250,000 250000  5000E=05 49828 G+0p2 022239 GosQo+Ez+Ex 022239 GosQo+Ez=Ey= 0230000  Adequate
5471 250000 250000  5000E=05 49828 G+Qp2 022230 Ge=QosEzExe 022230 Ge-Qo+Ez+Ey- 0230000  Adequate
59/1 250000 250000 5.000E=05 498.28 G+0p2 0222340 Ge=Qo+Ez+Ex- 0222340 Ge=QosEzEye 0.230000 Adsquate]
Summary Report
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Thank You

Thank you for choosing the ProtaStructure Suite product family.
It is our top priority 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 together with our responsive technical support team is available
to help you get the most out of Prota’s technology solutions.

The Prota Team
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