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Abstract. Seasonal temperature variability, particularly freezing events in cold climates, significantly impacts the dynamic behavior of bridge structures. Freezing temperatures can alter material properties, especially stiffness and elasticity, causing notable changes in structural dynamic responses, such as modal frequencies. Such temperature-induced stiffness variations can result in shifts in such responses, potentially masking or mimicking abnormal changes in bridges due to structural damages. Therefore, it is essential to study the impacts of cold climate and freezing events on structural dynamic responses. This paper conducts a numerical investigation to present modal analysis results of a finite element model of a real-world bridge structure subjected to freezing events. Empirical functions are defined to simulate the variability in the elastic moduli of steel and concrete, capturing the influence of seasonal temperature fluctuations, with a particular focus on freezing scenarios. The finite element model is developed in the MATLAB environment, and the simulation results exhibit strong agreement with observed modal parameter variations in real bridge structures. These findings underscore the importance of accounting for temperature effects in structural health monitoring to avoid false positives or undetected damage in cold regions.
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Introduction
Temperature variations significantly influence the structural behavior and integrity of bridge structures. Seasonal temperature changes, including extreme heat in the summer and freezing conditions in the winter, cause expansion and contraction in bridge materials such as steel and concrete. These temperature-induced deformations lead to changes in key structural parameters, including stiffness, elastic modulus, and thermal strain distribution. Over time, repetitive thermal cycling can contribute to material fatigue, joint loosening, and microcracking, potentially affecting the bridge load-bearing capacity and overall durability. Additionally, temperature fluctuations can cause shifts in modal frequencies, complicating the interpretation of structural health monitoring (SHM) data, as thermal effects may mimic or mask signs of structural damage [1-3]. Understanding these impacts is crucial for accurate assessment and maintenance of bridge structures, especially in regions with significant seasonal variations.
In cold climate regions, freezing temperatures pose unique challenges to the structural performance of bridges. When temperatures drop below 0°C, the water within concrete pores freezes, leading to ice formation that increases the material apparent stiffness. This phenomenon, known as freezing-induced stiffening, temporarily enhances the elastic modulus of concrete, which can cause noticeable shifts in the bridge modal frequencies [4-6]. However, while this effect might initially seem beneficial, repeated freeze-thaw cycles can introduce microcracking and exacerbate material degradation over time. Moreover, the expansion of ice within confined spaces can cause internal stresses, potentially leading to spalling and surface cracking [7,8]. These temperature-induced changes in structural properties can complicate SHM efforts, as they may mimic the effects of damage [9], making it challenging to distinguish between actual deterioration and climate-induced variability [10-12].
The behavior of structural materials, particularly steel and concrete, is significantly affected by freezing temperatures. For concrete, sub-zero conditions result in the solidification of pore water, which enhances stiffness but also increases the risk of microcracking during thawing [8,7]. This cyclic expansion and contraction within the concrete matrix can gradually weaken its structural integrity, leading to cumulative damage over time. Steel, on the other hand, typically experiences a linear reduction in its elastic modulus with decreasing temperatures [3], although it remains ductile and less prone to cracking compared to concrete. Despite this, differential thermal expansion between steel and concrete components in composite bridge designs can introduce additional stress concentrations. Understanding these material responses under freezing conditions is crucial for accurate structural assessment and for preventing misinterpretation of SHM data during winter periods.
The primary aim of this study is to numerically investigate the effects of seasonal temperature variability, particularly freezing conditions, on the dynamic behavior of bridge structures. Using a detailed finite element (FE) model of the I-40 Bridge constructed in the MATLAB environment, this research simulates the impact of temperature changes on the stiffness and modal frequencies of steel and concrete components. Empirical functions are defined to model the temperature-dependent elastic modulus variations for both materials, incorporating both linear and nonlinear adjustments. Furthermore, a freezing enhancement term is introduced to capture the stiffening effects observed in concrete during sub-zero temperatures. The major contribution of this study includes evaluating the accuracy of these empirical models by comparing the simulation results to real-world observations of modal frequency shifts during freezing events. The findings aim to enhance the understanding of thermal effects in SHM, improve predictive modeling of environmental impacts, and support the development of temperature compensation techniques for more reliable bridge monitoring in cold climates.
Introduction to the I-40 Bridge
The I-40 Bridge, formerly located over the Rio Grande River in Albuquerque, New Mexico, is a steel plate-girder bridge commonly used for highway infrastructure in the United States. This bridge, originally comprising twin structures for eastbound and westbound traffic, featured multiple continuous spans that integrated welded steel plate girders with a composite concrete deck system [13,14]. Fig. 1 shows a view of the I-40 Bridge. 
The structural system of this bridge structure primarily consisted of two main longitudinal plate girders supporting the reinforced concrete deck, supplemented by three intermediate steel stringers. Transverse load transfer was facilitated through regularly spaced steel floor beams with additional lateral support provided by cross-bracing systems. Five plate girder segments connected by four bolted splices formed the continuous girder arrangement over these spans. The girders featured varying flange dimensions, strategically increased near support piers to accommodate higher localized bending stresses. Support conditions included a combination of pinned and expansion bearings, ensuring controlled translation and rotation at the interfaces with concrete piers and abutments [14].
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[bookmark: _Ref198042049][bookmark: _Ref198042026]Fig. 1. A view of the I-40 Bridge
From a materials perspective, the I-40 Bridge was comprised of steel for the girder elements and concrete for the bridge deck and piers. The steel components were assigned typical mechanical properties. Table 1 lists the material properties of the I-40 Bridge.
[bookmark: _Ref198042537][bookmark: _Ref198042534]Table 1. Material properties of the I-40 Bridge
	Material properties
	Material

	
	Steel
	Concrete

	Elastic modulus (GPa)
	200
	24.8

	Poisson’s ratio
	0.3
	0.2

	Mass density (kg/m3)
	7850
	2320



A monitoring program was conducted on the I-40 Bridge by Los Alamos National Laboratory in 1998. In this program, a three-span portion of the bridge was selected to install sensors for data measurement (i.e., related to experimental investigation, for which data are not available) and numerical modeling [13]. This portion of the bridge, as illustrated in Fig. 2, includes two symmetrical end spans with the length of 39.9 m and a longer central span of 49.7 m. One of the end spans rested on an abutment, while the other was connected to the adjoining continuous span, which was not included in the SHM program.

[image: ]
[bookmark: _Ref198042164]Fig. 2. The elevation view of the three-span portion of the I-40 Bridge
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[bookmark: _Ref198042234]Fig. 3. The cross-section view of the I-40 Bridge
The cross-section of the I-40 Bridge consists of a reinforced concrete deck that acts compositely with the underlying steel framework to resist bending and distribute vehicular loads. This deck contains variable thicknesses so that the central part is identical to 0.178 m. The bridge deck is supported by two welded steel plate girders and three longitudinal steel stringers, which span between the steel plate girders with lengths of 4×2.29 m. The height of the girders corresponds to 3.05 m. Moreover, the girders comprise two flange types based on their thicknesses, dividing them into thin and thick flanges with the thickness of 0.038 and 0.067 m, respectively. In this regard, the thinner flange was used only for the top flange of the girders in specific regions along the three spans. The stringers are wide-flange steel beam (i.e., 21WF62) with the depth of 0.533 m, the flange width of 0.203 m and thickness of 0.0142 m, and the web thickness of 0.0086 m. To facilitate transverse load transfer and lateral stability, floor beams are installed between the main girders. These beams connect to the stringers and help transfer loads to the plate girders. Moreover, cross-bracing is provided between floor beams to enhance the lateral stiffness of the structure. The floor beams are also wide-flange beams (i.e., 36WF182) the depth of 0.917 m, the flange width of 0.305 m and thickness of 0.0259 m, and the web thickness of 0.0150 m. Fig. 3 illustrates the cross-section view of the I-40 Bridge.
Finite Element Model of the I-40 Bridge 
Given the structural and material properties of the I-40 Bridge, a finite element (FE) model of this structure was modeled in the MATLAB environment [15]. This study develops this model for investigating the impacts of seasonal temperature variability on modal data. In the FE model, the concrete deck and the girder webs are modeled by using 144 and 48 four-node shell elements, each of which is comprised of the membrane and rectangular plate elements. Fig. 4 shows the 144 shell elements of the bridge deck. Moreover, three-dimensional beam elements are considered to model the girder flanges, stringers, cross-beams, and piers. Apart from the stringers, the remaining components are divided into two parts based on the location of the plate girders (i.e., the left or north and right or south sides) as shown in Fig. 5. In this case, the shell elements 145-168 in Fig. 5(a) and also the shell elements 169-192 in Fig. 5(b) are related to the girder webs in the north and south sides, respectively. 
Furthermore, the beam elements 193-240 and 241-288 pertain to the top and bottom flanges of both the girders. The bridge piers are modeled in two parts of the top and bottom 3D beam elements. Accordingly, the elements 289-300 are concerned to these structural components, as can also be observed in Fig. 5. In addition, the stringers and floor beams modeled by the 3D beam elements are labeled as 301-372 and 373-472, respectively. In summary, the FE model of the I-40 Bridge totally consists of 472 elements obtained from 192 and 280 shell and 3D beam elements, respectively. 
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[bookmark: _Ref198042326]Fig. 4. The four-node shell elements of the bridge deck
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[bookmark: _Ref198042477]Fig. 5. The beam elements of the girder (the top and bottom flanges as well as the web) and pier components: (a) the north side, (b) the south side
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[bookmark: _Ref198042667]Fig. 6. The 3D view of the final FEM model of the I-40 Bridge developed in the MATLAB environment
The support conditions at the nodes corresponding to the six pier locations are fixed to simulate realistic support behavior. This kind of support condition is also allocated to the nodes associated with the north and south abutments. To simulate the stiffening effects of the adjacent (non-instrumented) section of the bridge, spring elements are explicitly added at the top of the north and south girders at the left sides. These springs are used to represent the boundary stiffness contributed by the continuation of the bridge beyond the three-span test section. The spring values are applied to the longitudinal (x), vertical (y), and transverse (z) directions. In Fig. 4, the spring elements of the longitudinal and vertical directions are depicted, while the spring of the transverse direction is perpendicular to the depicted spring. The stiffness values of the longitudinal, vertical, and transverse springs are identical to 3167.5 KN/m, 1261.7 KN/m, and 42875 KN/m, respectively [14]. Fig. 6 shows the 3D view of the final FE model of the I-40 Bridge developed in the MATLAB environment.
Empirical Functions of Changes in Elastic Modules
Temperature significantly affects both the main structural materials (i.e., steel and concrete) leading to changes in physical properties (i.e., mass and stiffness) and structural responses (e.g., modal frequency changes). Out of all possible environmental and operational conditions impacted bridge structures, temperature variability is the most influential source of changes in bridge modal frequencies [16,17]. Depending upon the configurations and the type of material of bridge structures, seasonal temperature fluctuations cause significant changes in modal frequencies [2,3]. 
Generally, the temperature variability causes changes in the structural material properties. In this context, the elastic modulus is the main influential parameter for changes in the static and dynamic behavior of bridges [3]. Given steel and concrete as the main structural materials used in bridges, their elastic modules change differently during temperature variations. The elastic modulus of steel decreases gradually as temperature increases. At room temperature, steel maintains a high and stable modulus, but as the temperature rises above approximately an extremely high temperature (e.g., 400°C), the modulus begins to reduce significantly. Generally, steel exhibits a linear change in the elastic modulus with temperature. Reinforced concrete often indicates nonlinear relationship between the elastic modulus and temperature [18]. 
The elastic modulus of concrete is more sensitive to temperature changes, especially because it is a heterogeneous material. As the temperature increases, the elastic modulus of concrete generally decreases, primarily due to thermal expansion of the cement paste and microcracking. Conversely, when the temperature decreases, the steel and concrete elastic modulus of concrete increases. In particular, concrete exhibits significant changes in its elastic modulus at freezing temperatures, often with nonlinear behavior [4]. Because structural modal frequencies are directly related to stiffness and the elastic modulus, similar behavioral patterns can emerge in dynamic responses of bridges.
The aforementioned discussions, relationship between the temperature variability and the elastic modulus of steel can be expressed as follows:
	
	
	[bookmark: _Ref198047975](1)


where  and  denote the steel elastic modules at the measured (current) temperature  (i.e., temperature-dependent elastic modulus) and the reference temperature  (e.g., 20⸰C); and  is the steel thermal coefficient, which is often set as 3.6×10–4 [3,2]. Since reinforced concrete exhibits nonlinear behavior with temperature variations [18], its elastic modulus is typically represented by the following expression [18]:
	
	
	(2)


where  is the reference elastic modulus of concrete at temperature T0, αc represents the linear thermal sensitivity coefficient of concrete, which is often set as 3.0×10–3  [3,2] and βc denotes the nonlinear thermal coefficient to capture more complex behaviors in temperature changes. This formulation is widely used to describe the reduction in stiffness at elevated temperatures and slight nonlinear effects near ambient conditions [18]. 
For bridge structures subjected to freezing events, the bridge deck experiences a stiffening effect when temperature is below zero [4,2].  To realistically simulate the freezing impact on the dynamic behavior of bridges due to deck stiffening, one can benefit a freezing enhancement term as:
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where  denotes the elastic modulus of the bridge deck, η is the maximum stiffness gain due to freezing effects (i.e., 10%~15% increases in the bridge deck stiffness [2]), Tf denotes midpoint of the freezing effect, and λ is the transition smoothness factor that controls the steepness of the increase. Indeed, Eq. (3) presents a sigmoid function that captures the gradual stiffening as temperature drops below freezing. When the temperature is far above Tf (e.g., warm weather), the enhancement term diminishes, implying no freezing. As the temperature approaches or drops below Tf ​, the freezing effect becomes significant, approaching to the coefficient η. 
Modal Analysis and Discussions
Using the FE model of the I-40 Bridge, seasonal temperature variations were applied to simulate realistic variability in the modal characteristics of this structure. These temperature variations replicate actual environmental conditions, reflecting a full year of structural monitoring data collected from October 2022 to October 2023. The dataset includes diverse seasonal conditions, ranging from freezing events predominantly occurring in January and February to warmer periods extending from June to September. Such temperature fluctuations significantly influence structural properties, particularly stiffness and modal frequencies, due to their direct impact on material properties like elastic modulus. Fig. 7 illustrates the detailed temperature variation profile recorded during the one-year monitoring period (October 2022–October 2023). This simulation facilitates accurate understanding and assessment of the structural dynamic behavior of bridges under seasonal temperature variability, especially freezing events. 
To simulate variability in the material properties of the bridge under different temperatures, the elastic modules of steel and concrete are changed using Eqs. (1)-(3). Accordingly, it is supposed that the material properties listed in Table 1 are related to the bridge structure in the reference temperature T0=20⸰C. For the nonlinear behavior of the concrete, βc = 5.0×10–5, η=0.10, λ=1, and Tf=0⸰C. Based on the variations in the elastic modules of the bridge materials (i.e., steel and concrete) under warm and freezing temperature conditions, distinct mass and stiffness matrices of the FE model are generated. The Ritz method is employed to extract the modal parameters of the bridge, specifically the modal frequencies and mode shapes. Fig. 7 illustrates the evolution of modal frequencies for four distinct vibration modes under seasonal temperature variations. As observed, freezing temperatures result in significant increases in modal frequencies, consistent with documented behavior of real-world bridges subjected to freezing conditions [4,6]. Conversely, warm temperatures lead to slight reductions in modal frequencies, indicating decreased structural stiffness under these conditions. These simulated results underscore the sensitivity of bridge dynamic responses to temperature-induced variations in material properties, aligning well with practical observations from SHM studies [5].
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[bookmark: _Ref198042894]Fig. 7. Temperature fluctuations between October 2022 and 2023
Given the minimum and maximum temperatures, i.e., -18°C and 41°C, the mode shapes of the FE model of the bridge are shown in Fig. 9 and Fig. 10, respectively. While the modal frequencies exhibit noticeable shifts due to temperature-induced changes in material stiffness and elastic moduli, the effect of temperature on mode shapes is negligible. In this regard, as can be observed, the shapes of modal displacements in four modes are similar. In the context of the present bridge model, the temperature changes are assumed to be uniform across the entire structure, resulting in consistent stiffness scaling without introducing asymmetry or localized thermal gradients. Therefore, the fundamental spatial patterns of the mode shapes remain essentially unchanged, with no significant displacement of nodal points. These results are consistent with the observations reported in long-term SHM studies [2].
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[bookmark: _Ref198042908]Fig. 8. Frequencies of the FE model of the I-40 Bridge under seasonal temperature variability: (a) mode 1, (b) mode 2, (c) mode 3, and (d) mode 4
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[bookmark: _Ref198043002]Fig. 9. Mode shapes of the FE model of the I-40 Bridge at the minimum temperature (–18°C)
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[bookmark: _Ref198043007]Fig. 10. Mode shapes of the FE model of the I-40 Bridge at the maximum temperature (41°C)
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[bookmark: _Ref198043062]Fig. 11. Modal assurance criterion (MAC) between the mode shapes at the minimum and maximum temperatures
To further evaluate the impacts of temperature variability in the mode shapes, Fig. 11 demonstrates the modal assurance criterion (MAC) values between mode shapes of the minimum and maximum temperatures. As can be observed, there are good agreement between mode shapes under the minimum and maximum temperature conditions. Modes 1 through 4 exhibit self-MAC values exceeding 0.98, indicating that the fundamental mode shapes are largely preserved despite significant thermal changes. However, Mode 4 shows a slightly reduced MAC (0.9828) and moderate cross-coupling with Mode 2 (MAC = 0.4728), suggesting localized sensitivity or modal interaction under thermal effects. These findings confirm the thermal robustness of the bridge's dynamic characteristics, with only minor influence on higher-order modes.
Conclusions
Freezing events in cold climates significantly affect the dynamic behavior of bridge structures by altering the stiffness and elastic modulus of concrete and steel. These temperature-induced changes can influence modal frequencies, sometimes masking or mimicking structural damage. Given the challenges of field measurements during extreme weather, numerical modeling offers a controlled and effective method to study these impacts. In this study, a comprehensive FE model of the I-40 Bridge was developed in the MATLAB environment to simulate the effects of seasonal temperature variability, with a focus on freezing conditions. The modeling framework incorporated temperature-dependent empirical functions for steel and concrete, as well as a freezing enhancement term to represent stiffening effects at sub-zero temperatures. Modal frequencies and mode shapes were extracted to evaluate the impact of temperature fluctuations on bridge dynamics, providing critical insights into seasonal effects on structural behavior.
The numerical results revealed that freezing conditions lead to a significant increase in concrete stiffness, resulting in noticeable shifts in modal frequencies. Specifically, the simulation demonstrated frequency increases during freezing events, aligning well with documented behavior in real-world bridge structures subjected to similar temperature extremes [4,5]. This strong agreement indicates that the empirical functions defined for temperature-dependent elastic modulus variations in concrete and steel accurately replicate real-world thermal effects. Furthermore, the observed consistency between simulated modal frequency shifts and field measurements validates the effectiveness of the FE model in capturing the stiffness variability caused by freezing. Notably, the mode shapes remained largely unaffected by temperature fluctuations, underscoring the structural stability of the bridge deformation patterns despite substantial changes in stiffness.
References
1. 	Li L, Chen B, Zhou L, Xia Q, Zhou Y, Zhou X, Xia Y: Thermal behaviors of bridges — A literature review. Advances in Structural Engineering 26 (6):985-1010 (2023).
2. 	Xia Y, Chen B, Weng S, Ni Y-Q, Xu Y-L: Temperature effect on vibration properties of civil structures: a literature review and case studies. Journal of Civil Structural Health Monitoring 2 (1):29-46 (2012).
3. 	Han Q, Ma Q, Xu J, Liu M: Structural health monitoring research under varying temperature condition: A review. Journal of Civil Structural Health Monitoring 11 (1):149-173 (2021).
4. 	Peeters B, De Roeck G: One-year monitoring of the Z24-Bridge: Environmental effects versus damage events. Earthquake Engineering and Structural Dynamics 30 (2):149-171 (2001).
5. 	Maes K, Van Meerbeeck L, Reynders EPB, Lombaert G: Validation of vibration-based structural health monitoring on retrofitted railway bridge KW51. Mechanical Systems and Signal Processing 165:108380 (2022).
6. 	Entezami A, Sarmadi H, Behkamal B: Removal of freezing effects from modal frequencies of civil structures for structural health monitoring. Engineering Structures 319:118722 (2024).
7. 	Boles R, Nelson M, Fam A: Durability of bridge deck with FRP stay-in-place structural forms under freeze-thaw cycles. Journal of Composites for Construction 19 (4):04014070 (2015).
8. 	Huang D, Feng Y, Xia Q, Tian J, Li X: Research on mechanical properties and durability of early frozen concrete: A review. Construction and Building Materials 425:135988 (2024).
9. 	Entezami A, Sarmadi H, Behkamal B: Long-term health monitoring of concrete and steel bridges under large and missing data by unsupervised meta learning. Engineering Structures 279:115616 (2023).
10. 	Rezaiee-Pajand, M., Entezami, A., Shariatmadar, H.: An iterative order determination method for time-series modeling in structural health monitoring. Advances in Structural Engineering 21(2): 300–314 (2018).
11. 	Entezami, A., Shariatmadar, H., Karamodin, A.: Improving feature extraction via time series modeling for structural health monitoring based on unsupervised learning methods. Scientia Iranica 27(3): 1001–1018 (2020).
12. 	Entezami, A., Arslan, A. N., De Michele, C., Behkamal, B.: Online hybrid learning methods for real-time structural health monitoring using remote sensing and small displacement data. Remote Sensing 14(14): 3357 (2022).
13. 	Farrar CR, Jauregui DA: Comparative study of damage identification algorithms applied to a bridge: I. Experiment. Smart Materials and Structures 7:704-719 (1998).
14. 	Farrar CR, Jauregui DA: Comparative study of damage identification algorithms applied to a bridge: II. Numerical Study. Smart Materials and Structures 7:720-731 (1998).
15. 	Rezaiee-Pajand M, Sarmadi H, Entezami A: A hybrid sensitivity function and Lanczos bidiagonalization-Tikhonov method for structural model updating: Application to a full-scale bridge structure. Applied Mathematical Modelling 89:860-884 (2021).
16. 	Moser P, Moaveni B: Environmental effects on the identified natural frequencies of the Dowling Hall Footbridge. Mechanical Systems and Signal Processing 25 (7):2336-2357 (2011).
17. 	Jang J, Smyth AW: Data-driven models for temperature distribution effects on natural frequencies and thermal prestress modeling. Structural Control and Health Monitoring 27 (2):e2489 (2020).
18. 	Yan A-M, Kerschen G, De Boe P, Golinval J-C: Structural damage diagnosis under varying environmental conditions—part I: a linear analysis. Mechanical Systems and Signal Processing 19 (4):847-864 (2005).


image3.png
wglL 0

Concrete Deck

Stringers

(yinosg)
lapli aje|d

Floor Beam

Floor Beam

(UoN)
lapii) aje|d

= wsoe —=




image4.png
4@2.29m ——=}=—=}— 2.06m

2.06m

[ [ # e[ # [ o [ [ [ ][ [ [ ]
e e e e e
e o o e e oo o e o
e o [ e o e
I 6 2 0 0
e e e e

|~ 8@499m — . s@é2m— | 8@499m —

Plate Girder
(North)

Stringers

Plate Girder
(South)




image5.png
l«<— Thin Flange —— =

Top Flange —

290

292 293
} }
Pier 3 Pier 2

l«<— Thin Flange — =]

Top Flange —

(a)

l<— Thin Flange —=]

(b)

l=— Thin Flange —={

291

193 —— 195 —— 197 = 199 —— 201 1~ 203 =~ 205 —— 207 —— 209 1~ 211 = 213 —— 215 4= 217 — 219 = 221 —— 223 1~ 225 —— 227 =~ 229 -~ 231 =~ 233 -1~ 235 —— 237 1 239
Girder Web — 145:|:146:|:147:|:148:|:149:|:150:|:151:|:152 153:|:154:|:155:|:156 157:|:158:|:159:|:160 161:|:162:|:163:|:164:|:165 166 | 167 | 168
Bottom Flange — 194 =— 196 —— 198 —— 200 -~ 202 —— 204 -~ 206 - 208 +— 210 - 212 -~ 214 —— 216 4 218 =~ 220 - 222 -~ 224 - 226 -1~ 228 - 230 -~ 232 —- 234
219

294

f

Pier 1

l<— Thin Flange — =

236 238 240

<— Top Pier Elements

<— Bottom Pier Elements

l«<— Thin Flange — =]

241 <~ 243 —— 245 <~ 247 1 249 —— 251 1 253 — 255 —— 257 — 259 —— 261 —— 263 o 265 —— 267 —— 269 —— 271 =~ 273 <~ 275 <~ 277 <~ 279 —— 281 1~ 283 —— 285 1 287
Girder Web — 169:|:1 70:|:1 71:|:1 72:|:1 73:|:1 74:|:1 75:|:1 76 177:|:178:|:1 79:|:180 181:|:182:|:183:|:184 185:|:186:|:187:|:188:|:189:|:190:|:191:|:192
Bottom Flange — 242 <— 244 —- 246 <— 248 - 250 <- 252 - 254 - 256 1 258 < 260 - 262 —— 264 4~ 266 - 268 -~ 270 -~ 272 4~ 274 - 276 - 278 - 280 - 282 1- 284 1 286 -1 288

215 216

298 299

Pier 5

297

|

300

Pier 6

<— Top Pier Elements

<— Bottom Pier Elements

}
Abutment

}
Abutment




image6.emf
x

z

y

Abutment

Pier 6

Pier 5

Pier 3

129.5 m

Pier 4

13.28 m


image7.emf

image8.emf

image9.emf

image10.emf

image11.emf
1 2 3 4

Modes at Maximum Temperature

1

2

3

4

M

o

d

e

s

 

a

t

 

M

i

n

i

m

u

m

 

T

e

m

p

e

r

a

t

u

r

e

Modal Assurance Criterion (MAC)

1.00

1.00

0.47

1.00

0.59

0.98

0.00

0.00

0.00

0.00

0.27

0.00

0.27

0.00

0.00

0.01


image1.jpeg




image2.emf

