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Abstract:   

 

This paper presents a seismic retrofit of an industrial-type precast reinforced concrete 

building structure using friction dampers. This project consisted of retrofitting two 

precast reinforced concrete buildings, of which one of them will be presented here. 

 

Because stopping the production cost can not be tolerated by the owners, a retrofitting 

technique that can be assembled during normal function of the industrial structures is 

required. As a result of this requirement, friction dampers are selected as the 

supplemental energy dissipation device. ASCE 41-17 [10] is employed for the damper 

design and performance evaluation of the building. Before the damper study, some 

instability and weak connection problems are solved by some traditional measures of 

strengthening.  The most effective damper configuration and capacities are selected 

after an iterative trial-and-error linear study using the simplified methods developed by 

PROMER. Nonlinear push-over analysis are conducted after linear prestudies.  Finally, 

a nonlinear time-history analyses is performed for confirmation of the results.  ,  It is 

shown that the proposed retrofit scheme satisfies the desired performance goals for 

both DBE and MCE events. Overall, it is considered that proposed retrofit scheme with 

dampers provides the optimal solution for the stakeholders of the project from a 

performance, design, constructability, and economical point of view. Some application 

photos will be presented and methods are explained in detail in the paper. 
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1. Introduction 

 

Prefabricated structures are oftenly preferred for industrial  buildings in Turkey. In some researches 

is it determined that 75-85 % of industrial buildings are prefabricated in Industrial regions of 

Turkey [3-4]. It is also determined in a research that 80 % of prefabricated buildings are damaged 

partially or totally during Marmara earthquake 1999 in Adapazarı Organized Industrial Zone [1].  

Because industrial buildings work non-stop 7/24 usually, one of the main difficulties in retrofitting 

is stopping function of the building for construction. Cost of stopping the function of the building 
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may be more than retrofitting itself.  Retrofitting of a reinforced concrete prefabricated building 

using friction type of energy dissipating devices (FDD) are presented in this study. Retrofitting of 

the building is applied without stopping buildings’s function.  

 

Retrofitting design has 3 main stages. Data collection, material and soil tests, assesment analysis 

and retrofitting analysis and design of the building. Firstly all geometrical data is collected from 

the building and architectural and structural roleve drawings are prepared and material tests in order 

to determine concrete quality is achieved. Existing concrete compressive strength is determined as 

26,3 Mpa reinforced concrete prefabricated building as per TBDY 2018.  Reinforcement is 

determined using some destructive and non-destructive (scanning) methods as StIII.  Target 

performans of the building is determined as limited damage (minimum damage) performans level 

under DD-2 earthquake ([7]. Fixed single mode pushover nonlinear static analyis method via Etabs 

ver. 18 is used for assesment analysis of the building.   

 

After exploring that existing performance of the building is not satisfying TBDY 2018 limited 

damage performance level (client’s requested target), retrofitting studies are performed.  Because 

FDD are preferred for retrofitting and TBDY 2018 does not contain design precedure for this type 

of retrofitting,  ASCE 41-17 and ASCE-7 are used as standarts to be followed. Fixed single 

nonlinear static pushover method is used for retrofitting analysis of damper applied building. 

Addidionally nonlinear dynamic time history analysis are performed for selected two earthquakes 

as pier reviewer’s demand altough codes does not requires. Moreover some stability problems of 

the building are solved in addition to performance rehabilitation. 

 

 

2. Building Information 

 

2.1. General Information 

 

Building is consist of two adjacent block that are B1 (precast concrete) and B2(monolitic).  Both 

of them retrofitted using friction dampers but only B1 will be presented in this paper.  Some of 

their properties are tabled in Table 1.  

 
Table 1: General Building Properties 

 
  

Reinforced concrete prefabricated building is used as wairhouse of a food production factory. 

Building is one storey in general but has administrative two storey mezzanine floors in one axis. 

Total building dimensions are 90m x 77m and 4 x 22,5 m axis in long direction while 10 x 7,7 m 

axis in short direction (Figure 1). Building height is 12.0 mt with two mezzanine administrative 

floors at levels of 5,5m and 8,2m in one axis (Figure 2) 
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Figure 1: Plan View of The Building. 

 
Figure 2: Section Views of The Building 

 

Foundation system of the building is determined as single footing using projects provided by the 

owner and 2 foundation test pits at site. 

 

2.1. Material Tests 

 

Construction drawings are provided for R/C prefabricated building from the client. But due to 
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mechanical strength test couldn’t be performed for rebars, limited knowledge level is used for 

knowledge level of data collection. That is why 0,75 capacity decrease is used for member 

capacities as per TBDY 2018.  17 pcs concrete core samples are taken from selected columns. 

Concrete compressive strength is calculated as per TBDY 2018 and determined as 26,3 Mpa.  

Reinforcement type, orientation, diameter  and corrosion level is determined at 11 column members 

using stripping-destructive way (Photo 1) and ferroscan for 18 column members in Table 2.. 

 
                                               a)                                                    b) 

Photo 1: a)Concrete Core sampling, b) Destructive reinforcement detection 

 

  
 

Table 2: Determined Reinforcement Details for Column, Shear Wall and Beams 

 
 

No corrossion and foundation settlement is determined in the structure.  

Foundations plans are obtained from the client and 2 foundation test pits are opened for 

confirmation.  Foundations are determined as single footings with 360cmx360cm with 70 cm 

height. 

 

 

3. Modelling and Assessment Analysis 

3.1 Assessment Conditions 

3.1.1 Structural performance Criteria   

 

Analysis criterias for the buildings including energy dissipation devices are not included TBDY 

2018. That is why earthquake levels, and performance damage levels are provided from TBDY 

2018 Whereas, The damping analysis will be applied   ASCE 41 and ASCE 7.  

In   TBDY 2018, three primary structural performance levels are defined:  

• Limited Damage Level (SH) 

• Controlled Damage Level (KH) 

• Collapse Prevention (GÖ) 

 

These performance levels relate to damage states for elements of lateral force resisting systems. In 
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the design process four levels of earthquake ground motion are considered; 

• DD1: with 2% probability of exceedance in 50 years 

• DD2: with 10% probability of exceedance in 50 years 

• DD3: with 50% probability of exceedance in 50 years 

• DD4: with 68% probability of exceedance in 50 years 

 

Because the building is a production facility, minimum performance level is controlled damage 

level (KH) under DD2 earthquake level as per TBDY 2018. But this is minimum for requirement 

and involves repairable but considerable damage to the building.  That is why client request Limited 

Damage Level (SH) as much as possible.  

TBDY 2018 describe the expected level of damage to the building under these performance levels.  

The KK (Operational Usage) performance is described as no damage or negligible damage to both 

structural and nonstructural systems of building. 

The SH (Limited Damage) performance is described as an acceptable probability of “a damage 

state in which only limited structural damage has occurred. The basic vertical and lateral-force 

resisting systems of the building retain nearly all their pre-earthquake strength and stiffness.” 

ASCE 7 further clarifies the state of nonstructural components at IO as “Minor cracking of facades, 

partitions, and ceilings… Equipment and contents are generally secure but may not operate due to 

mechanical failure or lack of utilities.” 

 

3.1.2 Building Assessment Parameters 

 

Parameters used in assesment are tabled in Table 3. Earthquake spectrum parameters are obtained 

from interactive earthquake map of AFAD (Turkish disaster and emergency department) using soil 

properties for local coordinates.   
Table 3: Building Asssesment and Loading  Parameters 
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3.2 Modelling 

 

3-D modelling is done using ETABS software (figure 3). Live and dead loads on the roof are 

calculated and distributed on the beams.  Live and dead loads on slabs are defined on the slabs for 

mezzanine floors.  

Confined and unconfined Mander model is used for nonlinear material model of concrete and 

Kinematic model is used for nonlinear behaviour model of steel. 

 

   

 

 
Figure 3: 3-D Etabs model perspective view. 

 

Columns and beams are modelled as frame members in ETABS. Nonlinear behaviour is modelled 

as M3 nonlinear hinges for beams and P-M2-M3 nonlinear hinges  for columns (Figure 4). 
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Figure 4: Nonlinear hinge definition for columns and beams 

 

Modelling of roof rigidity of the roof panels are done according to definition in TBDY 2018 [5] 

attachment 8B. Rigidity is defined as cross members between roof girder members at panel level.  

 

3.3. Assessment Analysis of Existing Building 

3.3.1. Linear Dynamic Analysis 

 

A Linear dynamic analysis (modal analysis) is performed with existing conditions.  Modal 

Participating mass ratios are calculated (Table 4). First mode is determined as X direction with 

3.686 sec. period 0,891 modal participation and Second mode is as Y direction with 3,33 sec. period 

and 0,7789 modal participation. Because effective modal mass participations are more than 0,70 

and storey torsion is under limit (1,4), nonlinear fixed first mode pushover analysis will be used as 

per TBDY 2018. 
Table 4: Modal Participating Mass Ratios 
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3.3.2. Performance Analysis Using Nonlinear Fixed First Mode Pushover  

The procedure for fixed first mode pushover analysis described in TBDY 2018 is followed. For 

this purpose a pushover is performed until top floor displacement is reached until 4% of height of 

building just for purpose of getting a capacity curve Figure5, Figure 6. 

 

 
Figure 5: X Direction Capacity Curve 

 

 
Figure 6: Y Direction Capacity Curve 

 

Target displament is calculated as described in TBDY 2018. Calculated target displacement and 

related parameters are given in Table 5. 

 
Table 5: Target Displacement Calculation for X and Y Direction 

 
 

A new nonlinear fixed first mode pushover analysis is run until calculated target displacement in 

order to get performance of the building.   
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3.3.3. Performance Analysis Results for Existing Building 

 

Assesment results calculated at target displacement of Pushover analysis are presented in Table 6. 

and Table 7. Column rotations were under limited damage level for DD2 earthquake level as 

desired. But beam rotations at mezzanine level were calculated higher than limited damage level. 

Additionally those beams are determined as brittle. 

 
Table 6: Column Rotation and  Shear Assessment Results at Target Displacement for DD2 earthquake level. 

  
 

Table 7: Beam Rotation and Shear Assessment Results at Target Displacement for DD2 earthquakel level. 

  
 

Soil bearing capacity were calculated as 400 kPa. All soil stresses under foundations are calculated 

under bearing capacity for static vertical and dynamic lateral earthquake loads. . That means no 

foundation problem is determined for the building.  

 

Storey torsion, soft storey, weak storey irregularities are checked and determined as satisfying 

TBDY 2018 using linear modal analysis under DD-2 earthquake level. Storey drift check is 

performed and results are presented in Table 8. Storey drifts determined as not satisfying limited 

damage level. 

 
Table 8: Storey Drift Check under DD-2 Earthquake Level 

 
There has been determined some stability problems in the building structure. The building has a 

pin connected frame system in one direction (Figure 2), but no frame system on other direction 

(Figure 1).  Only girders are connecting the frames in this direction. This results instability for 

earthquake loads in this direction.  

 

As a result of assesment analysis building columns satisfies rotation and shear criterias for limited 

damage level under DD-2 earthquake level. But beams does not satisfying desired limits. 

Additionally building has storey drift problem which is over limited damage level. Because 
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building height 12.0 mt (Figure 2) more displacement may result more damage for non structural 

walls and non-structural members. This may cause long repairement time and loss of money and 

even may cause loss of lifes. Moreover building has some stability problems to be solved.  

 

Building needs retrofitting and due to the client does not prefer stopping production for retrofitting 

purpoes for a long time, classical retrofitting techniques (adding R/C shear wall, column jacketing 

etc.)  can not be applied. Retrofitting using friction type dampers are applied as described in 

following section. 

 

4. Retrofitting of The Building 

4.1. Analysis Methods 

Because buildings having damping devices are not included in TBDY 2018, ASCE 7-16 and ASCE 

41-16 are decided to be used as main code together with TBDY 2018 to be followed. But results 

and stability conditions should satisfy TBDY 2018 as well. Earthquake forces will be obtained as 

per TBDY 2018 for sure.  Main objectives were;  

• Steel frame system and connections used in damping system are designed to stay linear under 

DD-2 earthquake level (ASCE 7-16 Section 18.2.1.2).  

• Capacity of steel frame system and connections used in damping system are designed  to be 

at least 20 % over the member demands calculated under DD-1 earthquake level (ASCE 7-16 

Section 18.2.1.2) 

• Displacement capacity of dampers will be at least 30 % higher than maksimum displacement 

of the dampers under DD-1 earthquake level (ASCE 7-16 Section 18.2.4.6) 

Two level of earthquake were used DD-2 and DD-1 with the following analysis methods.  

• Modelling, Analysis and assessments are performed as per TBDY 2018 section 15 and 

section 5 under DD-2 earthpquake level.   Fixed first mode nonlinear pushover analysis is 

performed because the structure behaviour satisfies related conditions in TBDY 2018 Section 

5.6.2.2.  

• Nonlinear time history analysis is the main analysis method under DD-1 earthquake level 

because of possibility of nonlinear behavior.  Linear modal analysis are permitted if and only if the 

structure behaves linear (or almost linear). In this study retrofitted structure behaviour was 

determined almost linear but because of the nonlinear damping devices included in retrofitting, a 

time history study is performed with 2 earthquake records (Düzce and Erzincan) as proposed in the 

5ICEES kongres papers 9386 and 10637 no  [11]. 

 

4.2.        Final Retrofitting Studies  

4.2.1      Modelling  

After many trial studies and discussion with the client the damper locations are fixed as shown in 

figure 7, figure 8 and figure 9.  

44 pcs 60 kN damper is used in X direction and 52 pcs 120 kN damper is used in Y direction. 

Histeretic both linear and nonlinear behaviour of the dampers are represented in Etabs model using 

plastic wen spring modelling. Modelling was linear for equivalent viscous damping calculation but 

bilinear plastic for nonlinear pushover and nonlinear time history analysis. Loads, load 

combinations, nonlinear hinge properties are modelled just as described for existing performance 

assessment of the structure (See Sections 3.1 and 3.2). Dampers are placed in toggle type of steel 

braces. 
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Figure 7: Damper Application in X Direction (Dampers marked with red circles are in diagonal position close to top 

of the columns and between column and beams). 

 

 
Figure 8: Damper Application in Y Direction (Dampers are in toggle braces) 

 

 
Figure 9: Etabs Model View of Damper Application. 

 

 

 

4.2.2 Damping Analysis 

 

Equivalent Viscous damping calculations are performed using ASCE 7-16  section 18.7.3.2.2 and 

equations 18.7-47 and 48.  Calculated parameters and are presented in Table 9. Additional damping 
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added to the system with seicmic dampers are calculated as 6,55 % and 15,8 % for X and Y 

direction respectively. Because more dampers are used with higher capacities, more additional 

damping is obtained for Y direction as requested.  Reduction factors are calculated as 0,79 and 0,67 

for X and Y directions. That means 21% decrease in demands for X direction while 33% decrease 

in demands for Y direction.  

:ASCE 7-16  section 18.7.3.2.2 equation 18.7-47 

 

: ASCE 7-16  section 18.7.3.2.2 equation 18.7-48 

 

Table 9: Viscous Damping Calculation of B1 block under DD1 and DD2 earthquake level -linear model- 

 
 

4.2.3 Assessment Analysis of Retrofitted Structure 

Assesment analysis will be performed following section 5 of TBDY 2018. Because the structure 

has to meet Turkish codes in retrofitted condition.  Because  periods of the structure over 70% for 

first effective modes (Table 10), nonlinear pushover analysis are permitted as per TBDY 2018. 

Seismic mass of the structure is calculated as 39680,23 kN.  Spectrum which will be used for 

pushover analysis are reduced by reduction factor presented in Table 9 for both X and Y directions 

in order to consider damping affect of damper. 

 
Table 10: Mass Participation Ratios (non-linear model) 
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A nonlinear fixed first mode pushover analysis are performed for X and Y direction respectively 

in order to determine target displacement of the retrofitted structure (Figure 10). Dampers are 

modelled as bilinear plastic springs in the modelled in order to represent nonlinear behaviour. 

 

   

(a)                                                                                     (b) 

Figure 10: a): X Direction Push Over Capacity Curve   b): Y Direction Push Over Capacity Curve 

 

Target displacements are determined as detailed in section 3.3.2 and presented in Table 10. 

Retrofitted structure is pushed until target displacement using fixed first mode pushover analysis. 

Demands are obtained at this point and structure performance is checked. 
Table 10: Target Displacement Calculation of Retrofitted Structure. 

 

 
4.2.4 Assesment Analysis Results for Retrofitted Building 

 

Retrofitted structure is evaluated again using nonlinear fixed first mode pushover analysis up to 

the target displacement determined in the previous section. Assesment analysis are performed both 

for DD1 and DD2 earthquake level and it is determined that all column and beam plastic rotations 

of the structure satisfied limited damage level and all columns and beams perform ductile behaviour 

for both of the earthquake level (Table 11 and Table 12).   
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Table 11: Column Damage Levels and Shear Check of Retrofitted Building Under DD1 earthquake level. 

 
 

Table 12: Beam Damage Levels and Shear Check of Retrofitted Building. 

  
 

Storey drift checks are carried out for the retrofitted building under DD2 earthquke level;  

X direction displacement : 129 mm ,   storey drift  =129/13200 = 0,0098    Limited Damage  

Y direction displacement: 72 mm     ,  storey drift  =72/13200=0,0055         Limited Damage 

 

Pin connections are controlled for DD1 earthquake level for overturning and pin failure. They are 

both determined as safe for retrofitted building. 

 

 
Figure 11: Pin Connection of Girder to Beam and Beam to Column 

 

Additionally stresses under foundations are checked and found to be less than 400 kPA which is 

soil bearing capacity. 

 

5.   Conclusions 

 

Reinforced Concrete Prefabricated Building is determined as Controlled Damage Level as per 

TBDY 2018 under DD2 earthquake level and some of the beams perform brittle behaviour as 

detailed in section 3. Because Client requires Limited Damage Level for the structure a 

retrofitting study is performed using Friction Dampers. 

 

After retrofitting studies as detailed in section 4, building performance has been upgraded to 
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Limited Performance Level and all of the column and beam members performed ductile 

behaviour satisfying Limited Performance Level of TBDY 2018.  

 

Retrofitting installation works are performed without stopping functionality of the Building with 

some safety precations and small separations (Photo 2-3). 

 

    
Photo 2-3:  Installation Photos 
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