——

!

>

b

y — Ui
-

. —

T—

Journal of
Applied Sciences

ISSN 1812-5654

ANSI»nez7
SCience an open access publisher
alert http://ansinet.com




Tournal of Applied Sciences 11 (1) 104-110, 2011
ISSN 1812-53654 / DOL 10.3923/1as.2011.104.110
© 2011 Asian Network for Scientific Information

Seismic Evaluation of Middle Span Steel I-Girder Bridges

M. Sasan and S. Mohammadsadegh
Behbahan Higher Educational Complex, Iran

Abstract: The vital role of bridges, as one of the main urban facilities, in emergencies especially after destructive
earthquakes made seismic evaluation of bridges even much more sigmficant in loss and economic estimations.
Middle span regular steel I-girder bridge is one of the most common types of bridges in the world that has been
considered rarely hence, seismic evaluation of these bridges can reveal efficient results in loss and damage
mitigation for engineers. This study was conducted to evaluate the analytical approach and the degree of
accuracy and reliability of the simplified method of the codes and performance-based method in bridges. To
this end, large scale of two common bridges (steel piers and reinforced concrete slab) was modeled and
analyzed using Finite Element Method (FEM). In first model the obtained results of modal analysis were
compared with the results of grillage model and simplified methods of the codes. Then in the second model,
results of time listory dynamic analyses (linear and nonlinear), spectrum analysis (CQC and SRSS), push-over
(performance point of the bridge) were compared to find the effectiveness of them. The output volume and
timing of each analysis was considered. The results showed the great accuracy of push-over analysis and some
Code methods. Tt also showed that, time consuming process and large volume of output in nonlinear FEM
dynamic analysis and push-over analysis methods made them meffective for seismic analysis of bridges. Also,
performance point can be obtained accurately if the load pattem 1s suitable. Regarding the obtained results of
this study it is suggested to apply simplified methods or spectral analysis for large scale regular-bridge models.
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INTRODUCTION

Vital applicability, made bridges play a major part in
the wurban facilites particularly, after destructive
earthquakes and its damages can cause serious problems
for the residents. Tt is why seismic evaluation of the
bridges has special status and significance economically
and socially as well.

In the other hand, bridges are simple structures with
small (or zero) degrees of indeterminacy. In the simple
structural systems, despite the simplicity in response
estimation, failure of a structural member or a support can
lead to catastrophic disasters. Thus, they are sensitive
systems that even small errors in construction can cause
incompensable losses (Thimmhardy ef al., 1995). Today,
wonderful breakthrough in the field of computer science
has made possibilities for simulation and analysis of large
models (Arabzadeh and Varmazyari, 2009).

According to Xuewei et al. (2008) it is inevitable to
use FEM despite its time ineffectiveness. They also
recommended dynamic analysis method. Yet, a number of
researchers recognized performance based method as the
best designing method (Sung et al., 2009, Zahrai and
Bruneau, 1999). In addition to these methods that mostly
use n academic contexts, Simplified and approximative

methods are usually used m practice. The advantage of
the recent method is that they are simple and time
effective. This study has been done to answer the
following questions:

¢ Are simplified and approximative methods accurate to
design?

+ Ts it necessary to use advanced methods to design
regular bridges?

A number of studies have been done on small scale
models of bridge parts (Qaqish, 2006; Sutan ef af., 2003;
Al-Darzi and Chen, 2006). However, there
comprehensive worl on large scale bridge.

This study aims to evaluate bridge seismic analysis
methods, accuracy of code simplified procedures and
show the ability and imperfections of each method. We
also examine the performance based control method. Here,
two large finite element models of steel I-girder bridge in
ANSYS software have been constructed. Later, modal
analysis was performed to obtain dynamic properties of
the bridges. Also, in the second case; they were applied
as a basis for other analysis.

In the second step, the results of spectrum analysis,
dynamic time history analysis (linear and nonlinear) and
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nonlinear static analysis (push over) were compared. The
modal analysis was employed in order to find the
performance point in the push-over analysis results.

MODELING AND ANALYSIS

The first model

The first model description: This steel I girder bridge with
60 m length and 8 m width has two spans. Each girder is
supported
Piers-foundation comnections are simple. Piers are 6-m
high. Concrete slab with 0.2 m thickness has combined
interaction with steel girders. This slab in transversal
direction has 1 m cantilever part in each side. Table 1
shows sections properties. As shown in Fig. 1, in
longitudinal direction, the bridge lay on simple supports
that are common in middle span steel bridges (Chen,
1996). Hach of these supports is fixed in transversal
direction (there 1s no transversal movement). According
to these features the most common types of lughway
bridges are used (Chen, 1996). Grillage model and its
analysis results of this bridge are shown in Fig. 2 and
Table 2, respectively (Diclels, 2002).

The ability to model fimite element, rich elements
library and performing different dynamic analysis, ANSYS
software was used. SOLID65 and SHELL43 elements were
used for modeling concrete slab and steel beam,
respectively. It should be noted that BEAM?24 element
can be used for steel beam and column with the
advantages in convergence and degrees of freedom. But
in beam modeling, it makes some problems in connection
with slab. Modeling assumptions are as follow:

on a steel pier with rigid connection.

Abutments are not modeled because of the

Volume of the calculations (tume and output
volume)

Abutments are too stiff to have effective role in
transversal displacement (Barth end White, 1998)

Surrounding soil is not modeled.

Beams are assumed to have full connection with slab.
And there 18 no sliding between them.

Live loads are not considered m seismic analysis
(Ghosn et al., 2009).

Modeling: Concrete slab are modeled with 16*120 of
SOLID65 elements. Volume of each element 1s equal to
0.2x0.5x0.5 m*. Beams' webs and flanges are modeled
using 4x2x2x120 and 4x2x120 SHELL43 elements,
respectively. Columns web and flange are modeled using
4x2x12 and 4x2x2x12 previous elements (SHELL43),
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Fig. 1: Elevation of the bridge-first model
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Fig. 2: DICLELI model (Dicleli, 2002)

Table 1: The first bridge member dimensions (according to CISC code)
Member Section Height t, Webheight Flange width t;

Beam WWF 1000x262 1000 14 Q50 400 25
Column  WWF 310x79 310 10 280 260 15
Table 2: Grillage model results (Dicleli, 2002)

Longitudinal direction Transversal direction

Period  Modal Period  Modal
Mode No.  (sec) participation factor  (sec) participation factor
First mode  0.079 85% 0.286 87.66%
Table 3: The results of FEM modal analy sis
direction Modal participation factor Period
Longitudinal 0.8590 9.77E-2
Transversal 0.7719 0.314

respectively. This element 15 highly recommended for
modeling of beams and columns' web, flange and
stiffeners (Barth and White, 1998). Figure 3 shows FEM
model of bridge.

Beam and column connections are rigid. In roller
support longitudinal movement and rotation about all
axises 18 possible. In hinge support rotational stiffiess are
modeled using a COMBIN 14 element. Properties of this
element are extracted from grillage model (Diclely, 2002).

Modal analysis: The Modal analysis (free vibration)
results are shown in Table 3. It should be noted that this
analysis 1s linear and elastic. First mode shapes in
transversal and longitudinal direction are shown in Fig. 4.



J. Applied Sci., 11 (1): 104-110, 2011

Fig. 3: FEM model of first bridge

Fig. 4: First mode shapes in transversal and longitudinal direction

Results comparison: The results (Table 4) showed a
slight difference between two sinulation methods. The
most remarkable causes for these differences are as
follow:

In grillage model the dock i1s modeled as rigid body
and hence, the dock torsion effects were not noticed
in transversal direction. However, The period and
participation factors change

Tension and compression effects

direction.

not
considered m  transversal These
simplifications can decrease the transversal period
due to the neglection of some dock mode or increase
1n the participation factor of the first mode

In the grillage model mass 1s modeled concentrically.
Hence, the number of effective modes 1s limited in
this analysis. But in finite element model about 47000
modes can affect the vibration. In general, more
simplifications in grillage model cause these
differences

were

Tt is evident that simplified models are not as accurate
as finite element models. Thus some authors recommend
fimite element models, ignoring its tume meffectiveness.
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Table 4: FEM modal analysis and grillage results comparison
Longitudinal direction Transversal direction

Model Period Modal Period Modal

First mode  (sec) participation factor  (sec) participation factor
Grillage 0.079 85% 0.284 87.66%

FEM Ansys 0.0977 85.9% 0.311 77.19%

It should be noted that FEM model has used some
simplifications. such as, the interactive modeling of beam
and slab and beam and column connections or supports.
Hence the grillage model 1s able to estimate structure
dynamic properties accurately.

The second model: This model is similar to the first model
but its width 1s 4 m and 1t has 2 piers. According to
pre-mentioned properties it has 25000 degrees of
freedom. Supports are modeled like the first
model according to the Barth and White (1998)
recommendations.

Modal analysis: To calculate the period, the modal
analysis of FEM model second bridge in ANSYS software
was done and 30 vibration modes were studied.

In transversal direction, the first free vibration mode
containg (period = 0.49 sec and participation factor =
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Fig. 5: FEM transversal and longitudinal displacements

Table 5: Comparison of bridge vibration using different codes
Code and method

Period (sec)

Iran-static unit concentric load 0.690
Iran-main vibration mode 0.468
AASHTO-uniform load (AASHTO, 2008) 0.605
ANSYS-FEM model free vibration 0.490

131403/153590 = 0.86) 0.86 of the mass and the third mode
comsists of (period =0.11 s and participation factor =
19033/153590 = 0.12) 0.12 of the mass. These two modes
possess 0.86+0.12 = 98% of total mass (bridge period
calculated according to Tranian and ASHTO Codes). The
results are given in Table 5.

According the Fig. 5, the results showed that in
transversal direction, one mode has the greatest
amount of participation factor (higher than 0.85) and
governed the vibration. According to ASHTO and
CALTRANS (SDC) Codes this bridge is regular
(normal). So, it suffices to consider one mode in
analysis

In transversal direction the results differ greatly,
because of different kinds of supports in the sides
and consequently, asymmetry of bridge

Due to two bridge-sides' constrains m transversal
directior, the mid pomt has maximum displacement. Thus,
using mid point displacement n calculations (according
to the Codes) leads to less stiffness and longer period.
Also applied force to this point makes maximum
displacement. In ASHTO Code, it is tried to solve the
problem by identifying distributed load. That reduces the
period (Table 5). In single mode methods (AASHTO,
2008), improving the load pattern and location of
displacement measurement cause even more shortening
in the period.

Dynamic time history analysis: Dynamic tune history
analysis 1s the most accurate method for structures
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seismic evaluation (Sakai and Unjoh, 2006). One of the
most challenging steps n this analysis 1s selecting the
proper ground motion.

Linear analysis: Linear dynamic analysis acceleration
with a time step of 0.005 sec. was applied to the base of
the structure. Linear properties of materials were
considered according to the part one of the bilinear curve
of Fig. 6. The given ground motion was scaled EICENTRO
acceleration with site design spectrum. The analysis and
modeling assumptions were explained previously. The
duration of the analysis was about 6 h, output volume
(contain stresses, strains, displacements and supports
reactions) 1s about 4 GB.

Non-linear analysis: This analysis 1s known as the most
accurate procedure and so it can release exact information
about seismic properties. Non-linear properties of the
materials are visible in Fig. 6a and b. But regarding the
linear analysis of results (small  displacements),
geometric  non-linear effects were not used. Strong
ground motion 1s like linear analysis. The duration of this
analysis with given assumptions was about 13 h and the
out put file volume 1s about 7 GB.

Spectral analysis: As mentioned earlier, smooth spectrum
of scaled ELCENTRO earthquake was used for spectral
analysis. In order to obtain the specttum the EERA
software was applied. This spectrum was applicable in
EXCEL software. CQC and SRSS combimation methods are
used for calculations.

Push-over analysis: Push-over analysis conducted by
lateral loading mn an increasing pattern basis. Selecting
accurate pattern of lateral loading in this analysis is of
highly significance. But there 18 no single way to solve
the problem (Sun and Su, 2009). However, slight changes
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Fig. 6: Stress (MPa)-strain relationship in (a) steel and (b) concrete

in load pattern can not influence the results greatly. One
of the most popular ways of loading is according to the
first mode-shape. Push-over analysis needs model
dynamic properties.

Regarding dynamic analysis information we learned
that there is no correlation between dominant transversal
and longitudinal modes. Thus, push-over analysis can be
done in each direction separately.

Increase in lateral loading and member yielding cause
stiffness Non-linear  force-displacement
proposes system characteristic (capacity) curve. The
duration of the analysis 18 100 h.

reduction.

Push-over analysis results processing: Push-over
analysis results processing has been done using different
methods. One of these methods 1s C.S.M. n which
maximum structural displacement estimation is the
intersection of structural capacity and seismic design
spectrums.

Regarding the high degrees of freedom and wnusual
vibration shape (compared with buildings) the above
mentioned method 1s not accurate and reliable m this case.

It seems that using modal analysis can solve the
problem. First equivalent one degree of freedom system
(eof) characteristics should be determined. Varies
methods are available for finding eofs characteristic.

1

My =[m(x)(x) d(x) (1)

0

Mgpor . Equivalent mass of single degree of freedom
(SDOF)

d(x) : First mode shape

m(x) : System mass per length

Finding relation between force and displacement of
SDOF system, we use Eq. 2:

D _ Duor (2)

sDOF
r

FSDOF:@ (3)
I
1rn x)o(x) d(x
F:1!()()() @
[mx)@(xp* d(x)

o

where, Sgpor and Fypop are displacement and force of SDOF
respectively and Dyper and Fypor are these characteristics
for mults degrees of freedom (SDOF) system that obtaimned
using push over analysis.

I' is modal participation factor obtained from
normalized mode-shape function (¢). I' is equal to PF,.
This factor 1s considered as a scaling factor.

Bilinear elastic system period 1s calculated using
following equation:

My o % D
Topor = 27 SDOF YS"%(SDDF (5 )

where, Dygpor and Frgpor are displacement and yielding
stress of equivalent bilinear elastic system.

Obtaiming capacity spectrum 1 AD format (spectral
acceleration v.s displacement), S, is calculated as:

S, = Hopor (6)

mSDOF

And for wniting response spectrum (S, vs. T) n
ADRS format (3, vs. spectral displacement) we can use:

2
Sd = Sﬂ %11;2 (7)

Considering these equations we have longitudinal
First mode-shape ¢p(x) = 2x107° x* -5x107° x* +0.0003x+
0.0002 that can be normalized like below (p(x),_. = 1)

O(x)=3.8x107 x* =954 2107 x* + 0.057x +.038
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Fig. 7: Performance point of second model

So
Al
Mypor = mTj(3.8><10*5 129542107 % +0.057x +.038)dx

1}

154460 »x48.79 =124829

Mypop = %x 4849 =

80
?j(s.smo’ﬁ xF-0542%107° %% + 0.057x+.038)dx
[=_ 1t =1.117

2

a0
Elj(z;.sxlo-6 X' —9542x10°%% +0.057x + .038) dx
a

§ = FMDOF _ FMDOF _ FMDOF

$><48.49><1.117 $x54.49 mx.9

DMDOF

1.117

Sy = Dypor =

the performance point of the bridge obtained in Fig. 7.
RESULTS AND DISCUSSION

*  Daisplacement analysis results showed a slight stress
and stram in slab. That 15 because of the bridge
design rationale (strong beam (slab) and weak
column), which 1s in line with Dicleh (2002), who
modeled T-girder bridges using grillage model and
concluded slight displacement in bridge decks

¢ In the spectral analysis, there was a great correlation
between the results of two combination method.
Regarding this point that modeled bridges are regular
systems, it has been predictable and are in agreement
with Wilson and Kureghian (1981)

* In the time history analysis results are m good
agreerment with spectral analysis. Regarding duration
and output volume in time listory analysis, spectral
analysis 1s recommended by author. Where as,
Xuewel et al. (2008) recommended time listory
analysis regardless of cost ineffectiveness of the
method

*  Push-over analysis results showed great differences
with other methods that can be the results of load
pattern. The load applied to the center of gravity for
simplicity in codes. In the pervious section we saw
such a difference between periods in different
methods (period ratio and displacement ratio). These
results seem to be reasonable. Some researchers
advised this method without noticing the load
pattern. However in recent studies this issue has
been considered in bridges analysis (Sung et al.,
2009)

CONCLUSIONS
The following tips can be concluded:

» Regarding time effectiveness, the researcher
recommends Spectral analysis and code method

¢+ In push-over method it seems necessary to apply
distributed load in transversal direction since
concentric loading makes great errors

» In smnplified code method, desirable results can be
obtained if loading is distributed in bridge span;
hence load pattern in some codes needs some
modifications

» Regarding the time consuming process, practical
difficulties and the results' similarities in various
analysis, There is no need for non-linear analysis in

regular middle span bridges
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