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SUMMARY 

This report presents the results of an aeroelastic investigation 
into the dynamic response of a cable-stayed bridge to wind loading. The 
investigation is acontin uation of an earlier study in which the deck response 
was investigated for nine deck sections in three different flows, (Ref. 1). 
The present investigation used a plate girder section only and was con­
cerned with the effe cts of mass, yawed winds and erection phases on the 
response of the bridge to buffeting and a torsional instability. The model, 
built at a geometrie scale of 1:75, was tested in the NAE 9 m X 9 m low 
speed wind tunnel. 

, , 

RESUME 

Le présent rapport contient les résultats d'une étude aéroélastique 
sur la réponse dynamique d'un pont à haubans aux efforts exercés par Ie 
vent. Cette étude est un prolongement d'une étude antérieure sur la réponse 
de neuf sections de tablier à troix écoulements différents (référence 1). La 
présente étude portait sur une section composée de poutres à ame pleine 
seulement et visant à déterminer les effets de la masse, des vents obliques et 
des phases d'érection sur la réponse du pont au tremblement et à une insta­
bilité de torsion. La maquette, construite à une échelle géométrique de 
1/75, a été mise à l'essai dans la soufflerie à basse vitesse de 9 m X 9 m de 
l'E.A.N. 

(üi) 
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1.0 Introduction 

This series of experiments evolved as a result of several recent 

investigations into dynamic wind effects on long span cable-stayed bridges. One 

of these investigations was a direct precursor of this experiment, and is 

described in detail in Reference 1. That investigation studied the effects of 

deck section geometry and wind turbulence on the aeroelastic behaviour of a 

dynamically scaled model of a cable-stayed bridge. The basic structure of the 

model was determined from the properties of the Quincy Bridge, Quincy, Illinois. 

Nine deck cross sections were each tested in three scaled turbulent flows. 

Several of these cross sections were modelled af ter existing cable-stayed 

bridges. Measurements were made of vortex shedding response, buffeting response 

and torsional instabili ty response as a function of wind speed. The geometrie 

scale of the model was 1:75, and the velocity scale was 1:5. 

The important conclusions drawn fr om that experiment were that plate girder 

sections were susceptible to vort ex shedding induced motions, whereas box girder 

sections were not. In addition, a turbulence intensity of 5% at deck level was 

sufficient to impede the formation and shedding of coherent vortices, and thus 

eliminate the motion. The same turbulence intensity was ineffective in al tering 

the velocity at which a torsional instability was observed. A higher turbulence 

intensity, 12%, induced a substantial buffeting response, to the extent that the 

cri tical veloei ty for torsional instabili ty could not be reached for fe ar of 

model damage. Thus it was not possible to determine if this level of turbulence 

was süfficient to delay or perhaps preclude the onset of a torsional 

instability. One of the goals of the present experiment was to test at higher 

reduced veloci ties to ob serve the effect of this level of turbulence on the 

torsional instability phenomenon. 

An important problem that has recently surfaced, particularly in North 

America, is the large, perhaps catastrophic, buffeting response that can occur 

during erection of a cable-stayed bridge if the balanced cantilever technique is 

used. Analytical predictions of buffeting response during the erection phase 

have demonstrated the need to carefully plan the erection scheme to avoid these 

large deflections. The most convenient method to date is to use temporary tie­

downs, which stiffen the structure so that the resonant frequencies of the 

bridge are above those frequencies in which the wind stores a considerable 

portion of i ts energy. This problem has been studied analytically by Zan 

(References 2 and 3); and experimentally by Gamble and Irwin (Reference 4), who 

i ftiil d ' " , • 
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optimized the tie-down scheme for the Annacis Island Bridge. For the present 

set of experiments, half of the model could be removed fr om the wind tunnel, 

aUowing simulation of a half completed bridge. It was possible to test this 
half bridge with and without anchoring at the end pier. The largest buffeting 

response, and hence the critical design case, occurs just before the si de span 

is anchored to the end pier. 

A mechanism for the reduction of the large buffeting response may be 

inherent in the geometry of the partially completed structure. A completed 

bridge acts as a two-dimensional lift device; (although in practice the flow 

field is three-dimensional) however, a partially completed bridge will have an 

'end effect' that may reduce the lift coefficient and hence lift-curve slope. 

This phenomenon is weIl documented for fini te span aeroplane wings. It is the 

intention of this investigation to determine if the same effect occurs for 

bridge road decks. 

Another phase of this experiment investigated the response of the model to 

a yawed wind, specifically 30 0 (Figure 1). Measurements were made of the 

buffeting response and torsional instabili ty response for both the fuU bridge 

and for the erection phase condition. Previous aeroelastic investigations that 

have included yawed wind studies include work by Davenport et al (Reference 5) 

and Irwin and Schuyler (Reference 6). 

2.0 Experimental Procedure 

The experimental set-up for these investigations was similar to that 

described in Reference 1. For the case of wind normal to the bridge, the model 

was mounted on two pedestals which are dynamicaUy isolated from the tunnel 

shell. It was not possible to mount the bridge model on the pedestals for the 

case of a yawed wind, so the model was mounted on the floor. In both cases the 

mounting surface was levelled in both directions to ensure a mean angle of 

attack of zero degrees. 

The model displacements were sensed using Kaman displacement transducers. 

These were lnstalled at four locations under the deck in pairs, which allowed 

computation of vertical and torsional deflections (Figure 2). The lateral 

bending stiffness of this bridge is much greater than the vertical bending 
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stiffness. As aresult, the blowback was assumed to be negligible, and the 

vertical and torsional deflections could then be calculated by taking the sum 

and difference of the signals fr om a pair of transducers. 

For the case of the half-bridge and all tests for which the model was 

yawed, the south centre pair of transducers was moved to the location shown in 

Figure 2. 

The wind simulations used for the present study were as described in detail 

in Reference 1. There were two correctly scaled simulations of the earth' s 

turbulent boundary layer and a third case with smooth flow. Reference 1 shows 

that the spectra of turbulence were consistent with the model scaling. 

Turbulence intensities at deck level were as follows: 

Simulation 

Highly Turbulent 

Moderately Turbulent 

Smooth 

u'iv 

0.120 

0.050 

0.005 

w'/V 

0.062 

0.026 

Only one deck section was used for this investigation. The section chosen 

was a plate girder construction as shown in Figure 3. This was one of the nine 

sections used in the experiments described in Reference 1. 

As mentioned, there was interest in obtaining higher reduced velocities in 

the present series of experiments so that the torsional instability behaviour in 

a highly turbulent flow could be investigated. The most practical method to 

raise the reduced velocities at a given dimensional wind speed was to lower the 

model frequencies. To this end, brass weights were attached inboard of the main 

girders. These were located close to the existing radius of gyration to 

preserve the frequency ratio between the bending and torsional modes. The added 

mass (Figure 3) was about 50% of the existing deck mass, which lowered the 

torsional frequency from 12.0 Hz to 8.74 Hz. The first two vertical mode 

frequencies were lowered to 4.1 Hz and 5.6 Hz from 5.0 Hz and 6.7 Hz 

respectively. 

The drawbacks to achieving higher reduced velocities with this method are 

that the vertical buffeting response may increase and that the increased polar 

ii1lllfiIU •• --I -- • liilliiiiillilliIii_iiMiiill h"W'iiiirililiiN ilili".' 
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mass moment of inertia may raise the critical velocity in much the same way that 

structural damping does. With respect to the first point, it is difficult to 

assess the effect of the addi tional mass on vertical buffeting response. The 
response is inversely proportional to the mass; however the added mass also 

lowers the model frequencies which will tend to increase the response. An 

estimate of the buffeting response for the two cases is presented in Figure 4, 

using the theory of Irwin (Reference 7). 

Data acquisition was similar to the previous experiment. The nine channels 

of data (eight displacement transducers and dynamic pressure) were each sampled 

at 40 Hz. Data reduction involved computing the mean, root-mean-square (rms) 

and peak response of bridge deck vertical and torsional motion, and the mean 

wind speed. Time histories were 1500 data points in length for each channel 

which corresponds to about 10 minutes of full scale data. A software filter was 

used to remove displacement response peaks that exceeded the limit over which 

the transducer response could be considered linear. As a re sult, there are a 

few cases in the table of results for which the peak response shown was not the 

actual peak. Examination of the actual time history revealed that the deleted 

peaks were roughly 1 mm greater than those that were accepted. The maximum 

allowable response at model scale was 13 mm at the centre span and north centre 

stations and 6.5 mm at the si de span and south centre stations. For 

displacements that were 13 mm (or 6.5 mm) or less, the accuracy was better than 

2% of full scale deflection, whereas for displacements of the order of 14 mm (or 

7.5 mm) the accuracy was about 10% of full scale deflections. 

The test sequence is presented in Table I. Measurements of frequencies and 

damping for the various modes are presented in Table II. The damping values 

were obtained using the log decrement method by exciting the bridge in one mode 

and observing the decay of the response. Classical theory would predict a 

decrease in damping (ç) as mass increases. This is not always the case for the 

present experiment as is evident in Table II. It was thought that there was 

some frictional contact between the cables and the added brass which tended to 

increase the damping. 

- = 11: A 



- 5 -

TABLE I 

Test Sequence 

Run Full/Half Bridge Added Mass (YIN) Yaw Angle Flow 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

F 
F 
F 
F 
F 
H 
H 
H 
H 
H 
H 
H* 
H 
H 
H 
F 
F 
F 

N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

30 
30 
30 
30 
30 
30 

Highly Turbulent 
Smooth 
Smooth 
Moderately Turbulent 
Highly Turbulent 
Highly Turbulent 
Smooth 
Moderately Turbulent 
Moderately Turbulent 
Smooth 
Highly Turbulent 
Highly Turbulent 
Highly Turbulent 
Smooth 
Moderately Turbulent 
Moderately Turbulent 
Smooth 
Highly Turbulent 

* For this case only, the half bridge was not anchored to the side span pier 

MODEL 

Full bridge 
Full bridge 
Half bridge 
Half bridge 
Half bridge 

side span 

i Ii i ij" IIw"a .a. i 

TABLE 11 

Frequency and Damping Measurements 

(damping expressed as percent of critical) 

MODE 1V MODE 2V 

5.0 Hz (1. 1 %) 6.7 Hz (0.80%) 
with added mass 4.06 Hz (0.84%) 5.6 Hz (0.90%) 
with added mass 3.58 Hz (0.95%) 6.66 Hz (0.55%) 

4.31 Hz (0.45%) 8.0 Hz (0.45%) 
not anchored at 
pier 2.2 Hz (0.16%) 7 Hz (--) 

.. _---_. hiillll"illiiiiiii iiiii-'iAUii '''-1''611111181111_ 

MODE 1T 

11.9 Hz (1.0%) 
8.74 Hz (1. 3%) 
8.25 Hz (1%) 
10.6 Hz (0.54%) 

9.5 Hz (--) 

• 



-=----"- - -----"'--- "'--"-----

- 6 -

3.0 Results 

Computer listings of the results are presented in Appendix A. The results 

are in terms of model scale values. The bridge deflections are listed for each 

of the four stations shown in Figure 2. The wind speeds have been converted to 

deck level values. 

The data presented for both vertical and torsional deflections are the 

mean, root-mean-square (rms) and peak deflections. The peak deflections are 

defined as the magnitude of the largest excursion from the mean value. The 

fourth column, Ratio, is defined as the absolute value of peak divided by the 

value of rms. For response due to buffeting, the ratio will have a value of 

about 3.5. For response due to a torsional instability, the ratio would be 1.4 

if the response was sinusoidal, but is usually slightly greater. 

Figures 5 and 8 through 12 are plots of the results to be discussed. The 

plots are in terms of non-dimensional variables for response to torsional 

instability and in terms of dimensional variables for response to buffeting. 

The reason for the dimensional plots of buffeting response is that the response 

does not col lapse on reduced velocity, since the response depends on many 

variables including mass, frequency, span length, and dimensional wind spectrum. 

The values plotted in all cases are the rms response at the centre of the main 

span. 

4.0 Discussion 

4.1 Torsional Instability 

Figure 5(a) shows the torsional response in smooth flow at high wind speeds 

for the unmodified plate girder and the plate girder with added mass. The two 

response curves for the unmodified plate girder represent the response at two 

different levels of structural damping. The influence of structural damping on 

the onset of a torsional instabiity is unique to each bridge deck. The effect 

can be explained by considering Scanlan's A2 motion coefficient (Reference 8) as 

a function of velocity (Figure 6). A bridge deck for which the derivative of A2 

with respect to reduced velocity is large will not possess a critical velocity 

sensitive to changes in structural damping. If the derivative of A2 with 
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respect to reduced velocity is small, the critical velocity will be greatly 

affected by the structural damping level. Figure 7 is a plot of the cri tical 

wind speed as a function of structural damping for three plate girder sections. 
The data are taken from various full and sectional model tests performed at the 

NAE (Reference 1 and 9). The crltlcal wlndspeed ls deflned as that for whlch an 

rms response of one degree occurs. It ls seen that the crltlcal velocity 

increase resulting from the increased structural damping for the plate girder 

section 1s s1milar to that shown for data from the Quincy deck sections. The 

* two sections are similar and thus likely have similar A2 curves. 

Because the damping of the bridge in torsion is roughly one percent of 

cri tical for most of this experiment (Table II), the response curve shown for 

one percent damping will be taken as a reference curve throughout this 

discussion. Figure 5(a) shows that the effect of increased inertia is to raise 

the critical velocity , sugges ting a square root dependence. <33% increase in 
V 

(rB) for an 85% increase in polar mass moment of inertia). 

Figure 5(b) shows the response of the full and half bridge for a wind angle 

of 30°. As expected the cr1tical velocity is increased with the yawed wind. 

This figure also indicates that the half-bridge geometry has some effect on the 

instability behaviour as its response is very similar to the full bridge 

response, but at a much lower damping level. The effect of damping shown in 

Figure 7 would suggest that the reduced critical velocity for the half-bridge 

would be about 10.4 if the structural damp1ng were 1%. If the curves are 

plotted using the component of velocity normal to the bridge deck, (Figure 5c), 

agreement is obtained with the full bridge at 0°, suggesting that the 

instability is dependent on the normal component of velocity, in agreement with 

Reference 7. 
Figure 5(d) shows the effect of increased inert ia on the half-bridge. The 

data here are not in complete agreement with the results of Figures 5(a) and 

5(b). At first glance, it appears that the add1tional inert ia raises the 

critical velocity in agreement with Figure 5(a), however the damping is 

considerably lower for the half-bridge without added mass. (Table II) As stated 

in the last paragraph, it can be estimated that the reduced critical velocity 

nr.1'TJ7""-w1..-n .... ~IDlIIr-.nmm::nrm~~_II1III'IIIIIII'!II1JI1,·:JC uw. - TI Ir"IIIIT.". rl11 I ITrI'TTll71lJT"1 I -;:--I t, I .'=-1IL:1 'l~CUt_(Ita:I ••• q:' •• liiMlLII j,ji WDii i . I I 
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for the half-bridge without added mass would be about 10.4 for a damping level 

of about one percent of critical, in which case there would be little difference 

when compared to the result with the added mass. 

In this series of experiments, the unmodified plate girder was not tested 

in moderately turbulent flow. An estimated response curve based on the data of 

Figure 7 and the results in Reference 1, is shown in Figure 8(a) for the model 

wi th a structural damping level of one percent. For the full bridge, the 

increased inertia raises the cri tical velocity by about 31 % in agreement wi th 

the smooth flow results. 

At a wind angle of 30°, the normal component of critical velocity again 

provides areasonabIe col lapse parameter for the full bridge data when 

structural damping is taken into account. Again there is a difference in 

critical velocities for the full and half-bridge studies. 

Figures 8(c) shows that the half bridge critical velocity is increased as 

the inertia increases. The critical velocities from Figures 8(a, b, c) are in 

good agreement with Figures 5(a, b, c) which confirms the results of Reference 

1, that a moderately turbulent flow has little effect on the critical speed for 

the onset of the torsional instability. 

In the highly turbulent flow, the buffeting response dominated the bridge 

behaviour and unfortunately it was still not possible to attain sufficient wind 

velocities to determine whether or not a highly turbulent flow would affect the 

onset of a torsional instability. 

4.2.1 Torsional Buffeting 

Figure 9a, 9b, 9c are plots of the torsional buffeting response of the 

bridge deck as a function of dimensional model wind speed for the tests in the 

highly turbulent flow. The prototype wind speeds are fi ve times grea ter than 

the model wind speeds. The most noteworthy aspect of Figure 9 (a) is that the 

response at a given dimensional wind speed is not affected by the added mass or 

structural damping level. 

The addition of inertia to the deck would tend to lower the response 

according to classical vibration theory, however the added inert ia also lowers 

frequencies, and at lower frequencies the amount of energy in the wind that is 

available to excite the bridge in a re sonant condition increases. 
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At a wind angle of 30°, the response of the full bridge is decreased 

(Figure 9b) and again the normal component of velocity seems to govern the 

response. This observation may not be valid for a bridge with appreciable 

camber along the span as a yawed wind will change the mean angle of attack of 

the wind. The response of the half-bridge is much larger than the full bridge at 

a given wind speed because of the decreased frequencies. 

This same characteristic is shown in Figure 9(c), where it is also evident 

that the effect of added inertia is negligible in terms of the response at a 

given dimensional windspeed. One curve on Figure 9(c) shows the response of the 

deck with a double cantilever. This simulates the erection state just prior to 

anchoring at the side pier and shows that the response can be very large if the 

deck is not tied down. 

4.2.2 Vertical Buffeting 

The effect of added mass on the vertical buffeting response is the same as 

that for the torsional buffeting response. Figure 10(a) shows the response of 

the full bridge in a highly turbulent flow with and without the added mass. A 

similar result is found for the half-bridge, Figure 10(b), where it can also be 

seen that the buffeting response increases dramatically during the erection 

stages. For the case of the half-bridge not anchored to the si de span pier, an 

rms response of 240 mm at prototype scale occurs at the prototype wind speed of 

31.3 mis. The peak response for a ten minute period is about 650 mm (see 

Appendix). This compares to a peak response of about 170 mm for the completed 

structure at the same mean wind speed and for the same time period. The sealing 

factors on vertical response, wind speed and time are 75, 5 and 15 respectively. 

Figure 10 (c) is a plot of the buffeting response of the full and half­

bridge at 30°. Trends similar to those already discussed are evident. 

As mentioned, it was thought that the buffeting response of the half-bridge 

may be reduced by the end effect. Since the buffeting response can be estimated 

accurately using analytical techniques, a comparison was made between calculated 

and measured responses to determine if the end effect significantly reduces the 

response. 

Figure 11a is a plot of the measured and calculated buffeting response of 

the full bridge at 0°. The calcula ted response is based on Reference 7, wi th 
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the exception that the aerodynamic damping term was modified as outlined in 

Reference 2. Basically this modification is in the form of a constant in the 

equation. The aerodynamic damping (percent critical), according to quasi-steady 
theory, is given by 

(1) 

wi th E = 1. However, several sectional model studies have shown tha t E can be 

less than 1. Investigations at the NAE have shown E to vary from 0.31 

(Reference 3) to 1.0 (Reference 7) with E decreasing as Cz increases (Figure 
Cl 

11 b). An explicit value of E was not obtained fr om section model tests of this 

deck section shape, thus a trial and error procedure was used to determine that 

for this section, E is equal to about 0.6. This value of E permit ted the best 

agreement with the experimental data. (Figure 11a). 

Since the various parameters used in the analytical technique were 

predicting a response that agreed weIl with experimental data, predictions were 

th en made of the response of the half-bridge anchored at the side span, using 

the measured values of frequencies and damping for the model in this 

configuration. These resul ts were then compared to the experimental values. 

Figure 12 shows the measured response is less than estimated by theory, 

suggesting that the end effects are important in the buffeting response. 

A brief li terature survey was undertaken to determine several corrections 

to the lift on a finite aspect ratio wing. Two such corrections were found, a 

simple one of the form (Reference 10) 

[ C J-1 1 + Zet 

'[rA 
(2) 

where C~1l is the value of the lift curve slope for finite 8.spect ratio, Cz:_( is 

the value of the lift curve slope for infinite (2D) aspect ratio, and A is the 

aspect ratio. (span/chord for a bridge). Equation 2, which is valid for flat 

plates (Reference 14), assumes on elliptical spanwise lift distribution. A 

correction for an arbi trary circulation distribution is more complex and is 

presented in Reference 11. 
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Figure 13 shows the two corrections to the lift curve slope as a function 

of aspect ratio. CZa was taken to be 5.3 which was determined from sectional 

model tests on the original configuration of the Quincy Bridge (Reference 9). 

The original deck configuration of the Quincy Bridge did not differ 

significantly from the plate girder section tested here. The correction for the 

arbitrary circulation distribution was worked out assuming an untwisted 

rectangular "wing" planform and a symmetrical circulation distribution about the 

midpoint of the span. 

Also shown in Figure 12 are estimated response curves for the half bridge 

incorporating the effects of a fini te aspect ratio. The aspect ratio was taken 

to be twice the half span divided by the chord since there is likely only a 

"bridge-tip" vortex at the free end of the main span. If the deck were not 

anchored at the side span, the aspect ratio would be more correctly taken as the 

half span to chord ratio because vortices can develop at both ends of the deck. 

It is seen in the figure that the correction is not sufficient to fully account 

for the three-dimensional effects for the half-bridge. More research is needed 

in this area, considering the number of cable-stayed bridges that are currently 

using the balanced cantilever technique for erection. 

The buffeting response in the moderately turbulent flow followed the same 

trends as in the highly turbulent flow and will not be elaborated on here. 

5.0 Conclusions 

A 1:75 geometric scale aeroelastic model of a cable-stayed bridge was 

tested in the NAE 9 m x 9 m low speed wind tunnel, to determine the effects of 

mass, yawed winds and erection configuration on the response to a torsional 

instability and buffeting. The conclusions reached are: 

(i) With respect to a torsional instability, it was found that increasing 

the polar mass moment of inertia of the deck raised the critical velocity for 

the onset of a torsional instabili ty. 

moderately turbulent flow. 

This occurred in both smooth flow and 

(H) A confirmation was made of the previous result (Reference 1) that 

the onset of a torsional instability for a plate girder section is not affected 

by the presence of a moderate amount of turbulence. It was not possible to 

I ... ..".....r-r- ___ ~ ____________ ~~ 
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fully examine the effects of highly turbulent flow on the instability behaviour 

due to the excessive vertical buffeting response with this model. 

(iii) From the results presented here, prediction of critical wind speeds 

for the onset of a torsional instability for the erection phase will be 

conservative if one uses either sectional model results or aeroelastic model 

results from the complete bridge as a basis for the prediction. 

(iv) With respect to a yawed wind, it was found that the component of wind 

normal to the deck governs the torsional instability and buffeting behaviour. 

(v) The buffeting response increases dramatically during erection, due to 

the decreased frequencies, which emphasizes the need for temporary tie downs. 

The response to buffeting for a partially erected span is not as large as 

buffeting theory would predict. 

(vi) The effect of adding mass to the deck had li t tIe effect on the 

response of the deck at a given dimensional wind speed and thus it can be 

concluded that the bridge stiffness is the dominant parameter as far as the 

buffeting response is concerned. The response of a linear system decreases with 

added mass, however the mass also lowers the bridge frequencies allowing a 

greater input of wind energy into the deck, and it seems that these two effects 

effectively cancel each other. 

(vii) It is also evident that the level of structural damping plays only a 

minor role in the vertical buffeting response at high wind speeds since the 

aerodynamic damping dominates. Evaluation of Equation 1 for a given condition 

clearly indicates this point. 
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FIG. 1: MODEL INSTALLATION FOR A WIND ANGLE OF 30° 
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APPENDIX A 

FULt BIUIIGE AT 0 DEG 
FLOW TYPE IS HIGHLY TUBBULENT 

VERTICAL DEFLECTIDNS (mm) TDBSJClNAL ItEFL.ECTIDNS (deg) 
---------------------------- -----------------------------
MEAN RMS PEAI\ I'{ATIO MEAN RMS PEAK RATIO 

MEAN WIND SPEED 3.35 NIS 
!3IDE SPAN 0.006 0.077 0.335 4.33 -0.004 0.021 0.0137 4.07 
NORTH CENTRE **HRANSDUCER MALFUNCTION*** 
CENTI;:r:: SPAN 0.054 0 . 149 0.548 3.68 0.028 0.015 0.057 3.84 
SOUTH CENT RE 0.032 0.054 -0.187 3.49 - 0.002 0.010 -0.028 2.65 

MEAN WIND SPEED 4.91., MIS 
SIliE SPAN 0.002 0.248 -- 1 .026 4.14 - 0.004 0.065 0.274 4.19 
NOR TH CENTR!':. ***rr':;ANSItIJCER MALFUNCTICJN*** 
CENTf<E SPAN 0.122 0.453 1.847 4.08 0.028 0.0:36 0.146 4.09 
SOUTH CENTF<E 0.05'7 0.:173 0.717 4.15 0.002 0.016 ··0. O~)!) :3.40 

MEAN WIND SPEED 6.62 I'IIS 
SIItE SPAN O.OO!:; 0.405 ··-1.360 3.36 ·-0.002 0.112 0.420 3.76 
NOIHH CENT RE ***TF<ANSItUCEB MALFLJNCT I ON*** 
CENTRE SPAN 0.214 0. 7 02 ·_·2.30B 3.29 0.01.6 0.065 0.23.2 3. 2~~j 
SOUTH CENn';;E 0.097 0. 2 82 -0.959 3.40 O.OOJ. 0.026 -0.090 3.47 

MEAN WIND SI"EED 13.39 MIS 
SIDE SPAN 0.002 0.611 2.26fJ 3.71 0.007 o .17~j -·0.597 3.40 
NOIHI-I CENT RE ***TF,ANSDUCFH ~lALFIJNCT:r DN*** 
CENTRE SPAN 0.361 1..0""/""/ ·-4.4B:5 4 . 17 ·-() .OO9 O. 100 0.325 3.25 
S()UrH CENTF,E 0.157 0.424 1.1.,2 2 3.82 ·-0.008 O.O'fl o .1~50 :3 • 6~::j 

MEAN WIND SPEED :l1. 62 MIS 
SIDE SPAN ·- 0.0137 :L • 1. S'O ·-4.1 7 ', 3.51 0.036 0.361. --1.138 3.1 ~j 
NURTH CENH,E **nRANSDUCEF, MALFLJNCTION*** 
CENn':;E SPf\N 0.908 1.BElb ·1.460 3.9(:, ·· 0.104 0.20:2 ··-0.1301 3. 9~5 
SOUTJ-I CENTr<E 0.332 0.822 3.140 3. e::! -·0.056 0.081 - 0.358 4.42 

MEAN WIND SPEED ;[:~. 46 MI S 
rou DE SPAN -·0.054 J..5Bl ·-6.1.74 3.91 0.054 0.462 1. ·724 3.74 
NOIHH CENTHE ***TRANUIIUCEF< ~lALFUNCT I DN*** 
CENTf<E SPAN 1. 212 2.710 10.261 3.79 -0.153 0.29'-; --1.060 3.55 
SOUTH CENTBE 0.460 I.077 3.728 3.46 ·-0.087 0.11'1 ·-·0.814 6.135 
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FULL BIUIIGE AT 0 DEG 
FLOW TYPE IS SHOOTH 

VERTICAL. DEFLECTIDNB ( 111111) TORSIDNAL DEFLECTI ONS (del] ) 

---------------------------- -----------------------------
HEAN F<MS PEAK BATID MEAN RMS F'EAI\ RATIO 

MEAN WIND SPEEII 2.32 MIS 
SIDE SPAN 0.007 0.421. 0.nj;3 1. 79 ·-0.002 0.009 -0.022 2.31 
NORTH CENTRE 0.021 0.271 0.493 1.82 0.014 0.000 -0.030 3.00 
CENT RE SPAN 0.047 0.040 ·-·0. 113 2.87 0.01l. 0.006 ·-0.020 3.18 
SOUTH CENTRE 0.032 0.265 0.491 1.85 0.003 0.010 0.022 2.23 

MEAN WIND SPEED 13.75 MIS 
SIDE SPAN -0.043 0.312 ···· 1.003 3.2:L 0.035 0.032 0.105 3.34 
NORTH CENn~E 0.343 0.213 0.766 ;3.60 0.051 0.030 0.1.05 3.53 
CENT RE SPAN 0.973 0.455 -1.651 3.63 -0.047 0.085 -0.290 3.41 
SOUTH CENT RE 0.321 0.218 ·-·0.769 3.53 -0.026 0.034 o .U8 3.48 

MEAN WIN[I SPEEn 14.21 MIS 
SIDE SPAN -0.090 0.354 -1.335 3.77 0.057 0.041 -0.154 3.n 
NORTI-i CENTRE 0.396 0.238 0.757 3.18 0.062 0.042 0.133 3.19 
CENT RE SPAN 0.675 0.576 1.882 3.27 -0.137 0.140 0.387 2.76 
SOUTH CENTF<E 0.304 0.244 -0.756 3.09 ·_·0.041 0.048 - 0.189 3.91 

MEAN WIND SPEED 14.66 MIS 
SInE SPAN -0.087 0.361:1 ··-1.645 4.40 0.061 0.039 0.110 :3.02 
NORTH CENTRE 0.422 0.245 1.120 4.58 0.064 0.038 0.153 4.05 
CENTRE SPAN 0.733 0.616 2.640 4.29 ·-0.140 0.119 0.332 ~~. 78 
SOUTl-1 CENT RE 0.317 0.260 -0.920 3.54 -0.045 0.043 -0.159 3.71 

MEAN WIND SPEEn 17.35 HlS 
smE SPAN -0.117 0.431 1.690 3.93 0.085 0.057 -0.199 3.4"7 
NORTH CENT RE 0.582 0.303 -1.038 3.43 0.083 O. 0~:;8 -0.161 2.80 
CENTRE SPAN 1.147 0.653 2.171 3.33 -0.176 0.188 0.534 2.84 
SOUTH CENTRE 0.448 0.309 1.006 3.2r-j -O.O/.d. 0.064 -·0.184 2.813 

HEPIN WIND SPEED 18.26 MIS 
SIIIE SPAN ·-0.117 0.500 ·-1.73!5 :3.4"7 0.101 0.163 -0.604 3."70 
NORTH CENTRE 0.648 0.329 -1.158 3.52 0.093 0.202 -0.608 3.00 
CENTRE SPAN 1.340 0.850 2.947 3.47 -0.194 0.758 2.19!5 2.90 
SOUTH CENTRE 0.503 0.356 -1.334 3.75 -0.069 0.226 0.705 3.12 

MEAN WIN!I SPEEn 1.8.75 HlS 
SInE SPAN -0.121 0.533 -1.629 3.06 0.107 0.191 -0.501 2.62 
NORTH CENTRE 0.685 0.350 ·_·1.302 3.72 0.092 0.241. -0.648 2.68 
CENT RE SPAN 1.428 0.845 2.791 3.30 -0.208 0.902 2.082 2.31 
SOUTH CENT RE 0.536 0.3"75 1. .!524 4.06 -0.069 0.2"70 0.681 2. 5~'5 

MEAN WIND SPEEII 18.99 HlS 
SIDE SPAN -0.177 0.624 -2.032 3.26 0.117 0.326 ·-0.996 3.06 
NOF<TH CENTRE 0.797 0.390 1.797 4.61 0.094 0.448 -1.547 3.45 
CENTRE SPAN 1.766 1.208 5.1137 4.29 -O.25B 1.638 ·-4.294 2.62 
SOUTH CENTRE 0.641 0.477 1.938 4.06 -0.065 0.508 1.658 3.26 
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FUl..L BRIDGE AT 0 DEG WITH AliDED MABS 
FLOW TYPE IS SMOOTH 

VErnICAL DEFLECTIIJND (mIJl) TDRSION(1L. DEFLECTIDNS (deg) 
---------------------------- -----------------------------
MEAN I:;;MS PEAI, RATIO MEAN 1:;;~IS PEAK HATID 

MEAN WIND SPEED 13.84 MIS 
SIDE SPAN -0.030 0.313 ·--:l .281 4.10 0.034 0.0:31 0.101 ~~. 24 
NORTH CENTRE 0.376 0.208 -0.6"75 3.25 0.008 0.030 0.106 3.59 
CENTRE SPAN 0.780 0.478 -1.547 3.23 -,0.053 0.0"77 0.244 3.16 
SOUTH CENTRE O. ~533 0.231 -,0.821 3.56 -0.076 0.039 O. 13~~ 3.40 

MEAN WINII SPEEn 14.97 MIS 
SIDE SPAN '-0.040 0.34'1' -"1.290 3.70 0.046 0.050 -0.162 3.28 
NORTH CENTliE 0.460 0.230 0.732 3.1B 0.009 (). o~:)O 0.126 2. 5~·5 
CENTRE SPAN 0.945 0.495 1.664 3.36 --0.055 0.171 0.419 2.44 
SOUTH CENTRE 0.3n5 0.251 --0. '.i'13 :.~. 64 -·().090 0.063 '-0.194 3.06 

MEAN WIND SPEED 15.80 MIS 
SInE SPAN --0.038 0.373 -1.591 4.27 0.051 0.0:",9 '-0.176 2.9B 
NORTH CENT RE 0.581 0.243 0.803 3.31 0.025 0.061 --0.172 2.83 
CENTRE SPAN 1.053 0.58:'5 -1.9;:i5 3.36 ·-0.0:7i7 0.21() 0.468 2.14 
SOUTH CENTRE 0.412 0.264 -0.893 3.38 ,-,0.102 0.078 0.214 2.76 

MEAN WIND SPEED 16.04 MIS 
SIDE SPAN -0.053 0.414 -1.32~' 3.19 0.056 0.072 -'0.233 3.26 
NORTH CENTRE 0.703 0.259 1.084 4.19 0.037 0.076 0.207 :~.n 
CENT RE SPAN 1.119 0.653 1.986 3.04 -,0.056 0.286 -0.665 2.32 
SOLITH CENTRE 0.427 0.281 1.064 :3.79 --0.108 0.096 -0.271 2.83 

MEAN WIND SPEED 16.04 MIS 
SIfiE SPAN -0.035 0.412 1.527 3.70 0.056 0.061 0.222 ~5. 66 
NORTH CENT RE 0.813 0.272 -0.93"7 3.44 0.043 0.060 -0.186 3.09 
CENT RE SPAN :1.094 0.669 3.039 4. ~)4 -0.047 0.;'16 O. 5~53 2.56 
SOUTH CENTRE 0.418 0.299 -0.999 3.35 -,0.111 0.079 -0.256 3.26 

MEAN l"IND SPEED 16. 7~) MIS 
SIDE SPr"JN --0.045 0.485 -1.610 3.32 0.064 0.113 0.28:.'i 2.52 
NO~TH CENTRE :l.141 0.281 '-'0. n)2 :3.39 O. 0~:j7 0.120 "-0.277 2.:31 
CE TRE SPAN 1.211. 0.816 2.434 2.98 -0.065 0.474 -0.981 2.07 
SOUTH CENTrlE 0.460 0.307 '-1.059 :5. 4~'i -0.1.20 O. 1 ~)5 '-0.340 2.20 

t1EAN WIND SPEED 17.21 M/S 
SI[lE SPAN -0. 0~'i8 0.638 1.983 3.11 0.070 O.:L62 '-0.47:3 2.92 
NORTH CENTRE 1.405 0.335 1.140 3.40 0.063 0.170 0.377 ,., '')') 

L •• • : .. ':" 

CENTRE: SPAN 1.289 1.123 3.408 3.03 "-0.068 0.689 1.4:38 2.0B 
SOUTH CENT RE 0.490 0.358 -1.359 3.80 -0.129 0.220 -0.539 2.45 

MEAN WIND SPEED 17.97 ~1/S 
BIIIE SPAN -0.061 0.763 2.044 2.68 0.080 0.208 0.454 2.1.9 
NORTH CENTHE 1.757 0.360 3 .• 063 2.96 0.057 0.216 0.442 2. O~) 
CENT RE SPAN 1.400 1.390 3.35"7 2.42 -0.072 0.883 1.628 1.84 
SDl/TH CENT RE 0.538 0.396 1.275 :'5.22 '-0.136 0.281 -0.583 2.08 

- 1~-. ____ ... __ ,_ ... '"ron •• n ... ' __ I ............ _1II. ______ ......... III1I1_ ..... 1I __ rnl.IIT • .,-O_::I"t::-r.-::-ro.0 '0Tt:1'i!lrrrrrmJIITlllrTCOTI.Jrrl.1 r.T~- :--:-TT.iCitUnl1=i hiuu",.niM'IUfidliMd."Mi_M. ii .,1 lillili' •• 
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FUL.L IcRIDGE "fT 0 nEG WITH ADDED Mf;SS 
FLOW TYPE IS MODERATEl.Y TURBULENT 

VERTICAL DEFLECTIONS (11'1111) TORSIONAL DLFLECTIONf:l (dèlJ) 

---------------------------- -----------------------------
MEAN Rl'lS PEAK n/1TJO MEAN HMS PEAI\ BATID 

l'lEAN WIND Sr:'EED 4.27 MIS 
SIDE SPAN 0.003 o.o'n 0.34::) 3.76 0.00;'3 0.010 0.039 ;3.82 
NOf<TH CENTRE 0.062 0.064 0.206 3.23 0.009 0.00', '-0.036 3.84 
CENTRE SPAN 0.176 0.174 0.507 2.92 -- O.Ol1 0.013 -0.046 3.49 
SOUTH CENTRE 0.049 0.068 -0.228 3.35 -,0.010 0.012 0.038 3.11 

MEAN WIND SPEED 5.34 MIS 
SIDE SPAN -'0.007 0.146 -0. :50'/ 3.46 0.003 0.014 -0.043 3.19 
NORTli CENTRE 0.101 0.09'/ 0.300 3.11 0.011 0.011 ···0.03!'::i 3.26 
CENTRE SPAN 0.254 O. 25~.) 0.825 3.24 '-0.013 0.022 -0.078 3.47 
SOUTH CENTRE 0.067 0.100 0.320 3.19 -0.012 0.014 0.045 3.22 

l'jEAN WIND SPEED 6.43 MIS 
SIDE SPAN -0.010 0.194 0.6f:i::.:j 3.53 0.003 0.0113 '-0.054 3.09 
NORTH CENTRE 0.138 0.123 0.400 3.24 0.009 0.017 --0.059 3.56 
CENTRE SPAN 0.329 0.328 1.041 ;'3.17 '-0.024 0.039 0.117 3.04 
SOUTH CENT RE 0.092 0.127 -0.421 3.32 - 0.012 0.021 0.0'71 3.44 

MEAN WIND SPEED 8.52 M/S 
SInE SPAN -·0.033 0.343 1.412 4.12 0.013 0.02'/ 0.101 3.72 
NORTH CENTRE 0.227 o """') ....... -... - "-0.697 3.14 0.009 0.02:1. 0.069 3.25 
CENTRE SPAN 0.536 0.604 2.082 3.45 -0.039 0.04';> 0.160 3.25 
SDUTH CENT BE 0.150 0.219 '-0.724 3.30 -0.014 0.026 ' ·0.078 2.94 

MEAN WIND SPEED 9.58 MIS 
SIDE SPAN -0.038 0.346 ··· 1..2~)9 3.64 0.020 0.031 '-0.145 4.72 
NORTH CENTRE 0.2'75 0.221 0.71'7 3.24 0.0J.2 0.02)' 0.114 4.22 
CENTRE SPAN 0.645 0.529 ,·,2.08::; 3.94 -0.048 0.071 0.327 4.60 
SOUTH CENTRE 0.181 0.228 0.87<'> 3.84 -0.019 0.032 0.127 3.91 

MEAN WIND SPEED 10.72 MIS 
SIDE SPAN -0.042 0.484 1.519 3.14 0.033 0.0:3'1 O. 134 3.93 
NORTH CENTliE 0.334 0.317 -,1.047 3.30 0.012 0.029 '-0.109 ~5. 7~.:j 

CENTF~E SPAN 0.777 0.790 -'2.682 3.39 -0.055 0.069 -·0.2::'i4 3.67 
SOlJTH CENTRE 0.217 0.324 '-1.254 3.87 "-0.023 O. 03~) 0.123 3. ~5() 

MEAN WIND SPEED 11.74 MIS 
SIDE SPAN "'0.061 0.503 ,-,2.201 4.38 0.042 0.041 0.136 3.'76 
NOr-:: rH CENTRE 0.400 0.327 -1.226 3.7:'; 0.01.4 0.037 '·'0.146 3. 9~3 
CENT RE SPAN 0.944 0.806 '·'2.958 3.67 '·0.065 0.096 0.338 :3. ~:;4 
SOUTH CENT RE 0.264 0.332 -,1.289 3.89 ··0.027 0.044 -·0.144 ....... ) .... 

.:' .... / 
~lEAN WIND SPEErc 12.78 MIS 

SIDE SPAN -0.059 0.569 1.932 3.40 0.054 0.048 0.1'11 4.00 
NORTH CENT RE 0.465 0.383 1.233 ;3.22 O.Ol6 0.042 · 0.153 :3.63 
CENTRE SPAN 1.088 0.895 2.929 3.27 -0.078 (). 102 0.320 3.13 
SOUTH CENTRE 0.314 0.39<'> ·-1..465 3.70 ,-,0.034 0.0::,0 '-0.200 3. ',6 
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FUL.L BBI[lGE AT 0 [lEG WITH A[lDE[I MASS 
FLOW TYPE IC' . ;:) MOIIEF:ATEI..Y TURBULENT 

VERTICAL DEFLECTION5 ( 11,11, ) TOB~H ONAL. DEFLECTIDNS (deg) 
---------------------------- -----------------------------
MEAN RMS PEAK RATIO MEAN BMS PEAK RATIO 

MEAN WIND SPEED 13.84 MIS 
SI[tE SPAN - 0.081 0.656 --2.195 3.35 0.065 0.064 0.214 3.34 
NORTH CENn,E 0.541 0.431 -',.1.484 3.44 0.017 0.056 0.218 3.90 
CENTRE SPAN 1.249 0.947 '-3.239 3.42 - 0.093. 0.172 0.545 3.16 
SOUTH CENTI":E 0.358 0.431 -1.525 3.53 -0.037 0.067 -O.2:":U, :3.49 

NEAN WIND SPEEn 14.84 MIS 
SIDE SPAN '-0.084 0.709 2.098 2.96 0.074 0.081 -0.267 3.28 
NORTH CENT RE 0.618 0.492 1.518 3.09 0.016 0.076 0.310 4.09 
CENTRE SPAN 1.415 1.14() :3.282 2.88 - O.l.OB 0.244 '-0.837 3.43 
SOUTH CENT RE 0.405 0.4n'j 1.681 3.40 -0.039 0.089 0.324 3.66 

MEAN WIND SPEElt 1::i.49 MIS 
SIDE SPAN ·"0.07'7 0.748 2.244 3.00 0.081 0.123 -0.43'7 3 "'r::-• ~J,;I 

NORTH CENTRE 0.656 0.485 1.459 3.0l. 0.015 0.127 - ().382 3.01 
CENT RE SPAN 1. ~'i02 1.18.1 4.03'7 3.42 -0.120 0.476 1.339 2.81 
SOU TH CENTRE 0.428 0.494 :l.948 3. 9~:i - 0.036 0.148 0.450 3.03 

MEAN WIN[I SPEE[I 15.91 MIS 
5IDE SPAN ···().087 0.7136 '·2.568 3.2'7 0.085 0.099 (). 35~5 :3.58 
NoBTH CENT RE 0.695 0.517 1.994 3.86 0.014 0.096 0.326 3.39 
CENTRE SPAN 1..574 1.135 4.025 3.55 -0.123 0.326 '-1.004 3.08 
SOUTH CENTRE 0.447 0.530 -1.669 3.15 -0.033 0.111 0.386 3.48 

MEAN WINti SPEED 16.36 M/S 
SIDE SPAN '-0.090 0.916 2.91El 3.1.8 0.095 0.214 -0.626 2.93 
NORTH CENTRE 0.739 0.544 1.929 :3.55 0.015 0.233 -0.649 2.79 
CENT RE SPAN 1.682 1.505 6.163 4.09 -0.129 0.913 -2. 2~j5 2.47 
SOUTI-I CENT RE 0.47:3 O. ~)58 :l .99ó 3.58 -0.032 0.268 "·0.722 :~. 69 

MEAN WIND SPEE[I 1.6.59 M/S 
SIDE SPAN ·,,0.105 0.895 '-3.006 3.36 0.095 0.1.74 ···0.6:l3 3.53 
NO~TH CENTRE 0.763 0.566 2.013 3.55 0.017 0.1.86 -0.639 3.44 
CENTRE SPAN :l.7:36 1.409 '-4.199 2.98 '-0.1.32 0.707 '·1.892 2.68 
SOUTH CENT BE 0.476 0.589 2.06:1. 3. ~jO -,0.029 0.21.4 0.583 2.72 

1III II III IIIIIIIIIIIIIIillm 11. •••••••• 111 "111111 I 1111111 III I 1111 1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIhlllDIIIIIIIIIIIIIIIIIIIIIIIIIII IIII I I 
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FULL BRIDGE AT 0 DEG WITH ADDED ~lABS 
FLOW TYPE tS HIGHLY TURBUL.ENT 

VERTICAL DEFI ... ECT IONS (mm) TDRBIDNAL DEFLECTIONS (dt:!<J) 

---------------------------- -----------------------------
MEAN r-~MS PEAI\ HATID MEAN RMf:> PEAI, F,tîTI (J 

NEAN WINII SPEEII 4.25 MIS 
SIDE SPAN ,-,0.002 0.163 ,-,0.487 3.00 O. 00~:i 0.011 '-0 .0::;2 4.60 
NORTI-I CENTRE 0.03b 0.107 0.351 3.28 0.02b 0.010 -,0.043 4.27 
CENTRE SPAN 0.132 0.278 ,-,0.83 4 3.00 -0.01.0 0.022 '-0.064 :2.99 
SOUTH CENTRE 0.050 0.107 '-0 .357 :3.33 -0.004 0.013 -0.046 3. ~)b 

MEAN WIND SPEED ~:;. 1. 9 MIS 
SIDE SPAN 0.002 0. ?45 0.871 3.55 0.006 0.019 0.0'79 4.13 
NOHTH CENTRE 0.056 0.158 .... 0.551 3.49 0.02::; 0.014 .. -0 .043 3.1:;; 
CENmE SPAN 0.161 0.47b 1.484 3. J.2 -0.021 0.033 0.120 ~~. b5 
SOUTH CENHiE 0.05';> 0.164 0.603 3.68 -0.005 0.017 0.063 3.72 

MEAN WIND SPEED 6.83 1'1/5 
SIDE SPAN -0.003 0.407 ·-1. 413 3.47 0.011 0.029 0.101 3.45 
NORTH CENTRE 0.114 0.266 0.919 3.46 0.027 0.024 -- 0.091 3.82 
CENTRF SPAN 0.291 0.746 '-2.283 3.06 ,-,0.039 O. O,~O 0.200 3.34 
SfJUTH CENTr,E 0.089 0.270 ' -0.876 3.25 --0.009 0.028 0.107 :3.713 

MEAN WIND SPEED 7.65 MIS 
SInE SPAN '-0.007 0.563 - 1.13:33 3.26 0.01::; 0.038 0.142 3.76 
NORTH CENTRE 0.143 0.365 --1 .482 4.06 0.027 0.030 0.110 3.66 
CENTRE SPAN 0.367 0.901 3.133 3.48 '-0.068 0.07';> 0.284 ~5. 6:1. 
SOUTH CENTRE 0.099 0.356 1.335 3.75 -0.008 0.035 -0.124 3.52 

HE'AN WIND SPEED 8.64 NIS 
SIDE SPAN -0.018 0.703 · .. ·2.542 3.62 0.01.8 0.050 - 0.172 3.41 
NOHTH CENT RE 0.187 0.460 ····1.737 3.78 0.02ï' 0.039 0.123 3.13 
CENT RE SPAN 0.461 1.219 4.295 3.52 -,0.101 0.113 -0.350 3.10 
SOIJTH CENTRE 0.114 0.4:'.';6 '-1.463 3.21. ·-O.O:l.:l 0.046 "'0.163 3. ~j8 

!-IEAN WIND SPEED 9.48 MIS 
SIDE SPAN 0.021 0.72;' ·-2.7BO 3.82 0.0:1.9 0.0:'54 .... 0.15" 2.97 
NORTH CENTRE o .19L 0.492 :[.ó90 3.43 0.0:34 0.042 0.16'2 3.8'2 
CENTliE SPAN 0.5:1.9 1.233 '-3. B70 3.14 -·0.10'i O. 1 :[ ~:ï 0.373 3.26 
SOUTI"I CENTRE 0.J.32 0.488 1.606 3.29 -0.013 0.050 -0.165 3.30 

HEAN WIND SPEED 10.30 MIS 
SIDE SPAN 0.002 0.945 ''''3.656 3.87 0.022 0.Ob3 0.230 3.63 
NOR TH CENTRE 0.246 0.621 2. :l27 :3.43 0.0:52 O.04'} 0.3'i'B 4.07 
CENTRE SPAN 0.b59 1.501 5.791 3.86 ·-0.11B 0.125 0.494 3.94 
SOUTH CENTRE 0.179 0.644 ·-2.1~)2 3.34 -O.01B 0.056 0.192 3.43 

MEAN WIND SPEED 11.15 MIS 
SIIIE SPAN -0.011 1.066 '3.36/ :3 .16 0.024 0.069 0.229 3.31 
NORTH CENTr<E 0.298 0.692 '-2.336 3.38 0.033 0.054 0.202 3.'12 
CENTRr:: SPAN 0.735 1.896 ,-,6.504 3.43 -0.123 0.144 0.6.16 4.26 
SOUTH CENTRE 0.182 0.737 2. ,~33 3.57 -0.018 0.064 -0.215 3.34 
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FULL. BIUDGE AT 0 DEG WITH ADIIEli MM3S 
FLOW TYPE IS HIGHLY TURBULENT 

VERTICrît. DEFLECTIOND (mm) TDrWIONAL DLFL.ECTIDNS (dey) 

---------------------------- -----------------------------
MEAN r~MS PEAK F\ATIO ~lEAN RMS PEAK RATID 

MEAN WIND SPEED 12.00 MIS 
SIDE SPAN -0.048 1.317 5.3é,2 4.07 0.03l. 0.004 ····().348 4.16 
NOBTH CENTRE 0.3l4 0.858 3.856 4.49 O. 03~~ 0.068 0.249 3.69 
CENTr..,E SPAN 0.847 2.086 -7.8:"j8 3.'17 -·0.135 0.186 -·0.581 3.1:3 
SOUTH CENTRE 0.204 0.876 2.665 3.04 -0.022 0.079 '·'0.260 3.30 

MEAN WIND SPEED 12.39 M/S 
SIDE SPAN '·'0.026 1.351 4.770 3.53 0.034 0.094 0.332 3.54 
Nnf~TH CE NT I:;:!:. 0.3135 0.8137 3.44:3 3.88 0.036 0.076 '-0.282 3.70 
CENTBE SP,'1N 0.926 2.105 -7.332 3.48 -0.140 0.212 -·0.700 3.30 
SOUTH CENTf';;E 0.229 0.862 3.6:30 4.21 '-0.019 0.08'i> ·-·0.30l 3.46 

MEAN WIND SPEErI 12.72 MIS 
SIDE SPAN ·-0.061 1..468 ~).135 3. ~jO 0.037 0.103 ·-0.:344 3. 3~j 
NOf<TH CENH<E 0.427 0.970 3.015 3.11. 0.037 0.089 -0.290 3.27 
CENTI"':E SPAN 1.027 2.484 -·S. 41 'l 3.39 -() .1313 O. 26~:j 0.848 3.19 
SOUTH CENTBE 0.254 0.980 -2.894 2.95 -0.Ol~5 o • 1 Oe:- 0.384 3.63 

MEAN WIND SPEED 12.98 MIS 
SI[lE SPAN -0.095 1.754 5.567 3.17 0.044 0.111 -0.425 3.84 
NORTH CENTRE 0.482 1.150 3.686 3.20 0.040 0.093 0.342 3.66 
CENTRE SPAN 1.164 3.240 -10.568 3.26 -0.143 0.278 1.110 3.99 
SOUTH CENTBE 0.274 .1.196 '-3.900 3.26 _.() .01.1 0.11.3 ,·,0.417 3.69 

HEAN WIND SPEED 13.53 MIS 
SIDE f:lPAN '-0.004 1.41:l "·5.132 3.64 0.044 0.1:1.2 O. 37~:i 3.34 
NORTH CENrr~E 0.456 0.958 -3.350 3.50 0.043 0.093 0.339 3.64 
CENTBE S::'AN :l.0'72 2.324 9.630 4.14 '-0.149 0.26:t 0.8:37 3.:W 
f:,OUTH CENTRE 0.250 0.986 -3.654 3.71. -,0.007 0.113 -0.412 3.b4 

MEM! WIND SPEEl! 13. S'2 NIS 
SIDE SPt''1N -0.086 1.622 -5.873 3.62 0.047 0.120 0.442 3.69 
NORTH CENTRE 0.529 1.087 4.08B 3.76 0.042 0.096 0.362 3.76 
CENTRE SPAN 1.297 2.767 -9.339 3.38 -0.156 0.250 -0.878 3.51 
SOIJTH CENTf<E 0.2f:l6 1 .09:5 '-4. :511 4.13 '-0.007 0.1.16 ····0.481 4.14 

i'lEAN WIND SPEED 14.15 MIS 
GIDE BPAN -0.078 1.6139 '-5.81.1 3.44 0.047 0.141 ,·,0.690 4.90 
NOFnH CENTRE 0.552 1.139 4.102 3.60 0.043 0.121 0.429 3.53 
CENTF<E SPAN 1.37'7 2.7713 :tO.396 3.74 -,0. :158 0.367 1.063 2. <;'() 
SClUTH CENTRE 0.304 1.163 4.808 4.20 -0.003 0.149 0.613 4.13 

MEMI WIND ~,PEEJ) :t4.59 MIS 
SIDE SPAN -,0.047 1.623 b.020 3.71 0.051 0.149 0.550 3.69 
NOrnH CENTRE 0.563 1.089 4. :no 3.92 0.046 0.124 0.487 3.94 
CENTBE SPAN 1.365 2.693 9.794 3.64 -0.1.'>2 0.358 1.035 2.89 
~3DUTH CENT HE 0.277 1.131 -4.740 4.20 '-0.001 O • .145 0.5:t~5 ~1. !'.'jlj 

T 
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FULL BRItlGE AT 0 IIEG WITI-I AIIIIED MMS 
FLOW TYPE IS HIGHLY TURBULENT 

VERTICAL DEFLECTIONS ( /Tt 11. ) TOFlSIONAL IIFFL.ECTIClNG (c!elj) 

---------------------------- -----------------------------
MEAN BHS PEAK I~AnO MEAN liMS PEAI\ BATJCI 

MEAN WINII SPEEII 15.01 M/S 
SIIIF SPAN ,-,0.032 1.783 ~:j. 930 3.33 O. 0~:j4 0.170 O. ::'il.,9 3.34 
NORHI CENTRE 0.578 1.198 4.473 3.73 0.048 0.139 0.560 4.03 
CENTRE SPAN 1.442 2.90:3 -10.800 3. '72 '-0.170 0.437 1.263 2.f:l9 
SOUlH CENTRE 0.314 1.251 4.359 3.48 0.002 0.170 -·0.66B 3.93 

MEAN WIND SPEEII 1~). 24 M/S 
SIIIE SPAN '-0.049 :L.847 "-5.860 3.17 0.054 0.166 -0.626 3.77 
NORTH CENTRE 0.618 1.264 4. ~:ï8:l 3.62 0.050 O • .t36 ··-0.47B :3. ~J:t 
CENTRE SPAN 1.521 3.119 9.670 3.10 -0.17:3 0.387 --1. .316 3.40 
SOlJTH CENT RE 0.349 1.35::; -,-4.138 :5 • O~5 0.004 0.168 ·-0.7!,"j9 4 "." • ~J.&:.. 

MEAN WIND SPEED 1.5.67 M/S 
SIIIE SPAN -0.072 2.127 6.088 2.86 O. 0~:i4 0.1713 "-0.670 :,.77 
NORTH CENTRE 0.661 1.438 6.430 4.47 0.050 0.1;58 0.61.4 4.43 
CENTRE SPAN 1.581 3.63S' l1.266 3.:t0 ._() • j ~)6 0.342 1.09::i 3.20 
SOUTH CENTRE 0.362 1.477 5.524 3.74 0.014 0.168 --0.747 4.44 

MEAN WINti SPEED 16.00 M/S 
SIIIE SPAN -0.075 2.094 b.152 2.94 0.061 0.235 0.71:17 3.35 
NOBTH CENTRE 0.703 1.370 4.684 :3.42 O.O:::iO 0.205 0.8:1.2 3.9::; 
CENTRE SPAN 1.667 3.810 -':l1 .824 3.10 -,0.082 0."713 2.242 3.14 
SOUTI-! CENTRE 0.3813 1.521 5.199 3.42 0.048 0.268 .... ;[ .O!'i2 :3. ~/3 
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Hf\L.F BBIDGE AT 0 DEG WITH f\[I[lED MASS 
FLOW TYPE IS HIGHLY TUBElIJLENT 

VERTICAl.. DEFLECTIDNS (mm) TOr<BIONAL. DEFLECTIONS (d€q) 

---------------------------- -----------------------------
MEAN I:;;MS F'Ef\K HA TI () MEAN I:;;MS PEAK RATIO 

MEAN WIND SPEED 3.35 MIS 
SIDE SPAN 0.002 O.10:':i ,-,0.344 3.2'7 0.003 0.010 0.030 3.09 
NORTH CENT RE 0.029 0.066 ·-0.200 3.03 0.009 0.008 -.. 0.030 3.54 
CENTRE SPAN O. 0~~9 0.377 1.009 2.68 '-0.001 0.023 "·0.082 3.63 
SOUTH CENT BE 0.057 0.149 ·,,0.466 3.14 0.002 0.015 0.048 3.15 

MEAN WIND SPEElI 4.27 MIS 
SInE SPAN '-0.010 0.154 -0.486 3.15 0.003 0.014 -0.053 3.79 
NORTI-I CENTRE O. 0~:ï0 0.099 0.300 3.04 0.01.0 0.010 '··0.044 4.33 
CENTf~E SPAN 0.1.57 0.54"7 1.710 3.12 -,0.008 0.033 0.115 3.44 
SDUTH CENT RE 0.091 0.215 0.658 3.0:':; 0.005 0.021 ,,,0.072 3.49 

1'1EAN WIND SPEED 5. :ll MIS 
SIDE BPAN '-0. Ol!) 0.216 '-0.661 3.07 O. 00~5 0.019 '-0.0'74 3.80 
NOrnH CENTRE 0.078 0.140 '-0.438 3.13 0.006 0.013 0.048 3.61 
CENTRE SPAN 0.245 0.735 2.462 3. ~~~'j '-0.01.3 0.043 0.1.58 3.63 
SDLJTH CENTRE 0.132 0.294 --0.923 3.15 0.003 0.02'7 -0.100 3.74 

MEAN WIND SPEED ~:j. 92 M/S 
SIDE SPAN -,0.027 0.363 -1.082 2.98 0.007 0.027 -0.086 3.26 
NORTI·j CENTF<E O. :t 1 4 0.229 '-0.713 3.12 0.004 0.019 0.084 4. 3~) 
CENTRE SPAN 0.318 1.292 3.587 2.78 --0.01.4 0.071 -0.273 3.87 
SOU TH CENT RE 0.17:3 0.500 1.420 2.84 "-0.003 0.042 0.183 4.36 

MEAN WIND SPEED 6. '72 MIS 
SIDE SPAN -, 0 .014 0.522 .... 1.579 3.02 0.009 0.03'7 --0.122 3.30 
NORTI·I CENTRE O. 1 ~~6 0.327 -,1.086 3.32 0.003 0.026 0.079 3.08 
CENT RE SPAN 0.360 1.856 !).684 3.06 '-0.020 0.103 o .3!"i4 3.44 
SOU TH CENTRE 0.194 0.'709 -··2.212 3.12 0.002 0.060 0.244 4.04 

MEAN WIND SPEED 'l • !55 MIS 
SIDE SPAN "-0.045 0.511 ",1.681 3.29 0.016 0.042 -0.156 3.71 
NOBTH CENTF\E 0.190 0.326 1.022 3.14 0.001 0.030 ·-0.U.9 3.96 
CENT RE SPAN 0.474 1.692 4.679 2.77 -0.025 0.115 .... 0.397 3.44 
SOUTH CENTRE 0.26B 0.6fJ2 '-2.090 3.0'7 0.004 0.069 '-0.253 3.64 

"1EAN WIND SPEED 8.44 MIS 
SIDE SPAN "-0.029 0.716 .... 2.30'7 3.22 0.020 0.051 0.19:'3 3.78 
NoRTH CENT RE 0.22fJ 0.460 "-1.628 3.54 0.000 0.040 -0.133 3.36 
CENT RE SPAN 0.521 2.384 '7.228 3.03 '-0.038 O.15(j' 0.506 3.18 
SOU TH Cf-::Nn~E 0.296 0.952 ,,3.654 3.84 0.013 0.094 -0.296 3.14 

MEAN WIND GPEED 9.39 N/S 
BIDE SPAN -,0.032 0.890 3.082 3.46 0.023 0.060 -0.192 3.21 
NoriTH CENTr<[ 0.262 0.~ï71 --:l .8'76 3.29 '-0.001 0.049 0.187 ~~. 80 
CENTBE SPAN 0.620 2.995 8.423 2.81 -0.046 0.202 0.63'7 3.16 
SOUTH CENTr,[ 0.340 1.205 -3 .600 2.99 0.019 0.119 0.423 3 .. .oe: . ~""~ 
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HAl.F BRIDGE AT 0 DEG WITH AIIDED MASS 
Fl.OW TYPE IS HIGHLY TURBULENT 

VERTICAL I1EFLECTIONS (IJIIJI) TORSIONAL. DEFLECTIONS (deÇj) 

---------------------------- -----------------------------
HEAN RHS F'EAK RATIO HEAN RMS F'EAK RATIO 

HEAN WINfJ SPEED 10.27 H/S 
SIDE SPAN -0.037 0.877 -2.699 3.08 0.032 0.065 0.239 3.70 
NORTH CENTRE 0.316 0.565 1.713 3.03 -0.002 0.055 ·-0.198 3.63 
CENT RE SPAN 0.868 2.801 -8.163 2.91 0.003 0.209 -0.761 3.65 
SOUTH CENT RE 0.407 1.150 ·-3.769 3.28 0.023 0.127 0.486 3.B2 

HEAN WIND SPEED 11.13 H/S 
SIIIE SPAN -0.042 0.932 3.764 4.04 0.039 0.073 0.2b4 3.59 
NORTH CENTRE 0.370 0.620 -2.102 3.39 -·0.005 0.063 -0.212 3.36 
CENTRE SPAN 0.960 3.019 9.354 3.10 '-0.005 0.254 -1.013 3.99 
SOUTH CENTRE 0.485 1.246 -4.147 3.33 0.031 0.155 -0.547 3.54 
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HALF BI::; I [lDE AT () [lEG WITI·I ADTlE[I MflSS 
FLOW TYPE IS SNDOTH 

VEHTICAL fiEFLECTIONG ( If.ll. ) T[IRGIONf\L DEFLECTIDNS (deIj) 

--------------------- •• w ... ~ •• _ .... _ • • ••• -----------------------------
~lEAN R~lS PLAI, l::;flTIn MEAN mis PEAI\ Hf\ TI () 

l'IEr)N WIND SPEED 2.29 MIS 
SIDE SPAN ·'0.005 0 .021 ·'·() .071 3.33 ... (). O();~ 0.00:' ·-0.008 3.13'1 
NOraH CENTBE 0.()O3 0.0:1.5 0.04 7 3.21 0.000 0.006 -·0.023 3. ~:;IJ 
CENTRE SPAN o • 0~:;2 0.063 --0.1. (?:'5 3.07 ··0 . 0()é, 0.004 ·'0.014 3.06 
SOlJTH CENTRE 0.034 0,02<1 0,089 3.10 - 0.008 0.01.0 -0,024 2.31. 

MEAN WIND !:;PEED 2.77 MIS 
SIDE SPAN -0.016 0.037 -0. 126 :L42 -0.001 0.003 -0.013 4.55 
NORTH CENT RE o . 00:) 0.023 0.090 3.97 ·'O.OOl 0.00/ ·-0.026 3.87 
CENmE SPAN 0.06:'j 0.140 ·-0.475 3.39 -0.010 o . O:L:I. ·-0.042 3.74 
SDUTH CENT HE 0.042 o • O:':i!:; 0.202 3.68 ·'0.005 O.0:l2 ·'0.038 3.20 

t1EAN WIND SPEED 3.24 I'IIS 
SIIJE SPAN ·0.025 0.173 0,3::;0 :2.03 ·'0.001 0.004 O.OH 3.:l7 
NORTH CENTRE 0.012 () .07:1. ·-0.154 2.18 -0.003 0.008 ·-0.028 3.51 
CENT RE SPAN 0.08:) 0.1::.9 (). :U3 3.2:3 ·-0 .016 0.014 0.O4:l 3.06 
SOUTH CENTRE 0.054 ü.250 -·() .5J.O 2.()4 -().OO:l. 0.016 -0.046 2.86 

MEAN WIND f,PEEl) 4.64 1"1/5 
SID[ SPAN -0,024 0.08ï' -·().21.)5 3.06 - 0.002 0.008 -0 .0:30 3.62 
NDRTH CENn~E 0.030 O.06J ·'·0.:1.90 3 • .12 ·-0.004 0.008 ·,0.030 3. ~54 
CENTF~E SPAN O. 17~) 0.306 O. 8,:)~.:; 2.83 ·-0 .027 0.025 -0.073 2. 9~3 
SOUTH CENn~E 0.089 0.122 ·-0. 34 ~.~ 2.D.1 0.00·7 0.018 O.O::'iO 2.74 

MEAN WIND SPEED 6.<17 NI S 
SIDE SPAN ·-0. O~:j2 0.1:22 0.366 ~L01 0.004 0.012 0.04:1. 3.36 
NDBTH CENT RE 0.1.29 0.082 0.253 3 .10 -0.009 0.011 -·0.044 3.84 
CENTHE SPAN 0.373 0 . 377 1.1'/3 3 . 16 ·-0.0:37 0.037 ·-0.124 3. :3:'i 
SOLJTH CENH~E 0.222 0.166 '-0 • 52~) 3.15 0.002 0.026 0.080 3.12 

MEAN WIND SPEED 9 '")') . ..:.. ...... MIS 
SIIJE SPAN -0.078 0.203 ·- 0.721. 3.!":j5 0 .0:1.5 0.022 0.094 4.28 
NORTH CENTr~E O.21 ;:ï 0.1.31 ···· O.'l lO ~ .. 1:-:' 0 

~~. d ') ···O.O:l.ó 0.0:l::; ·'·0.0::.)6 3 . 7"1 
CENn~E SPAN O.bO:l 0.b57 2.20:1. 3.35 ·,0 . 0~j5 0.046 -0. 153 3.3::'; 
SfJUTH CENTI;;/:: 0.3:1.7 0.279 ····0.964 :3 • '1 ::; 0.023 0.02', ·-O. 10::i 3.6:3 

NEAN WIND SPEED 11.~;7 r-IIS 
SIDE SPAN ""0.096 0.221 ·-0.79::; :3. :.;9 0.02·7 0.034 ·-0. :/32 3.06 
NORTH CENT RE 0.344 0.150 ·'0 .684 4.57 -0.015 0.026 _·i) .O'j)3 3.55 
CENTr~E f,PAN 0.9:36 o • 6~~8 ··' 2 .146 3.36 ·-0.133 O.:i18 0.370 :5 .1:' 
soun·1 CENTF~E 0.477 0.294 '·1.037 3.52 0.053 0.070 -·0 .234 3.36 

MEAN WIND !3F'EED 1:~. 6'/ MIS 
SHI[ SPAN -0.1.07 0.230 ' 0.837 3.63 0.034 0.038 -0.129 3.44 
NlmTH CENTRE 0.413 0.164 ··() .566 3.4:) ·· 0.012 0.031 - 0.100 3.27 
CENT BE SPAN 1.10"7 0.558 ···1 • '736 3. :L:L -·0.196 0.144 0.480 3.34 
SOLJTH CENTRE 0.56"7 0.300 ···() .9B3 3.20 0.072 O. OKi ·-0.256 3.10 
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HALF BRIDGE AT 0 [lEG WITI-I ADDED MM;S 
FLOW TYPE IS SMOOTH 

VERTICAL DEFL.ECT I ONS ( 11111, ) TOI~SIDNAL. DEFLECTIDNS ( d f.~g ) 
---------------------------- -----------------------------
MEAN R~lB PEAI, Fl(\TIO MEAN I~MS PEAI\ HATIO 

~IEAN WIND SPEEli 13.67 MIS 
SIDE SPAN ·-0.1113 0.288 1.1513 4.02 0.039 0.049 0.166 3.:36 
NORTH CENTRE 0.474 0.196 ·_·0.629 3.21 ·_·0.005 0.048 0.159 3.33 
CENTRE SPAN 1 • 2~)6 0.722 2.844 3.94 -0.244 0.239 ··- 0.695 2.91 
SOUTH CENmE 0.654 0.383 1 .534 4.00 0.087 0.140 0.389 2.77 

MI:.AN WINII SPEEII 14.24 ~I/S 

SIDE SPAN -0.124 0.283 -··0. 87,i, 3.09 0.045 o • Oi,,) ···0. 187 2.96 
NDRTH CENTRE O. :";19 0.20:3 O. 63~:; :3.13 0.000 0.0"72 O.17~5 2.39 
CENTRE SPAN 1.353 0.748 --2.52(,> 3.38 -0.270 O. ~~67 -0.8.l5 2.22 
SDUTH CENTRE 0.7:1.2 0.363 :1.21 'J 3.36 O. 09~) O.2l9 0.448 2.0!j 

MEAN WIND SPEED 14.68 11/S 
SIIIE SPAN -0.128 0.337 ·-1.204 3.57 0.049 0.0130 0.207 2.59 
NORTH CENT RE 0.549 0.238 0.819 3.44 0.004 0.099 -0.226 2 . 2~~ 
CENTRE SPAN 1.422 0.931 ··A .176 4.48 -0. 30~5 0.:::;06 0.990 1.96 
SOLJTH CENTRE 0.752 0.432 ···2.002 4.63 0.101 0.303 -0.5135 1.93 

11EAN WIND SPEED 14.91 M/Fi 
SIIIE SPAN -·0.125 0.291 0.930 3.20 0.051 0.076 ·-0.211 2.7<Y 
NOR TH CENT RE 0.564 0.200 ··-0.780 :3.90 0.007 0.091 0.226 2.47 
CENTRE SPAN 1.435 0.774 -·2.-439 3.15 -0.333 0.466 --0.968 2.08 
SoUTH CENTRE 0.769 0.374 -1.206 3.44 0.109 0.279 O. ~381 2.0D 

MEAN WIND SPEED 15.14 1VS 
SIDE SPAN ···0 .138 0.31l -0.9'ï'2 3.20 0.054 (). 132 ··- 0.29 :t :?20 
NORTH CENTRE 0.586 0.212 -0.6'N, 3.28 0.007 0.168 -·0.307 1.83 
CENTRE SPAN 1.496 0.790 ·-2.518 3.:l9 ·-0.354 O.8b7 1 • ~:ï!3b 1.D3 
SOUTH CENTRE 0.80:3 0.381 1.283 3.37 0.111 0.5:1.9 -·0.895 1.72 

MEAN WIND SPEED :l~5.55 ~1/S 

SIDE SPAN -0.l43 O.:3.l8 -0. ';>50 2.99 0.059 O. J. 54 -··0.375 2.43 
NORTH CENTRE 0.621 0.212 0.681 3.21 0.011 0.193 ···1) .3ó7 :l.r,>() 
CENH~E SPAN 1.561 0.814 2.b8'i' 3.30 ·-0.376 0.999 :t.91B 1.')'2 
SOU TH CENT HE O. 85~! O.3D3 ··-1. '215 3. :l7 0.1.17 0.598 -1 .127 l.B? 

11EAN WIND SPEED 15. 78 rl/S 
SIDE SPAN ·-0 .1~)2 0.361 .--:1. .090 3.02 () • 06~! 0.194 ·- 0.440 2.31 
NoraH CENTf~E 0.641 0.234 -·1. 031 4.40 0.012 0.239 ·- 0.478 2.00 
CENTRE SPAN 1.602 O.f:l56 ·-3.025 3.~i3 ·-0 .3'72 :l. 24:l 2.39B :t.93 
SOUTH CENTRE 0.882 0.430 -··1.452 3.37 0.119 0.741 -1.342 1. El:!. 

MEAN WIND SPEETI 1!5.99 MIS 
SIDE SPAN -·0.185 0.409 1.399 3.42 0.070 0.2</0 ··· 0.641 2.21 
NORTH CENTRE O. 6fJ~::; o. 2~5~S ·-·0.833 3.27 0.007 0.34!,) ·-0 .687 1. 'jl9 
CENT RE SPAN 1.729 0.957 -:3.359 3. ~)1 ·-0.427 :l.810 3.346 1 • 8~:; 
SOUTH CENTRE O. 9~.i3 0.444 1.771 3.99 0.121 1 .OT7 ·-1.9'79 1.86 
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HALF Bf,IDGE Ar 0 DEG WITH rîDDErl MASS 
FLOW TYPE I f.' .1 ~1CJDERf\ TEL Y TUIiBUI ... ENT 

VEFfrICAL DEFLECTIONS ( IT,III ) TOHSIONr'H_ DEFL.ECTIONS ( d f~g ) 

---------------------------- -----------------------------
rlEAN RMS PEAK RATIO NEAN RMS PEAK RATIO 

MEAN WIND SPEEli 4.26 MIS 
SHiE SPAN -0.006 0 . 098 ·-0.287 2 . 94 0.004 0.012 0.043 3.65 
NORTH CENT RE 0.040 O. 06~) ·-·0.203 3.12 0.004 0.009 ·-0.036 3.82 
CENTF,E SPAN 0.179 0.361 ·-1.133 3.14 - 0.005 0.034 0.096 2.El6 
SOUTI·I CENT RE 0.094 0.1.4.1 0.471 3.33 0.00l. 0.022 0.072 ~3.30 

MEAN WIND SPEED 6.41 MIS 
SIDE SPAN --0.033 0.191 0.626 3.27 0.006 0.01.3 --0.054 4.04 
NOFnH CENTRE 0.109 0.120 --0.401 3.33 0.008 0.012 --0.045 3.94 
CENTRE SPAN 0.337 0.658 2.229 3.39 - 0.016 0.041 o • 16:'j 4.02 
SOUTH CENTRE 0.203 0.271 ·- 0.93:3 3.44 0.004 0.025 - 0.085 3.40 

MEAN WIND SPEED B". !50 MI S 
SIDE SPAN - 0.059 0.298 0.929 3.11 0.016 0.027 0.097 3.56 
NORTH CENT RE 0.199 0 .187 ·- 0.6 :i.1 3.27 0.006 0.021 ·- 0.070 3.33 
CENTRE SPAN 0.554 0.989 3.010 3.04 -0.037 0.086 0.295 3.45 
SOlJTH CENTkE 0.324 O.40B ·---:l.2130 3.:l3 0.018 0.050 ·-O.:l69 3.36 

MEAN WIND SPEED 10.64 Ml S 
SIDE SPAN -0.083 0.389 -·1.3"73 3.53 0.027 0.046 ·-0. 1 ~:i4 3.34 
NORTH CENT RE 0.311. 0 .254 0.873 3.44 0.003 0.043 0.126 2.97 
CENT RE SPAN 0.872 1.241 4.593 3.70 -0.063 0.21.2 o. 6~:i5 3.09 
SOUTH CENTRE 0.486 0.536 1.789 3.34 O. 03 ~~ 0.124 0.325 2.63 

MEAN WIND SPEED 12.74 MlS 
SUE SPAN - 0.108 0.507 ·_·1.535 3.03 0.041 0.075 0.223 2.96 
NORTH CENTRE 0.443 0.348 ·-1.253 3.59 0.008 0.0"7:' ·-0.1813 2.62 
CENTRE SPAN 1.217 1.449 4.287 2.96 -0.110 0.356 0.891 2.50 
SOUTH CENTRE 0.68'? 0.675 ·-·1.965 2. S) :l 0.05 2 0.210 o. ~:)62 2.6B 

~IEAN WIND SPEED 13.77 MIS 
SIDE SPAN ·-0.122 o • ::.)(;8 :1 . • 808 ~3 .18 0.048 0.082 0.260 3.1.7 
NORTH CENT HE 0.51:5 0.379 1.206 3.18 0.010 0.08l -0.223 2."77 
CENTRE GPAN 1.395 1.633 ._ ~j .2'75 3.23 ··0.137 0.39B 1.032 2.5'J 
SOUTH CENT RE 0.792 0.748 -~~. 762 3.69 0.061 0.235 - 0.610 2.59 

MEAN WIND SPEEn lil. r-'j4 ~vs 

SIDE SPAN - 0.138 0.590 ·-1.8!:-i4 3.14 0.057 0.100 --0.289 2.87 
NORTH CENTf,E 0.!')80 0.401 ·_·1.610 4.02 0.016 0.1:l1 ·-0.2135 2. ~)7 
CENH,E SPAN 1.559 1.647 --5.195 3.16 -0.166 0.560 --1.33"7 2.39 
SOlJTH CENT RF. 0.8';>1 0.787 ·-2.792 .... l!:" C: 

,;'). J ... ' 0.067 0.333 0.829 2.49 

MEAN WIND SPEEt! 15.00 MIS 
SIIIE Gf>AN ·-0.160 0.675 ·-2.335 3.46 0.061 O. l~;l ·_·0.493 3.26 
NORTH CENTRE 0.63f.l 0.467 1 • 66~3 3.56 0.011 0.174 0.525 3.01 
r l:C~l T f.< F ", PA t,1 I . (,rl4 I · HO? ~~ .. 4 ~:) :' :7, • I\ :.~ ··· 0. Î n"; n.1197 .... ~) . 44 :1 ~). -:; :.:) 

IDlnDI_IDIIiIIiIii~_..a .. IIIII1l11I111llIiT. ,- - - - r;-;r;- r:- l T "I r.T~L I. rIt' l o:JllfTI'IOl.llrl.lTli;mdllr.T • .ImlllT."J,'I-r---------
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HALF BRIDGE AT 0 DEG WITH AVDED MASS 
FLOW TYPE IS MODERATELY TURBULENT 

VEHT I C(-II. DEFL.ECTI DNG \ mUI) 

MEAN HMS PEf~l\ I:MTlD 

MEI'IN WIND SPEED 15.70 NIS 
SIDE SPAN "·0.16:1. 0.652 --2.226 3.4J 
NORTH CENTRE 0.713 0.449 ,,1. 69~i 3.78 
CENT RE SPAN :l.7B4 1.721 '·'6.166 3.58 
SOUTH CENTRE 1.021 0.823 ·'2.560 3.1:1. 

MEAN WIND SPEED :1.:5.92 MIS 
SIDE SPAN -0. lElt 0.670 2.518 3./6 
NORTH CENTRE O.7B2 0.460 ····:l.~jJ() 3.2D 
CENTr~E SPAN 1.870 1.744 6.907 3.9ó 
SOUTI·I CENT HE :1..085 0.848 ·-2.63~:j :3.11 

TCmSIDN(-IL DFFLECTIDNG (dt?(J ) 

-----------------------------
~l[f\N RMG PFAK HATICl 

0.068 0.:1.46 '·' 0.467 3.20 
0.014 0.167 -'0.404 2.4.1 

'· 0.21:1. o. 8~::j:3 ~'. 03:3 2.31:1 
0.082 0.508 -,1.073 2.11 

0.073 o ')"'" • ~ . ..:....J ",0.664 2.96 
0.012 0.262 0.672 2.::i7 

·· .. 0.252 1.353 2.935 2.17 
0.087 O. DO'l --:l.794 2.23 
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HAL.F IcIUDGE AT 0 [lEG ANCHOHED AT SIDE SPAN 
FLOW TYPE IS MO[lEr~ATEL Y TURBULENT 

VErnICAL DEFLECTIONS (IJlIJl) TClf<SIDNAL. DEFI...ECTIDNS (deC]) 

---------------------------- -----------------------------
~lEAN RMS PEAI\ RATIO MEAN RMS PEAI\ RATHJ 

/'lEAN WIND SPEED 4.28 MIS 
SIDE SPAN -,0.015 0.099 '-0.341. 3.46 0.001 0.007 '-0.021 3.22 
NORTH CENTRE 0.062 0.061. 0.22"7 3.74 0.012 0.009 -,,0.031 3.48 
CENTRE SPAN 0.254 0.326 "-:1.070 3.28 '-0.005 0.026 - 0.092 3.50 
SOUTH CENTRE 0.137 0.136 0.448 3.30 -0 .003 0.020 -0.069 3.44 

~1EAN WIND SPEED 6.44 MIS 
GIIIE SPAN -,0.042 0.192 0.649 :5.37 O.OO:!. 0.024 0.084 3.57 
NDRTH CENTRE 0.147 0.127 ,-,0.512 4.02 0.017 0.017 -0.060 3. 5~:; 
CENTRE SPAN 0.433 0.632 :l.9:53 3.06 '-0.008 0.062 0.208 3.34 
SOUTH CENTRE O. ;!. 49 0.257 -0.834 3. 2~:i -0.002 0.042 0.116 2.78 

MEAN WIND SPEED 13.5 '7 M/~, 

SIDE SPAN ··0.088 0.3"73 -1.245 3.34 0.014 0.030 -0.090 3.03 
NDfHH CENT BE 0.2::i4 0.237 0.699 2 .95 0.027 0.027 0.081 2.98 
CENTr';;E SPAN 0.734 1.244 -3 .875 3.12 -0.027 o .10~i -0.30l 2.86 
SDUTH CENTRE 0.383 0.503 1..644 3.27 0.010 0.069 '- 0.1 (i'8 2. 8~j 

MEAN WIND SPEED 10.78 MIS 
SIDE SPAN -·- 0.137 0.442 '·-1.700 3.8::; 0.032 0.040 -·'0.118 2.98 
NDRTH CENT RE 0.397 0.290 0.945 3.26 0.042 0.040 0.145 3.60 
CENT RE SPAN 1.:1.29 1 • ~350 --4.361 3.23 --0.054 0.157 0.5:1.9 3.30 
SDUTH CENTRE 0.572 0.57:5 - 1.854 3.22 O. 03~'") 0.105 0.342 3.26 

l1EAN WIND SPEED 12.87 MIS 
~3 I DE SPAN '· 0.1.85 0.528 1.849 3.50 0.050 0.090 '-0.256 2.85 
NOI::;TH CENH~E 0.554 0.344 '·1.0::;2 3.06 0.055 o .1l~:; '-0. 3~33 2.90 
CENTHE SPAN 1.536 1.450 5.043 3.48 -0.097 0.469 -'·1.215 2. !)9 
SOUTH CENT RE 0.792 O.67:7i '-·2.174 3.22 0.058 0.322 0.86'1 2.70 

i'iEAN l~IND SPEED 13.93 t-IIS 
SIDE SPAN -0.210 0.637 2.614 4.10 0.059 0.083 0.290 3. ~.iJ 
NoraH CENT RE 0.641 0.429 --1.55B 3.63 0.063 0.100 0.319 3.19 
CFNTRE SPAN 1.766 1.763 '1.812 4.43 ·"0.120 0.400 1.046 "") "') 

...:. .• 0 .... 

SDUTH CENTRE 0.917 0.809 ·'-2. ni:~ 3.40 0.073 0.273 0.722 2.l>t") 

MEAN WIND SPEED lIi.64 l'i/!3 
~;IDE SPAN --0.242 0.632 1.98B 3.14 0.066 0.105 0.455 4.33 
NmnH CENTI:;;E 0.717 0.431 1.462 3.39 0.067 0.129 0.41::; 3.21 
CENH~E SPAN 1.956 1.703 -5.999 3.52 -0.144 0.525 --1.728 3.29 
SDUTH CENTI:;E 1.022 O. "l'l7 2. !j:31. 3.1B 0.087 O. 3~j9 1.159 3.23 

NEAN WIND SPEED 14.96 MIS 
SIIIE SPAN --0.241 0.679 ·-2.2(J5 3.313 0.067 0.113 --0.329 2.90 
NOrnH CENTF~E 0."752 0.462 1.385 3.()O 0.072 0.142 0.441 3.U 
CENTF<E SPAN 2.064 1.1312 -·-~i. 517 :3 • ()~:'i -0.153 0.572 1.522 ;!.66 
SOUTH CENT RE 1.073 0.860 2 t ~j31 2.94 0.094 O. 39.~ --0.990 2.52 

ilhiiölilMi6 U I I kM - lid i1lliliililliiUlili_iiirilli il I iiilJlliil l lill1 I illilliiiiiZi ____ _ : __ i "''''=liiiiiiiiiiihiii i .. 
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H~,LF BRIDGE AT 0 nEG ANCHDRED AT SInE SPAN 
FLOW TYPE IS MoDERATELY TURBULENT 

VERTICAL. DEFLECTIDNS (/11/11) TDRSIONAL DEFL.ECTIONS (df.~(J) 

---------------------------- -----------------------------
MEAN RMS PEAK RATIO MEAN RMS PEAI\ RATIO 

MEAN WIND SPEED 15.40 M/S 
SHIE SPAN '-0.260 0.738 '-2.449 3.32 o.on 0.136 0.484 3.56 
NoRTH CENT RE 0.803 0.494 1.570 3.18 0.074 0.175 -0.625 3.57 
CENTRE SPAN 2.190 1.971 -·6.590 3.34 '··0. 16!5 0.709 2.182 3.08 
SOUTH CENTRE 1.149 0.932 3.218 3.45 0.098 0.489 -1.509 3.09 

MEAN WIND SPEEn 15.8:, M/S 
SIDE SPAN -0.308 0.741 2.819 3.81 0.077 0.253 -0.6:52 2. ~jO 
NORTI-f CENTRE 0.884 0.466 '-1.866 4.01 0.073 0.351 0.873 2.4'1 
CENTRE SPAN 2.415 1.716 6.114 3.56 -0.187 1.438 -,3.228 2.24 
SOUTH CENTRE 1.280 0.939 '-3.220 3.43 0.10ó 0.994 '--2. 29!:; 2.31. 

, . 1'"' 4; IA I' "N 
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HAL.F BI:':IDGE tîT 0 DEG ANCIIOHED hT f.lIDE DP{\N 
FL.OW TYPE IS SMOOTH 

Vf.::RTICAL DEFLECTIONS (mlll) T DRS IONf\L DEFLECTIONS (cf!?!]) 

---------------------------- _. ______ ~~M _ _ • _. _ __ .~. ___ ~ •• _ ••••• ~._. _____ •••••• _ 

MEAN 1:':11S PEAI, I'\ATID MEAN RMS PEAK RATJD 

MEAN WIND ~;PEED 1. 70 1'1/5 
SIDE SPAN ,-,0.007 0.01.4 .. -0.036 ..., 'r.:-,; .. • o~ '-0.020 0.002 0.009 4.23 
NDRTH CENTRE '-0.046 0.009 -0. 02~5 2.90 -0.022 0.006 -0.023 3.64 
CENT RE SPAN 0.077 0.052 0.138 2.63 -0.030 0.005 '-0.016 3.36 
~';DUTH CENTRE 0.052 0.020 O. O~'j4 2.66 0.008 0.011 0.025 2.38 

MEAN WIND SPEED 6.97 MiS 
SIDE ~;PAN "0.046 0.:1.52 0.445 2.94 '-0.008 0.023 -0.064 2.83 
NDRTH CENTRE 0.097 O.09B '-0.2';>9 3.04 ·-O.OOS' 0.016 '-0.049 :5.12 
CENTF~E SPAN 0.406 0.518 :1..544 ~.~. 9B -O.01J. 0.053 '-0.152 2.87 
SDUTH CENH~E 0.240 0.203 ·-0. !'.ï9'1 :? 'J3 '-0.008 0.037 ·-0. 1.:1 4 3.0'7 

rlEAN WIND SPEED 10.47 M/S 
SIliE f:lPAN --0.085 0.21!'5 --0.790 3.6f.l 0.014 O.02B "'0.091 3.28 
NOHTH CENTRE 0.238 0.145 -0.:';J34 3.6'7 0.0.L2 0.027 -0.079 2.91 
CENTnE SPAN 0.789 O. 60~) 2.024 3.34 -0.03:3 0.102 0.270 ;,~. 65 
SOUTH CENTr~E 0.386 0.274 -1.019 3.72 0.012 0.070 0.191 2.71 

p'iEtîN WHW bF'EED :13.91 MIS 
SInE SPAN -0.121 o. :~85 '-0. El7B 3.08 0.042 o. 04:~ 0.14'7 3.48 
NDRTH CENTI',E 0.448 O.:l'78 '-0.72'7 3.68 0.034 0.040 0.141 3.50 
CENTBE SPAN :1..323 0.690 "'2.289 3,32 '-0.086 0.1.53 0.443 2.90 
SOUTH CENT HE 0.644 O. 35~5 "'1.274 3.6:l 0.046 0.10::; 0.314 2.99 

~iEAN WIND SI::'EED 16.31 rl/S 
SIDE SPAN "0.1:':;3 o • 3'i':l '-1.553 3 • cl'7 0.06'1 0.067 ,,,,0. 20;;~ 2.9'7 
NOF;TH CENTRE 0.620 0.266 0.994 3.74 0.050 0.OB3 0.218 2.64 
CENTrir: !3Pf\N 1.7B3 O.9B6 3.5'10 :-5. ~)'I ·-0.l36 0.333 0.870 2.61 
SOUTI'I CENTf~E 0.B76 0.492 1.890 3.84 0.062 0.231. 0.592 2.57 

MEf\N WIND sr"EEn 16.70 11/S 
!:;IJ)r:: SPAN ····0 • :l ~.ï ~'j 0.382 :l.270 3.32 0.068 0.01.>1. 0.:l89 3.12 
NOH TH CENTI'~E 0.6!';;3 0.267 o • B r:r~' 3.30 O. O~:)S' 0.070 0.2;:>(1 :3.26 
CENTr~E SPAN 1.843 0.985 3.21.'7 3.26 "0.148 0.279 0.El66 3.10 
GOUTH CENTr~E 0.9:1:3 O.4Bl :I • !')O:l 3.J.2 0.06!5 o.:I.'n 0.5'1'7 3.0'j> 

riEAN WIND ~:;Pr:ED 17.16 rUS 
f,IDE SPAN '''0.173 0.425 ,,1 .437 3.30 0.077 0.147 .. -0. :3'713 r) .:." -. 

.t:.. + d / 

NOHTH CENTr';;E 0.'707 0.245 0.803 3.2El 0.068 0.196 0.4:56 2. ::!3 
CENTF~E SPtîN 2 .007 Cl.870 3.099 3. !S6 '-0.166 0.809 :l.67:'3 2.07 
~:;CJUTH CENH,E 0.989 0.4El9 1..735 ~~. 5~:j 0.077 0.51,,:1. 1. 212 2. J.6 

~j[f\N WIND E;PEED l7 .40 MIS 
SIDE SPAN "·O.lBO 0.426 1 • 3~-) 7 3.14 0.079 0.101 - 0.301 2.97 
NDfrTH CENTriE 0.721:1 O.28:"j ·...;i .08:) 3.B1 O. 07~j (). 13~~ O.32B 2.4E1 
CENTBE SPAN 2.025 :l.029 -,3. 2()~.'; 3. 1.1. '''0.210 0.539 1.261. 2.34 
SOUTI·I CENTI~E 1.OlB 0.521 "" 1. [321 3.4'1 0.07!'5 0.374 0.868 2.32 
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HALF BRIDGE AT 0 DEG ANCHURED Al SIDE SPAN 
FLOW TYPE IS SMOOTH 

VERTICAL DEFLECTIONS (mm) 

MEAN RMS PEAK RATIO 

MEAN WIND SPEED 17.62 MIS 
SIDE SPAN -0.178 0.417 1.378 3.30 
NORTH CENTRE 0.747 0.260 1.004 3.86 
CENTRE SPAN 2.022 0.870 -3.368 3.87 
SOUTH CENT RE 1.045 0.496 -1.673 3.37 

TORSIONAL DEFLECTIONS (deg) 

MEAN RMS PEAK RATIO 

0.081 0.116 -0.322 2.77 
0.077 0.155 0.346 2.23 

-0.277 0.637 1.301 2.04 
0.075 0.440 0.918 2.09 
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HALF I1nIDGE AT 0 [lEG ANCI-IURED fil Sll:lL !:;PAN 
FLOW TYPE IS HIGHLY TURE{ULENT 

VERTlCAL DEFLECTrONS ( IfllTi ) TDRSIDNAL DEFLECTIDNS (c!P-g) 

---------------------------- -----------------------------
MEAN F,MS PEAI\ r';;ATID ~1l:::AN RI'IS PEAI\ RATIO 

1'1EAN WIND SF'EE.D 3.32 MIS 
SJ [11: SPAN ,-,0.003 0.102 0.293 2.87 "-0.00:.' 0.005 0.017 3.52 
NORTH CENTRE 0.023 0.064 -0.194 2;.05 0.004 0.008 --0.031. 4.11 
CENTRE SPAN 0.070 0.368 1.186 3.22 0.023 0.022 o.on 3.56 
SOUTH CENTRE 0.036 0.143 -,,0.452 3.15 0.004 0.017 0.059 3.50 

MEAN WIND SPEED !"i.04 MIS 
SIDE SPAN -0.016 0.268 -1.000 3.73 0.000 0.015 -0.0!3B 3.76 
Norm-I CENT RE 0.060 0.170 0.736 4.32 0.007 0.014 -O.O:':iO 3.413 
CENTRE SPAN 0.162 0.962 --3.252 3.3B 0.010 0.055 0.19fJ 3.62 
SOIJTH CENTRE 0.072 0.3'72 1.308 3. !51 0.013 0.036 0.139 3.8', 

MEAN WIND SPEED 6.65 MIS 
SIDE SPAN "-0.010 0.550 ,-,1.652 3.0l 0.007 0.028 0.096 3.44 
NORTH CENTRE 0.106 0.353 1.071 3.04 0.003 0.022 0.075 3.37 
CENT RE SPAN 0.281 1.9l9 --5.232 2.73 0.000 0.087 '-0.301 3.48 
SOUTH CENT RE 0.101 0.760 2.142 2.82 0.030 0.052 0.174 3.32 

MEAN WIND SPEED B. ~)2 MIS 
SIDE SPAN -0.044 0.707 -,2.639 3.73 0.016 0.038 -0.117 3.09 
Norm; CENTRE 0.201 0.450 1.632 3.63 '-0.001 0.035 0.1.62 4.59 
CENTRE SPAN 0.532 2.406 7.157 2.98 -O.O2l 0.140 -0.542 3.86 
SOUTH CENTRE 0.226 0.981 3.401 3.47 O.O~H 0.089 0.344 3.8D 

ME,\N WIND SPEED 9.47 MIS 
SIDE SPAN "-0.044 0.731. ·-·2.665 3.6:3 0.O2:l 0.042 0.133 3.1.9 
NORTH CENTH!:: 0.24:5 0.467 --1.621 3.47 0.000 O.03B '-0 .168 ,(i. ~36 

CENTRE ~';PAN 0.637 2.525 7.865 3.12 -0. 0::~4 0.147 0.531. 3.61 
SOUHI CENTRE 0.264 1.013 '-3.514 3.47 0.073 0.094 -0.334 3.56 

MEAN WIND SPEED 10.16 MIS 
SrIlL: SPAN "'0.023 0.917 3.079 3.3b 0.027 0.061 '-0.221 3.61 
NORTIl CENT RE 0.280 0.590 -2.070 3.51 0.004 0.ü61 0.193 3.18 
CENTRE SPAN 0.730 3.004 10.7139 3.!,:j9 "-0. 0~i2 0.242 -O.niO 3.1.0 
SOUTH CENTRE 0.304 1.247 -4.564 3.66 0.086 0.157 0.512 3.25 

MEAN WIND SPEED :l1.00 MIS 
SIDE SPAN --0.046 1.112 4.017 3.6J O. 03~) 0.068 -0.337 4.93 
NOFnH CENTflE 0.339 0.717 2.232 3.11. o.oon 0.0'70 0.264 3.80 
cnnRE SPAN 0.86rJ 3.70B '-11. niS 3.2::! --0.064 0.280 1.013 3.62 
SDUTH CENTRE 0.397 1.539 -4.775 3.10 0.093 0.180 -0.661. 3.67 
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HALF BRIDGE AT 0 [lEG NOT ANCHOBE[I 
FLOW TYPE IS HIGHLY TURBUL.ENT 

VEnT I Cf~L. DEFLECTIONS (mIJl) TOI'~!5IDN",L. DEFL.FCTIDNS (d (-,~<.J ) 

---------------------------- -----------------------------
i"iEAN Rt1S PEAK I~ATIO MEAN r·::MS I" E 1'\ 1\ nATID 

MEAN WIND SPEED 1.65 MIS 
SIDE SPAN ·-0.004 0.110 ·-0.318 2.8'7 0.016 0.00::; 0.016 3.00 
NOBTH CENT RE 0.014 0.080 0.236 2.95 0.006 0.00"7 ·-0.024 3.62 
CENTRE SPAN 0.067 0.290 0.923 3.18 0.052 0.006 -0.019 3.32 
SOl/TH CENTRE 0.042 0.163 0.497 3.05 ··-0.01. 9 0.012 ·-·0.0;32 2."74 

I'lEAN WIND SPEED 2.47 MIS 
SIDE SPAN ·-0.026 O.2::j6 ··0.7l7' 2.80 0.018 0,012 ·-0.039 ;·5.35 
NORTH CENT RE 0.014 0.113"7 0.533 2.86 0.006 0.008 .-.() , ()~~6 3. 4~5 
CENT RE SPAN 0.063 o . 67:'j ---:l .839 .., ..,r) 

~ •• / A.. 0.05:1. 0.014 ····0.045 3.2!7; 
SOl/TH CENrr';;E 0.041 0.378 1.052 2.78 -0.01.7 0.017 0.0:50 2. 9~:j 

i"lEAN WIND SPEED 3.27 MIS 
SIDE SPAN ·-0. 05~:i 0.458 1.343 2.93 0.01.9 0.023 ·-0.0'72 4.06 
NORTH CENT RE 0.045 0.334 -0.950 2.84 0.008 0.010 -0.047 4.65 
CENTr<E SPAN 0.147 1.20'Î ·_·3.519 2.92 0.051 0.033 ·-0.103 :5. :1.6 
SOl/TH CENTRE 0.091 0.6"78 ·-1.936 2.86 -0.016 0.030 0.096 3.25 

MEf~N WIND SPEED 4.22 ~lIS 

SIDE SPAN ·-0.072 0.636 2. 1 ~jO ;:;.3U 0.0:1.8 0.033 -0.17f:1 ~-j. 3"7 
NORTH CENTRE 0.076 0.462 1..551 3.36 O.OO:"i 0.013 ···O.O;":W 2. 9~j 
CEIHRE SPAN 0.206 1.660 ·-·5. r/50 3.57 0.054 0.046 0.140 :5. 04 
SDUTH CENTRE 0.131 0.934 ·3.1.33 3.36 ·_·0.014 0.039 0.127 3.2;·5 

NEAN WIND SPEElt 4.56 MIS 
SIltE SPAN -·0.10'1 0.5'i':1 1.907 3.21 0.020 0.0::\9 ··-0. :1.:"; 1 3. 8~5 
NORTH CENTRE 0.116 0.434 ···:[.40'; 3.25 (). OO~:j O.OJ.9 0.070 3.60 
CENT RE SPAN 0.318 1.569 ·4. 92~:ï :3 .14 0.060 0.072 O.2,}() 'i. 01 
SOUTH CENTRE 0.192 0.875 ··-2. 8B~3 3.30 -·0.0:16 0.0:'.;4 0.197 3.68 

MEAN WIND SPEElt 5.10 rUS 
SIDE SPAN ·-0 • .1 00 0.979 2.536 2. ~':;9 0.014 ().0:'.;5 ····\).21 ::; ;L93 
NORTH CENTRE 0.132 O.70B ._:l, 93:1 2.73 0.011 0.0:1 'r ·-O.OÓ3 3.33 
CENTBE SPAN 0.301 2.560 ·-6.631 2.59 0.063 0.074 O.3?8 5.12 
SOUTH CENTRE 0.17"7 1.434 ·_·3. 7(~:') 2.<'>4 ·-0.011 () • 0~)!3 O • .19:) ;3.3'7 

MEAN WIND SPEED 5. EP MIS 
SI[lE SPAN -0.133 0.989 3.339 3.3"1 0.020 (). 06::; ·_·().3:30 ::; .1.0 
NORTH CENTRE 0.18.1 0.720 ·_·2.369 3. :!9 0.022 0.029 0.090 3.32 
CENTF<E SPAN 0.432 2.5(,r; -7.27B 2.BO 0.060 0.114 -0.3U::; 3.38 
SOUTIl CENTRE O.2!:i2 1.447 ··4.823 3.33 ···0.007 O.OÜ2 0.31:', 3.8::> 

MEAN WIND SPEED 6.31 MIS 
SIIIE SPAN ·_·0. 144 1.230 3.56J 2. D'7 0.018 0.0"73 ···0 .3::; j 4.80 
NORTH CENT RE 0.203 0.886 ·_·2.567 2.90 0.024 0.02"7 0.OD1 2.9U 
CENT RE SPAN 0.492 3.210 ··8 .70"1 2.71 0.061 0.106 0.410 ;3. D~:j 
SOl/TH CENTF<E 0.272 1.7D6 ... ~:j .103 2.0<'> ·-·0.004 0.0"18 ··-0 .24;' 3.12 
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HALF BHIDGE fI'T 30 DEG ANCHOI:;;ED AT SIIIE !'lPriN 
FLOW TYPE IS HIGHLY nmrIUL.ENT 

VERTICr\L DEFL.E CTIDNS ('llm ) TORSIONrîL. DEFL.ECTIONS (IJ e(] ) 

----- ----------------------- -----------------------------
MErîN Fms PEAI'\ I~AT In MEAN RMS PEAi', nrîTID 

rlEAN WIND SPEED 3.33 MIS 
SlIlE SPAN '-' 0.01.0 0.123 0.407 3.31 ,-,0.008 0.005 "'0.01.6 3.15 
NDBTH CENT BE -0.001. 0.074 ····0.252 3.42 '·'0.00:1. 0.007 '·0.028 3.90 
CENT RE SPAN 0.038 0.432 · '1.314 3.04 '· 0.007 0.010 0.051 2.B9 
SOLJTH CENT RE 0.003 0.174 -0.58:1. :3.34 '-0.005 0.017 0.063 3.64 

MEAN WIND SPEED 4.'79 MIS 
SIDE SPAN ·'0.002 0.285 1.078 3.79 · '0.007 0.014 0.052 3.7l 
NORTH CENTRE o • 0 :i:l O. 173 -0.609 3.51 0.003 0.0:14 ···O.O!".iO :3 • ~j() 
CENTRE SPAN 0.080 0.970 ····3.1ó:l. 3.26 ·,0.012 0.055 0.208 3.81 
SOUTH CENTHE 0.028 0.398 '·1.469 3.69 ' ·0.000 0.043 '·0.147 3.45 

MEAN WIND SPEED 6.73 NIS 
SIDE SPAN ,-,0.01.2 0.439 ··· :i.445 3.2', 0.000 0.025 0.102 4.02 
NDriTH CENTRE 0.027 0.265 0.763 2.88 0.011. 0.023 0.091. 3.9::i 
CENT RE SPAN 0 • .128 1.458 -4.048 2.7B ····0.035 0.092 0.300 :5.27 
SDUTH CENTRE 0.069 0.601 ···1.83ó 3.0S -O.OOB 0.068 0.221. 3.24 

MEAN WIND SPEED B. ~:i2 ~1IS 

SIDE SPAN ,, 0.016 0.695 · ,2.334 3.36 0.01.4 0.041 0.164 4.03 
NOBTH CENTRE 0.077 0.424 1.. ~j26 3.60 O.OlD 0.038 ,·,0.140 3.72 
CENTF~E SPAN 0.243 2.267 -6.975 3.08 '·0.078 O. :L55 - O.5J.9 3.36 
SDUTH CENTRE O.:l40 O. 9~)4 3.276 3.44 '·0.001 O.:llO 0.3';>9 3.63 

MEAN WIND SPEED lO.:L7 M/S 
SIDE SPAN '·0.021 o f.)1:.-1:' 

• ) d.J '·3.76:1 3.94 ().03~5 O.Oé,() 0.230 3.81 
N()F~TH CENTm O.l:l4 O. ~j94 2.520 4.24 O.O:L7 0.055 0.1.84 3.36 
CENH'::E SPAN (). :~ 4? 3.020 ... :l:l • B<;>B 3.94 ... (). lOb () • 22~:-i "·0.7::':3 3 '1'" ~ • À- , ;.. 

SOUTH CENT RE 0.:1.91. 1.296 5.360 4.13 O.OOé, O.15? 0.494 3.15 

MEAN WIND !:;PEED 11.02 MiS 
SIDE SPAN 0.005 1.23B -4.263 3.44 0.043 0.07:3 -0.261 3.56 
NORTH CENH·:E 0.103 0.769 ··2.80B 3.65 0.0.14 O. ()6~j 0.240 3.7:i 
CENT RE SPAN 0.301 4.0:31 12 .328 3.06 ·'0.114 0.269 -0.861 3.21. 
SDl.ITH CENTFi!:: (1.167 l.709 5.67B 3.32 o.on O.lB~) ···0.5BB :3. :i.7 

i ,lil i ==1 .8 - Si .. iiliih""riiiii '_.IIMII'" UWW'ii iiitil"iBfhiW. 



- 50 -

HAL.F BRIDGE AT 30 IIEG ANCHORED AT SJnE GF'AN 
FLDW TYPE IS SMOOTH 

VEla I CAL. DEFI ... ECT IONS (\lom) TOI'{SIDNAL DEI' L FCT ION!:; (de<.) ) 

---------------------------- - ••••• _ ••••• _ •• 'N' ._ ._. _ •• _ •• _ ._ ..... _ M" 0, ___ • _ •• ~ •••••• _ ...... '0 •••••• OR __ ••••• N' 

MEAN m,s F"EAK l~f\TI(J MFAN W"lG F'EAI, nf\TJ Cl 

MEAN WINI) SPEED 11 .58 MIS 
SIDE f-lPflN 0.018 O. lBO O. ~;;91 3.29 ().O:10 0.026 0.090 :3. 43 
NOrnH CENT BE 0.139 0.119 ·-0.407 ~~. 42 0.021 0.02') ····0.0'76 :3.3 J. 
CENHiE !3PAN 0.3;-.)3 0.4913 1 • 4~;;~:; ;;>. 9~! ··0.043 (). 1. :1.6 ····0 • ~3~:,7 3.0B 
~;()Unl CENTBE 0.229 0.236 "·0.924 3.9L 0.003 0.082 0.244 2.9B 

MEAN WIND SPEED n.B6 ~1/S 

SIrIE SPAN 0.041 0.208 0.645 3 • .1.0 0.040 0.036 ·-0.1.l2 3.14 
NOrm~ CENT RE () • 15'j' 0.141 ·0.499 :.~) • !:i ~:j 0.020 () .O:3<? O. :I.l :l ~l. .813 
CENTRE SPAN 0.416 O.53 fT '·1.668 3.0'l ·-0.06B ().15f:l 0.422 2.67 
SOUTH CENT RE 0.246 0.264 ··0.773 2.(l2 (). OO~:i (I.iJl 0.31.0 ;:'. HO 

MEAN WIND SPELD 1. 5.01. MIS 
SIDE SPAN 0.034 0.276 O. 9~;;9 3.4"7 O.06J 0.065 O.lU"7 2.8(Î 
NOBTH CENT BE 0.163 0.177 0.?49 4.22 O.OU 0.082 '··0.192 2.33 
CENT RE. SPAN 0.4/2 O. ?ij4 2. 20~) :~. (j6 ···O.O'i'O () • 3~''j6 0.801; 2.26 
SOUTH CENT BE 0.253 0.3:':)4 ·-1.39? 3.9::'j O.OU 0.249 0.565 2.27 

MEAN WIN[I SPEED 14.76 ~1I!J 

S![lE SPAN 0.030 0.26"7 1.130 4. 2::.~ 0.062 0.048 0.140 2.92 
NOIHH CENTRE o .1~~j3 0.170 ···().7:1.3 4.20 0.016 0.056 0.:1.40 2. ~51 
CENTRE SPAN 0.462 0.764 3.090 4.04 -0. 08~) 0.237 ··O.5:~6 2.2(.) 

SOUTH CENTliF 0.24:'5 0.34'1 '··1.6:1.1. 4.61 0.002 0.1<'>ó 0.3(;>"7 ;;>.3'1 

MEAN WIND SPEED :L5.24 MIS 
SIDE nF'AN 0.043 0.27"7 ··0. 'j'2? M't .... 1" •• 

,:) + ,~\") O. 06~'j O.O?9 O.1(j>7 :?49 
NOr~TH CENTlir 0.L49 0.170 -·0. 61 ,~ 3.ÓO 0.019 0.103 0.203 1.9B 
CENT!::;E SPAN 0.419 0.695 ····2.1·ï8 3.09 .. (). OS)~:; 0.450 O.B":·5 l.B/' 
SOUTH CENTF~E 0.222 O. 3~;2 ---1 • 22~~=j 3.48 0.013 0.315 0.5H5 1.ni> 

~lEf\N WIND SPEED :t ;:Î. ~::;2 M/S 
SIDE SPAN 0.04:'j 0.299 0.960 3.21 0.069 O. 100 ().2:~~'j ~). 34 
NOrnH CENTriF O.1~"i3 ü.l?6 0.6J:l 3.46 O.O:IB (). 133 0.2/0 ::~. 03 
CENTF:E SPAN 0.42B 0.MJ5 2.228 3 .2~j ·0.0% 0.;:)82 1.109 1.';>1 
SOl.ITH CENTHE. O.22!5 O.3Bl ···1.3'i4 - , .... -. 

.:'> •• ).:'> 0.01.5 O. 4()~'j ().7"77 :I • 'l:~ 

MEAN WIND SPEED J.~). 74 rvs 
SIDE SPAN o .02'j' 0.299 0.993 3.33 0.070 O.O9(? O.23B ::>.40 
NOBTH CENH~E O. 1. ~:'i6 0.179 O.5BO 3. 2~:-; 0.023 O.13J. O.2?4 2.08 
CENTI'iE !3F'AN 0.460 0.734 ._;;:>. 3:~4 3.17 ·(I.lOO 0.5/6 1.21::> ::~ • :i 1 
SOUTH CENTRE o • 23"7 O.3El:3 ···l.24::i 3. 2~3 o • () .1. 7 O.40J. (). ï'B4 1.';>5 

MEAN WIND SPEEli J ~':i. 'lH i'lIS 
SIIIE SF'AN 0.030 0.332 1.123 3.3B 0.076 O.12:'j -0.309 2.47 
NORTH CENn';;E O.l~)~) 0.181 -0.64'1 :3. ::)(1 0.022 Ü.167 o . 3~)3 2.:1.2 
CENTBE SPAN 0.458 0.704 '2.0"76 2. '»)5 -0.097 O.73B ····1..444 1.96 
SDUTH CENTr<[ o. 2~3(j' 0.42:'; -1.3139 3.'27 0.0.16 O. ~:;j:5 1.036 2.0:2 
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HALF BRIDGE AT 30 [lEG ANCHORE[I AT SInE SPAN 
FLOW TYPE H, SI10DTH 

VERTICAL DEFLECT I Oi·-.!!:> (mln) TCJF<SIDNAI.. nEFLECTIDNS (dEH) 

---------------------------- -----------------------------
t"IEAN RMS F'Efll\ I'{ATIO MEAN RMS F'EAK l'{AllO 

MEAN WIND SPEED 16.30 NIS 
SInE SPt",N 0.0113 0.36:t <l.O79 2.99 0.078 0.153 '·'0.322 2.10 
NORTI·i CENTRE 0.159 0.182 ·,0.655 3.60 0.021 O. 20~'j ·"0.389 1.89 
CENT RE SPAN 0.471 0.747 '-2.402 3.22 -0.10:') 0.917 .... 1.636 1.7B 
SDUHI CENT RE 0.240 0.45'7 ... .1 • ~:j04 3.29 0.023 0.636 1.122 1.76 

MEAN WINlJ GF'EED ll>. ~)3 M/ S 
SIDE SPAN 0.019 0.362 '-1.068 2.95 0.080 0.145 0.305 2.10 
NDRTH CENTRE 0.1:')/. ().1136 ·O.70() 3.7!':i 0.023 0.1.'/4 0.367 l.8(/ 
CENTRE SPAN 0.470 0.743 2.369 3.l9 "·0.110 0.864 -1.603 1.86 
SOUTH CENTF,E 0.239 0.462 :t. 32~.) 2.87 0.023 0.600 1.135 1.8')' 

I-jEAN WIND SPEEn 16./'2 rUS 
SIDE SPAN 0.024 0.393 1.13:1 2.88 0.087 0.17:'5 ,·,0.338 :1. .96 
NORTH CENT RE 0.150 0.191 -0.6'79 3.56 0.020 0.231 -0.422 1.83 
CENTRE SPAN O.4ÓO O.6BO '·'2.:3'/ 0 3.49 -0 • .107 1.033 '-1.7'72 .1.72 
SOUTH CENT RE 0.238 0.486 ·- 1..4~)0 2.98 0.022 0.716 1.223 1. 71 

MEAN liJl Nrt SPEED 17.2l MIS 
SInE SPAN 0.040 0.456 "·l.147 2. ~52 0.093 0.185 ··0.355 1.91 
NCJF'\TH CENTRE ().158 0.232 ···0.727 3.1.4 0.024 0.247 '-0.474 1.92 
CENTF',E SPAN 0.463 0.928 .... 2.387 2.5-; ··0.119 1.105 --:l .903 1.79 
SDUTH CENTRE O.2~n 0.586 :l.670 :2.8:=-j 0.028 0.768 ·--:l.391 1.81 

hiiiihiiiiWUi 
sm, i_a __ 

d1l1iiidli • • WW_ii .... ' " ii M W"iiNliihll"ii "'UU. ._ .. , 
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HAL.F BFUDGE AT 30 DEG ANCHORUI AT SUE !:;I"'AN 
FLOW TYPE IS MODERATEL.Y TUFUIUL.ENT 

VERTICAL DEFLF:CTIONS (mil!) TClRS]ONAL [t[FLECTIUNS (deq) 
---------------------------- -----------------------------
MEAN RMS r'EAK nATID MEAN RMG PEfll, RATID 

MEAN WIND SPEED 4.29 NIS 
SIDE SPAN 0.009 0.064 ···0. 1013 ;;'. 9~5 -0.006 0.005 ··-O .O:lB ,- I='~ 

~~ • ,),.J 

NoRTH CENTRE 0.02L 0.039 ·-0.124 3.20 0.009 O.OOB -- 0.028 3.39 
CENTRE SPAN 0.078 0.210 ··-0.593 2.82 0.002 0.021 0.07:5 3.40 
SoUTH CENTRE 0.051 0.089 -0.285 3.1.9 -0.01.5 0.01.9 0.061. 3.24 

MEAN WINTI Sr'EED 6.4')' ~IIS 

SIDE SPAN O.OOB 0.190 0.62J. 3.26 ·_· O.OO;'i 0.014 0.050 3.63 
NOBTH CENT RE 0.046 0.119 0.4413 ~~ • 7~j O.OJ3 0.013 ·-O.O::';() 3.7', 
CENTBE SPAN 0.144 0.624 -·2.069 3.31 -0.01.4 0.049 0.165 3. ~~:3 
SOUTI-I CENT RE 0.093 0.260 0.8BO 3.39 ._(). 01.4 o .OTï' 0.123 3.34 

MEAN WIND SPEED 8.62 MIS 
SIDE SPAN ·_·0.020 0.309 0.962 3.11 0.003 0.024 0.089 3.79 
NOR TH CENT RE o. 08:~ 0.189 -·0.659 3.48 0.0J.7 0.019 0.067 3.49 
CENTRE SPAN 0.234 0.993 ·-3.342 3.37 ·-0.032 O. on 0.235 3.23 
SOUTH CENT RE 0.147 0.419 --1..282, 3 .07 -0.009 0.05-1 ···0.179 3.33 

MEAN WIND SPEED 10.134 /'i/S 
SIDE SPAN -0.030 0.43l ····L .612 3."74 0.019 0.036 0.11.0 3.08 
NoRTI-I CENTRE 0.121 0.263 ···· 0.13 :":\8 :5.1 B 0.015 0.036 0.124 3.47 
CENTRE SPAN 0.355 1..326 ····3.78:3 2.85 -0.053 0.146 ·· ·0.441. 3.02 
SOUTH CENTRE 0.210 0.5n; --:1. .908 3.32 '-0.008 0.104 (). 34~; 3.3j 

MEAN WIND SPEED 13.01 M/~; 

SIDE SPAN -·0.026 0.567 2.2:3(" 3.95 0.041 o. 0:=';.1 0.103 3.6J. 
NORTH CENTRE O. 14~3 0.365 ····1.219 3.34 0.013 0.047 0.144 3.08 
CENTRE SPAN 0.4:34 1.691 6.6BO 3.95 -0.075 () • 190 O. :545 2 .87 
soun-r CENT RE 0.238 O. 7~; 1 ·~·2. 92~) 3.90 ·-0.004 0.134 ·-ü . :~ï'6 2.80 

MEAN WIND SPEET! 14.04 M/S 
SIDE SPAN --0.028 0.579 -··2.34J. 4.04 0.0::i4 0.0;'5 0.240 3.22 
NORTH CENTRE 0.166 0.373 '·- 1 .40;!' 3.76 O.OL3 O.07B ·-0.2;:):1 ~), 21 
CENTriE SPAN 0.510 1.750 6.74:3 3.85 ·-0.086 0.33:':ï l.048 3.13 
SOUTH CENT RE 0.274 0.7;:;7 '-2.652 3.50 ··-0.005 O. 23~3 ····\).6')'5 :>.9'? 

MEAN WIND SPEErI 14.69 I'IIS 
SIDE SPAN ·_·0.036 0.65'7 ·-2. !":jO', 3.B2 0.06.1 0.002 0.334 4.09 
NORTH CENTRE 0.175 0.427 ---:L.493 3.50 0.015 O.OBEl 0.335 3.79 
CENT RE SPAN 0.526 1.76:1 ·-6.63:3 3.77 ·-0.104 0.3130 ···· 1.324 :3.4S' 
SOUTH CENT RE 0.292 0.8:34 2.806 3.36 0.000 0.262 O.ElG5 3.37 

MEAN WIND SPEED 15.1:1 MIS 
SIDE SPAN -0.038 0.713 2.670 3.75 0.067 0.086 0.317 3.70 
NORTH CENT RE 0.170 0.461 1.625 *7. r.:''') 

,:,I • ..J~ 0.017 0.091 0.295 3.23 
CENTRE SPAN 0.543 1.909 -·5.905 3.09 -0.107 0.38f.l 1.106 2.F.l5 
SOUTH CENT RE 0.2135 0.900 -·3.040 :~. 38 --0.00;;' 0.269 ().74;2 :>.76 
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HALF BRIDGE AT 30 DEG ANCHORED AT SIDE SPAN 
FLOW TYPE IS MODERATELY TURBULENT 

VERTICAl DEFLECTIONS (ww) TORSIONAL DEFLECTIONS (dey) 

---------------------------- -----------------------------
MEAN RMS PEAK RATIO MEAN RMS PEAK RATIO 

MEAN WIND SPEED 15.57 MIS 
SIDE SPAN -0.035 0.765 -3.227 4 ~~ 

.~~ 0.072 0.093 0.303 3.24 
NORTH CENT RE 0.172 0.495 1.668 3.37 0.019 0.103 0.315 3.07 
CENTRE SPAN 0.547 2.166 -9.033 4.17 -0.115 0.437 -1.218 2.79 
SOUTH CENTRE 0.288 0.985 -3.168 3.22 -0.001 0.304 0.844 2.78 

MEAN WIND SPEED 16.03 MIS 
SIDE SPAN -0.052 0.764 2.446 3.20 0.078 0.091 0.291 3.22 
NORTH CENTRE 0.173 0.501 -1.616 ? ~~ 

J'k~ 0.018 0.096 -0.262 2.72 
CENTRE SPAN 0.563 2.131 -6.810 3.20 -0.121 0.408 -1.006 2.47 
SOUTH CENT RE 0.295 0.989 3.219 3.26 -0.001 0.283 -0.722 2.55 

MEAN WIND SPEED 16.43 M/S 
SIDE SPAN -0.058 0.831 2.713 - ~' ~.,a 0.085 0.120 0.402 3.34 
NORTH CENTRE 0.182 0.538 -1.953 3.63 0.022 0.134 0.468 3.48 
CENfRE SPAN 0.580 2.306 -6.854 2.97 -0.133 0.571 1.689 2.96 
SOUTH CENTRE 0.309 1.055 -3.118 2.95 0.003 0.397 1.185 2.98 

MEAN WIND SPEED 16.89 MIS 
SIDE SPAN -0.059 0.781 -3.020 3.86 0.094 0.166 -0.458 2.76 
NORTH CENT RE 0.193 0.500 1.583 3.16 0.021 0.210 0.513 2.44 
CENTRE SPAN 0.646 2.043 -6.689 3.27 -0.139 0.921 -2.079 2.26 
SOUTH CENTRE 0.329 1.008 3.555 3.53 0.010 0.637 -1.470 2.31 

MEAN WIND SPEED 17.29 MIS 
SIDE SPAN -0.057 0.866 2.886 3.33 0.099 0.178 0.514 2.89 
NORTH CENT RE 0.202 0.546 -1.669 3.06 0.026 0.221 0.557 2.52 
CENTRE SPAN 0.649 2.369 7.446 3.14 -0.148 0.960 2.332 2.43 
SOUTH CENT RE 0.343 1.122 3.705 3.30 0.015 0.664 -1.581 2.38 

MEAN WIND SPEED 17.69 MIS 
SIDE SPAN -0.066 0.931 -2.822 3.03 0.107 0.157 0.474 3.02 
NORTH CENTRE 0.215 0.581 -1.984 3.42 0.029 0.190 -0.622 3.28 
CENT RE SPAN 0.668 2.590 -7.616 2.94 -0.159 0.814 2.316 2.85 
SUU1H CENTRE 0.374 1.210 -3.827 3.16 0.012 0.566 -1.549 2.74 
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FlILL BF<IIIGE AT 30 DEG 
FLOW TVF'E IS MO[IERATEL V TURBULENT 

VEliTICAI.. [IEFLECT:( DNB (/11/11) TDBS 1: ONf\L. m:.FL.ECTION!3 (df.HJ) 

---------------------------- -----------------------------
MEAN RHS I:'EAK nATlD HEAN BHS .PEAK FlATIO 

MEAN WIN[I SPEE[I 6.44 MIS 
SHIE SPAN 0.010 0.15B ,-, 0 • ~,)41 ~~. 42 0.00:3 0.012 0.04:3 3.44 
NORTH CENTRE 0.049 0.104 0.320 3.00 0.024 0.013 -0.048 3.75 
CENTRE SPAN 0.071 ' 0.264 "-0. 8~51 ~5 .:t. 4 0.02() o • 0~~5 (). 1013 3.09 
!3()UTH CENTRE 0.06'7 0.212 -0.636 3.00 -·0.006 0.031 0.109 3.51 

MEAN WIND SPEED 9.58 MIS 
SHIE SPAN 0.019 0.339 1.206 3. f:j~3 0.013 0.029 0.102 3.56 
NORTH CENTRE o .1:l~~ 0.221. 0.764 3.46 0.049 0.024 ·-,o.ocn:; ~5. 94 
CENTRE SPAN 0.124 0.555 -·2.184 3.93 0.005 0.068 -0 .2~~9 3.49 
SOUTH CENT RE 0.131 0.44:5 ·-1.:545 3.47 O.OH) 0.060 .. _() .19:5 3.27 

MEAN WIN[I SPEED 11.78 MIS 
SHIE SPAN 0.014 0.536 1.njB 3.28 O.O2!:; 0.040 O • .1.4() ~~. 48 
NORTH CENTRE 0.163 0.342 1.251 3.61.> 0,061 0.032 -0.113 3. ~53 
CENTRE SPAN 0.218 0.878 3.241 3.69 ·-0.012 0.OD9 0.2913 :3.35 
SOUTH CENTRE 0.190 0.703 2.723 3.87 O. O~~O 0.079 -0.289 3.67 

MEAN WINtI SF'EED 1:3.92 MIS 
SHIE SPAN 0.039 0.675 -·2.131 3.16 0.036 0.058 -0.204 3.55 
NORTH CENT RE 0.195 0.435 ··-1.330 3.06 0.074 0.045 0.:1.79 3.97 
CENTRE SPAN 0.314 0.930 '-2.717 2.92 -0.028 0.123 O. 4~.'j9 3.72 
SOUTH CENTRE 0.223 0.860 ·-2.748 ~~ • 20 0.051. o .UO 0.4:52 4.3.1 

MEAN WIND SPEED 14.96 MIS 
SIIIE SPAN 0.044 0.nï9 ·-:3.131 4.12 0.04:3 0.069 ··-0.242 :·5.48 
NOBTH CENTRE 0.225 0.499 ._~!. 025 4.06 0.081 0.059 0.191 3.24 
CENTRE SPAN 0.387 0.993 ·_·2.8139 :,~. cJl ·-·0.034 0.177 0.624 3.52 
SOUTH CENTRE 0.263 0.968 -3.859 3.99 0.06:1. O. :L53 O. ~:'j():J. 3.27 

MEAN WINtI SPEEX) 16.10 MIS 
SIIIE SF'AN 0.056 0.758 ·-, 2.624 3.46 () • O~j() 0.080 -0.275 3.42 
NORTH CENTRE 0.23:3 o .4B::i 1.666 :3.4:3 0.08c1 0.063 ._.(). Wc.? :3. ()2 
CENT RE SPAN 0.436 1.065 -4.075 3.83 - 0.043 0.177 -O.5Bl 3.2El 
SOUTH CENTRE 0.28:,"j O. 93~) ._.~~. 663 3.92 0.071 0.156 ·'-0.46:1. .2. (.jl~:; 

MEAN WIND SPEEIt 17.15 MIS 
SItlE SPAN 0.077 0.855 ~!. 979 :3.4H 0.056 0.093 ().:3:J.6 3.41. 
NORTH CE:NTRE 0.256 0.552 ·_·2.093 3.7(1 O. 09=-.~ 0.078 -O.24:J. 3.1 () 
CENTRr~ SPAN 0.483 1.227 ·-4.31J. :?I.:H ··-0. O~:i~! 0.238 · .. ·0.7130 :3 • :.~ 13 
SOUTH CENTRE 0.310 1.052 -··~~.521 3.35 0.086 0.199 -,,0.640 3.21. 

MEAN WIND SPEErl 18.28 MIS 
SItIE SPAN 0.089 0.920 3.25:5 3.54 0.066 0.l.t0 0.3HI 2.90 
NORTH CENT RE 0.272 O. 60:~ ·-,1.772 2.94 0.100 0.101 0.3113 3 .l.~j 
CENTBE SF'AN 0.542 1.2·71 ·-4.383 3.45 -0.062 0.303 O.9:Ll 3.01 
SOUTH CENTRE 0.3:38 1.129 <~.67B :~. 26 0.10:3 0.254 O. n5::i 2. ',il!] 
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r: lJI...i... [<F:IDC,::;: f,T 30 ür'c; 
FLOW TYPE [S MODFRAfEI... YfURBUJ .. ENT 

\)1": 1';;)' I Cf1i._ /:IFFI .. LeT:r UH::: ( 111111 i 

MEAN WIND ~:;PEE[I 

~; I [IE ~3PAN 

NOlm'l CENTRE 
CENTF~F ~3J"AN 

f:;OLJTH CENTI'~E 

,'iEhN WIND ~;PEE[I 

bIl:iC SPAN 
N{)I'~TH CENTF-:lc. 
C[NTI:;:[ ~:;Pr',N 

SOUTIJ C[NTl:;;E 

.1.9 
(j 

0 
0 
0 

:I. ~;, 

0 
0 
0 
0 

· , 

· · , 

· · · · , 

2/ iVf:; 
103 
303 
6:i::: 
:.381 

70 i'''Î/S 
J. :)4 
2?3 
55)4 

3óé 

MEAN WIND SPEED 20.34 MI S 

J · 0 · :l · .i. , 

0 · () · J · 
1 · 

1,:AT1D 

00] •.•. 1:{ , 3:.;;2 4 · 32 
'. C)'::- ·2 OO? .~ · O::i (;.'''''''.1 · " 

''%7'' ···A !j6~:'j 3 · 43 ~M' .J~J · 
2J.D ···4 · ó::,:;)' 3 · P") .),:. 

94.1. ,., · :1.6.1. 3 · 3ó 
/J43 ····2 · :i.A1 :'::; · ,j .~) 310 '-4 · 62 ? 3 · ~j3 t:'1;4 ····4 · 2 :1 'f \~> · 7;;) 

SI[lE SPAN 0.132 0.9823 . 257 3.32 
NORTH CENTRE 0.300 0.667 2.163 3.:::4 
CENT HE SPAN 
bOUlH C[NTI'~[ 

o. ó~:'i9 
O. ~:\l3 J. JH~5 "3, ?ÓO 

:'5.9'7 
~"') • .1.8 

0 
() 

··0 
c-

0 
() 

··0 
0 

() 

0 
··0 

0 

HAllO 

· ()Bl~ () · :i.::,13 .() · !)::-~2 3 · 3J 

· :I. J.() () · J t~ (/ () · 4ó~:j 3 · 12 

· 0/4 0 · 4)'/j :I · :~!'.:j/. ? · (J ~.:.j 

1 ;:)4 () 390 :I. :I ? .I. " · Ol) · · · -, 

· 093 () · 1 ~:j .::~ '-0 · :):·:j3 3 · ó] 
, j :i, ./} 0 · 1 2:? '-0 · 380 :5 · JO 

· (r? 4 0 · ~~ : "') 
.... ' LJ .... ···1 · 0.1.5 2 · DO 

· :i.24 0 · 3()!:.) () · Bó3 ;:? · B3 

· 09H 0 · :I. './ 8 ... ("; · :;j<10 :3 · 3::~ · :1.:'3 0 · ll{~) _.() · 4~.'j9 3 · J cl 

· OH!~.; 0 · 4,10 :1. · 240 ? · 02 

· :l. i;. 0 0 370 I. · 1.36 3 .O} 
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FULL BRHlGE AT 30 DEG 
FLDW TYPE IC' .;:) SMotHH 

VERlICA!. DEFI...ECTIONS ( 111111 ) TDRSIDNAL DEFLECT I DN!,) (deq) 
---------------------- _ ... __ .. _-_. -----------------------------
MEAN RMS PEAK lirlT r () 11EAN RMS F'EAK F~A TI Cl 

I'IEAN WIND SPEED 15.80 ril 5 
SIDE SPAN 0.044 0.2B2 1.083 3.84 0.033 O.O::jl ().:l 'n :L 7~:j 
NOFnH CENT RE 0.200 0.203 0.723 3. ~"i7 0.052 0.049 0.1:"j6 3.16 
CENTRE SPAN 0.589 0.36"7 '-1.3213 .... " ') 

,~. b ... ·'().OB5 0.164 "0 .434 2.64 
SOUTH CENTRE 0.310 0.336 1.094 3.26 0.064 0.131. ·-0. :'198 3.05 

MErîN WIND SPEED 16.22 MIS 
SIDE SPAN 0.049 0.274 .1 • 02~1 3.74 0.031 0.058 -,0.182 3.12 
NOHTH CENTI:;;E 0.209 0.202 '-0.859 4.26 () • 0 ~'~, ~'j O. Oé,~) ().164 2 • !~;'t 
CENTHE SPAN 0.619 0.407 1.830 4. ::)0 '-0.089 o ','"". .~.:... ... J ·' ·0.4::l7 2.17 
SDUTH CENT RE 0.317 0.336 ···L494 4.45 0.073 0.174 0.41"7 2.40 

MEAN WIND SPEED 16.93 1'1/5 
SIDE SPAN O. 0~:j9 J "0" 

" .... ')d 1.340 4-. !)5 0.034 o. 05~:j o. :l 'J~'i :1. ~j5 
NrmTH CENTRE 0.213 0.212 0.715 3. :38 0.062 o . 0 :')3 0.1"7:1. 3.23 
CENTRE SPAN 0.656 0.429 ·-1.70~' 3. '1'7 -0.093 0.176 O.4Bf., ;?.76 
SCJUTH CENTRE 0.326 0.361 1.512 4.19 0.071., 0.140 0.407 2.92 

MEAN WIND SPEED 17.66 MIS 
~:;IDE SPAN ().0"/7 0.28"7 -··0.934 ~5. 25 0.039 0.092 O. 2;'.'i~i 2.78 
NOF\TH CENTIiE 0.21~:; 0.208 0.595 ?87 0.06<1 0.109 O.2~)·7 :.:.>. :36 
CENTf\E SPAN 0.698 0.413 1.292 3.13 "0.097 0.393 0.760 1.94 
SOUTH CENn~E 0.326 0.340 1.1.57 3.41 0.091 (). 30~~ 0.619 2.0:::j 

!-1EAN WIN!! SPEED 18.37 MIS 
SIDE SPAN 0.088 0.30fl O. 'j'57 ~5 • :I.!:-i 0.04;:; O.09b ,,0. 2~:jJ 2.)6::.) 
NORTH CENTRE 0.224 0.220 -0. 69~' 3.17 O.07J. 0.1.12 ,-0 .2,',0 2.33 
CENH~E SPAN O.72B 0.429 "'1.742 4.06 "0.114 0.402 0.8ó6 :? l!::; 
~:;[)lJnl CLNTF\E 0.:B2 0.:'l61 "'1.249 3.46 O.lOJ 0.309 ().7:1..2 2.3:1 

MEf',N WIND f.';PFED :I. 'J. 0(" 1'1/5 
SHI\:: SPAN 0.102 O.30B •. .L .27/ 4.15 0.04FJ ().132 -0. ~12-;" 2.48 
NDrnH CENT RE 0.232 o ",., .. ;, 

.';''';''.1 0."719 3. i.7 0.0/4 0.161 0.402 2. ~)O 
CENTr~[ SPAN 0.775 O.4Ó6 '-1.837 3.94 '-0.1 ?2 0.:')96 I .• 206 2.02 
!:;OUlH CENTI'\E 0.344 O. 3~'i? 1.1.61:1 3. 2~) O.1l3 O. 4~'.j4 1.04"7 2.30 

MEAN WIND SPEED 19.::jó rllS 
SIDE !,PAN 0.09'{ 0.374 "1.21"7 3. 2~:; o • O~'i't O.20J "' 0.434 2.1.6 
NDBTH CENT RE 0.250 o ,., .,.-, 

• .:.....J/ O.9B2 :5. 8~' 0.080 () • 2:53 -0 . ~')()-') l. ')n 
CENTRE !,PAN (). 8~~B 0.58H 1.970 :3. 3~:, .. (). 13:'; (). 'jl48 1.6J!5 1.70 
~:;(JUTII CENlRE o. :~68 0.445 -,1.717 3.8/, o. 14:~ 0.723 J..33B 1. El:') 

i"iEAN WIND SJ'-'ET.:n l'l.'Y1' MIS 
SIDE SPAN 0.106 0.:380 1. 3ó:~ 3.5B O.OÓO O.22 r,l "0. ::'j()? 2.21 
Nornl·i CENTF~E O. 2~:i8 0.264 1.051 3.9fl a.OB6 0.2'n .. ··0.6()'j' 2. O~=; 
CENTF~E SPAN 0.866 0.617 1.899 3.0D -0.1~:'0 1. III <'.013 1. Ell 
SOUTI·I CENTr-;E 0.390 ().4~i1 1.46:3 3.2!::, 0 •. 160 o • B ~)() ·,1. !:jOl, :l .1'7 
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FULL BRIDGE Ar 30 DEG 
FLOW TYPE IS HIGHLY TURBULENT 

NEtîN WIND SPEElt 
SIDE SPAN 
NDRTH CENH~E 

C[NTRE SPAN 
SOUTH CCNTF\E 

MEf\N WIND m"LED 
SInE SPAN 
NDfHH CENT RE 
CENTF~E SPAN 
SDUTH CENTRE 

~lEAN WIND SPEED 
SIDE !:;PAN 
NOfITH CENTliE 
CENH~E !;F',IN 
t.,DUTH CENTf';;E 

VERTICAl DEFLECTIONS (mm) 

MEAN I:;; fIT 10 

5.04 riiS 
0.016 0.225 -0.820 3.64 
0.037 0.145 -0.603 4.17 
0.109 0.414 -1.3~7 3.28 
***TRANSltUCER MALFUNCTIDN*** 

f).81 Î1/S 
0.024 0.391 1.317 3.37 
0.061 0.250 -0.871 3.48 
0.147 0.700 2.436 3.48 
*l!O!<TI'\ANSDUCEi'\ ~lf''' . .FUNCT ICJN*** 

8.55 r'1/S 
0.054 0.650 2.353 3.62 
0.069 0.417 -1.323 3.17 
0.161 1.158 3.570 3.08 
***TRANsnUCER MALFUNCTION*** 

MEAN WIND SPEED 10.37 MIS 
SIDE SPAN 0.034 0.930 
NDRTH CENT RE 0.119 0.606 
CENT RE SPAN 0.248 1.547 
SUUTH CLNTi'\E ***Ti'\ANSDUCER 

11.18 rvs 

3.205 3.4~i 

2.J4/ 3.54 
··4.774 3.09 

~lALFUNCT I ClN*** 

MEAN WIND ~;F'EEn 

SIDE !3PAN 
NORTH CFXT[.;;E 
CENTm: !,WAN 
SOUTH CENT RE 

0.036 1.122 3.730 3.32 
0.132 0.72/ 3.038 4.18 
0.301 1.876 -6.424 3.42 
***TRANSDUCER MALFUNCTION*** 

i • ____ • 
iiliiiliiihiiiiliil_'WUii '.-iiIHtliIiiWllii_ 

TORSIONAL. DEFLECTIONS (deg) 

MFf\N 

0.006 
0.007 

-O.OJ] 

0.009 
0.019 

-0.022 

0.013 
0.032 

"'0.035 

0.021 
O.04~) 

·"0.046 

0.022 
0.046 

-O.O:':il 

F\N~; 

0.010 
o • 01:1. 
0.028 

0.021 
O.OW 
0.049 

0.03;; 
0.02f:l 
O.0/'4 

O. 05:~ 
O.OA:5 
0.113 

0.065 
0.051 
0.141 

f'LAI\ 

'·0.041 
O.O:3Ó 

-0.092 

0.075 
0.061 
0.166 

-0 • .140 
0.105 
o . 2:5:1 

'·'0.1 ~"2 
0.133 
0.32f:l 

0.225 
0.193 
O.5H1 

Rf\TID 

4.00 
3.35 
3.27 

3 ",." t,.''''} 

3.40 
:'i.39 

'-, I)' 
.;) .. ï ,'J 

3,77 
3.41 

3.63 
:5. I :~ 
2.89 

3.4<'> 
3.79 

--.W iif I 
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FULL BRIDGE AT 30 DEG 
FLOW TYPE IS HIGHLY TURBULENT 

VERTICAL DEFLECTIDNS (mm) 

MEAN 

MEAN WIND SPEED 11.86 MIS 
SInE SPAN 0.055 1.189 
NORfH CENTRE 0.139 0.776 

F'EAI\ 

3.921 
2.791 

HtHJU 

3.30 
3.60 

CENTRE SPAN 
SOUTH CENTRE 

0.385 2.026 6.555 3.24 
***TRANSDUCER MALFUNCTION*** 

1::~.01 MIS MEAN WIND !:,PEED 
SHiE SPAN 
NORTH CENTIiE 
C[NTF~E SPAN 
SDUTH CENTRE 

0.081 1.321 4.787 3.62 
0.151 0.069 -3.159 3 .63 
0.374 2.376 -8 .299 3.49 
***TRANSDUCER MALFUNCTION*** 

MEAN WIND SPEED 13.73 MIS 
SIDE SPAN -0 .004 1.515 
NORTH CENTRE 0.239 0.987 
CENTRE SPAN 0.442 2.538 
SOUTH CENTRE ***TRANSDUCER 

MEAN WIND SPEEn 14. :513 MIS 
SIDE SPAN O.Of:l5 1.Ó04 
NOR TH CENTRE 0.200 1.060 
CENTBE SPAN 0.496 2.824 
SDUTH CENTfiE U*TfiANSDUCEI:'; 

4.763 3.14 
3.043 3.08 

.... fL04:l 3.17 
MALFUNCTION*** 

4.710 2.94 
·<3. (JO:l. 3. :3? 

·<LO.585 3.?5 
Mf~LFUNCTlnN*** 

TORSIONAl. DEFLECTIONS (d~g) 

MEAN PEAI\ Hf~TIO 

0.02f:J 0.074 ···· O. 2t)'+ 3.4:1. 
O. O~'jl 0.061 -0 .244 4.02 

'-0.056 O.l'n 0.914 I::' -,0) 
d • .,:),,: .. 

0.02él O.ODó 'O .30:t 3.49 
(). 0~5B O.O?l 0+32:1. t " .. ,:< 

.ot .J ,,1 

-0.066 0.199 () • Bn:,:,~ 4,44 

0.()3() O,lJl " ().;5ó? :).09 
0.055 0.000 o. :~O7 3. ~:il 

· .. ·0.067 0.24:) (). T7D :':l. lU 

0.029 0.133 '-0. ::'.i91 4.44 
0.070 O. :I. Ol 0.4"74 4.41 

'-0.056 O.2B4 O. c,64 3. :39 


