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As the infrastructure age, their assessment to carry 
the loads they are subjected to becomes increasingly 
important. Also, assessment is needed as part of a 
regular monitoring programme. Before carrying out a 
rigorous probabilistic analysis for assessment, it is  
often required to make a preliminary assessment  
using simplified procedures, such as that developed 
using semi-probabilistic approach, in which partial 
factors are used. In this article an attempt has been 
made to evolve a framework to determine the partial 
factors for safety assessment of the in-service T-girder 
bridges in India against the limit state of shear. Limit 
state of shear is considered because it is one of the im-
portant ultimate limit states for bridge girder that re-
sults in brittle failure. The partial factors are derived 
using first order reliability method. In order to sug-
gest a simple method for safety assessment, statistical 
properties of modelling error associated with the sim-
plified equation of shear capacity estimation are esti-
mated using test data of 185 beams reported in  
the literature. To demonstrate the usefulness of the 
framework developed, an attempt has been made to 
determine partial factors for assessment for a typical 
T-girder bridge designed according to the relevant 
Indian codes. The loading considered corresponds to 
actual traffic loads on a typical Chennai flyover. The 
study reported here gains importance as: (i) general 
guidelines to assess the reliability of in-service bridges 
are non-existent in the Indian context and (ii) the  
partial factors suggested for two consequence classes 
can be used for quick assessment of the safety of exist-
ing similar flyover girders against limit state of shear 
in a more rational way. 
 
Keywords: Assessment, RC T girder bridges, partial 
factors, reliability index. 
 
THE safety assessment of bridges plays a key role in a 
country’s economic development. Its increasing impor-
tance is felt in most countries. As the processes involved 
in assessments are complex and time-consuming, various 
levels of assessment are done; each of the higher level is 
less conservative and involves more work in terms of 
computation1. When a particular assessment level is 
found satisfactory, then proceeding through further levels 
of assessments is not required. The complexity in  

assessment is thus minimized. Generally, the initial (or 
preliminary) assessment level is done in a deterministic 
way using partial factors, evaluated using a probabilistic 
analysis. Generally, in literature, such methods are re-
ferred to as semi-probabilistic methods2. 
 Partial factors are commonly used in designing struc-
tures. In the assessment, these values are used to deter-
mine target resistance values, against which the resistance 
of an in-service bridge needs to be checked. It is impor-
tant to note that partial factors to be used in assessment 
are not the same as the design, because of differences in 
target reliability indices that are considered3. 
 The target reliability levels required for in-service 
bridges are lower than those of new bridges. The target 
reliability levels of in-service structures are reduced for 
two reasons: (i) actual field information of in-service 
bridges is available, and hence the uncertainty involved 
in calculations of reliability is reduced, and (ii) a conser-
vative design does not result in significant increase in 
project cost but a conservative assessment does increase 
project cost. Various studies are now available that deal 
with considerations to fix target reliability indices for in-
service bridges4–6. These considerations are broadly based 
on economy, human safety and societal criteria. 
 Based on target reliability indices, partial factors for 
different limit states were also studied. Researchers have 
considered shear failure to be important in safety assess-
ment of an in-service bridge because of its brittle nature. 
Steenbergen2,7 presented a procedure for calibrating  
partial factors by tuning the design limit state equation to 
achieve the target reliability index of in-service bridges. 
The limit state equation contains design resistance which 
implicitly contains partial factors used in design. The  
partial factors are so tuned to get the target reliability  
index of an in-service bridge. It is noted that the calibra-
tion studies attempted7 are not the same as classical cali-
bration studies reported8. Hence, to evolve more rational 
partial factors for in-service bridges, more realistic case 
studies need to be considered and this can be the focus of 
future research in India. 
 Holicky et al.5 calculated the partial factors consider-
ing time-variant models for resistance and loads. The  
deterioration models of Vu and Stewart9 and Enright and 
Frangopol10 are used to estimate the resistance of  
in-service structures. They recommend these factors only 
for assessment and suggest determining partial factors
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Table 1. Target reliability indices for new and in-service bridge 

 Failure Target reliability index Target reliability index considering 
Reliability classes consequences for new structure human safety for in-service structure 
 

RC3 CC3 4.3 3.8 
RC2 CC2 3.8 3.4 
RC1 CC1 3.3 – 

 
 

related to different limit states and different ratios of 
load. 
 Val and Stewart11 proposed another way of estimating 
partial factors by acknowledging the main difference  
between new and in-service structures. It is possible for 
in-service structures to gain updated information about 
the present condition of the bridge which can be taken  
into account when developing the codal partial factors. 
Information on material properties and resistance is  
updated through on-site inspection and proof loading test. 
The Bayesian methods are used for updating information 
and the partial factors are calculated using the ratio of  
design value to the characteristic value of the basic ran-
dom variable. 
 Bruhwiler12 used a different concept called proportion-
ality of intervention to assess in-service structures. This 
is mainly related to decision making regarding the repair 
of in-service structures when the structure fails to satisfy 
the safety requirement check using a deterministic  
approach. This deterministic verification is done by a  
degree of compliance, i.e. the ratio of updated resistance 
to updated load effects. 
 The reliability indices and partial factors required for 
design of new bridges are generally specified in all de-
sign codes and standards. However, the design code for 
bridges IRC 112-2011, specifies partial factors that can 
be used in the design of new bridges. The specified  
partial factors for action and resistance models are based 
on values specified in other similar international codes. 
However, the adequacy of partial factors needs to be  
established based on code calibration studies. Also, these 
partial factors cannot be used for safety assessment of in-
service bridges. Therefore, partial factors for assessment 
have to be derived for different target reliability indices 
relevant to in-service bridges. 
 Considering the present status of IRC 112-2011 and 
based on the review of literature presented earlier, the 
following points are noted. 
 
 There is a need to develop a framework for assess-

ment of safety of bridge girders against shear limit 
state in the Indian context. Shear limit state is impor-
tant since it can result in brittle failure. 

 The framework should be simple to use which the  
design/decision making engineers can adopt as a first 
step to screen the safety of bridge stock. 

 The partial factors format is widely accepted and is 
used in the present study. 

The organization of the paper is as follows: the next sec-
tion presents the philosophy involved in fixing the target 
reliability indices, calculated for Indian traffic conditions 
for two consequence classes, for in-service bridges. The 
study then develops the framework for deriving partial 
factors followed by a numerical example. Later, the  
results of sensitivity analysis are presented highlighting 
the importance of understanding the shear behaviour of 
RC girders. This would result in reducing the modelling 
uncertainty. This is followed by results and discussion. 
The section on conclusions also identifies future areas of 
research. 

Target reliability index for in-service bridges 

All structures depending upon the consequence of failure 
are classified into three different classes – CC1, CC2 and 
CC3 in Eurocode13, according to this the target reliability 
indices (t) are set for new bridges as given in Table 1 
Col. 3. Bridge structures are considered to be important 
since their failures have a considerable economic and so-
cial consequence and hence normally fall under CC3 or 
CC2. The target reliability indices for in-service bridges 
(te), unlike that of new bridges, need to fulfill the criteria 
for human safety with respect to in-service traffic. t is 
generally lowered to get te for economic reasons and this 
reduction should also satisfy human safety14. 
 Using the procedure presented by Steenbergen7, we 
fixed target reliability indices for in-service bridges located 
in Chennai and subjected to typical traffic loads. The 
considerations used were: 
 
 The target reliability index of the in-service bridges 

was reduced for economic reasons. This target te was 
based on consequence of failure and four factors 
namely, component behaviour, system behaviour, risk 
factor and inspection level. 

 Though the consequence of failure at the design stage 
dealt with both expected economic loss as well as 
human loss, for in-service bridges, special attention 
was required for human safety (h) based on existing 
usage. 

 
The human safety was established using the traffic survey 
data presented by CCTS report and WHO report. Accord-
ing to the WHO-global status report on road safety15 
probability of fatalities due to accident was 1.94  10–4. 
Therefore, the annual probability of becoming a victim of
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Table 2. Statistical details of variables considered in the study for typical 10 m span T-girder bridge 

     Coefficient of  

Variables  Symbols Units Distribution Mean26 variation24,28 
 

Model uncertainty in dead load calculation mD – Normal 1 0.07 
Model uncertainty in traffic load calculation mT – Normal 1 0.10 
Model uncertainty in shear capacity prediction* mS – Lognormal 0.82 0.20 
Shear force due to dead load VD N Normal 207,000  0.10 
Shear force due to traffic load VT N Lognormal 434,330 0.12 
Shear strength of concrete  MPa Lognormal 0.893 (calculated from  0.12 
     euro code EN1992-1) 
Yield strength of steel fy MPa Lognormal 415 0.07 
Area of stirrups Asv mm2  – 400  – 
No. of stirrups n –  –  5 – 
Cross section area of girder b  d mm2  – 625  1000 – 

*For the problem considered for which (a/d) is 3.17. 
 
structural failure is taken one order lower than the prob-
ability of fatalities due to accident7. The annual probability 
of failure for human safety Pf(h) can then be calculated as 
 

 05
( )  × 1.94 × 10 .a

f h cP P   (1) 
 

a
cP  is the conditional probability for a consequence class 

to occur given that the structure fails is calculated for 
Chennai traffic condition using traffic data in the CCTS 
report16. The traffic densities of bridges will vary based 
on its location and the road that fetches traffic to the 
bridge. The traffic densities during peak hours at Anna 
Salai near Saidapet Maraimalai Adigal Bridge and Mount 
Poonamallee Road near MIOT hospital are considered for 
CC3 and CC2 respectively. The average speeds of vehicles 
are assumed to be inversely proportional to the traffic 
density. Using these assumptions, a

cP  is calculated by 
 

 Number of people endangered .
Total number of people using the bridge

a
cP   (2) 

 

The computed target reliability indices for assessment, 
te, at the end of 50 years, are given in Table 1 Col. 4. 

Derivation of partial factors 

The partial factors corresponding to the target reliability 
indices te against the limit state of shear, can be derived 
using reliability analysis method. The corresponding  
formulations are presented in this section. 

Probabilistic framework 

In the present study, the safety margin equation is formu-
lated for the shear limit state of the RC T-girder. The 
same can be expressed as 
 
 ( ) ( ).S sv y D D T TZ m bd A nf m V m V     (3) 

where   is shear strength of concrete; fy the yield strength 
of stirrup; VD and VT the shear forces due to dead and 

traffic loads; mS is modelling error associated with the 
prediction of shear capacity of the cross-section and mD 
and mT are modelling errors associated with prediction of 
dead load and traffic load effect (i.e. shear force on a 
cross-section) respectively. These quantities are consid-
ered as random variables, whose details are given in  
Table 2. Asv the area of each stirrup, n is the number of 
stirrups within each element of length d, bd the cross sec-
tional area of girder section. These quantities are consid-
ered to be deterministic. 
 In this study, the shear capacity model along with its 
modelling error [mS(bd + Asvnfy)] is considered as one 
variable R and is assumed to follow a lognormal distribu-
tion. Shear force due to dead load and its associated mod-
elling error [mDVD] is considered as one variable and is 
assumed to follow normal distribution. Similarly, shear 
force due to traffic load and its associated modelling error 
[mTVT] is considered as one variable and is assumed to 
follow extreme type 1 (largest) distribution 
 
 Z = R – (D + T). (4) 
 
The nominal shear strength of the girder cross-section  
is calculated using the expression given by Euro Code 
EN1992-1 (ref. 17), for structures free from deteriora- 
tion. 
 
  = 0.18k(100lfckc)1/3, (5) 
 
where k is the size effect factor (1 + (200/d)1/2 < 2) with d 
(mm) the effective depth of the section, l the percentage 
of longitudinal reinforcement and should be less than 2; 
fckc is the cylindrical compressive strength in MPa and is 
equal to 0.82 times the cube compressive strength. 
 Since one of the main aims of this paper is to propose a 
simple method for assessment in eq. (1), the shear capac-
ity of the girder is estimated by superposition of contribu-
tions from concrete and stirrups. However, there is a need 
to characterize the modelling error associated with this 
simplified equation. This is attempted in the following 
section. 
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Modelling error associated with shear capacity estima-
tion: Shear capacity can be calculated using different 
methods – by conventional superposition of shear capac-
ity contributions of concrete and stirrups18, Strut and tie 
method (STM)19 or by finite element approach. Design 
codes17,20 generally suggest the use of the first two meth-
ods. Although research in this area has identified STM 
for the design of deep beams, this method has certain dis-
advantages like: complexities in idealizing and dimen-
sioning the struts and ties19. The truss analogy uses the 
concept of lower bound theory of plasticity and hence its 
applicability to brittle materials (viz. concrete – a quasi-
brittle material) is questioned21. Also in case of slender 
girders wherein the span is greater than 4 times their 
depth, the domination of D (disturbed) region of STM is 
not critical. Therefore it is considered satisfactory to use 
the conventional superposition of shear capacity contribu-
tions of concrete and stirrups by also including the mod-
elling error associated with it. 
 The modelling error associated with this conventional 
shear capacity relationship was determined from experi-
mental test results on shear capacities of 185 beams, col-
lected from the literature. The considered test database 
also contained test results of beams of sizes correspond-
ing to actual bridge girders. Some of these beams have 
side face reinforcement, which again is representative of 
actual bridge girders. The depth of beams ranged from 
150 to 2000 mm and the compressive strength of concrete 
ranged between 15 and 80 MPa. The values of longitudi-
nal and vertical reinforcement of the beams varied in the 
range 0.35–4% and 0.045–2.5% respectively. It is to be 
noted that all beams satisfy the requirement of minimum 
longitudinal reinforcement of 200/fy and minimum verti-
cal reinforcement of 0.05% as suggested by ACI22. 
 The experimental test data was analysed by dividing 
into three categories depending on shear span to depth ra-
tio. Category I: when a/d < 1, Category II: when 
1  a/d  2.5, Category III: when a/d > 2.5. The number 
of beams that belong to categories I, II and III are 50, 85 
and 50 respectively. The predictive parameters that may 
influence the shear capacity include23: shear span to depth 
ratio (a/d = A1), percentage of longitudinal steel rein-
forcement (l = A2), percentage of shear reinforcement 
(sv = A3), and non-dimensional compressive strength of 
concrete ( fck bd/(Vu)estimated = X4). (Vu)estimated is the ulti-
mate shear capacity calculated from eq. (3) but, without  
using the modelling error. 
 Regression analysis was carried out using simulated 
annealing technique in Matlab. The objective function for 
the optimization problem is 
 

 2 4
0 1 31 2

1
minimize [ { ( ) ( )

i i

N
a a

i
i

R a a A a A


    

 

    6 8 2
5 73 4( ) ( )}] ,

i i

a aa A a A   (6) 

where N is the total number of test cases considered for 
the given range of (a/d); Ri the shear capacity of the ith 
test beam. A significant regression model for category I, 
for which many initial guesses converged to the same  
solution, is given by eq. (7) with R2 = 0.69. The standard 
error associated with this is 0.476 and CoV is 0.22. Simi-
larly the significant regression model for category II is 
given by eq. (8) with R2 = 0.59. The standard error asso-
ciated with it is 0.233 and CoV is 0.2. Finally the regres-
sion model for category III is given by eq. (9) with 
R2 = 0.78. The standard error is 0.136 and CoV is 0.2. 
 
 2.899 0.2275

1 23.8943 (1.2387 ) (0.5819 )Sm X X     
 

   0.0423 0.1027
3 4(6.8536 ) (10.04 ) for 1,aX X

d
     (7) 

 
 0.0532 0.0483

1 21.2446 (2.9326 ) (6.826 )Sm X X     
 

 2.3154 0.2232
3 4(0.0053 ) (5.4426 ) for 1 2.5,aX X

d
      (8) 

 
 2.7138 0.0800

1 20.5591 (0.0231 ) (1.8947 )Sm X X     
 

  5.0690 2.9544
3 4(3.5645 ) (7.0232 ) for 2.5.aX X

d
    (9) 

 
where Sm  is the mean value of the modelling error.  
Inherently, the shear capacity of RC beams exhibits large 
scatter and JCSS24 also reports a CoV of 0.20 for the 
modelling error for shear capacity. 
 To check whether the bounds of the proposed equation 
for shear capacity, that is, ( 3 )( )S sv ym bd A nf     
encloses the experimental values of shear capacity, test 
data of beams whose results are not used in the regression 
analysis are considered. Figure 1 shows that the experi-
mental values fall within predicted bounds for all three 
categories of a/d. Thus, this equation is used to develop 
simple format and derive partial factors. 

Partial factors 

When the variables in the safety margin equation (eq. 4) 
follow non-normal distribution and/or when the safety 
margin is non-linear, the algorithm developed by Rack-
witz and Fissler25 is used for carrying out the reliability 
analysis. The partial factor i corresponding to random 
variables Xi is given by 
 

 *1 ,
i

N
i t i X      (10) 

 
*i  is the direction cosine evaluated at the most probable 

design point *.ix  Since the variables follow a non-normal



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 113, NO. 9, 10 NOVEMBER 2017 1714 

 
 

Figure 1. Effectiveness of modelling error in predicting the actual shear capacity for different a/d ratio. 
 
 

 
 

Figure 2. Standard cross-section of T-girder recommended by 
MORT&H for 10 m. 
 
 
distribution, *ix  should be evaluated by an iterative proc-
ess. The 

ix  and 
ix  of non-normal variates are replaced 

by their equivalent normal values 
i

N
x  and 

i

N
x  evaluated 

at the most probable design point. 
i

N
X  is the coefficient 

of variation of equivalent normal variates. The partial 
factors are determined for the target reliability indices 
arrived at, based on the philosophy presented previously 
(Table 1, Col. 4). 
 The developed framework is presented below by 
considering a typical example of an in-service bridge 
girder subjected to Chennai traffic loads. 

Illustrative example 

The Ministry of Road Transport and Highways 
(MORT&H)26 recommends standard drawings for bridge 
design. An example is illustrated for deriving the partial 
safety factors for assessment of bridges, built according 
to standard MORT&H drawing. The shear capacity of the 
girder is considered to be time-invariant. Reinforced con-
crete T girder bridge of span 10 m and width 12 m with 

four main girders is considered (Figure 2). Bridge girders 
are assumed to be constructed using M25 and Fe415 
grades of concrete and steel respectively. The details of 
all the variables used in the study are presented in Table 2. 
 
In-service loading for determination of partial factors – 
some considerations: The traffic composition of Chen-
nai consists of different types of vehicles as shown in 
Figure 3. The motor vehicles are generally classified into: 
(i) motor cycle, (ii) light motor vehicle and (iii) medium 
and heavy motor vehicles27. The first two types of loads 
which are predominant in city areas are not significant for 
design because the traffic loads corresponding to these 
two vehicle types are small compared to the dead load. 
Even in the third type, the passenger vehicles are lightly 
loaded compared to commercial vehicles. Hence, loads 
coming from commercial vehicles are important for  
establishing safety. The loading configuration of these 
commercial vehicles on the bridge is shown in Figure 4. 
The total load from these commercial vehicles is 35.2 
tonnes. Over and above this, an overload factor with a 
mean 1.4 and standard deviation of 0.55 (ref. 27) are used 
to arrive at the shear force due to in-service load. It is 
worth noting here that the bridge girder design is based 
on IRC loading. An attempt has been made to estimate 
the reliability of the girder considered against the limit 
state of shear using first order reliability method (FORM) 
for both the vehicular load shown in Figure 4 and the 
standard loading specified in IRC. The computed reliabil-
ity indices for vehicular and IRC loadings are 3.01 and 
2.73 respectively. It is thus noted that the difference in re-
liability built into the design and demanded by the actual 
plying loads is not significant (since the corresponding 
failure probabilities will be of the same order). Therefore, 
the IRC specified design loads are used to estimate de-
mand shear in deriving partial factors for assessment of 
existing girder. The value of reliability index (2.73) ob-
tained from the analysis is low when compared to values 
recommended in Eurocode13. However this need not have 
an alarming effect as the probability of failure is in the 
order of 10–3. This situation arises because of inclusion of 
ms in the analysis. However, if ms is not included, the  
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reliability index turns out to be 4.63. This suggests that 
more R&D efforts are required to understand the shear 
behaviour of RC bridge girders. 
 
Estimation of shear span to determine the modelling  
error: From the earlier discussion it is inferred that the 
IRC specified loading is used to estimate the demand 
shear force. The 70R and class A loads are arranged on 
the deck such that the worst shear force is realized at the 
left support. The loading on girders is computed for this 
loading pattern using Courbon’s method. It is noted that 
the loading on girder consists of uniformly distributed 
load (due to 70R) and point loads (due to class A load-
ing). In order to estimate the mean value of the modelling 
error (eqs (7)–(9)), used in the simple approach proposed 
in this paper, the value of shear span to effective depth is 
required. The shear span is determined by finding the 
centre of gravity of the uniformly distributed and point 
loads acting on the girder. The total load is assumed to 
act at this point. For the example girder considered, the 
resultant of load acts at 2.23 m away from the left sup-
port; thus the girder has (a/d) of 3.17 and hence the mod-
elling error is computed using eq. (9). The shear demand 
and capacities can now be estimated. Using the FORM 
approach the partial factors for safety assessment of in-
service RC T-Girder bridge, against shear capacity, are 
computed and the same are presented in Table 3. These 
partial factors can be used in conjunction with eq. 11 (pre-
sented later) to assess the safety of girder at an age of 50 
years. One of the intermediate steps to determine  
partial factors is to estimate direction cosines that serves as 
sensitivity measures. The sensitivity analysis is presented 
below to examine the relative importance of random vari-
ables both at the design stage and during assessment. 

Sensitivity analysis 

The FORM sensitivity factors determined at 1 year and 
50 years are compared in Figures 5 and 6 for consequence 
 
 

 
 

Figure 3. Composition of vehicular traffic in Chennai city. 

classes CC2 and CC3 respectively. From these figures it 
is evident that the sensitivity of safety margin equation 
with respect to shear resistance increases with the age of 
structure. On the other hand, the sensitivity with respect 
to traffic load variations decreases with age. The sensiti-
vity with respect to dead load variations is small compared 
to sensitivities with respect to the other two variables. 
 When the sensitivities are compared between the two 
consequence classes considered, for CC3, the variations 
in traffic loads are important at the age of 1 year and this 
is followed by the importance of variations in shear resis-
tance. However, at an age of 50 years, variations in both the 
shear resistance and traffic loads are equally important. 
 
 
Table 3. Derived partial factors for shear capacity assessment of  
 in-service RC T-girder bridges 

 Target reliability index 
 

Variables COV 3.4 (CC2) 3.8 (CC3) 
 

RV  0.212 0.469 0.463 

DV  0.123 1.051 1.053 

TV  0.158 1.360 1.442 

 

 
 

Figure 4. Wheel arrangement of actual commercial vehicles on the 
bridge for maximum shear force. 
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Results and discussion 

From the results of sensitivity analysis, presented earlier, 
it is noted that variations in both traffic load and shear  
resistance are important. From Table 2, it is noted that the 
CoV of modelling error associated with shear capacity 
prediction is high (i.e. 0.20) compared to the CoVs of 
other random variables. Hence, there is a need to study 
the effect of CoV of modelling error on the values of  
partial factors. It is noted that a decrease in CoV of mod-
elling error is a reflection of better understanding of the 
shear capacity estimation of RC girders. The results of 
this study are shown in Figures 7 and 8. As expected, the 
partial factor of shear resistance decreases with the CoV 
of modelling error for both consequence classes consid-
ered. The other two partial factors are not significantly 
affected by the variations in CoV of modelling error. 
 Though the findings are in line with expectations, the 
procedure presented to derive the partial factors would be 
 
 

 
 

Figure 5. Sensitivity factors of variables during 1 year and 50 years 
for CC2. 

 
 

 
 

Figure 6. Sensitivity factors of variables during 1 year and 50 years 
for CC3. 

useful in checking the safety of in-service T-girder RC 
bridges by simply comparing the actual resistance with 
factored resistance calculated using the partial factors  
reported here. 
 

 min
(  ) (  )

.D D T T

R

V V
R

 


  
  (11) 

 
If R of the in-service girder is less than Rmin, then the 
component fails to satisfy the required safety. This means 
that more detailed assessment involving possibly field 
experiments need to be carried out. Even then if the 
component fails to satisfy required safety, repair or 
retrofit measures have to be taken up. 

Conclusion 

The article presented a framework to determine partial  
factors for safety assessment of the in-service T-girder 
bridges in India against the shear limit state. The aim is to 
evolve a simple method for assessment and hence shear 
capacity of the girder is estimated by superposition of 
contributions from concrete and stirrups. The limitation 
of simple shear capacity model is overcome by estimating 
the modelling error associated with it for different ranges 
of (a/d) using the database of shear tests compiled based 
on results reported in the literature. After quantifying the 
variations in modelling error, considerations in fixing the 
target reliability indices for safety assessment of RC 
bridge girders against the limit state of shear are  
presented. Once the shear capacity equation and the target 
reliability indices are known, the partial factors can be 
determined using FORM of reliability analysis. 
 The proposed framework is demonstrated by determin-
ing the partial factors for assessment of in-service T-
girder bridges that are built according to standard 
MORT&H drawing. The partial factors for assessment at 
50 years, derived for target reliability index of 3.4 (corre-
sponding to the consequence class CC2) are: 0.469 for 
shear resistance, 1.051 for dead load and 1.360 for traffic 
load. Similarly for target reliability index of 3.8 (corre-
sponding to the consequence class CC3) the partial fac-
tors are: 0.463 for shear resistance, 1.053 for dead load 
and 1.442 for traffic load. Also, since the CoV of model-
ling error is high, the partial factors for different values 
of CoV of modelling error associated with shear resis-
tance are presented. The values of partial factors obtained 
can be used by designers for safety assessment of the  
in-service T-girder bridges against the shear limit state 
subjected to traffic load considered in the study (which 
are typical of urban transport). For this purpose eq. (11) 
can be used. 
 In order to evolve partial factors for safety assessment 
of in-service bridges, more realistic case studies need to 
be considered and this can be the focus of future research
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Figure 7. Values of partial factors at 50 years for variation in COV of modelling error associated with 
shear capacity estimation for  = 3.4. 

 
 

 
 

Figure 8. Values of partial factors at 50 years for variation in COV of modelling error associated with 
shear capacity estimation for  = 3.8. 

 
 
in India. The calibration is carried out by considering  
different ratios of dead load and traffic load for bridges of 
different spans and different design scenarios for the 
shear limit state. Better understanding of shear behaviour 
of RC T-girders of dimensions used in the bridges is an-
other area of future research. 
 
 

1. Maljaars, J., Steenbergen, R., Abspoel, L. and Kolstein, H., Safety 
assessment of existing highway bridges and viaducts. Struct. Eng. 
Int., 2012, 22(1), 112–120. 

2. Steenbergen, R. D. J. M., De Boer, A. and Van der Veen, C., Cali-
bration of partial factors in the safety assessment of existing con-
crete slab bridges for shear failure. Heron, 2012, 57, 55–68. 

3. Vrouwenvelder, T., Codes of practice for the assessment of exist-
ing structures. IABSE Reports, 1993, 5. 

4. Allen, D. E., Safety criteria for the evaluation of existing struc-
tures IABSE reports: Rapports AIPC: IVBH reports, 1993, pp. 77–
84. 

5. Holicky, M., Markova, J. and Sykora, M., Partial factors for  
assessment of existing reinforced concrete bridges. Proceedings of 
the 6th International Probabilistic Workshop, Darmstadt, 2008, pp. 
117–132. 



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 113, NO. 9, 10 NOVEMBER 2017 1718 

6. Vrouwenvelder, A. C. W. M. and Siemes, A. J. M., Probabilistic 
calibration procedure for the derivation of partial safety factors for 
the Netherlands building codes. Heron, 1987, 32(4), 9–29. 

7. Steenbergen, Raphael, D. J. M. and Vrouwenvelder, A. C. W. M., 
Safety philosophy for existing structures and partial factors for 
traffic loads on bridges. Heron, 2010, 55(2), 123–140. 

8. Ellingwood, B., MacGregor, J. G., Galambos, T. V. and Cornell, 
C. A., Probability based load criteria: load factors and load com-
binations. ASCE, J. Struct. Div., 1982, 108, N0. ST5, 978–997. 

9. Stewart, M. G. and Rosowsky, D. V., Time-dependent reliability 
of deteriorating reinforced concrete bridge decks. Struct. Saf., 
1998, 20(1), 91–109. 

10. Enright, M. P. and Frangopol, D. M., Reliability-based condition 
assessment of deteriorating concrete bridges considering load  
redistribution. Struct. Saf., 1999, 21(2), 159–195. 

11. Dimitri, V. V. and Stewart, M. G., Safety factors for assessment of 
existing structures. J. Struct. Eng., 2002, 128(2), 258–265. 

12. Brühwiler, E., Proportionality of interventions to restore structural 
safety of existing bridges. In Applications of Statistics and Prob-
ability in Civil Engineering, Taylor & Francis Group, London, 
2011, pp. 32–38. 

13. EN1990 BS, Basis of structural design. British Standards Institute, 
London. 2002, pp. 58–61. 

14. Ang, H.-S., Alfredo, and Tang, W. H.., Probability Concepts in 
Engineering Planning and Design, Decision, Risk and Reliability, 
John Wiley, New York, 1975, vol. 2. 

15. WHO, Global Status Report on Road Safety 2013: supporting a 
decade of action, World Health Organisation, Geneva, Switzer-
land, 2013, p. 126. 

16. Chennai Metropolitan Development Authority (CMDA), Chennai 
Comprehensive Transportation Study – Executive Summary, 2010; 
http://www.cmdachennai.gov.in/pdfs/CCTS_Executive_Summary. 
pdf. 

17. EN 1992-1-1 Eurocode 2: Design of Concrete Structures, Section 
6.2, pp. 85–87. 

18. Kong, F. K. and Evans, R. H., Reinforced and pre-stressed con-
crete. Springer, 2013. 

19. Schlaich, J., Schäfer, K. and Jennewein, M., Toward a consistent 
design of structural concrete. PCI J., 1987, 32(3), 74–150. 

20. IRC 112-2011:Code of Practice for Concrete Road Bridges, Indian 
Roads Congress, Ministry of Surface Transport, Roads Wing, 
2011, pp. 80–97. 

21. Ashour, A. F. and Keun-Hyeok, Y., Application of plasticity the-
ory to reinforced concrete deep beams. Morley Symposium on 
Concrete Plasticity and its Application, University of Cambridge, 
2007. 

22. ACI 318-08, Building code requirements for structural concrete, 
American Concrete Institute, International Organization for Stan-
dardization, pp. 109–186. 

23. Song, J., Kang, W. H., Kim, K. S. and Jung, S., Probabilistic shear 
strength models for reinforced concrete beams without shear rein-
forcement. Struct. Eng. Mech., 2010, 11(1), 15. 

24. Code, JCSS – Probabilistic Model. Part III Resistance Models–
Steel. Joint Committee on Structural Safety, 2001, sections 3.1, 
3.2, 3.9. 

25. Rackwitz, R. and Flessler, B., Structural reliability under com-
bined random load sequences. Comput. Struct., 1978, 9(5),  
89–94. 

26. Standard Plans for Highway Bridges: RCC beam and slab super-
structure: Indian Roads Congress, Ministry of Surface Transport, 
Roads Wing, 1993, pp. 129–138. 

27. IRC:SP:37-2010 Guidelines for Evaluation of Load carrying  
Capacity of Bridges, Indian Roads Congress, Ministry of Surface 
Transport, Roads Wing, 2010, pp. 10–14. 

28. Kulicki, J. M., Zolan, P., Chad, M. C., Dennis, R. M. and Andrzej, 
S. N., Updating the calibration report for AASHTO LRFD code. 
Final report, NCHRP Project, 2007, 20(7). 

 
 
ACKNOWLEDGEMENTS. We thank Professor Santosh Kapuria and 
Dr J. Rajasankar for suggestions on the work reported in this paper. We 
also thank the reviewers for insightful comments. 
 
 
Received 1 June 2016; revised accepted 29 May 2017 
 
 
doi: 10.18520/cs/v113/i09/1710-1718 

 

 
 
 


