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Model Reinfqrcement Loading Conditions of the Bond-slip effects

No. \ID details type lateral beam

1 C1-M C1 Monotonic Exterior joint — '
2 C2-M ' C2 " Monotonic Exterior joint ' —
3 C3M ' C3 " Monotonic Exterior joint —
4 CLMsS C1 " Monotonic Exterior joint v
5 C2M-S C2 " Monotonic Exterior joint 4
6 C3-M-S C3 " Monotonic Exterior joint 4
7 ClC ' C1 ' Cyclic ' Exterior joint —
8 C2-C C2 Cyclic Exterior joint —
9 (C3-C C3 Cyclic Exterior joint —
10 Cl1-CS Cc1 "~ Cyclic  Exterior joint v
11 Cc2-CS c2 "~ Cyclic  Exterior joint v
12 C3-CS Cc3 "~ Cyclic  Exterior joint v
13 C1-M-2 C1 " Monotonic Corner joint -
14 C1-M3 C1 " Monotonic  Exterior middle joint' -
15 C2-M-2 C2 " Monotonic Corner joint ' -
16 C2-M-3 C2 " Monotonic  Exterior middle joint' -
17 C3-M-2 C3 " Monotonic Corner joint ' -
18 C3-M-3 Cc3 " Monotonic  Exterior middle joint -
19 CL-M-S-2 C1 " Monotonic Corner joint ' v
20 C1-M-S-3 C1 " Monotonic  Exterior middlejoint' v
21 C2-M-S-2 Cc2 " Monotonic Corner joint ' v
22 C2-M-S-3 Cc2 " Monotonic  Exterior middlejoint' v
23 C3-M-S-2 c3 " Monotonic  Corner joint v
24 C3-M-S-3 c3 " Monotonic  Exterior middle joint v
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Reinforcement . .
Model details type/The | Loading COIndItIOFIS of the | Bond-slip
No. ID size of the angle ateral beam effects
25 SC2-180-M C2/180 Monotonic Exterior joint -
26 SC2-140-M C2/140 Monotonic Exterior joint -
27 SC2-90-M C2/90 Monotonic Exterior joint -
28 SC2-180-M-2 C2/180 Monotonic Corner joint -
29 SC2-140-M-2 C2/140 Monotonic Corner joint —
30 SC2-90-M-2 C2/90 Monotonic Corner joint -
31 SC2-180-M-3 C2/180 Monotonic  Exterior middle joint -
32 SC2-140-M-3 C2/140 Monotonic  Exterior middle joint -
33 SC2-90-M-3 C2/90 Monotonic  Exterior middle joint -
34 SC3-180-M C3/180 Monotonic Exterior joint —
35 SC3-90-M C3/90 Monotonic Exterior joint —
36 SC3-180-M-2 C3/180 Monotonic Corner joint —
37 SC3-90-M-2 C3/90 Monotonic Corner joint -
38 SC3-180-M-3 C3/180 Monotonic  Exterior middle joint -
39 SC3-90-M-3 C3/90 Monotonic  Exterior middle joint -
40 SC2-180-M-S C2/180 Monotonic Exterior joint v
41 SC2-140-M-S C2/140 Monotonic Exterior joint v
42 SC2-90-M-S C2/90 Monotonic Exterior joint v
43 SC3-180-M-S C3/180 Monotonic Exterior joint v
44 SC3-90-M-S C3/90 Monotonic Exterior joint 4
45 SC2-180-C C2/180 Cyclic Exterior joint -
46 SC2-140-C C2/140 Cyclic Exterior joint —
47 SC2-90-C C2/90 Cyclic Exterior joint -
48 SC3-180-C C3/180 Cyclic Exterior joint -
49 SC3-90-C C3/90 Cyclic Exterior joint -
50 SC2-180-C-S C2/180 Cyclic Exterior joint 4
51 SC2-140-C-S C2/140 Cyclic Exterior joint 4
52 SC2-90-C-S C2/90 Cyclic Exterior joint v
53 SC3-180-C-S C3/180 Cyclic Exterior joint v
54 SC3-90-C-S C3/90 Cyclic Exterior joint v
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Dilation Angle Eccentricity oo / f k. Viscosity Parameter
Co
25 0.1 1.16 0.667 0.001- 0.01
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Specimen Prism compressive strength | Prism tensile strength Elastic modulus
(MPa) (MPa) (MPa)
C1 23.0 3.0 22540
C2 23.3 3.0 22687
C3 24.7 3.1 23500
All SC 25.2 3.1 23594
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Abstract

Beam-column connections in reinforced concrete structures are one of the most
important structural elements to realize moment frame behavior. Many reinforced
concrete joints in Iran have common seismic weaknesses, such as the absence of
transverse reinforcement in the connection area or insufficient bond length of the
beam bottom bars in the connection area. There are various approaches to
retrofitting such joints, one of the most practical of which is the use of enlarging
the connection area with steel angles. Researchers have provided a lot of
experimental studies on beam-—column connections, while experimental studies are
usually costly and time consuming, and can be restricted by the test facilities. The
finite element method is one of the methods used by many researchers to
investigate parameters affecting the behavior of joints. But due to the complexity
of the stress in the joint area and the effects such as continuity, concrete cracking
is generally not feasible for the engineer to understand the desirable behavior of
finite element analysis. The strut and tie method has been recognized as an
acceptable tool in concrete Code for investigating the behavior of concrete
members. considering the advantages of strut and ie method in this study, we are
looking to develop strut and tie method towards nonlinear methods and to
incorporate nonlinear effects in strut and tie model. For this purpose, after selecting
the laboratory models and before entering the strut and tie models, a limited
component effort was attempted for control samples with different seismic and
non-seismic details and retrofitted specimens and tried to obtain parameters that
mainly analytical research is ignored, such as the effects of bond slip, with a new
approach recently introduced. After validation of specimens and concrete damage
models, based on the analysis of finite element in linear and nonlinear domains of
control and retrofitted specimens, truss models based on strut and tie method based
on load pass were presented and applying nonlinear effects to these models were
compared with laboratory results and FEA analysis results. The results of strut and
tie analysis show that the nonlinear model of strut and tie method has a great
potential in predicting the behavior of joints with different details in the joint and
in retrofitted specimens as a very powerful tool at the disposal of a design engineer.
It can implement seismic design approaches and philosophy based on nonlinear
strut and tie methods. Also the results of nonlinear strut and tie method and finite
element analysis show that 5% and 10% force such as bond yield and 14% and
40% stiffness of the specimens are compared with the experimental results.

Keywords: Reinforced Concrete Connections, Finite Element Method, Strut and Tie
Method, load Pass, Ideal Truss, Ductility



Shahrood University of
Technology

Faculty of Civil Engineering

M.Sc. Thesis in Structural Engineering

Nonlinear Analysis of Existing and
Retrofitted Beam-Column Connections
Using Strut and Tie Models

By: Seyyed Ahamad Nezami

Supervisor:
Dr. Jalil Shafaei

Jan, 2019



