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Shear
. Dimension Ag A'S steel
Section (mm) spacing
(mm)
A-A 600 %600  16dm25 - 150
B-B 600x600  16p18 - 150
Cc-C 500x3500 16d16 - 125
D-D S500x500 625 4d25 100
E-E S00x3500 gp22  4d22 100
F-F S00x3500 6p18  3D18 100

Table. 2. Section properties of 8-story frame details
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story 3 Beam  3°0x400 - 4020 220

Table. 1. Section properties of 3-story frame
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Section A-A B-B C-C D-D E-E F-F
Story 1-2 34 5-6 7-8 1-4 5-6 7-8
Number of CFRP layers 6 6 9 6 6 6 -

Table. 3. Number of CFRP layers

CFRP .55 sl S8 J g

Paltlter strengthening method
1 Reinforcement 30% of the length of the beam at two ends + reinforcement 15% of the length of
the column at two ends with the CFRP
5 Reinforcement 30% of the length of the beam at two ends + reinforcement 20% of the length of
the column at two ends with the CFRP
3 Reinforcement 30% of the length of the beam at two ends + reinforcement 25% of the length of
the column at two ends with the CFRP
4 Reinforcement 30% of the length of the beam at two ends + reinforcement 30% of the length of
the column at two ends with the CFRP
5 Reinforcement 30% of the length of the beam at two ends + reinforcement 35% of the length of
the column at two ends with the CFRP
Table. 4. CFRP strengthening patterns
Sl )b s e Lo glas; S, .0 d g
. PGA  Magnitude Velocity
Earthquake Site R (km
“ ©  ® (mfs) (k)
TABAS (1978) Boshrooyeh 0.106 7.35 324.57 24.07
Borah Peak (1983) AT%ﬁgaCtor 0023 6588 3242 80
Imperial Valley (1979) Plaster City 0.058 6.53 316.64 30.33
Table. 5. Nonlinear time history analysis records
4

Design Spectrum
TABAS

Imperial Valley
Borah Peak

Period (s)
Fig. 6. Scaling the records via the design spectrum
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Table. 6. Statistical properties of random variables

Lognormal 420 0.1

Lognormal 86.9 0.1

Gumbel 2 0.25
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Earthquake  strengthening Number of samples P Analysis time (s) Error
record pattern MCS IMS MCS IMS MCS IMS (%)

1 2457 2499 0.074 0.070 17.015 15.724 4.883

2 500,000 12,615 4.048 4.038 1334.840 77.802 0.262

TABAS 3 500,000 7156 2.522 2487 1239950 34.187 1.393

4 52,783 5351 1.775 1.786 154.190  27.922 0.583

5 500,000 6228 2.230 2.169  1005.580 32.317 2.726

1 115 111 0.028 0.027 0.484 30.908 3.613

2 500,000 5740 1.756 1.724 477461  27.929 1.789

Borah Peak 3 36,737 4935 1.640 1.637 222.792 18.094 0.154

4 28,034 4655 1.510 1.516 195.339  25.860 0.398

5 24,696 4446 1.456 1.446 167.353  20.860 0.680

1 15,898 4030 1.225 1.232 78.688 18.960 0.585

Imperial 2 55,752 5709 1.872 1.885 435.547  27.078 0.675

Valley 3 500,000 8794 3.094 3.094 1009.980 44.105 0.007

4 500,000 9411 3.323 3.312 1254350 58.720 0.354

5 500,000 9376 3.311 3.303 1244950 58.892 0.236

Table. 7. Comparison of reliability methods
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Abstract

One of the methods for the seismic strengthening in structural engineering is using FRP composites. These
composite has some advantages such as increase in ductility, stiffness and lateral strength, the ability to adapt
with the architecture, and also the minimum weight added to the structure. Uncertainty in the structure is due
to reasons such as the lack of prediction of additional loads over the lifetime of the structure, the inadequate
knowledge of the mechanical properties of the materials, the existence of human errors and the simplifications
in analytical relations for modeling, and makes reliability analysis of structural inevitable. The First-Order
Reliability Method (FORM) and Monte Carlo Simulation (MCS) are the most common and accurate methods
of reliability analysis. Structural reliability analysis leads to the construction of an acceptable safety grade
structure. In this paper, an optimal pattern for reinforcing RC frame with FRP layers is presented using
reliability analysis. Carbon fiber reinforced polymers (CFRP) are used to increase the shear strength of existing
RC frame. The beams and columns are wrapped by the CFRP layers at the ends, and in the reinforcing patterns,
the reinforced beams are assumed to be constant and the difference is in length of the reinforcement of the
column. After verifying and ensuring the results of modeling, the seismic behavior of the 8-story RC frame
was assessed by nonlinear time history analysis (NTHA) with finite element program OpenSees under three
far-field records earthquake from fault TABAS, Borah Peak and Imperial-Valley. Four random variables
represented the variation in compressive strength of concrete, yield strength of steel, live load, and elasticity
modulus of CFRP materials are defined and the limit state function defined to perform reliability analysis
based on the maximum drift ratio inter-story. The reliability analysis of RC frame under three earthquake
records and five reinforcement patterns was first determined using the Importance Sampling Method (ISM),
and then the accuracy of the method was measured using MCS. Based on the results of the reliability analysis,

the optimal length value corresponding to the maximum value of the reliability index (/) for each earthquake

record is determined. Survey results show that increasing the length of the reinforcement does not lead to an
increase in the reliability index and even decreases with the inappropriate reinforcing length. The results of
reliability analysis show that the number of layers of CFRP is not considered safe for Borah Peak record and
requires more layers to reinforce. The optimum lengths of reinforcement in TABAS and Borah Peak
earthquakes are 20% of the length of the column and in the Imperial-Valley record is 30% of the length of the
column, while with a change of 5% of the length strengthening, the reliability index is significantly reduced.
The most accurate method for analyzing reliability and calculating the probability of structural failure is MCS,
but this method requires a large number of simulation samples to perform calculations. Which significantly
reduces the number of simulation samples and the time to perform calculations by selecting the ISM method
and the appropriate amount of random variables to begin the analysis.

Keywords: RC Frame, CFRP, Reliability Index (ﬁ ), Importance Sampling Method (ISM)
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