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Abstract— This study considers uncertainties in material 

strengths and the modeling which have important effects on 

structural resistance force based on reliability theory. After 

analyzing the destruction mechanism of a RC bridge, 

structural functions and the reliability were given, then the 

safety level of the piers of a reinforced concrete continuous 

against earthquake was analyzed. Using response surface 

method to calculate the failure probabilities of bridge piers 

under high-level earthquake, their seismic reliability for 

different damage states within the design reference period 

were calculated applying two-stage design, which describes 

seismic safety level of the built bridges to some extent. 

Capacity design procedure for the earthquake-resistant 

reinforced concrete (RC) structures is effective when actual 

member capacities do not greatly exceed the assumed design 

capacities. Moreover, RC members are expected to undergo 

large inelastic deformations for adequate seismic energy 

dissipation. Since flexural capacity and post-yield behavior 

of an RC member is largely controlled by steel reinforcing 

bars, it places certain special requirements on their properties, 

such as, yield strength (YS), ultimate tensile strength to yield 

strength ratio (UTS/YS ratio) and elongation, which are 

sensitive to the method of manufacturing bars. Flexural tests 

on RC beams which used re-bars of carefully controlled 

properties was conducted and it was observed that for 

dependable flexure behavior, YS and UTS values should lie 

in a narrow band around values used in the member design. 

If these values are greater than the specified value, it may 

cause brittle shear failure instead of more ductile and 

desirable flexure mode of failure. Moreover, a high UTS/YS 

ratio equal to 1.25 is necessary to have dependable peak 

strength which is larger than the yield strength. This study 

investigates the effects of soil abutment interaction on 

seismic analysis abutment attract a large portion of seismic 

forces. A design drive methodology to model the abutment 

stiffness for either linear or non-linear analysis considering 

the backfill and pier foundation. 
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I. INTRODUCTION 

The seismic safety level of engineering system determines 

that level of a city. With the rapid development of economy 

and urbanization, the contradictions between the requirement 

of safety and threats from severe seismic hazards have been 

confronted by the most cities in our country, which force us 

to give a clear and objective judgment on the seismic safety 

level of city engineering system in our country. In addition, 

as an integral part of lifeline engineering system, the safety 

level of urban bridges under earthquake cannot be 

underestimated. If the bridges are damaged seriously in an 

earthquake, it will lead to traffic disruption and more difficult 

earthquake relief work. What`s more, the seismic safety level 

of those bridges, which merely met the minimum requirement 

of seismic design code or which were designed according to 

the codes in different periods or which were designed based 

on performance based seismic design, is waiting for us to 

evaluate. Therefore, it is necessary to analyze and assess the 

bridge safety after the occurrence of an earthquake. 

 Earthquake-resistant design of reinforced concrete 

(RC) structures is based on maximizing energy absorbing 

capacity of various members without causing collapse. In 

order to ensure such an outcome, the capacity design 

procedures are used, which is effective when actual member 

capacities do not greatly exceed the design capacities and the 

pre-determined hierarchy of member strength is maintained 

(Paulay and Priestley, 1992). In addition, RC members are 

likely to experience large inelastic deformations and, 

therefore, adequate ductility is essential to avoid brittle failure 

mode and to enhance energy dissipation potential. Since 

strength and ductility related capacities in RC flexural 

members are largely controlled by steel reinforcing bars, it 

places certain special requirements on their properties, 

especially those controlling the inelastic portion of the stress-

strain curve which largely depends on the method of 

manufacturing. Two most common types of manufacturing 

process for reinforcing bars of higher strength using mild 

steel involve either cold-working or a heat treatment process. 

The process of cold working involves stretching and twisting 

of mild steel beyond yield plateau to obtain cold twisted 

deformed (CTD) bars of increased strength (proof strength), 

though it reduces the available ductility in the material. The 

other method uses a thermo-mechanical treatment (TMT) 

process in which red hot re-bars are quenched through a series 

of water jets causing a hardened outer layer (martensite 

structure) surrounding softer core (ferrite-pearlite structure). 

The resulting re-bars has higher yield strength than parent 

mild steel and is characterized with definite yield point, 

superior ductility, weldability and  bendability. 

 This study is concerned with the effect of 

reinforcing steel characteristics and their manufacturing 

process on the flexural behavior of beams up to failure, with 

an objective of identifying requirements of reinforcing bars 

for earthquake resistant construction.  RC beams were tested 

with (a) five types of reinforcement differing in their yield 

strength (YS), ultimate tensile strength to yield strength ratio 

(UTS/YS ratio), elongation, manufacturing process (CTD vs. 

TMT) and degree of quality control (well controlled vs. 

poorly controlled). 

 This study investigates the effects of the soil-

abutment interaction on seismic analysis and design of 

integral bridges. Past experience and recent research indicates 

that soil-structure interaction plays a very important role on 

seismic response of bridge structures. Abutments attract a 

large portion of seismic forces, particularly in the longitudinal 

direction. Therefore, participation of backfill soil at the 
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abutments must be considered. A design driven methodology 

to model the abutment stiffness for either linear or non-linear 

analysis, considering the backfill and the pier foundation, is 

presented. An iterative design procedure of successive linear 

dynamic response analyses that takes into account the non 

linear behavior of the abutments caused by backfill soil 

yielding is developed. Also, a non-linear static analysis of the 

bridge-soil system is conducted. A three-span bridge with 

monolithic abutments is selected to demonstrate the proposed 

procedures. Foundation behavior plays a major role on the 

performance of highway bridges during earthquakes. For 

many highway bridges, abutments attract a large portion of 

the seismic force, particularly in the longitudinal direction. 

After the 1971 San Fernando earthquake, it became quite 

evident that many abutments had been subjected to large 

seismic forces. On many bridges, abutment damage was the 

only damage reported indicating that abutments attracted a 

large portion of the seismic force. Soil-abutment interaction 

under seismic loads is a highly non-linear phenomenon. This 

non-linearity plays important role in the overall structural 

response [Spyrakos 1990, Spyrakos 1992, Maragakis 1989]. 

As a result there is a definite need to develop a proper 

methodology to design bridges including the effects of soil-

abutment interaction. Some guidance is currently provided by 

Caltrans Bridge Design Aids and the AASHTO [Caltrans 

1989, FHWA 1986]. Both documents recognize the highly 

non-linear behavior that could be caused by large 

deformations in the backfill at the abutments during seismic 

excitations. This paper presents seismic design oriented 

procedures of modeling and analyzing highway bridges 

including soil-structure interaction. Emphasis is placed on 

modeling of abutment system, and the development of two 

analysis procedures that account for the non-linear behavior 

of abutments. The first is an iterative design procedure 

utilizing successive linear analyses. The second is a non-

linear static analysis using non-linear springs to account for 

backfill soil stiffness. 

II. LITERATURE REVIEW 

1) Ahmed Mohd. Atta 

The beam column joint is one of the important structural joint 

elements of reinforced concrete structures. It    has been the 

subject of intensive research for the past four decades. Most 

of the designs procedures have  been devoted to ordinary 

strength concrete as implemented in the design codes. 

2) Ponnuswamy 

Bridge engineering has been thoroughly revised to reflect the 

changes in technology that have occurred in the past. The 

coverage is not dealt with isolation, but discussed in relation 

to basic approaches to design of bridges, supported by 

numerous case studies. 

3) Murat Dicleli , Jung-Yoon Lee 

The effect of soil-structure interaction on the seismic 

performance of seismic bridges is studied. The analyses 

results have that soil-structure interaction effects may be 

neglected in the seismic analysis of bridges with heavy 

superstructure and light substructure constructed on stiff soil. 

However, the soil-structure interaction effects need to be 

considered for bridges with light superstructure and heavy 

substructure regardless of the stiffness of the foundation soil. 

4) Chinmay Kolay 

Conventional seismic design for bridge abutment uses 

pseudo-static analysis methods based on the approach. 

However, these methods, originally developed for gravity 

type retaining walls, do not provide any rational basis for 

selecting appropriate seismic co-efficient of bridge 

abutments. Further, it is observed that the displacement at the 

abutment seat due to combined rigid body sliding and rotation 

of the abutment depends upon the yield acceleration. 

5) Jun Zhao, Junqi Lin , Jinlong Liu , Jia Li 

This study considers uncertainties in material strengths and 

the modeling which have important effects on structural 

resistance force based on reliability theory. After analyzing 

the destruction mechanism of a RC bridge, structural 

functions and the reliability were given, then the safety level 

of the piers of a reinforced concrete continuous against 

earthquake was analyzed. Using response surface method to 

calculate the failure probabilities of bridge piers under high-

level earthquake, their seismic reliability for different damage 

states within the design reference period were calculated 

applying two-stage design, which describes seismic safety 

level of the built bridges to some extent. 

6) A.M. Avossa, P. Famigliuolo & P. Malangone 

The paper presents the analytical and experimental modal 

analysis of an existing reinforced concrete arch   bridge, built 

in the fifties across the Volturno river on ‘‘Domitiana’’ state 

road. First the modal properties of different 3D finite element 

models of the bridge were determined with/without reference 

to some structural strengthening carried out in the seventies. 

Then ambient vibration tests under traffic excitation are 

designed and developed in order to identify the bridge modal 

properties and calibrate its theoretical model. Finally starting 

from results obtained by that model, the structural response 

under different load conditions (traffic and seismic loads) was 

carried out in order to evaluate the real bridge behaviour and 

the structural safety assessment according to current seismic 

code provisions. 

7) Tarek Omar and Moncef L. Nehdi  

The present study provides a critical overview of the state-of-

the-art existing condition assessment techniques for 

reinforced concrete bridges, with an emphasis on current 

practice in North America. The techniques were classified 

into five categories, including visual inspection, load testing, 

non-destructive evaluation, structural health monitoring, and 

finite element modelling.  It is shown that there is need for 

concerted research efforts to achieve automated data 

collection and interpretation analyses. Also, the configuration 

of monitoring systems was found to be paramount in 

effectively assessing bridge performance parameters of 

interest. The study suggests appropriate investigation 

methods for some bridge deterioration mechanisms. 

Knowledge gaps and challenges in this field are outlined in 

order to motivate further research and development of these 

technologies. 

III. SCOPE OF PRESENT WORK 

Earthquake-resistant design of structures has grown into a 

true multi-disciplinary field of engineering where in many 

exciting developments are possible in the near future. Most 

notable among these are: 
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 A complete probabilistic analysis and design approach 

 Performance-based design codes 

 Multiple annual probability hazard maps for response 

spectral accelerations and peak ground accelerations 

with better characterization of site soils, topography, 

near-field effects 

 New structural systems and devices using non-traditional 

civil engineering materials and techniques 

 New refined analytical tools for reliable prediction of 

structural response, including nonlinearity, strength and 

stiffness degradation due to cyclic loads, geometry 

effects and more importantly, effects of soil–structure 

interaction. Some significant developments that the 

coming years will witness are discussed in this paper. 

IV. METHODS, EQUATIONS AND MATERIALS USED 

A. The Response Surface Method: 

The response surface method mainly includes two parts: the 

selection of the approximate response surface function and 

the determination of the test sample points. It is generally 

assumed that the influence of the random input variables on 

the output variables in the finite element analysis can be 

expressed as a mathematical function. In practical project, the 

common basic quadratic polynomials of response surface 

functions are as follows. 

�̂�(𝑥) = 𝑎 + ∑ bixi +𝑛
𝑖=1 ∑ cixi

2𝑛

𝑖=1
                                          (1) 
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𝑖=1 ∑ cixi

2 + 
𝑛

𝑖=1
∑  𝑛

𝑖=1 ∑ dij xixj

𝑛

𝑗<𝑖
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 Where, Tˆ(x) : response surface function, ( 1,2, , ) 

random variables, a, b ,c, d : undetermined coefficients which 

can be determined by regression analysis method and JC 

method in reliability analysis . 

 The response surface method designs a series of 

random variables at first, then every group of variables is used 

as test sample points for numerical calculation in order to 

obtain the corresponding structural response values. We can 

gain a clear functional relationship Tˆ(x) through these 

variable values and the structural response so as to express 

the real finite analysis process approximately. In order to 

establish response surface functions Tˆ(x) during the range of 

material strength variables, we choose Latin hyper-cube 

sampling method to select test points. Latin hypercube which 

is a kind of multidimensional stratified sampling method can 

sample from actual sampling ranges of every distribution 

functions of random variables.  

B. The Performance Functions: 

Nowadays, overseas and inland seismic specifications adopt 

three-level seismic fortification and provide a two phase 

design method. They stipulate no damage under frequent 

earthquake, repairable damages under moderate earthquake 

and no collapse under rare earthquake. This seismic design 

thought demonstrates three requirements. First, under 

frequent earthquake, the structure does not need to be 

repaired, but still can be used normally. Second, under 

moderate earthquake, the structure has no severe damages 

and can be used after being repaired. Third, under rare 

earthquake, the structure may be destroyed, but it will not 

collapse. It can be seen that the structure will have structural 

damages under seismic excitation. That is to say, some parts 

of the structure will enter the elastic-plastic stage and be 

expected to design considering their ductile earthquake-

resistance. As a ductile member, the deformation of bridge 

piers resulting from the plastic phase should also meet the 

specification requirements in addition to the bending moment 

and shear force and the current seismic design code, the 

functions of the piers are given according to the failure 

mechanism of a reinforced concrete beam bridge. They are as 

follows. 

𝑍1 = 𝑀𝑢 − 𝑀𝑠          (3) 

𝑍2 = 𝑉𝑛 − 𝑉                                 (4) 

𝑍3 = µ2 − µ𝑑                                                     (5) 

They can be calculated through bridge seismic code. In order 

to calculate the functions of a pier (not in an explicit way), we 

apply the response surface method to give the approximate 

functions. 

𝑍2 = 𝛼2�̂�2(𝑥1. . 𝑥2 … 𝑥𝑛)                                           (6) 

𝑍1 = 𝛼1�̂�1(𝑥1. . 𝑥2 … 𝑥𝑛)                                                          (7) 

𝑍3 = 𝛼3�̂�3(𝑥1. . 𝑥2 … 𝑥𝑛)                           (8) 

SEISMIC RELIABILITY: 

The reliability 𝑃𝑠 of an earthquake-resistant structure or its 

members during its lifetime can be expressed as 

Ps= 1- Pf =1-∫ 𝑃𝑓(𝑅 < 𝑆|𝑎)𝑎(𝑎) 𝑑𝑎
∞

0
                                                                                                            

(9) 

 Where, 𝑃𝑓= the possibility of constructions or their 

members being destroyed over their serviceable life, when the 

performance function Z is less than zero. 

S = Structural response 

R =structural resistance 

f (a) = The probability density of a structure or its members 

under the maximum ground motion intensity in the areas 

where they are located during the period of use. 

a = the earthquake ground motion intensity parameter 

 The probability density of a structure or its members 

under the maximum ground motion intensity in the areas 

where they are located during the period of use. a: the 

earthquake ground motion intensity parameter. Therefore, the 

failure probability of the structures or their members in the 

damage states during the design reference period can be 

calculated by 

𝑃𝑓(𝐵𝑖) = P(𝐼𝑖)𝐵𝑖  where (i=1,2,3)                               (10)  

MODELING BACKFILL SOIL STIFFNESS: 

For various abutment configurations and soil conditions, a 

general form of abutment wall-backfill stiffness equation that 

considers passive resistance of soil, as recommended by 

Wilson [Wilson 1988] can be used to estimate the 

longitudinal stiffness of the end-wall and the transverse 

stiffness of the wing-wall, that is 

𝐾𝑠 =
𝐸𝑠

(1 − 𝑉2) · 𝐼
 

 where 𝑘𝑠is soil stiffness per unit deflection per unit 

wall width; 𝐸𝑆 is the Young’s modulus of the backfill soil; ν 

is the Poisson’s ration of the backfill soil; and I is a shape 

factor. Representative values of Ι are given in Table.1 

L/B Shape Factor (I) 

1 0.80 

5 1.70 
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10 2.00 

20 2.40 

Table 1: Shape factors for abutment stiffness 

C. Modeling Abutment Stiffness for Linear Analysis: 

The abutment that is used for the analysis is a monolithic type 

with pile foundation as shown in Figure. For simplicity only 

the translational (longitudinal and transverse) stiffness of 

abutment is incorporated in the bridge model for the analysis. 

Other methods of modeling the abutment stiffness can be 

found in the literature [Wilson 1988, Maragakis 1989] Proper 

values of spring constants in the longitudinal and transverse 

directions area calculated from the backfill soil and pile 

foundation stiffness according to the following assumptions:     

 
Fig. 1: Abutment stiffness for dynamic analysis 

 
Fig. 2: Abutment stiffness for quasistic analysis 

 Soil-abutment interaction under seismic loads is a 

highly non-linear phenomenon. This non-linearity plays 

important role in the overall structural response. 

D. Modelling Abutment Stiffness for Non-Linear Analysis 

Instead of conducting the iterative procedure to account for 

the backfill soil yielding at abutments, a non-linear static 

analysis or a non-linear time-domain dynamic analysis can be 

implemented. In this work the static nonlinear analysis is 

presented. 

Fig. 3: Abutment stiffness for non-linear static 

 Two springs are used for modeling the stiffness of 

the abutment toward which the structure moves. 

 The first is a non-linear spring, representing the 

backfill soil stiffness with constant K soil and yield limit at 

the point where the pick soil pressure is reached. The second 

is a linear spring representing the pile foundation stiffness 

with constant K pile. At the opposite abutment only the 

second spring is set. 

V. CALCULATION OF SEISMIC SAFETY OF BRIDGE 

The main calculating procedures of the seismic safety 

analysis for the RC continuous beam bridge piers under 

Earthquake 3 are as follows 

1) Use Expression (9) and (10) to calculate P(I ) in the 

design reference period. 

2) Determine the input variables and output variables, then 

get the sample points of random input variables. The 

Latin hypercube sampling method is used to get them. 

The output variables are generally taken as the response 

of structures or their components under seismic 

excitation on the basis of the different function 

expressions. They can be calculated by the response 

spectrum method or other dynamic methods and the 

output variables are the bending moments, shear force 

and relative displacement ductility ratio of the piers. 

Here, the standard response spectrum method is used in 

the finite element analysis.  

3) Use the traditional response surface method and combine 

the form of the performance  functions (3), (4), (5) to 

design the response surface function T (x) (Expression 

(1) or (2) ) under the seismic intensity level l. Then use 

the method of regression analysis and JC in the reliability 

theory to calculate the undetermined coefficients with 

MATLAB program.  

4) According to the approximate functions (6), (7), (8) 

obtained via response surface analysis and the simulation 

times that need to meet the accuracy requirement for 

failure probability, generate the MCS samples of basic 

variables and the corresponding variable structural 

responses on the response surface. Calculate the failure 

probabilities of the piers with the functions and 

MATLAB on the basis of the failure criterion of a pier. 

5) After getting c, use Eq. (10) to calculate the pier failure 

probabilities under the earthquake E2 within the design 

reference period, then use Eq. (9) to calculate the 

reliability of the piers 

                     

Random 

Variables 

Physical   

meaning 

Probabili

ty 

Distribut

ion 

Mean 

Valu

e 

Co-

efficient 

of 

Variatio

n 

𝑓𝑦 

The design 

value of  

grade 2 steel 

bar strength 

Logarith

mic 

normal 

distributi

on 

385 

Mpa 
0.08 

𝑓𝑐 

The design 

value of M30 

concrete 

compressive 

strength 

normal 

distributi

on 

30 

Mpa 
0.15 

𝑎1,𝑎2,𝑎3 

Uncertainity 

of computing 

mode 

normal 

distributi

on 

1Mpa 0.1 

Table 2: Statistics of random variables 

The failure 

probabilities of 

piers 

Pier P1 Pier P2 

B1 B2 B3 B1 B2 B3 

PI(Bi) 

l 
0.9146 0.0854 0.0000 0.8255 0.1745 0.0000 

Table3: The failure probability of the piers under the seismic 

intensity 

 

The reliability of 

piers 

Pier P1 Pier P2 

B1 B2 B3 B1 B2 B3 

Ps(Bi) 0.9233 0.9928 1.0000 0.9307 0.9854 1.0000 

Table 4: The reliability of different damages of piers in the 

design period 
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A. Seismic Forces At Piers Bases:  

Table 4 presents the reactions at the base of bridge piers 

including and excluding SSI effects for various AASHTO 

soil types. The pier base shear forces for the case including 

SSI are slightly larger than those of the case excluding SSI. 

In the structural model without the SSI, the abutments are 

modelled as rigid supports. Therefore, relatively larger shear 

forces are transferred to the abutments and smaller shear 

forces are transferred to the piers compared to the case with 

SSI. The same trend is also observed for the pier base 

moment. However, the pier base moment becomes smaller 

than that of the case excluding SSI as the foundation soil 

becomes softer. This is mainly due to the smaller rotational 

stiffness of the pier base that leads to smaller moment.  

 Furthermore, for the analyses results involving SSI, 

the larger seismic forces at the base of the piers for softer 

foundation soil conditions can once more be explained by the 

disparity between the amplitudes of the response spectra for 

stiff and soft soil conditions. Nevertheless, the results 

presented in Table reveal that for seismic-isolated bridges 

with heavy superstructures and light substructures, including 

SSI effects in the seismic analysis for stiff soil conditions may 

have only a negligible effect on the substructure reactions. 

However, SSI effects need to be included in the seismic 

analyses for soft soil conditions. 

AASHT

O 

Soil 

Type 

Pie

r 

SSI Included SSI Excluded 

Long. Trans. Long. Trans. 

V(k

N) 

M 

(KN.

m) 

V(k

N) 

M 

(kN.

m) 

V(k

N) 

M 

(kN.

m) 

V(k

N) 

M 

(kN.

m) 

II 1 243 1110 259 1292 220 1020 233 1330 

 2 227 941 225 1170 209 929 221 1212 

III-a 1 278 1280 281 1542 260 1284 256 1598 

 2 263 1162 287 1530 249 1175 246 1551 

III-b 
1 277 1277 257 1436 260 1284 256 1598 

2 262 1159 247 1379 249 1175 246 1551 

Table 5: Bridge Support Reaction at Piers Bases 

B. Modeling Backfilll-Abutment Interaction  

1) Longitudinal Direction 

In the longitudinal direction, a series of translational springs 

are attached to the nodes of only one of the abutments to 

model the passive resistance of the backfill as shown in Fig.4. 

No springs are attached to the other abutment since under 

seismic loading in the longitudinal direction only one 

abutment is pushed towards the backfill while the other is 

pulled away.  

 
Fig. 4: Load-displacement diagram for both abutments in the 

longitudinal direction 

2) Transverse Direction 

Translational springs are attached to the nodes of only one of 

the wing walls at each abutment to simulate the effect of the 

backfill passive resistance in the transverse direction since the 

other wing wall is displaced away from the backfill under the 

effect of seismic forces. The stiffness of these springs is again 

calculated by multiplying, constant by the area tributary to the 

node on the wing wall. The effect of embankment soil is 

conservatively neglected in the model. Translational springs 

are also attached at each node of the abutment to model the 

shear stiffness of the backfill. The shear stiffness of the 

backfill is calculated assuming that only the portion of the 

backfill between the wing-walls will deform in a shearing 

mode as the bridge moves in the transverse direction. The 

stiffness of the transverse boundary springs at the abutment is 

then obtained by equally distributing the calculated shear 

stiffness to the interface nodes. 

 
Fig. 5: Load-displacement diagram for each abutment in the 

transverse direction 

3) Effect of UTS/YS Ratio 

Ensuring a minimum UTS/YS ratio is important as the 

maximum strength capacity of structural member should be 

distinct from its yield strength. This helps in realizing the 

assumed failure mechanism and distributing inelastic 

activities across various elements of a structure. Typically a 

higher ratio of 1.25 is preferred over more common 1.15. 

Beam Set with higher UTS/YS ratio of 1.25 could reach 

higher peak strength in comparison to control specimens with 

UTS/YS ratio of 1.15; however, they also had higher yield 

strength too, which may not be desirable. Therefore, it 

appears that for significantly larger maximum moment from 

the yield moment, a higher UTS/YS ratio of 1.25 is more 

suitable. 

4) Effect of YS of steel Re-bars 

Behavior of beams with high strength Fe500 re-bars is similar 

to that of beams with Fe415 steel re-bars when they are 

suitably designed, as suggested by comparing Beam Set. Use 

of Fe550 rebar reduced the amount of tension steel 

reinforcement to three bars in contrast to four bars of Fe415, 

taking advantage of its high tensile strength. However, when 

amount of steel reinforcement was not adjusted for higher 

strength of Fe550 and simply 4 bars of Fe415 design. These 

beams expectedly reached higher loads but failed much early 

in the brittle shear mode, because the shear stirrup design was 

not revised for the expected higher shear demand. 
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VI. CONCLUSIONS 

1) From the above studies it can be understood that a strict 

control on yield strength value of re-bars is essential as it 

determines the strength of member in various behavioral 

modes. If the YS value is greater than the specified value, 

it may cause premature failure of beam in an undesirable 

failure mode, such as brittle shear failure instead of more 

ductile and desirable flexure mode. If YS is lower than 

the specified value, as observed in the case of non-

standard TMT bars, the yield strength will be lower than 

the expected design value and thus reducing the margin 

of safety and increasing risk of premature failure. 

2) A high UTS/YS ratio is necessary to have dependable 

peak strength greater than the yield value. Beams with 

standard TMT bars of UTS/YS ratio of 1.25 were better 

than those with UTS/YS ratio equal to 1.15. However, 

the re-bars with higher UTS/YS ratio had a higher yield 

strength which causes the yield strength to be greater 

than the expected values of the results. 

3) The results of this studies made in this paper can also 

demonstrate the inadequacy of the IS 1786 (BIS, 2008) 

specifications as it has no provisions to control higher 

values of YS, minimum UTS/YS ratio, an upper limit of 

UTS to limit over strength and higher uniform elongation 

to prevent premature fracture. 

4) The studies also demonstrate that if the bridge is 

analyzed with the proposed methodology instead of a 

simple procedure that ignores backfill stiffness reduction 

and the calculation of forces and moments at the piers are 

greater by 25-50% and the displacements by 25-70 % 

depending on the properties of soil. 
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