
1 INTRODUCTION 

Full-scale dynamic testing of operational bridges 
can be carried out for a multitude of reasons.   
First, dynamic testing can serve as a valuable means 
of validating a theoretical model of a bridge.  Fur-
thermore, the overall state or condition of a bridge 
can be determined using response data obtained dur-
ing dynamic testing (Salawu and Williams 1995).  
Condition assessment requires short-term installa-
tion of sensors to measure the behavior of the bridge 
under its normal loading environment.  While mon-
itoring can serve as a basis for model validation and 
condition assessment, short-term installation in 
bridges is often hampered by the required installa-
tion of extensive amount of wiring between sensors 
and the data acquisition system.    

Since Straser and Kiremidjian (1998) initially 
proposed the use of wireless communications be-
tween sensors, wireless sensors have evolved into a 
viable alternative to traditional tethered sensors.   
The advantages offered by wireless sensors are their 
low costs and easy installations.  Especially for 
large structures, such as long-span bridges, elimina-
tion of wiring represents a significant cost-savings.  
Another advantage wireless sensors enjoy is their 
ability to be easily reconfigured.  In particular, sys-
tem reconfiguration is attractive for short-term dy-
namic testing where a small set of sensors can be re-
peatedly employed in different installation locations.    

In this study, dynamic testing of the Yeondae 
Bridge was conducted using the Narada wireless 
sensor prototype under development at the Universi-
ty of Michigan.  Microelectromechanical system 
(MEMS) accelerometers were attached to each wire-
less sensor to record the vertical acceleration of the 
bridge deck.  Using 20 wireless sensors, the moni-
toring system was deployed and reconfigured twice 
to capture the response of the bridge at 50 different 
sensor locations.  A heavy truck of known weight 
was used to excite the bridge during dynamic testing 
of the bridge.  The truck was driven over the bridge 
at different speeds in order to offer different levels 
of bridge excitation.  Off-line modal analysis was 
adopted to extract modal parameters of the bridge 
including modal frequencies and mode shapes.  
Modal parameters were compared to those derived 
from a finite element model of the bridge.  

2 NARADA WIRELESS SENSOR FOR 
STRUCTURAL MONITORING 

 
Recently, wireless sensors have emerged as a prom-
ising alternative to the conventional cable-based 
sensors widely used in structural monitoring sys-
tems.  Wireless sensors are attractive for installa-
tion in civil structures because they are low-cost, re-
quire less man-power for installation and offer local 
data processing capabilities. Over the last decade, 
numerous wireless sensor prototypes have been de-
veloped for structural monitoring applications by 
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both commercial (e.g., Intel, Crossbow, Microstrain) 
and academic groups; interested readers are referred 
to a recent literature review of wireless structural 
monitoring by Lynch and Loh (2006).  In this 
study, Narada, a low-cost wireless sensor designed 
explicitly for structural monitoring applications, is 
adopted for use in short-term dynamic testing of 
bridges (Swartz et al. 2005).   

The Narada wireless sensor (Figure 1) is assem-
bled from commercial off-the-shelf components to 
form a low-cost, high-resolution wireless sensor 
node for installation in civil structures.  The node 
can accommodate up to 4 sensors (e.g., accelerome-
ters, strain gages, thermometers, among others) in-
terfaced at one time; interfaced sensor outputs are 
locally digitized using a 16-bit analog-digital con-
verter (ADC). Data collected is managed by an At-
mel Atmega128 microcontroller.  This specific mi-
crocontroller has a relatively large amount (128 kB) 
of embedded memory for the storage of software.  
To accommodate sensor data storage, an additional 
128 kB of RAM memory is included in the wireless 
sensor design.  For wireless communications, the 
Chipcon CC2420 transceiver is also integrated.  
This specific radio operates using the IEEE 802.15.4 
protocol allowing it to interoperate with other IEEE 
802.15.4-complient wireless sensors such as the 
Imote2 (Nagayama and Spencer 2007). Finally, a 2-
channel, 12-bit digital-to-analog converter (DAC) 
offers the wireless sensor a capability to operate ac-
tuators for structural control applications.  Included 
in the Narada wireless sensor design is a fully func-
tional embedded operating system that automates 
device operation (e.g., collect and communicate da-
ta) and data interrogation (e.g., modal analysis and 
damage detection). 

3 MODAL ANALYSIS TECHNIQUES FOR 
CIVIL STRUCTURES 

3.1 Output-only modal parameter estimation 

Classical modal analysis generally employs con-
trolled excitation (i.e., inputs) of a test structure with 
responses (i.e., outputs) measured.  Based on input-
output data, modal parameters are estimated includ-
ing modal frequencies, mode shapes and modal 
damping ratios (Ewins 2000).  Such an approach is 
applicable to structures tested in the controlled la-
boratory environment.  However, output-only 
modal parameter estimation has received considera-
ble attention in the civil engineering domain because 
of the difficulties associated with exciting opera-
tional structures in a controlled manner.  Further-
more, natural excitation of the structure is difficult 
to employ in input-output modal analysis due to the 
challenge inherent in precisely characterizing the in-
put. Output-only modal analysis employs the under-

lying assumption that the input excitation of the sys-
tem is broad-band white noise.  

Output-only modal parameter estimation tech-
niques are categorized into two distinct groups de-
pending on their analysis domains: frequency do-
main methods dealing with frequency response 
functions (FRFs) or output spectra; time domain 
methods using covariance of past and future outputs. 
In this study, a frequency domain technique called 
frequency domain decomposition (FDD) is adopted 
(Brinker et al. 2001). 

3.2 Frequency domain decomposition (FDD) 

FDD is a sophisticated frequency domain modal 
identification method that is capable of accurately 
identifying the real and imaginary components of 
closely spaced modes.  Since the early 1980s, the 
decomposition of output spectra using singular value 
decomposition (SVD) has been studied (Peeters and 
Ventura 2003).  Shih et al. (1988) applied SVD to 
decompose system FRFs to indentify complex-
valued modes using input-output data sets. Later, 
Brinker et al. (2001) reformulated their approach by 
using the power spectral density (PSD) functions of 
the system output; the approach was named frequen-
cy domain decomposition. 

The relationship between the system input, )(tx , 
and the measured output, )(ty , can be expressed in 
the continuous-time frequency domain as follows: 

)()()()(  jHjGjHjG H
xxyy   (1) 

where )( jGxx is the PSD matrix of the input, 
)( jGyy is the PSD matrix of the output, )( jH  is 

the FRF matrix, and )( jH H  is its complex trans-
pose conjugate of )( jH . If the system input, )(tx , 
is white noise, )( jGxx will simply be a constant 
matrix; hence, )( jGyy is directly proportional to the 
product of FRFs, )()(  jHjH H . By applying SVD 
to )( jGyy , it can be decomposed as 

)()()()(  jUjjUjG H
yy   (2) 

where )( jU is a complex-valued matrix containing 
singular vectors as columns and )( j is a real-
valued diagonal matrix containing positive singular 

Figure 1. The Narada wireless sensing unit with its key hard-
ware components highlighted. 



values in descending order. This decomposition im-
plies that at a given modal frequency, )( jGyy is 
characterized by only one or a few modes. 

4 YEONDAE BRIDGE 

The Korea Highway Corporation (KHC) constructed 
a two-lane 7.7 km long highway test road in 2002 to 
study the behavior of asphalt and concrete pave-
ments exposed to traffic and weather conditions 
common in Korea (Lee et al. 2004).  The test road 
is a redundant stretch of the southbound Jungbu In-
land Expressway.  Along the test road are three 
short-span bridges including the Yeondae Bridge 
(Figure 2).  The Yeondae Bridge adopts a partially-
closed steel box girder section with the concrete 
bridge deck in composite action with the steel box 
girder.  The two trapezoidal box girders are 2.2 m 
high with top and bottom widths of 3.1 and 2.1 m, 
respectively.  In sections of positive bending mo-
ment (mainly attributed to the self-weight of the 
bridge), the box section is open with the concrete 
deck in compression.  However, near the bridge 
supports, the box girder is closed to support the 
bridge’s negative flexural moment.  The Yeondae 
Bridge is one of the first applications of this innova-
tive partially-open steel box girder bridge design 
concept in Korea.  

The Yeondae Bridge is roughly 180 m long and is 
supported at each end by a concrete abutment.  
Three concrete piers along the bridge divide the con-
tinuous steel box girder into four identical spans, 
each 45 m long.  Elastometic bearings are used at 
all of the span’s support points.  As shown in Fig-

ure 3, the bridge includes a slight curve in its plan 
with a curvature radius of 1718 m.  To accommo-
date vehicles driving along the curved sections of 
the bridge, the road is sloped between 2.75 to 4% 
(Figure 2b).  The two steel box girders follow the 
bridge’s curvature with the girder’s vertical position 
and orientation changing at each of the bridge piers.  
The deck is constructed from reinforced concrete 
and is 27 cm thick and 12.6 m wide.  Furthermore, 
the bridge has a large skew angle of 40º at the both 
ends. Due to its complex geometric configuration, 
the Yeondae Bridge is expected to exhibit a unique 
and complex dynamic behavior. Given the relatively 
young age of the Yeondae Bridge (approximately 6 
years old) and the fact that the bridge is only inter-
mittently opened to regular traffic, little to no deteri-
oration is expected. Hence, it can be assumed that 
the bridge’s current condition is similar to that at the 
time of construction. As a result, this study can serve 
as a means of validating the structural design and 
characterizing the bridge’s undamaged performance. 

5 INSTRUMENTATION AND VIBRATION 
TESTING 

5.1 Instrumental strategy 

In this study, 20 wireless sensors were used to moni-
tor the Yeondae Bridge. Due to the limited number 
of sensing nodes, a reconfiguring strategy was 
adopted with the system redeployed twice after the 
initial deployment.  As shown in Figure 3, the 
wireless sensors were deployed along both sides of 
the bridge with approximately one-third of the 
bridge length covered by the sensor network each 

(a)
 

 
           (b) 

     
                                (c)

Figure 2. Yeondae Bridge: (a) profile and composition of spans, (b) typical cross-section geometry, and (c) perspective view. 



time.  For example, the initial deployment concen-
trated the 20 units along the northern one-third of 
the bridge span with 10 units on each side.  After 
dynamic testing, the wireless sensors were quickly 
moved with the twenty units covering the central 
one-third of the bridge.  A small amount of overlap 
(either 4 or 6 units) was intentionally adopted in or-
der to analyze the correlation of acceleration records 
at overlapping installation points and to allow mode 
shapes derived from each of the three network con-
figurations to be stitched together. This reconfigur-
ing strategy realized a dense nodal configuration 
with wireless sensors installed in 50 locations along 
the bridge length. 

To measure the vertical acceleration of the 
bridge, two different MEMS accelerometers were 
adopted for integration with the Narada wireless 
sensor nodes.  First, 14 Crossbow CXL02 accel-
erometers were integrated.  The CXL02 accel-
erometer has an acceleration range of ±2g, noise 
floor of 0.5mg, and sensitivity of 1V/g. In addition 
to the Crossbow CXL02 accelerometers, 6 PCB Pie-
zotronics 3801D1FB3G accelerometers were adopt-
ed.  The 3801D1FB3G is a ±3g accelerometer with 
a 0.15mg noise floor and 0.7 V/g sensitivity.  The 
low noise floors associated with both MEMS accel-
erometers were determined to be below the quanti-
zation error inherent to the 16-bit ADC. To over-
come the reduced resolution of the 16-bit ADC, the 
outputs of the MEMS accelerometers were amplified 
by a factor of 20 using a custom-designed amplifica-
tion board (Lynch et al. 2006; Wang et al. 2007).  
The signal conditioning board also includes a band-
pass filter (with a 0.014 to 25 Hz band) which anti-
aliases accelerometer outputs. To improve the per-
formance of the wireless communications, each 
wireless sensor was placed on the tip of a traffic 
cone (Figure 4) while the accelerometer was fixed 
directly to the deck.  Preliminary range testing of 
the radio revealed reliable wireless communication 
to ranges of 100 or more meters.  
 

5.2 Forced vibration testing 

Forced vibration testing was conducted using a 3-
axel truck (Figure 4).  Prior to the truck’s arrival to 

the bridge, the weight of the truck was measured at a 
local weighing station; the truck was determined to 
weigh 25 tons.  During the time of testing (July 
2008), the KHC closed the test road to regular traffic 
with only the test truck permitted on the road.  
Thus, the 25 ton truck was driven in a southern di-
rection to dynamically excite the instrumented 
Yeondae Bridge.  It has been shown that truck ve-
locity is a key factor in the excitation of bridges.  
Cantieni (1983) reports on the different modes of 
excitation a truck applies to a bridge.  For example, 
depending on the truck velocity and road roughness, 
the truck exhibits body-bounce vibration modes oc-
curring at frequencies ranging from 2 to 5 Hz and 
wheel-hop vibration modes at frequencies greater 
than 7 Hz.  Hence, the truck utilized in this study 
was driven over the structure with five different ve-
locities: 30, 40, 50, 60, and 70 km/hr.  

A laptop with a Chipcon 2420 receiver interfaced   
served as a network coordinator and data repository.  
Specifically, the laptop coordinated the data collec-
tion activities of the wireless sensor network by ini-
tiating data collection via a beacon signal.  Each 
wireless sensor synchronizes their local-clock upon 
receipt of the beacon.  Upon a second beacon sig-
nal from the laptop, the wireless sensor network be-
gins data collection until the laptop requests that 
sensor data be transmitted back.  For each dynamic 
test (i.e., truck driving over the bridge), a total of 90-
seconds of acceleration data was collected at 100 
Hz.  This time duration was sufficient to capture 

Figure 4. Forced vibration testing with a 3-axel truck.  Wireless 
sensors were installed on the top of 1 m tall red traffic cones for 
improved wireless communication reliability. 

Figure 3. Installation location of wireless sensors for measuring the vertical acceleration of the bridge deck. 



the forced and free vibration response of the bridge.  
Excellent communication performance was encoun-
tered due to a robust send-acknowledgement proto-
col; commutation reliability of 98% was found. 

6 EXPERIMETAL RESULTS  

6.1 Time-history results 

In total, 15 separate dynamic tests were conducted: 
for each of the three sensor configurations, five dif-
ferent speeds were used for the truck excitation.  
Figure 5 presents the time-history response of the 
Yeondae Bridge for five truck speeds.  Plotted are 
the responses measured at sensor location 9 (in the 
first sensor network configuration) and sensor loca-
tion 1 (in the second sensor network configuration).  
These two sensors share the same location on the 
bridge.  As seen in Figure 5, the truck crossing the 
bridge at a higher speed excites the bridge more 
strongly.  For convenience, vertical lines are super-
imposed on the time-histories to denote the arrival 
and departure time of the truck on the bridge.  The 
arrival times is identified based on threshold cross-

ing of the time-history record while the departure 
time is estimated based on the assumption of the 
truck crossing the bridge at a precise and constant 
speed.  It should be noted here that because the 
Yeondae Bridge is supported on elastomeric bear-
ings (which act like low-pass filters isolating any 
movement from the span surroundings), determina-
tion of truck arrival times based on threshold detec-
tion should be very accurate.  The departure time 
calculated based on the bridge length and the con-
stant truck speed is recognized as only a rough ap-
proximation of the time when the truck exits the 
bridge. 

Correlation analysis between two collocated sen-
sors (e.g., sensor location 9 of the 1st configuration 
and sensor location 1 of the 2nd configuration) is 
conducted.  As shown in Figure 6, correlation in 
the time-domain is relatively small due to the com-
plex bridge-truck interaction when the truck crosses 
the bridge on two different occasions. However, 
there is very strong similarity between the two PSDs 
despite the fact that the time-histories are collected 
from two different instances of the truck crossing the 

(a) 
 

(b) 
Figure 5. Measured acceleration data for different truck speeds: (a) sensor node 9 (1st installation) and (b) sensor node 1 (2nd in-
stallation).  Note: the two vertical lines denote the arrival and departure time of the truck on the bridge. 
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Figure 6. Correlation analysis between two data sets: 70 km/hr truck response at sensor node 9 (1st installation) and 70 km/hr 
truck response at sensor node 1 (2nd installation): (a) cross-correlation in the time-domain and (b) corresponding PSD functions. 

 



bridge.  These observations are consistent for all of 
the other collocated sensor cases. 

6.2 Study on analysis method and preliminary 
analysis 

Some challenges associated with the application of 
the FDD method to the Yeondae Bridge data should 
be addressed before it can be applied.  First, FDD 
is based on the estimated output PSD function, 
which is defined for a stationary process.  Howev-
er, the excitation derived from a moving truck with a 
constant speed can be considered as a non-stationary 
input.  Thus, in this study the free vibration re-
sponse of the bridge is used exclusively by the 
aforementioned partitioning of the measured time 
history response.  The free vibration response can 
be considered as a stationary process.   

Second, FDD is an output-only method assuming 
the PSD function of the input (in this case, the truck) 
is wide-band.  The excitation to the bridge until the 
time when the truck leaves can be considered as a 
combination of random noise attributed to the 
roughness of the road and a deterministic component 
related to the vibration modes of the truck.  Thus, 
the excitation derived from one specific run of the 
truck cannot be considered as an appropriate input to 
the FDD method.  In this study, PSD estimation is 
conducted by merging the free-vibration response 
collected from every excitation case (i.e. 30, 40, 50, 
60 and 70 km/hr) for the extraction of modal param-
eters.  This approach to data combination will like-
ly provide a more theoretically justified PSD esti-
mate for the FDD method because it includes every 
input loading type in the same analysis thereby ap-
proximating  more closely a wide-band input.  
Thus, it can be expected that the modes that are cal-
culated using the aggregated free vibration response 
will closely correlate to the actual vibration modes 
of the bridge.   

Third, the quality of the estimated modes by the 
FDD method is governed by the estimated PSD 
functions.  The PSD function calculated for each 

sensor location was improved by using a Hanning 
window on the time-history data prior to the use of 
the fast Fourier transform (FFT) algorithm. In addi-
tion, repeated Fourier spectra calculated from time-
history records with 50% overlap between them in 
the time-domain are averaged.  This approach to 
improving the PSD spectra provides a good trade-off 
between the reduction of noise and the distinctive 
qualities of the modal peaks (Oppenheim and Schaf-
er 1999). 

Before extracting modal parameters by the de-
scribed strategy, the free-vibration response corre-
sponding to different truck speeds are investigated in 
the frequency domain. For example, Figure 7 pre-
sents the singular value spectra of the PSD matrix 
from free-vibration responses corresponding to three 
different sensor locations by the 30 and 70 km/hr 
truck excitation. From these representative singular 
value spectra, it is clear that the higher speed truck 
is more effective in exciting higher modes, even 
though two low frequency modes are adequately ex-
cited in both cases as well.  

6.3 Results on modal analysis 

Using the processed PSD data, modal frequencies 
and mode shapes of the Yeondae Bridge are estimat-
ed by the FDD method for each network configura-
tion.  With a mode shape calculated for each sub-
section of the bridge, modes are stitched together us-
ing the collocated sensors to yield the full global 
modes of the bridge.  Figure 8 illustrates the first 5 
modes identified; the modal frequencies associated 
with these modes are 2.246, 2.637, 3.337, 4.004, and 
4.883 Hz.  Of the five modes identified, the first 
three are pure flexural modes (2.246, 2.637 and 
3.337 Hz), the last (4.883 Hz) is the first torsional 
mode, and the fourth mode (4.004 Hz) is a combined 
mode including flexure and torsion.  It should be 
noted that due to the unique geometry at the two 
bridge end spans, slightly different modal behaviors 
are found there in the same shape. 

 
(a) 

 
(b) 

Figure 7. Singular value spectra of PSD matrix from free-vibration responses: (a) 30km/hr truck data, and (b) 70km/hr truck data.  



The imaginary components of the modes are also 
superimposed with the real components in Figure 8.  
For the first three modes, the imaginary component 
is insignificant and can be ignored.  However, the 
imaginary components of the two higher modes 
suggest the presence of traveling modes at these 
higher frequencies.  Traveling modes are typical in 
real structure with closely-spaced modes and non-
proportional damping (Ewins 2000). 

7 COMPARISION WITH FINITE ELEMENT 
ANALYSIS 

It can be assumed that the measured acceleration da-
ta and extracted modal information provide an accu-
rate representation of the dynamic behavior of the 
Yeondae Bridge. In order to validate this assump-
tion, a finite element (FE) analysis is conducted us-
ing the commercial SAP2000 finite element pack-
age. As previously stated, it is assumed that the 
structure is in a pristine condition with no serious 
structural deterioration having occurred since its ini-
tial construction in 2002.  To ensure an accurate 
presentation of mass and stiffness distributed in the 
bridge, a detailed model is assembled based on the 
structural drawings of the bridge.  Some specific 
implementation details associated with the FE model 
are as follows: 1) the model includes the curvature, 
skew and slopes of the bride spans, 2) the concrete 
deck is modeled as a Mindlin shell element consid-
ering transverse shear deformation, 3) the steel gird-
er is modeled as both open and closed, depending on 
the location along the span, 4) elastomeric bearings 
are modeled as isotropic springs, and 5) the variation 
in the thickness and slope of the deck is included.  
Furthermore, to capture the composite action be-
tween the reinforced concrete deck and the steel box 

girders, the frame elements that serve as eccentric 
stiffeners are attached to the deck shell elements by 
body constraints.  Finally, the mass of secondary 
steel members (e.g. stiffeners, diaphrams, braces, 
splices) are added to the girders as distributed mass-
es.  The mass corresponding to the concrete deck, 
guard rails, and pavement is also considered.  No 
modal updating of the SAP2000 model is conducted. 
However, future work will explore updating of the 
model using the empirical models obtained from the 
wireless sensor data.  

The results of an eigenvalue analysis conducted 
by SAP2000 are in strong agreement with the empir-
ical modes identified by the off-line FDD analysis as 
shown in Table 1.  The only difference is that the 
SAP2000 model yields a few additional modes from 
3 to 4 Hz which are proven to have very small mod-
al participation factors. It should be noted that the 
eigenvalue analysis conducted by SAP2000 corre-
sponds to the undamped free vibration real modes 
(Computers and Structures 1998). Theoretically, no 
difference exists between the mode shapes for the 
undamped and damped representations of the same 
systems when dealing with dominant real modes 
(Ewins 2000).  However, as previously discussed, 
the Yeondae Bridge has a torsional mode with com-
plex components. Hence, it is difficult to compare 
the torsional mode derived by the model and that ob-
tained experimentally.   

In order to compare modes quantitatively, the 
modal assurance criteria (MAC) is calculated. The 
high MAC value for modes 1 and 2 suggest excel-
lent agreement between the model and the experi-
ment.  However, disagreement is discovered in 
modes 3 and 4 with the MAC suggesting the modes 
are not strongly correlated.  Hence, model updating 
could yield a SAP2000 model more closely depict-
ing the actual structural conditions of the bridge.   

(a)  (b)  (c)  

 (d)  (e)   
Figure 8. Six extracted mode shapes of the Yeondae Bridge: (a) 2.246 Hz, (b) 2.637 Hz, (c) 3.337 Hz, (d) 4.004 Hz, and (e) 
4.883 Hz.  Note: the dark and light lines denote the real and imaginary modes, respectively. 



8 CONCLUSION 

In this study, a wireless structural monitoring system 
was successfully installed in the Yeondae Bridge to 
measure its dynamic response to truck loading.  A 
unique characteristic of the study was the reconfigu-
ration of the sensor installation to allow the entire 
bridge to be monitored using a small set of sensing 
nodes (20 wireless sensors).  The wireless sensors 
were found to work well in the field with reliable 
communications and high-precision data acquisition.  
Installation and reconfiguration was also an easy 
task given the lack of wires; installation and recon-
figuration each took about 1 hour to complete. 

Using time-history response data collected from 
the bridge during truck excitation, off-line modal 
analysis was conducted.  Given the unique geomet-
ric details of the bridge, including its curvature and 
varying deck slope, the bridge was a challenging 
structure to utilize for modal analysis.  The first 
three modes of the bridge were flexural modes while 
the last mode is dominated by the bridge torsion re-
sponse.  The modal parameters estimated were also 
in strong agreement with those analytically predict-
ed.  Future work is focused on a permanent de-
ployment of the wireless monitoring system in the 
Yeondae Bridge as part of a larger US-Korea col-
laboration in structural health monitoring of bridges.  
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Table 1.  Modal parameter estimated by the field test data 
and that predicted by SAP2000   

Mode 
Modal Frequency (Hz) 

Field Test SAP 

1 2.246 2.238 

2 2.637 2.560 

3 3.337 3.280 
4 4.004 4.064 
5 4.883 5.279 

 

MAC 
SAP 

1 2 3 4 5 

Field 
Test 

1 0.990 0.000 0.000 0.000 N.A.

2 0.010 0.926 0.000 0.003 N.A.

3 0.009 0.001 0.406 0.000 N.A.

4 0.000 0.005 0.045 0.609 N.A.

5 N.A. N.A. N.A. N.A. N.A.
 


