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ABSTRACT: One of the most widely used structural systems in existing buildings is reinforced concrete
moment-resisting frames that offer high ductility and acceptable strength when lateral loads are applied.
But test concrete buildings need to be reinforced due to operational problems in many older buildings.  Revised: Feb. 16, 2022

In recent years, the simultaneous use of steel braces and dampers in strengthening and improving the — Accepted: Feb. 18, 2022
behavior of concrete frames has always been of interest to researchers. In the present paper, a laboratory ~ Available Online: Mar. 02, 2022
and numerical study of the effect of using non-uniform gap (NSD) dampers in concrete flexural frames
has been performed. In the present study, 2 models including a simple frame and a frame with a damper  Keywords:
were examined. The reference concrete flexural frame is modeled in a 1: 3 scale, the lengths of beams
and columns in the laboratory sample were 1.45 and 1 m, respectively, and the dimensions of the beam
and column sections were 150 by 150 mm. Reinforcement of the concrete frame was done in such
a way as to provide medium torque resistance conditions in the frame. Displacement control loading
was used. To study the behavior of the studied samples, force-displacement diagrams of the models
were extracted. The results showed that deep cracks were created at the junction of the beam to the
column and the structure was damaged. Also, at the junction of the column with the foundation of the
structure, it has undergone irreversible deformations and major damage. The study of the effect of NSD
damper on deformation and failure showed that the damper can reduce the damage in the concrete
frame by absorbing permanent deformation. Also, due to the stresses, the concrete beam underwent
plastic deformation. The final strength of the concrete frame with the damper was recorded more than
three times the final strength of the frame without the damper. The results showed that the stresses and
deformations of the plastic are concentrated in the damper and the frame performance is almost linear
and without damage.
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1- Introduction

Non-uniform Slit yielding dampers (NSD) have attracted
a great deal of attention from researchers for reasons such as
low material cost, easy installation, no need for specialized
personnel to install, operate and replace them after a severe
earthquake. The performance of this type of damping is such
that by its early submission during an earthquake, it causes the
energy loss to be concentrated in the dampers and ultimately
the demand for energy loss in the main parts of the structure
(beams, columns and braces) is reduced.

In conventional concrete moment frame structures,
generally in severe earthquakes, the application of lateral
loads causes deformation in the beam and column and as a
result, the stress is concentrated in the connection of the beam
to the column and as a result the main elements of the structure
suffer serious damage. Oh et al. (2009) introduced a new type
of slit Damper was used at the junctions of steel structures.

*Corresponding author’s email: j.esfandiari@iauksh.ac.ir

These types of dampers are activated after deformation in
the connection (Rotate the connection), absorb some of the
energy and apply less force to the column [1]. Saeedi et al.
(2016) evaluated the TADAS damper seismically. The results
of their incremental load analysis show that the addition of
a TADAS damper to the frame significantly increases the
frame capacity curve. After performing the analysis and
displacement of the purpose of each model, the parameters of
strength and stiffness of the structures equipped with this type
of damper were investigated without it [2]. Tahamouli et al.
(2018) investigated concrete structures equipped with ADAS
dampers and TADAS experimental studies. The use of yield
dampers in concrete frames can also show good behavior and
significantly improve the seismic behavior of the structure.
The variables of these researchers included the number of
sheets as well as the type of sheets, which were considered
in both ADAS and TADAS. The results showed that these
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Fig. 1. Model of concrete frame structure without
damper

dampers can improve all the seismic parameters of the frame
to a desirable level [3]. Pan et al. (2020) modeled a type of
shear yield element. After applying force to this attenuator,
a tensile force is created and yielded. Their model variables
were the cross-sectional area of these dampers, which after
periodic analysis, the results of increasing load analysis show
that with increasing the cross-sectional area of these elements,
the frame capacity also increases [4].

In the present paper, two laboratory models of concrete
frames with and without NSD yield dampers are modeled and
analyzed under laboratory conditions and then the behavior
of the two frames is compared.

2- Research Methods

In the present study, 2 models including simple frame and
frame with NSD damper were investigated. The reference
concrete moment frame is modeled on a 3:1 scale, the length
of beams and columns are 1.45 and 1 m, respectively, the
dimensions of beam and column sections are 150 x 150 mm.
Laboratory tests of the present study were performed in the
structural research laboratory of Islamic Azad University,
Kermanshah branch. Two examples of medium-reinforced
concrete moment frames were constructed and subjected to
cyclic displacement-quasi-static control cyclic loading. The
effect of reinforcement of reinforced concrete frames by yield
dampers was investigated by evaluating the seismic parameter
of the final strength and evaluating the damage in the samples
by testing laboratory samples. In this regard, two moment
reinforced concrete frames were constructed, the first of
which was a reinforced concrete moment frame without the
use of yield dampers, and in the second sample, NSD yield
dampers were added to the reinforced concrete frame. The
results of the tensile test of the steel rebar are shown in Table
1. Figure 1 shows a structural model of a concrete frame
without dampers made in the laboratory. Figure 2 shows a
model of a frame structure with an NSD yield damper.
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Fig. 2. Model of frame structure with NSD yield
damper

Table 1. Specifications of rebars used in the reference

model (MPa)

Rebar F F Breaking
size yield ultimate stress
(O] 411 625 513
@10 363 587 518
D14 387 526 549

3- Results and Discussion

In the sample of concrete frame with damping at the
beginning of loading, the hardness of the sample increased
more than 3.4 times. From the beginning of the test, the forces
required to bring the structure to the protocol displacements
were much higher than the first sample, and by passing the
0.005 drift due to the high resistance to displacement of the
system, cracks created in the concrete in place the connection
of'the beam to the columns increased. at drifts above 1%, NSD
dampers visibly deformed, and yielding to them increased
the Force required by the system. In general, the study of the
effect of dampers on deformation and damage in the concrete
frame shows that the damper can reduce the damage in the
concrete frame by absorbing permanent deformations. Figure
3 shows the model with the proposed damper in the concrete
bending frame. Figure 4 shows the damper shape used in the
present study. the damper consists of 4 rows, each of which is
cut to absorb the plastic deformation.

Figure 5 shows the deformation in a sample with a damper
under cyclic loading. The stresses and deformations of the
plastic are concentrated in the damper, and the function of
the frame is almost linear and undamaged. Also, by adding
a damper, plastic deformation occurs in the damper and the
beams and columns have a good performance.
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Fig. 3. The model with the proposed damper in a con-
crete moment frame

4- Conclusions

In this experimental study, two samples of reinforced
concrete moment frames with a scale of one third were made,
one of which was reinforced by NSD yield dampers. The
results showed that:

The effect of the proposed damper on the performance and
energy absorption in the frame is well known. The frame with
damper has a higher bearing capacity than the simple frame.
Unlike the simple frame where more force is generated in the
frame, the different behavior of the frame with NSD damper
shows that in this frame, in addition to higher force bearing
capacity, the transmission mechanism is also different.

In general, the results showed that the stresses and
deformations of the plastic are concentrated in the damper
and the performance of the concrete frame is almost linear
and without damage
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Table 1. Specifications of rebars used in the reference model (MPa)
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Fig. 1. Model of concrete frame structure without damper

odd oy (L5 ) Jado p3 (o0Ved slad Sho i8S yg0)l uls
oiislojl )5 oad 4l Slyme (e S OB ojle Juo ) S ol
|y NSD _eabs 1510 (s Ol ol Jie ¥ S oo ol I
A o i
5 osel Caws 4 sla iS5 o bl aBislejl cladiges
2 &S WS plol laigS @ (61855 Rl B0l g5y b g adle AL
QO L ply diges dod jd Spao dYe8 lade (odlasdl b sl
(35 s97e 1) g Vb & 9 Sl &y 4 (615 .05k Sl
Sy 5 039; (Sl ad O pg0 4y (35,1 el S5 p3Y 00
dgpebe (15 53 (Sealios IS &S (gpsbo 4 392 05 Sl 5y
ACI 374.1-05 5l Lobol 6,35k JSap ¥ S5 il

Am3 e ol 1, 4]

Ot B g3 il (al )3 .85 8 sy 350 (2IEELT (sladiges
09 e (i (plied OB S5 ol ge o4 S aiBlo (pded e
sosbed s )STyee pgd (8903 53 9 Cunl 039 (codbu S1pee I o3lil
dacsgels 5 (63Yeh slad Ko b0d Bl e o w4 NSD
4D10 ;5 sl 5 ytoiko Y@ DA 5 4D14 55 4 oy (51,
S eytae ¥O 4o 4> umd o i a5 Cenl yio Lo YO (@ DA
4D14 55 QB omoliigs 13 39 o ookl yio duo A b a4y Cigels
o3> 413 jro oA+ (@ DA slacgels b ol > 3D14 5 YL »
)L Cuoglio (s S (5 S dged OB (5 (5, b plejen 0
ool Gialefl L plojan o, VY ubdS | gy by ©)50 3 50
Cuoglie (S0l 9 05 ol lndigad ol sl 322 (5,18 Cunglie 2ol

el G 4 JISb e YO/Y

Yol



NSD osbend 5T ps0 51,15 O 55ler Juro .Y IS5

Fig. 2. Model of frame structure with NSD yield damper
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Fig. 3. Loading protocol based on ACI standard 374.1-05 [19]
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Fig. 4. Deformation and damage of the reference sample under cyclic loading
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Fig. 5. Damage of the reference flexural frame sample under cyclic loading from a closer view
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Fig. 6. Model with the proposed damper in a concrete moment frame

pb&bﬁ)b o5 ! b)go;‘)ﬁ.o).&,@' R JS.MJ

Fig. 7. Image of the damper used in the present study
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Fig. 8. Sample damage of reference flexural frame under cyclic loading

Fig. 9. Damage to the frame and permanent deformations in the frame after loading on the model
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Fig. 10. Numerical model built in Abaqus software corresponding to the laboratory model
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Fig. 11. Dimensions and details of the damper modeled in Abaqus software
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Fig. 12. Validation and comparison of software model with laboratory model of concrete
frame without damper
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Fig. 13. Validation and comparison of software model with laboratory model of concrete
frame with NSD yield damper
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Fig. 14. Comparison of diagram of concrete frame model without damper and frame
model with proposed steel damper
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Fig. 15. Calculation of stiffness parameter in frame model with and without proposed damper
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Fig. 16. Boundary conditions in the frame model without damper
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Fig. 17. Mesh in the frame model without damper
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Fig. 18. Deformation in a damped sample under cyclic loading
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Fig. 19. Boundary conditions and location of the proposed steel damper in the model
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Fig. 20. Mesh model with NSD damper
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Fig. 21. Deformation in a sample with a damper under cyclic loading
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Fig. 22. Displacement diagram - time of concrete frame without damper and frame with NSD
damper under the record of Mako, Abhar and Manjil earthquakes
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Fig. 23. Comparison of maximum displacement of frame without damper and frame with NSD damper
under the record of Mako, Abhar and Manjil earthquakes
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Fig. 24. Diagram of the additional axial force created in the column due to the presence of bracing ele-
ments in both models
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