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IntroductionIntroduction
Severe damage resulted from the last major earthquakes in Turkey
strongly emphasized the need of proper repair and strengthening of 
such buildings, as well as seismic retrofit in order to avoid catastrophic 
losses and have safer and stronger buildings. 



Some More PicturesSome More Pictures



Experimental WorkExperimental Work

FOR MORE INFO...

Experimental and Analytical Investigation of 1/3-Model R/C Frame-Wall 
Building Structures – PART I (Model Design and Analytical Evaluation of 
Dynamic Characteristics of the Model)”NATO SfP 977231 Project: 
"Seismic Assessment and Rehabilitation of Existing Buildings", NATO 
Science Series, IV. Earth and Environmental Sciences-Vol.29, May, 2003, 
pp.487-498, Garevski, M., Paskalov, A., Talaganov, K. and Hristovski, V. 

Three 1/3 scale models (2 story R/C frame specimens) of a 4 story R/C 
frame building prototype have been designed, constructed and tested on 
the shaking-table at the IZIIS Laboratory. All three tested specimens 
represent pure reinforced concrete 3D frame structure with infill walls 
specified in such a way to take into account some of the common 
irregularities and deficiencies detected in these types of buildings 
during past earthquakes in Turkey. 



Test SpecimensTest Specimens
Specimen 1. It was designed with an idea to simulate the behaviour of 
the real four-story frame structure with masonry infill walls, collapsed 
during the 1999 Izmit Earthquake and to serve as a reference for the 
strengthened specimens.

Specimen 2. Additional Carbon Fiber Reinforced Polymer (CFRP) 
strips were placed on the inner and outer faces of the masonry infill 
constructed in the middle bay of both stories. 

Specimen 3. For the third specimen the existing infill wall was 
reinforced with a very thin layer of high strength pre-cast concrete 
elements epoxy glued to the wall and to the frame members. 

Both of the specimens were strengthened according to the results and 
conclusions drawn from the previous studies carried out  in  the
METU.



Steps of incorporation and some details of CFRP stripsSteps of incorporation and some details of CFRP strips

Anchorage holes are drilled

Completed model 

Anchor dowels are put



Some More PicturesSome More Pictures

Anchor dowels



Infill Wall RC Strengthening PanelsInfill Wall RC Strengthening Panels

Panels were made of concrete, strength of about  40MPa, and 
reinforced with steel plain bars.

SIKADUR 31 epoxy repair mortar was used in panel joints and 
between the panels and the wall plaster. It is two component mortar 
with setting time of about 45min at room temperature and the tensile 
strength of about 20MPa.

SIKA Anchor Fix was used to anchor the dowels into frame members
in order to ensure better connection. 



Arrangement of the panels

Panels Type 1,2,3,4, and 5 have been placed in four layers in the first 
floor with height of 1430mm and panels Type 6, 7,8,9,10 have been 
arranged in the second floor with height of 860mm. 



Putting of the anchorage dowels

Some Steps of Preparation….Some Steps of Preparation….

Panels with different geometry Placing of the panels with Sikadur 31



Completed model Instrumentation installed



Test ProcedureTest Procedure
Following the curing period of the concrete, Specimen 1 was placed on 
the shaking table without infill wall. The model was loaded with the 
ballast and excite it with a small shaking table placed on the top slab, in 
order to measure the mode shapes and frequencies. 

Checking of the mode shapes has also been performed by using the
ambient vibration technique. 



For all specimens first a low-level random vibration time history was 
applied to measure the linear behaviour of the models. Following, the 
scaled Izmit earthquake record (with amax=0.23g) was applied to the test 
models. 
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Afterwards, several input motions with gradually increasing intensity 
were applied on the models with peak ground acceleration up to 0.516g. 

After each earthquake excitation, low-level random vibration tests were 
undertaken in order to monitor the change of the natural frequencies due 
to material deterioration. 



Specimen 3 exhibited minor 
damages in the infill walls but 
major crack was detected separating 
the infill wall from the foundation 

Even when the additional mass was 
added (4 ingots of 1.6t on the first 
floor slab and 6 ingots of  2.4t on 
the second floor slab), still no 
significant damages occurred in the 
infill wall, demonstrating the  
effectiveness of the pre-cast panels 



Small cracks have been observed in 
the column-beam joints and the 
crack separating the foundation and 
the infill wall became a bit wider 
which once again has emphasized 
the inadequate lap splice length of 
the longitudinal reinforcement from 
the foundations.

Therefore modified retrofit 
technique was applied. Additional 
anchor dowels were placed in the 
columns, welded to the existing 
reinforcement, and covered with 
epoxy mortar.
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Obtained Results & DiscussionObtained Results & Discussion



First a shear-slip failure between the  
concrete elements and masonry infill 
wall due to poor connection has been 
observed.

Crushing and spalling of concrete

Than a brittle shear-slip failure 
between the columns and foundation 
due to inadequate stirrup lap-splice-
length occurred.



During the third test using the other proposed retrofitting technique the 
same non-ductile premature lap splice failure as in the first test occurred. 
Due to this, the third test was repeated using modified retrofitting 
technique, which included additional anchor dowels welded on the
existing longitudinal reinforcement.

Those deficiencies have been overcome using proper retrofitting 
technique with CFRP strips, particularly applied on the affectedlap 
splice zones between the columns and foundation (apart from the main 
diagonal CFRP strips placed on the inner and outer faces of the infill 
walls). 



ConclusionsConclusions
Simulation of the behaviour of typical 4-storey frame structures during 
the Izmit earthquake (taking into account all phenomena and 
deficiencies of the design and construction) using 2 story R/C frame 
1/3 scaled models, is very difficult.

Although the first test did not exactly simulate the behaviour and the 
failure modes as they really happened during the Izmit earthquake, 
some of the important deficiencies have been simulated significantly 
contributed to the overall poor behaviour of the real structures
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General conclusion was that both of the proposed retrofitting techniques 
have significantly reduced the displacements (dmax dropped from 16.8 cm 
for the non-retrofitted specimen to 8.7 cm and 2.26 cm  for the retrofitted 
specimens) and improve the structural behaviour. 
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