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1 . INTRODUCTION 

1.1 General 

A significant characteristic of modern building design is lighter 

cladding and more flexible frames. These features produce an increased 

vulnerability of glass and cladding to wind damage and result in larger 

deflections of the building fr.lme. In addition, increased use of pedes-

trian plazas at the base of the buildings has brought about a need to 

consider the effects of wind and gustiness in the design of these areas. 

The building geometry itself may increase or decrease wind loading 

on the structure. Wind forces may be modified by nearby structures 

which can produce beneficial shielding or adverse increases in loading. 

Overestimating loads results in uneconomical design; underestimating may 

result in cladding or window fai Lures. Tall structures have histori-

cally produced unpleasant wind and turbulence conditions at their bases. 

The intensity and frequency of objectionable winds in pedestrian areas 

is influenced both by the structure shape and by the shape and position 

of adjacent structures. 

Techniques have been developed for wind-tunnel modeling of proposed 

structures which allow the prediction of wind pressures on cladding and 

windows, overall structural loading, and also wind velocities and gusts 

in pedestrian areas adjacent to the building. Information on sidewalk-

leve 1 gustiness allows plaza areas to be protected by design changes 

before the structure is constructed. Accurate knowledge of the inten-

sity and distribution of the pressures on the structure permits adequate 

but economical selection of cladding strength to meet selected maximum 

design winds and overall wind loads for the design of the frame for 

flexural control. 
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Modeling of the aerodynamic loading on a structure requires special 

consideration l>f flow conditions in order to guarantee similitude 

between model and prototype. A detailed discussion of the similarity 

requirements and their wind-tunnel implementation can be found in ref-

erences (1), (2), and (3). In general, the requirements are that the 

model and prototype be geometrically similar, that the approach mean 

velocity at the building site have a vertical profile shape similar to 

the full-scale flow, that the turbulence characteristics of the flows be 

similar, and that the Reynolds number for the model and prototype be 

equal. 

These criteria are satisfied by constructing a scale model of the 

structure and its surroundings and performing the wind tests in a wind 

tunnel specifically designed to model atmospheric boundary-layer flows. 

Reynolds number similarity requires that the quantity UD/v be similar 

for model and prototype. Since v, the kinematic viscosity of air, is 

identical for both, Reynolds numbers cannot be made precisely equal with 

reasonable wind velocities. To accomplish this the air velocity in the 

wind tunnel would have to be as large as the model scale factor times 

the prototype wind velocity, a velocity which would introduce unaccept-

able compressibility effects. However, for sufficiently high Reynolds 

numbers (>2xl04) the pressure coefficient at any location on the struc-

ture will be essentially constant for a large range of Reynolds numbers. 
. 7 8 5 6 Typical values encountered are 10 -10 for the full-scale and 10 -10 

for the wind-tunnel model. In this range acceptable flow similarity is 

achieved without precise Reynolds number equality. 

1.2 The Wind-Tunnel Test 

The wind-engineering study is performed on a building or building 

group modeled at scales ranging from 1:150 to 1:400. The building model 
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is constructed of clear plastic fastened together with screws. The 

structure is modeled in detail to provide accurate flow patterns in the 

wind passing over the building surfaces. The building under test is 

often located in a surrounding where nearby buildings or terrain may 

provide beneficial shielding or adverse wind loading. To achieve simi-

larity in wind effects the area surrounding the test building is also 

modeled. A flow visualization study is first made (smoke is used to 

make the air currents visible) to define overall flow patterns and 

identify regions where local flow features might cause difficulties in 

building curtain-wall design or produce pedestrian discomfort. 

The test model, equipped with pressure taps (200 to 600 or more), 

is exposed to an appropriately modeled atmospheric wind in the wind 

tunnel and the fluctuating pressure at each tap measured electronically. 

The model, and the modeled area, are rotated 10 or 15 degrees and 

another set of data recorded for each pressure tap. Normally, 24 or 36 

sets of data (360 degrees of turning) are taken; however, when fl ow 

visualization or recorded data indicate high pressure regions of small 

azimuthal extent, data is obtained in smaller azimuthal steps. 

Data are recorded, analyzed and processed by an on-line 

computerized data-acquisition system. Pressure coefficients of several 

types are calcuLtted by the computer for each reading on each piezometer 

tap and are printed in tabular form as computer readout. Using wind 

data applicable to the building site, representative wind velocities are 

selected for combination with measured pressures on the building model. 

Integration of test data with wind data results in prediction of peak 

local wind pressures for design of glass or cladding and may 

include overall forces and moments on the structure (by floor if 
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desired) for design of the structural frame. Pressure contours are 

drawn on the developed building surfaces showing the intensity and 

distribution of peak wind loads on the building. These results may be 

used to divide the building into zones where lighter or heavier cladding 

or glass may be desirable. 

Based on the visualization (smoke) tests and on a knowledge of 

heavy pedestrian use areas, a dozen or more locatjons may be chosen at 

the base of the building where wind velocities can be measured to deter-

mine the relative comfort or discomfort of pedestrians in plaza areas, 

near building entrances, near building corners, or on sidewalks. 

Usually a reference pedestrian position is also tested Lo determine 

whether the wind environment in the building area is better or worse 

than the environment a block or so away in an undisturbed area. 

The following pages discuss in greater detail the procedures 

followed and the equipment and data collecting and processing methods 

used. In addition, the data presentation format is explained and the 

implications of the data are discussed. 
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2. EXPERIMENTAL CONFIGURATION 

2.1 Wind Tunnel 

Wind-engineering studies are performed in the Fluid Dynamics and 

Diffusion Laboratory at Colorado State University (Figure 1). Three 

large wind tunnels are available for wind loading studies depending on 

the detailed requirements of the study. The wind tunnel used for this 

investigation is shown in Figure 2. All tunnels have a flexible roof 

adjustable in height to maintain a zero pressure gradient along the test 

section. The mean velocity can be adjusted continuously in each tunnel 

to the maximum velocity available. 

2.2 Model 

In order to obtain an accurate assessment of local pressures using 

piezometer taps, models are constructed to the largest scale that does 

not produce significant blockage in the wind-tunnel test section. The 

models are constructed of 1/2-in. thick Lucite plastic and fastened 

together with metal screws. Significant variations in the building 

surface, such as mullions, are machined into the plastic surface. 

Piezometer taps (1/16 in. diameter) are drilled normal to the exterior 

vertical surfaces in rows at several or more elevations between the 

bottom and top of the building. Similarly, taps are placed in the roof 

and on any sloping, protruding, or otherwise distinctive features of the 

building that might need investigation. 

Pressure tap locations are chosen so that the entire surface of the 

building can be investigated for pressure loading and at the same time 

permit critical examination of areas where experience has shown that 

maximum wind effects may be expected to occur. Locations of the 

pressure taps for this study are shown in Figure 3. Dimensions are 



6 

given both for full-scale building (in ft) and for model (in in.). The 

pressure tap numbers are shown adjacent to the taps. 

The pressure tests are sometimes made in two stages. In the first 

stage measurements are made on the initial distribution of pressure 

taps. If it becomes apparent from the data that the loading on the 

building is being influenced by some unsuspected geometry of the 

building or adjacent structures, additional pressure taps are installed 

in the critical areas. The locations of the taps are selected so that 

the maximum loading can be detected and the area over which this loading 

is acting can be defined. Any added taps are also shown in Figure 3. 

A circular area 750 to 2000 ft in radius depending on model scale 

and characteristics of the surrounding buildings and terrain is modeled 

in detail. Structures within the modeled region are made from styrofoam 

and cut to the individual building geometries. They are mounted on the 

turntable in their proper locations. Significant terrain features are 

included as needed. The model is mounted on a turntable (Figure 2) near 

the downwind end of the test section. Any buildings or terrain features 

which do not fit on the turntable are placed on removable pieces which 

are placed upwind of the turntable for appropriate wind directions. A 

plan view of the building and its surroundings is shown in Figure 4. 

The turntable is calibrated to indicate azimuthal orientation to 0 .1 

degree. 

The region upstream from the modeled area is covered with a 

randomized roughness constructed using various sized cubes placed on the 

floor of the wind tunnel. Different roughness sizes may be used for 

different wind directions. Spires are installed at the test-section 

entrance to provide a thicker boundary layer than would otherwise be 
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available. The thicker boundary layer permits a somewhat larger scale 

model than would otherwise be possible. The spires are approximately 

triangularly shaped pieces of 1/2-in. thick plywood 6 in. wide at the 

base and 1 in. wide at the top, extending from the floor to the top of 

the test section. They are placed so that the l>road side intercepts the 

flow. A barrier approximately 8 in. high is placed on the test-section 

floor downstream of the spires to aid in development of the boundary-

layer flow. 

The distribution of the roughness cubes and the spires in the 

roughened area was designed to provide a boundary-layer thickness of 

approximately 4 ft, a velocity profile power-law exponent similar to 

that expected to occur in the region approaching the modeled area for 

each wind direction (a number of wind directions may have the same 

approach roughness). A photograph of the completed model in the wind 

tunnel is shown in Figure 5. The wind-tunnel ceiling is adjusted after 

placement of the model to obtain a zero pressure gradient along the test 

section. 
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3. INSTRUMENTATION AND DATA ACQUISITION 

3.1 Flow Visualization 

Making the air flow visible in the vicinity of the model is helpful 

(a) in understanding and interpreting mean and fluctuating pressures, 

(b) in defining zones of separated flow and reattachment and zones of 

vortex formation where pressure coefficients may be expected to be high 

and (c) in indicating areas where pedestrian discomfort may be a prob-

lem. Titanium tetrachloride smoke is released from sources on and near 

the model to make the flow lines visible to the eye and to make it 

possible to obtain motion picture records of the tests. Conclusions 

obtained from these smoke studies are discussed in Sections 4.1 and 5.1. 

3.2 Pressures 

Mean and fluctuating pressures are measured at each of the pressure 

taps on the model structure. Data are obtained for 24 or 36 wind direc-

tions, rotating the entire model assembly at a complete circle. 

Seventy-six pieces of 1/16 in. I.D. plastic tubing are used to connect 

76 pressure po1ts at a time to an 80 tap pressure switch mounted inside 

the model. The switch was designed and fabricated in the Fluid Dynamics 

and Diffusion Laboratory to minimize the attenuation of pressure fluctu-

ations across the switch. Each of the 76 measurement ports is directed 

in turn by the switch to one of four pressure transducers mounted close 

to the switch. The four pressure input taps not used for transmitting 

building surface pressures are connected to a common tube leading out-

side the wind tunnel. This arrangement provides both a means of 

performing in-place calibration of the transducers and, by connecting 

this tube to a pi tot tube mounted inside the wind tunnel, a means of 

automatically monitoring the tunnel speed. The switch is operated by 



9 

means of a shaft projecting through the floor of the wind tunnel. A 

computer-controlled stepping motor steps the switch into each of the 20 

required positions. The computer keeps track of switch position but a 

digital readout of position is provided at the wind tunnel. 

The pressure transducers used are setra differential transducers 

{Model 237) with a 0.10 psid range. Reference pressures are obtained by 

connecting the reference sides of the four transducers, using plastic 

tubing, to the static side of a pitot-static tube mounted in the wind 

tunnel free stream above the model building. In this way the transducer 

measures the instantaneous difference between the local pressures on the 

surface of the building and the static pressure in the free stream above 

the model. 

Output from the pressure transducers is fed to an on-line data 

acquisition system consisting of a Hewlett-Packard 21 MX computer, disk 

unit, card reader, printer, Digi-Data digital tape drive and a Preston 

Scientific analog-to-digital converter. The data are processed immedi-

ately into pressure coefficient form as described in Section 4. 3 and 

stored for printout or further analysis. 

All four transducers are recorded simultaneously for 16 seconds at 

a 250 sample-per-second rate. The results of an experiment to determine 

the length of record required to obtain stable mean and rms {root-mean-

square) pressures and to determine the overall accuracy of the pressure 

data acquisition system is shown in Figure 6. A typical pressure port 

record was integrated for a number of different time periods to obtain 

the data shown. Examination of a large number of pressure taps showed 

that the overall accuracy for a 16-second period is, in pressure coeffi-

cient form, 0. 03 for mean pressures, 0. 1 for peak pressures, and 0. 01 

for rms pressures. Pressure coefficients are defined in Section 4. 3. 
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3.3 Velocity 

Mean velo:ity and turbulence intensity profiles are measured 

upstream of the model to determine that an approach boundary-layer flow 

appropriate to the site has been established. Tests are made at one 

wind velocity in the tunnel. This velocity is well above that required 

to produce Reynolds number similarity between the model and the 

prototype as discussed in Section 1.1. 

In addition, mean velocity and turbulence intensity measurements 

are made 5 to 7 ft (prototype) above the surface at a dozen or more 

locations on and near the building for 16 wind directions. The measure-

ment locations are shown on Figure 4. The surface measurements are 

indicative of the wind environment to which a pedestrian at the measure-

ment location would be subjected. The locations are chosen to determine 

the degree of pedestrian comfort or discomfort at the building corners 

where relatively severe conditions frequently are found, near building 

entrances and on adjacent sidewalks where pedestr]an traffic traffic is 

heavy, and in open plaza areas. In most studies a reference pedestrian 

position, located about a block away, is also tested. These data are 

helpful in evaluating the degree of pedestrian comfort or discomfort in 

the proposed plaza area in terms of the undisturbed environment in the 

immediate vicinity. 

Measurements are made with a single hot-wire anemometer mounted 

with its axis vertical. The instrumentation used is a Thermo Systems 

constant temperature anemometer (Model 1050) with a 0.001 in. diameter 

platinum film sensing element 0.020 in. long. Output is directed to the 

on-line data acquisition system for analysis. 

Calibration of the hot-wire anemometer is performed by comparing 

output with the pitot-static tube in the wind tunnel. The calibration 
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data are fit to a variable exponent King's Law relationship of the form 

where E is the hot-wire output voltage, U the velocity and A, B, 

and n are coefficients selected to fit the data. The above relation-

ship was used to determine the mean velocity at measurement points using 

the measured mean voltage. The fluctuating velocity in the form 

(root-mean-square velocity) was obtained from 

u rms = 
2 E E rms 
B n Un-l 

u rms 

where E is the root-mean-square voltage output from the anemometer. rms 
For interpretation all turbulence measurements for pedestrian winds were 

divided by the mean velocity outside the boundary-layer U
00

• Turbulence 

intensity in velocity profile measurements used the local mean velocity. 
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4. RESULTS 

4.1 Flow Visualization 

A film is included as part of this report showing the 

characteristics of flow about the structure using smoke to make the flow 

visible. A listing of the contents of the film is shown in Table 1. 

Several features can be noted from the visualization. As with all large 

structures, wind approaching the building is deflected down to the plaza 

level, up over the structure and around the sides. A description of the 

smoke test results emphasizing flow patterns of concern relative to 

possible high-wind load areas and pedestrian comfort is given in 

Section 5.1. 

4.2 Velocity 

Velocity and turbulence profiles are shown in Figure 7. Profiles 

were taken upstream from the model which are characteristic of the 

boundary layer approaching the model and sometimes at the building site 

with building removed. The boundary-layer thickness, o, is shown in 

Figure 7. The corresponding prototype value of o for this study is 

also shown in the figure. This value was established as a reasonable 

height for this study. 

modeled area has the form 

u 
uoo 

The mean velocity profile approaching the 

The exponent n for the approach flow established for this study is 

shown in Figure 7. 

Profiles of longitudinal turbulence intensity in the fl ow 

approaching the modeled area are shown in Figure 7. The turbulence 

intensities are appropriate for the approach mean velocity profile 

selected. For the velocity profiles, turbulence intensity is defined 
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as the root-mean-square about the mean of the longitudinal velocity 

fluctuations divided by the local mean velocity U, 

u 
Tu = rms -u-

Velocity data obtained at each of the pedestrian measurement 

locations shown in Figure 4 are listed in Table 2 as mean velocity U/U
00

, 

turbulence intensity Urms/U
00

, and largest effective gust 

U + 3U rms 

These data are plotted in polar form in Figure B. Measurements were 

taken 5 to 7 ft above the ground surface. A site map is superimposed on 

the polar plots to aid in visualization of the effects of the nearby 

structures on the velocity and turbulence magnitudes. An analysis of 

these wind data is given in Section 5.2. 

To enable a quantitative assessment of the wind environment, the 

wind-tunnel data were combined with wind frequency and direction infor-

mation obtained at the local airport. Table 3 shows wind frequency by 

direction and magnitude obtained from summaries published by the 

National Weather Service. These data, usually obtained at an elevation 

of about 30-40 ft, were converted to velocities at the reference veloc-

ity height for the wind-tunnel measurements and combined with the wind-

tunnel data to obtain cumulative probability distributions (percent time 

a given velocity is exceeded) for wind velocity at each measuring 

location. The percentage times were summed by wind direction to obtain 

a percent time exceeded at each measuring position independent of wind 

direction (but accounting for the fact that the wind blows from dif-

ferent directions with varying frequency). These results are plotted in 

Figure 9. 
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The overall indications of pedestrian wind comfort are best 

described by Figure 9, in particular the percent time exceeded plots 

which show the effective gust (mean plus 3;'•rms). The mean velocity 

percent time exceeded plots are useful, but may present too severe a 

comparison to acceptance criteria because of conservative assumptions 

about anticipated urban turbulence intensities which were incorporated 

into the acceptance criteria. 

Interpretation of Figure 9 is aided by a description of the effects 

of wind of various magnitudes on people. The earliest quantitative 

description of wind effects was established by Sir Francis Beaufort in 

1806 for use at sea and is still in use today. Several recent investi-

gators have added to the knowledge of wind effects on pedestrians. 

These investigations along with suggested criteria for acceptance have 

been summarized by Penwarden and Wise (4) and Melbourne (5). The 

Beaufort scale (from ref. 4), based on mean velocity only, is reproduced 

as Table 4 including qualitative descriptions of wind effects. Table 4 

suggests that mean wind speeds below 12 mph are of minor concern and 

that mean speeds above 24 mph are definitely inconvenient. Quantitative 

criteria for acceptance from reference 5 are superimposed as dashed 

lines on Figure 9. The peak gust curves shown in Figure 9 are the 

percent of time during which a short gust of the stated magnitude could 

occur (say about one of these gusts per hour). Implications of the data 

plotted in Figure 9 are presented in Section 5.2. 

Because some pedestrian wind measuring positions are purposely 

chosen at sites where the smoke tests showed large velocities of small 

spacial extent, the general wind environment about the structure may be 

less severe than one might infer from a strict analysis of Table 2 and 

Figure 9. 
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4.3 Pressures 

For each of the pressure taps examined at each wind direction, the 

data record is analyzed to obtain four separate pressure coefficients. 

The first is the mean pressure coefficient 

c = 
Pmean 

(p-p<»)mean 

o.5 p u<»2 

where the symbols are as defined in the List of Symbols. It represents 

the mean of the instantaneous pressure difference between the building 

pressure tap and the static pressure in the wind tunnel above the 

building model, nondimensionalized by the dynamic pressure 

at the reference velocity position. This relationship produces a 

dimensionless coefficient which indicates that the mean pressure dif-

ference between building and ambient wind at a given point on the 

structure is some fraction less or some fraction greater than the 

undisturbed wind dynamic pressure near the upper edge of the boundary 

layer. Using the measured coefficient, prototype mean pressure values 

for any wind velocity may be calculated. 

The magnitude of the fluctuating pressure is obtained by the rms 

pressure coefficient 

= (Cp-p<») - (p-p<»)mean)rms 

o.5 p u<»2 

in which the numerator is the root-mean-square of the instantaneous 

pressure difference about the mean. 

If the pressure fluctuations followed a Gaussian probability 

distribution, no additional data would be required to predict the 

frequency with which any given pressure level would be observed. 
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However, the pressure fluctuations do not, in general, follow a Gaussian 

probability distribution so that additional information is required to 

show the extreme values of pressure expected. The peak maximum and peak 

minimum pressure coefficients are used to determine these values: 

(p-pcx) max 

o.5 p u
00

2 

(p-poo)min 

o.5 p u
00

2 

The values of p-p00 which were digitized at 250 samples per second for 

16 seconds, representing about one hour of time in the full-scale, are 

examined individually by the computer to obtain the most positive and 

most negative values during the 16-second period. These are converted 

to c 
Pmax 

and C by nondimensionalizing with the free stream 
pmin 

dynamic pressure. 

The four pressure coefficients are calculated by the on-line data 

acquisition system computer and tabulated along with the approach wind 

azimuth in degrees from true north. The list of coefficients is 

included as Appendix A. The pressure tap code numbers used in the 

appendix are explained in Figure 3. 

In order to limit the inherent variability of the largest peak 

pressures and to ensure that the IO-degree increments in approach wind 

direction did not miss a large peak pressure occurring within a 

10-degree sector, a limi.ted number of pressure taps with large pressures 

were examined at 2-degree azimuthal increments near the pressure peak. 

This data appears as a separate configuration. The 2-degree azimuthal 

increment data which coincided with the IO-degree data represented a 

repeat measurement. These two peak pressure measurements were averaged 
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together to obtain a more representative value than either data point 

represented alone [Refs. 6,7]. In addition, the remaining 2-degree 

resolution data were examined and compared with the IO-degree resolution 

to determine whether a more critical condition existed. 

To determine the largest peak loads acting at any point on the 

structure for cladding design purposes, the pressure coefficients for 

all wind directions were searched to obtain, at each pressure tap, the 

largest peak positive and peak negative pressure coefficients. Table 6 

lists the larger values and associated wind directions. Included in 

Section 5.3 is an analysis of the coefficients of Table 6 including the 

maximum values obtained and where they occurred on the building. 

The pressure coefficients of Table 6 can be converted to full-scale 

loads by multiplication by a suitable reference pressure selected for 

the field site. This reference pressure is represented in the equations 

for pressure coefficients by the 0.5 p u
00

2 denominator. This value is 

the dynamic pressure associated with an hourly mean wind at the 

reference velocity measurement position at the edge of the boundary 

layer. In general, the method of arriving at a design reference 

pressure for a particular site involves selection of a design wind 

velocity, translation of the velocity to an hourly mean wind at the 

reference velocity location and conversion to a reference pressure. 

Selection of the design velocity can be made from statistical analysis 

of extreme wind data or selected from wind maps contained in the pro-

posed wind loading code ANSI A58. 1 of the American National Standards 

Institute (8). The calculation of reference pressure for this study is 

shown in Table 5. The factor used in Table 5 to reduce gust winds to 

hourly mean winds is given in reference (9). 
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The reference pressure associated with the design hourly mean 

velocity at the reference velocity location can be used directly with 

the peak-pressure coefficients to obtain peak local design wind loads 

for cladding design. Local, instantaneous peak loads on the full-scale 

building suitable for cladding design were computed by multiplying the 

reference pressure of Table 5 by the peak coefficients of Table 6 and 

are listed as peak pressures in that table. The maximum psf loads given 

at each tap location are the largest peak positive and peak negative 

values found in the tests. For ease in visualizing the loads on the 

structure, contours of equal peak pressures for cladding load shown in 

Table 6 have been plotted on developed elevation views of the structure, 

Figure 10. If a data point which is taken in the basic model configura-

tion is retaken in a 2-degree data configuration, the data are averaged 

in preparing Figure 10. For control of water infiltration from outside 

to inside, the largest positive (inward acting) pressure at each tap 

location is tabulated in Table 6. 

For glass design pressures, a glass load factor is used to account 

for the different duration between measured peak pressures and the one 

minute loading commonly used in glass design charts. The design pres-

sure used for glass is normally less than the peak pressures used for 

cladding design because of the static fatigue property of glass which 

can withstand higher pressures for short duration loads than for long 

duration loads. Recent research (10) indicates that the period of 

application of the peak pressures reported herein is about 5-10 seconds 

or less. If a glass design is based on these peak-pressure values, then 

a glass strength associated with this duration load should be used. 

Because glass design charts are normally based on some alternate load 
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duration--usually one minute--then some reduction in peak loads should 

be made. An estimate of a load reduction factor can be obtained from an 

empirical relation of glass strength as a function of load duration. 

Current glass selection charts showing glass strength as a function of 

load duration (11) and older references (12) indicate the following load 

reduction factors: 

annealed float 

heat strengthened 

tempered 

ref. 11 

0.80 

0.94 

0.97 

ref. 12 

0.81 

0.98 

Loadings appropriate for glass design can be computed by multiplying the 

peak-pressure loads of Table 6 by these load factors. 
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5. DISCUSSION 

5.1 Flow Visualization 

Flow patterns idenli fied with smoke showed that the largest peak 

cladding pressures would most likely be found near vertical corners of 

the building due to flow separation or at three-dimensional corners 

where the vertical corners intersect the roof due to vortex formation. 

Wind flow separation occurs when wind blowing horizontally along a 

face of the building is unable due to inertia to turn a sharp corner and 

continues past the corner separating from the surface. Elevated local 

peak negative (outward acting) pressures are often found on the downwind 

side of the point of separation. 

Vortex wind flow occurs when separated flow rolls up into a 

tornado-like structure. Flow separation at a three-dimensional corner 

sometimes provides the triggering mechanism to produce a vortex flow. 

Vortices were observed for critical wind directions originating at the 

intersection of the verlical corners and tile roof. The vortex structure 

was positioned at times on the roof and at times on the vertical side. 

Elevated peak negative pressures are often found under the vortex flow 

near the three-dimensional corner. 

Wind speeds in pedestrian areas appeared to be largest on the top 

deck of the adjacent garage and under the two bridges connecting the 

tower to the garage and the tower to the building to the northwest. 

Relatively high wind speeds were evident for several wind directions at 

these locations. Because the ambient winds in the Lexington area are 

not large on the average, the high winds observed with smoke may not 

translate into pedestrian wind problem areas. 

discussed quantitatively in the next section. 

Pedestrian winds are 
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5.2 Pedestrian Winds 

Figure 4 shows the 18 locations selected for investigation of 

pedestrian wind comfort. Locations 1-5 were tested in the pre-

construction configuration without the tower or garage in place to 

provide a basis of comparison for winds with the tower in place. All 18 

locations were tested with the tower in place. 

Table 2 and Figure 8 show the measured velocities as a percentage 

of the wind speed U
00 

at 1000 ft near the top of the atmospheric 

boundary layer. The largest mean and peak percentages, summarized on 

two pages of Table 2 for existing site and built configuration, were 

measured at locations 7 and 11. Relatively large values of both mean 

and gust percentages were measured at both sites for several wind 

directions. 

Velocity data of Table 2 integrated with local wind data listed in 

Table 3 are shown in Figure 9. Figure 9 shows comparisons of both mean 

and gust velocities with acceptance criteria. For reasons discussed in 

Section 4. 2, the comparison of gusts to comfort criteria is more mean-

ingful than the mean data. On the basis of the gust data of Figure 9, 

the windiest locations are predicted to be location 1 in the pre-

construction Configuration C and locations 1, 7, 11 and 17 in the built 

Configuration A. All of these locations exceed the comfort level for 

walking only about 10 percent of the time, and do not exceed the 

unacceptable level for any percent of time calculated. 

Of the five locations measured in both configurations, location 1 

remained at about the same level of windiness while locations 2-5 

decreased in windiness with the inclusion of the Lexington Financial 

Center. 



22 

The windiest locations about the base of the Lexington Financial 

Center, locations 7, 11 and 17, are predicted to be about as windy as 

location 1 in the pre-construction configuration. None of these loca-

tions should pose significant problems for pedestrians. Remedial action 

of these locations should not be necessary. 

5.3 Pressures 

Table 6 shows the largest peak pressure coefficients and 

corresponding loads measured on the Lexington Financial Center building 

for each pressure tap location. Data configurations are listed in 

Table 4. The summary page of Table 6 shows that the largest peak pres-

sure measured at any tap on the building was -72 psf at tap 956 located 

near a corner where a vortex was observed in flow visualization. The 

largest pressures on the curtainwall were -59 psf at tap locations 304 

and 377. These tap locations are near a three-dimensional corner and 

near a building corner where flow visualization showed a potential for 

elevated pressures. 

Figure 10 shows peak negative and peak positive pressure distribu-

tions over the building surface. Most of the surface area of the 

building had peak negative pressures ranging from about -20 to -40 psf 

with areas of limited extent ranging up to higher values. Peak positive 

pressures ranged up to about +28 psf with most areas of the building 

surface less than +20 psf. 

Curtainwall loads shown on Figure 10 are external pressures. 

Internal pressures on buildings are often small (perhaps ±5 psf) on 

buildings where windows are sealed and the internal pressure is governed 

primarily by infiltration and a central air supply system. For a 

building where significant areas of the curtainwall can be opened, then 
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larger internal pressures should be considered. Typical openings which 

increase net load across the curtainwall during high wind events include 

operable windows and operable doors onto balconies. 

Frame loads were not calculated as part of this report. Frame 

loads at distributed locations on the building form the content of an 

accompanying report. 
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Figure 9e. Wind Velocity Probabilities for Pedestrian Locations 
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Figure lOa. Peak Pressure Contours on the Building 
for Cladding Loads 
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Figure lOc. Peak Pressure Contours on the Building 
for Cladding Loads 
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Figure lOe. Peak Pressure Contours on the Building 
for Cladding Loads 
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Figure lOg. Peak Pressure Contours on the Building 
for Cladding Loads 
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TABLES 



LOU1TION 1 

WIND U/UR 
ti: I MUTH (PERCENT) 

o.oo 55.7 
22.50 66.4 
1::.00 t.'1. 7 
67.50 49. 1 
90.00 18.7 

112. 50 35+0 
135.00 54.7 
1 ~~-?. :.;o 63.5 
1BO.OO 70.0 
202.so 63.5 
225 .oo 55.9 
'.>17. 50 31. 0 
:270.00 28.1 
n2.so 38.5 
315.00 41+9 
337. 50 4 5 + t) 

LOCATION 3 

WIND U/UF: 
AZIMUTH (f'[f.:Ct-:PT) 

(j + tj(j 40 '1 It..:.. 

22.50 47. !. 
4~'i. 00 39.0 
67.50 26.5 
90.00 28.9 

112.50 :~:i .3. 2 
.135.00 32.4 
157.50 50.6 t (~ C•. t) 0 Jo. o 
202.:50 49 .1 
225.00 43,9 
21'7. r:;o '!,(j. 0 
~!?O. 00 17.3 
292.50 17.a 
315.00 24.3 
337+50 40+2 

TABLE 1 -- PEDESTRIAN WIND V~LOCillES ~ND TURBULENC~ INTENSITIES 
LEXINGTON FINANCIAL CENTER 

URMS/UI~: 
(PERCENT> 

14.8 
12.0 
11. 7 
11. 8 
9.8 

13. 1 
13.7 
12.3 
9.3 

11. 9 
18.3 
14.7 
14.2 
14.6 
1..5. 4 
15.7 

LIF:M~ il!F: 
<PEt··1;EN r) 

11. 7 
.1 l • 3 
10.9 
11.0 
10.6 
7.7 

12.3 
11.C:.i 1 ''.l ·1 

t1:3 
10.1 
l0.9 
9.0 
8.9 

12.6 
t0.7 

U+3tl!RMS/UR 
<PERC~NT> 

99+9 
102.3 
99.7 
84+6 
48+1 
74.2 
95.B 

100.3 
97.9 
99.2 

110,9 
75.1 
70.8 
82.2 
82.2 
92.1 

IH·3*t1RMS/UF: 
(t-'EF:CUH> 

84.4 
C' 1 ,, 71:8 
59.4 
60.7 
46.3 
69.3 
8~5, 1 
SH.O er) 9 74:3 
.s2. 7 
44.2 
44.5 
62 + 1 
/2.3 

LOCr1TION 2 

~1IND 
AZ !MUTH 

o.oo 
22. 5() 
45 • '~') 
67.50 
90.00 
12. ::1() 
15.00 
57.5() eo.oo 
{', ') t:' () 25:00 
47.50 
/0,00 
~\215~) 

1. •5. 00 
3?. :·t' 

LlH.:1nroN 

W!tl(l 
AZIMUTH 

0 J'.•C• 
::.:~-~•!:JU 
4r.:· "O 67:50 
90.00 

112.50 
135.00 
1.::i7. 50 
180.00 
'J()rl r.:;('1 
;,,~. t)() 
247:50 
270.00 
292.50 
315.()0 
,'):37. 50 

4 

U/UF: 
( F'EF:CEN T) 

9.6 
4,5 
~·4 
~·. 4 2.6 
l.6 
1.3 
5.9 
0 9 
7.2 
~-_j t 9 
'.9 
4. ,.) . -2.8 
4,3 
1. 0 

LI/UR 
< F'ERCtNT) 

,.., .,. 
.a..'. "' ~-' 
2.7 
4.3 
8.5 
4.~ 
4+8 
4,5 
8+7 2.a 
2.5 
1. 2 
6.2 ') 7 
7:6 
4.3 
8.8 

UF'~'iS 1 ur: 
(f·U<C!::_U l) 

10 .1 
9. 7 
8.9 
7,9 

1(1, :'! 
10.9 
lf). 9 
11. 6 
L:>. 1 
9.l 

10.5 
15.2 
14. 5 
9. 1 
9.2 

10.3 

Uf<:MS /Uf-.: 
<F"H:C:ENT) 

11 • 6 
12. 7 
12. 1 
9.0 

1C<.8 
11. 3 
11 • 7 
12.0 
11. 0 
l::!. 1 
10.9 
13.} 
7.1 

13.B 
1 7. :2 
8.6 

U -f :!. $ UP M S / '·' r.· 
( r· ~- f· '~ E '! ~ 

59. <;: 
53.5 
51. 0 
38.8 
73.5 
7 •l. 2 
5:3.? 
60. ·:':> 
67.3 
§2·4 
:JI t 4 
73.5 
67.6 
50.2 
l.J 1 • 8 
C'1 c . .J . .._"' .r 

U~ :7.:t'U~:MS / 1• r. 
r ~·r:1~cE1n, 

°' ~ 



LQC(-1TION C" 

~· 

WIND IJ./UR r1z I MUTH <PERCENT> 
0.00 33,7 

22.50 49.5 
45.00 31. 8 
t.7. 50 24.7 
'7'0. 00 ~/'. 7 

112.so 19.6 
135.00 30.5 
157.50 31. 4 
180.00 J4.8 
:~c<:. 50 34 .t 
225.00 24. 9 
247.50 22.9 
270. 00 22.6 
~!?2.50 19.2 
315.00 4·3. 5 
..'53?.50 ~8.8 

LOCATION 7 

WIND U/UR 
AZIMUTH (PERCENT> 

.oo ,f;;':f. 3 
2 .50 67.2 
4 .oo 65.0 
6 .50 66.3 
? .oo 49.2 
1 .50 17.8 
"3 .00 ? 1. '}-' .. 
~! .50 33 +1 
8 .oo 60. 1 
0 .so Eli, 0 
J .oo ;,s. 2 
4 .so 67.0 
7 .oo 17.7 
9 .so 21. 7 
1 .oo v.o 
3 .so 30.8 

TABLE 1 -- PEDESTRIAN WIND VELOCilIES AND TURBULENCE INTENSITIES 
LEXINGTON FINANCIAL CENrER 

URMS/UF: 
<PERCENT) 

1 ·; :-z: 
14:6 
15.0 
13.4 
12.8 

9. 1 
11. B 
13.4 
16.1 
16.0 
13.4 
11. 4 
12.0 
9.0 

18.3 
14.5 

Uh:MS/UI\ 
<PERCENT> 

13.3 11. 9 
11.. 5 
10.7 
10.3 
8.6 

11.. 2 
10.4 
11+3 
13.0 
1.1. 7 
12.6 
10. 9 
1 '1 1 
13:9 
14.6 

U+3*URMS/UR 
<PERCENT> 

/0.8 
93.2 
76.9 
65.0 
66.0 
46.8 
65.9 
71. 5 
83.1 
82.2 
~~. 1 
~·1. 0 
58.4 
46+3 
98.5 
12.4 

U+3*11RMS/IJR 
( F'EF~CENT > 

109.2 
103.0 

'i?. 4 
98.4 
80.2 
~.~. ~ 
.J ,J. ,J 

64+2 
Y4, 0 

120.1 
111.4 
1£4·~ 

,.;O •,.; 
58.1 
68.8 
74,5 

LOCAlJ(IN 

IJ IND 
AZIMUlH 

o.oo 
22.so 
45.00 
f:../. 50 
90.00 

112.so 
l ~~ r.:; < () 0 
157. ::..o 
180.00 
202.50 
2::!5.00 
24?.'.:iO 
270 <· 00 
2S)2. ~:10 
3 l ::; t (i(\ 
3:~?, ~iO 

LOCAl JC.IN 

IJ IND 
AZIMUTH 

o.oo 
22+50 
1~i. 00 
67.50 
'i'O .oo 

112. c;._,o 
] .1;~~). 00 
157.50 
180. ()() 
202.50 
2;.~5. 00 
247.~ .. o 
2/0.00 
292.5<! 
315.00 
337. :'.'iO 

6 

U/UR 
( F'Ef.:CENl) 

,57. 5 
34.6 
17.6 
21. 0 
43.6 
23.6 
~3,7 
30.6 
22.3 
23.2 
39.0 
39.5 
1 '5 t 6 
?3.0 
41 '1 :.sa ~ 2 

8 

U/UR 
( F'EF:CE: Nl) 

32.3 
34.5 
26.8 
41. 7 
. .39. 9 
33.7 
J4.3 
~~2 + 2 
1 :.:.i. 6 
29.9 
14. 2 
19.8 
9.8 

15.0 
., 7 C" 
~ .• f • ..J 
21.3 

UF:MS/UR Ut3tUF:MSl!rn 
( F'EF:CENT) 1 PERCErH) 

s.7 63.7 
11. 2 68+2 
10.0 ,1 ··' /' 
12.0 57. 1 
17.7 96.7 
11 t 9 59.3 
13.3 73.S 
14. 1 72.8 
12.b .: 0 ~ (. 
14.6 66.9 
14. 1 81'4 
13.8 8(· ~? 
?.9 39.2 

12.3 ~,9. 8 
18.6 7' • C' 
8.3 63.2 

er. 
Vl 

URMS/U~: IJt3tUF:M'3, IJf.· 
( F'Eh:fEN1) '. ~, [ r: ,_. E :.1-r 

10.s 6 t 7 
12.6 7 .:: 
l 2 .. -s '~ .. ~-· 

9.7 7 • 7 
9.3 6 ,<;· 
9.5 6 ") 

15.5 8 :0 
12.8 f.. • 7 
8~5 4 . (\ 

13. 7 7 • 9 
7.7 :!. • 4 

10. 1 C' . 1 
5,4 .: • i) 
8.3 4 .0 

14.2 7 
9.1 4 • 6 



LOCf.1TION 9 

WIND IJ/UR 
r:ZIMUTH ( F'EF:CENT > 

o.oo ;~8 t 8 
22.50 26.9 
45.00 13 .9 
67.50 17. 3 
90.00 14.2 

112.50 20.4 
135. 00 ;~4. 1 
157.~;o :~2 + 7 
180.00 1 t;:' .., ·-· ..... 202.so 19. 1 
22~:.. 00 13. 4 
24 7 t 50 18.8 
::?70 t 00 6.3 
:!•:':::' 50 11. 4 
315.00 18.8 
337.50 21.8 

LOCATION 1.1 

~!ltl[I U/UF: 
1'>?.'IMtJTH ( PFF:ci=.:1n > 

.oo t. 1. 7 
·"") .50 t4 t ·1 4 .oo t.7. 9 
6 .50 73,9 
9 .oo 64.3 
1 .50 :~4. 9 
3 .oo 21+ 4 .,, . ~rn 29.4 
8 .oo 59.0 
0 .50 73.0 .., .oo 64.7 4 .50 ~.4. 2 .oo 46.0 
9 .so 23.7 
1 .oo 17.7 
3 , ·~;o ~ J t 3 

TABl_l 1 -- PEDESTRIAN WIND V~LOCITIES AND TURBULENCE INTENSITIES 
LEXINGTON FINANCIAL CENTER 

UR MS/UR 
(PERCENT> 

11. 0 
11+ 9 

? • 4 
8.7 
6.9 
S.9 

16. 1 
12.6 
8.2 

11+ 4 
7.9 
9.B 
3.6 
7.4 

11+ 3 
8.7 

URMS/UR 
(F'EPt.:ErH) 

12.S 
l.2.2 
lf! "" 10:3 
9.9 

1.0 + 5 
10.4 
11.0 
11. 0 
10.1 
9.7 

11. 0 
11. 4 s.2 
10 .1 
LLl 

IJ +~i *llF: MS I lJ R 
CF'H:CUH) 

~.i. 9 
62.6 
3.s, l 
43.6 
~14. 9 
47.0 
Q) 5 60:4 
:~9. 9 

'C""'l C" 37:1 
48.2 
17.0 
33,5 
!:'i2. 6 
47.9 

Ut3*UF:MS/Uf.: 
( P£F:f:flH) 

100.0 
100.9 

99.4 
104.7 
94.2 
66+3 
c:·I") 1::· 
~- • .J 
6'1 3 
~)~: 0 

103+4 
9:3. B 
97 +1 
80 t ::; 

48+4 
48.0 
7"'' 6 

LOCAT IDN 10 

WIND IJ/UF: 
AZIMUlH (PERCENT) 

o.oo ::;4. 4 
22.50 52.0 
1''.'i. 00 2'). 0 
67. 5 1) 21. 7 
'7'() t 00 :rn.6 

112.~:io 17.2 
t :~::;. 00 H.1 
157.50 29.6 mo. oo ;;>:!. f) 
20:2.50 '"l'1 e _.._ • ..J 
2)5,00 :~2 t 6 
:!47.50 18.7 :uo.oo 9,9 
292.50 10.3 
315.00 2 l. 8 
331'~50 40.9 

L!JCATJON 12 

WIMD U/UF: 
AZIMUTH ( PEF:CF-:t,lf) 

o.oo 21.4 
22.50 26.0 
45. 0(~ 20.9 
hl.50 26.0 
90.00 30.2 

Jt 2. 50 19+4 
13 ~:;. (' 0 4~·. 6 
157.50 T4.5 
180.00 31 + () 
20:!. ~:iO 26.7 
225. ()(\ 2::.;. 0 
247.50 24. 1 
270. (\(i 23. 1 
2'r\ ~~ • !50 u. 5 
315.00 21+ 1 
3.P.50 :?8.7 

IJF:MS/UF.' U+3tlJPMS 
(F'EF:CENT) 1.H:r 1_.E:.tl 

lO.S f) ·~ 1 \~T 

14.4 95.2 
,-, 1:: 
7. J 48. ,, 
9,3 4 ,i,' 6 
9+3 4H. l 
8.4 42.3 

11. 7 b9.2 
15. 1 74.9 1 '1 -, 

,,;..t •' b0.2 
13+0 61.5 
12.s 59.9 
10.9 51.5 
4.4 23.0 
t .. 1 28.5 

12.3 :;:~. ~::; 

11. 0 7 4. l 

°' °' 
UF'M!:;:/UF: Ut3tUrMc 'l'f~· 

( 1-· E F: CE N T ) ( FEF'i·Er: r 

12.5 8~9 
l.5.4 ,,.._, ") 

1 :1 • 3 7:8 
15.3 1. 'r 
15.7 '?. 4 
10+3 0. 1 
14. 8 (•. 1 
12.6 -.1 "") 

H.1 3:2 
10.6 8.5 9 .,. •• _,l 

7 

8.7 (). 1 
12.0 ?.2 
6.5 1 ,·\ 

12.0 --. ·~ 

15. 1 :~: :3 



LOCf.tTION 13 

WIND U/UF: 
AZIMUTH <PERCENT> 

(). 00 l 6. 3 
22.50 19.5 
45.00 14.3 
t..?. 50 14.9 
90.00 14.9 

112.50 13.9 
135.00 ::!5 t 5 
157. ::;o 32,5 
180.00 ~5.0 
:~02. 50 ,.,,., ,., 
225.00 17: 5 
247.50 14.8 
270.00 12.0 
2S-'2 '50 8.4 
315.00 1.6.9 
337.50 15.2 

LOCrHION 15 

'..irnr• U/UR 
t1Z I MU TH ( PERr:Etn) 

o.oo 18.0 
22+50 17+3 
45.00 17. 9 
67.50 16.5 
90.00 18.7 
12.50 19.4 
35.00 32.7 
::;7. 50 1.8.3 
80.00 :::; • 9 
02.50 . .l(). 9 
2:;. i)O 14.0 
47.50 1·6'2 
70.00 25.3 
92.50 n.3 
l ~:.. 00 22.2 
37.50 36.3 

TABLE 1 -- PEDESTRIAN WIND VELOCITIES AND TURBULENCE INlENSlTJES 
LEXINGTON FINANCIAL CENfER 

URMS/UR 
<PERCENT> 

9.0 
10.2 
7.8 
8.8 
7.6 
8.2 

11 t 7 
14.0 
13.1 
9.4 
9.3 
7.6 
6.0 
4.2 

10.1 
9 c.-
·~ 

URMS/UR 
CPERCfNT> 

9.8 
9.9 
8.8 
8.8 

11.1 
9 f' 9 

J. 5. t 
8.7 

11. l 
l 1. 1 
6.9 
8 -, , , 

1 ~' t' 11:5 
12.0 
l8.8 

U+J*URMS/UR <PERCENT> 
1.3. 2 
50.0 
37,7 
41. 4 
37.8 
38.5 
60+6 
74.~ 
64.,;;, 
50.5 
45.4 
3?.6 
30.0 
"'0 9 47:3 
43.8 

LI -t 3 .t I I h' MS / U f.; 
<PER:.:Gn: 

47,3 
4 7' 1 
44.4 
4.3.0 
52.1 
49. 1 
?8. l 
44,3 
59 ::i: 
:-_,4. 4 
34.8 
42.2 
':'.' r,• 
5~< j 
5B.2 
92,7 

LDU1l HtN 14 

WJN[I 
AZIMU'JH 

o.oo 
22.50 
1::'.i. 00 
67.50 
90.00 

112.50 
135.00 
157.~)(\ 
lH0.00 
"0 'J i:; () 

~~5:00 
:.~4'?.~.r() 
2?0. 00 
292.50 
'.H:='i.00 
337.50 

LlJC1H ION 1.:'; 

lJ I tJ l.t 
1~/Jr'UTH 

o.oo 
:.:~ 2 # ~5 ('t 
4 ~~; t 0 (> 
.'67. 50 
90.00 

l 1. 2. 50 
13':!. 00 
15?.50 
1. c:t\ • 00 
·~02. 50 
225 .oo 
?47.~50 
2!'0.00 
'1']!"> c:o 
31~;:00 
337. 50 

U/UF: 
CF'Ef\CFNT> 

!':iO, 0 
C" r) ,.., 
..J ........ 
44+8 
33,3 
lb.9 
12.6 
~~o. 1 
2:; t 1 
25.7 
27.7 
29. 7 
34.0 
40+8 
21. 2 
22.5 
30+3 

Lill.IF: 
( F'EE'.t-.il I 

22.0 
3 -1 "1 
·I t--J 

5:i. 2 
54.6 
34+9 
:32. 1 
:26. 3 
16.0 
24.4 
41+3 
3~;. 9 
48.7 
41. 7 
24.5 
20.9 
J3.6 

UR MS/UR 
<PERCENT> 

1?.8 
15.9 
14+5 

9+9 
10.0 
7.0 

1G'.3 
11. 5 
10.0 
9,9 

11. 1 
1B.9 
18 .. i 
12.4 
12.0 
14 .1 

u·F:MS/LIF: 
r F'Ei:;:t_ENT) 

11. ;3 
19.0 
16.8 
13+5 
11. 9 
13.0 
12.6 
8.9 

12.5 
1 4' 4 
1 ~; + 3 
17.8 
1 ;1. <;.' 
1 0. 3 
11. 5 
19.0 

llt3tURW:l/Uf.: 
( F' E F.: r.: Et 1 T ) 

l 03. :i: 
99.9 
E:8. 4 
63.0 
4,1,. 8 
33.b 
50.9 
59.5 
i;·c o 
•• _l..__1.t_• 

54+6 
62. "i 
C/O. 7 
9?. '.) 
58.4 
~~ f ~~ 
/ ...:. .... J 

U + 3 * U F' h ~. , · ! t • 
( PEr;:cF»1 l 

:; -) 

9·1 
105. 

1 } • 

/O, 
71. 
•.\' 
4 2. 
6.2. 
Q -~ 

1 1> 
..J• 
t 

"" .. Jt o. 

°' '-I 



LDC1HION 1? 

1,1 I ~H' IJ/UR 
t12I MUTH <PERCENT> 

o.oo 41. 8 
22+50 40.0 
45.00 46.6 
67.50 43.4 
90.00 29.7 

112.50 16. 1 
135.00 25 t 1.1 
157.50 25.7 
180.00 40.0 
2(~<~. 50 59.7 
::;25. 00 60+3 
247.50 59.4 
270. ('0 23.0 
292.50 13.1 
315.00 20.s 
337.50 22. 7 

TAP.LE 1 -- f·EDESfRIAN ~JJ.MD IJlLOCifIES MW Tllf.:J<UU .. NCE INTENSITIES 

LEXINGTON FINANCIAL CENT~R 

LOCAl HIN 18 

UR MS/UR U+3*UF:MS/UR WIND U/IJR 
<PERCENT) <F·G:CUll) ~iZihUTH 1, F E-.. R Cl:-. N T ) 

16.8 92.3 o.oo ;/4. 4 
16.1 88.5 22.50 10.2 
17.3 '18+5 4S.OO 17.2 
12.3 B0.3 67. 5~) 15.7 
12.s 67.3 <i>o.oo 15.6 
8.6 42.0 112.~·0 27.4 

t1 .3 59.3 1'.35. 00 1.2 .5 
12.1 62.0 157.50 20.0 
11.8 ;r:: .,. 

..J•..J 180.00 25.1 
15.5 106.2 202,50 17.6 
13.0 99,5 2:!5. 00 23+6 
17.9 113 .1 247.50 26.~ 
16.4 /2.0 '..:~/0,00 11.1 
8. 1 3?.6 292. ~i() H.1 

12.4 57.9 315.00 25+9 
12.5 60.3 337.~0 21.B 

L!F:MS/UF: 
<PERCENT> 

13.5 
10. t. 
10.0 s. 1 
7.5 

12.5 
7.0 
9.9 

10.6 
11. 6 
l 2. 7 
12.4 
6.0 
8.7 

13+7 
10 .1 

IJt3tU!='MSIUP 
<FU<EtJT i 

65.0 
49,9 1 J •• , . ~ 
40.0 
38. (, 
64.8 
33,5 40 I 

5/. 0 
52.4 
61. 8 
63.3 
29.1 
40.3 
67.0 
5;:. 0 

Q\ 
00 



UMEAfUIJ INF (PERCENT> 

LDC AZ MEAN RMS 

l 202.5 81. 0 13.0 
7 ::'.25. 0 76+2 1J..7 

11 67.5 ?3.9 10.3 

11 202.5 73.0 10. 1 

180.0 lfJ. 0 9.3 
7 o.o 69.3 13.J 

11 45.0 67.9 10.s 

l -.,,., c-
1.~ "- ! ._1 67+2 11. 9 

7 247.5 67.0 12.6 
1 22.5 66.4 12.0 

TAB! E 1 -- PEDESTRIAN WIND V~LOCJTIES AND TURBULENCE INlENSITlES 
LEXINGTON FINANCIAL CENfER 

** GR[ATESI vnLUES ** 

URMS/l.llNF- UMEAN+3tRMS/UINF 
< f' EF:C E WI > (f'EF:cun;. 

Mt 3F:M!3 LIJC ('\/ HEM' FMS M +:~f;:hS LOC AZ ME1iN PMS 

120. 1 16 ,, "1 c:-
,,.;,.. ...:. .•• _t 3"7,3 19.0 94.2 7 ~~02.5 81. j) 13 .o 

11 l • 4 1.6 J3?.5 33.6 19.0 90.5 17 24/.5 ~.; '/. 4 1/.9 

104.? H ::~ ·1 ~ ... ~.) 3 4. () 18. 9 90+7 7 225.0 ~J 6. ~ 11. 7 

103. 4 14 270.0 40.~ 1 i-i .-~ \l7. 5 1 22~j. 0 :•5 t 9 18+3 

97.9 15 3!.7. 5 36.:3 18.8 9::'.7 7 0. () t_,<7•. 3 13. 3 

1.09.2 .t, 31'. .. i.0 4 l. 1 18.6 '17. 0 17 202t5 5S'. 7 15.5 

99.4 5 315.0 4:3. 5 l f::l, 3 98.5 16 4:5. () C't'.. 'i 
. .) ,.,I ,_ ~:4 U:. 8 

103. 0 1 ;:>-;_~~;. 0 :ss.9 18. 3 11.0 .9 7 247.5 57. t) 12.6 

104.8 16 270.0 41. 7 17.9 95.4 11 6/.5 73,9 10. 3 

102+3 17 247.5 59.4 1.7.9 113 .1 11 202.5 73. (\ 1 () t 1 

M + 3F'M ~· 

1 :'O. 1 

113 + 1 

111. '1 

110. 9 

11.~1? • :~ 

1o.6.2 

105.7 
0\ 

104. 8 "° 
l'.'14.7" 

11) 3. '\ 



LOCATION 1 

l.J I ND U/UR 
tiZIMUTH <PERCENT) 

0.00 56,S 
22.5(\ 64.9 
4 ~.;. 00 55.8 
6?.50 34.0 
90.00 26.4 

11 ~' • ~-~ () 33 .-4 
135. 00 41.9 
157.50 56.3 mo. oo 67.4 
.. ~ 1,)2. 50 58.0 
225.00 33.2 
2 4 7. ::10 24.7 ::?o. oo 20.6 
292.50 J0.4 
~H 5. 00 28.4 
T7,7,50 31.6 

L QU1TION 3 

WIND U/UF: 
!':Z I MUTH <PERCENT> 

.oo 47.9 ,., .50 41.9 4 .oo 43.6 
t. • 50 39.1 
'? .oo 30.6 

11 .50 28.0 
13 .oo 52.6 1 C:' 

~· .so ~J6 + 3 
18 .00 68.5 
'10 .so :::i8. 7 ,.,,, • 00 41. 4 24 .50 15.9 
27 .oo :~2. 5 
:?9 .50 38.6 
31 .oo 29.7 
I,3 • 5C• ,,5. 6 

Hif:I [ 1 ···-· f'FltFt; mt l'tN ~J TNII l)f:.tor: J 111:- E (1NP TUF·:HUU tF.:! ] u I Uh Ir If.·.; 

EX I ':H !HG CONF TGtlRA l ION 

LOCATION 2 

URMS/UR Ut 3:HIRMS/UR !JINL! LI/UR 
<PERCENT) <PERCENT> AZIMUTH <PERCENT) 

14.1 '1'8 t 6 o.oo 3 r) I:' ....... ,,,, 
12.s 103.2 22. 5(1 ::i;·") Cl .... .--.,.,,.. 
11. 7 90.8 4::5, OC• 18. ~i 
12.3 71. 0 6?. :;o U:..6 
12.5 63+7 90, C•O 42.9 
18.5 89.1 11:?.50 4:;. 5 
20.4 103. 2 13~'i. ()() 64+4 
14.7 1.00.5 l::'i?.50 39.9 
12.1 103.6 180.00 27, 6 
14.9 102.8 20:~. 50 20.7 
1 <;>, 0 90.l 225. OC• 27.6 
1.2.? 63.0 247.50 22.3 
11. 0 ~'i3. 6 270.00 29.t 
14. ::.: 73,9 2':i'2 .. 50 w.e 
13.9 70+2 315.00 30.7 
17.2 03.3 337.50 40.7 

LOCA1 WN 4 

Ui:;:MS/UR U+~~*UF:MS/UR WIND U/UR 
(PERCENT> <F'EF:CENT) AZ IMllTH ( F'ERCENl ) 

12.6 ~5.8 .oo 1~5 t 5 
11. 9 77+6 2 +50 39.6 
11.1 77. 0 ,, • 00 ?8+6 
11+ 2 72. 6 6 +50 28 .1 
12.7 68.6 9 +00 47.0 
8.9 54,7 11 .50 15.5 

12+4 89.7 13 • <.'0 32+2 
12.6 94. l 1 ~:; .50 31.5 
10.s 100.8 18 • 00 39.2 
10.7 90.7 2;) ,50 -..>.::.. 6 
13.8 82.8 22 .oo 25.0 
7.5 38.2 24 • 50 :?LO 

12.3 69.6 2J .oo 26 .1 
13.4 78. 9' 29 • ~i(I 16 .1 
17. 4 82.0 31. .oo 17·6 
10.7 77. 8 33 .50 10.7 

UF:MS/UF: 
< F'ERCrnT > 

10+8 
10.3 
9.2 
9. 1 

13.0 
1 ·5 • (\ 
L3.0 
18.0 
11. 9 
10.0 
15.0 
14.2 
17.2 
15.6 
10.6 
14.6 

UF:r1S/UR 
<PH-:CE:.NT) 

12.2 
14.0 
12.1 
15.0 
14.8 

8+8 
12.0 
18. 0 

14+8 
10. 1 
10.6 
LL 1 
9.4 
7.5 
9.9 

i ·I.' 

U+3tURMS/UH 
(F'E.F;CENT) 

65.0 
63.J 
4 6. 1 
43. I' 
82.0 
8 4. 6 

103.4 
93.3 
63.4 
5 1). 8 
72.5 
64. :;:· 
80.7 
·7 :; ~ ~~· 

t.2. 7 
84 •. ~. 

U+:HUPM":.; 111 
( F'EF'.CENT ·, 

0., 

~H: 
6 "~' 73. 
91 • 
·1] 
t.8. 
SB. 
~~~ 
5! .. 
61 . 
~· 4. 
38. 
47 . .., 

...... 
0 



LOCATION 

t,JJN(I 
1'.)ZIMUTH 

(). 00 
~ ... , C::r') 

:E;:00 
67+50 
90.00 

112.50 
1~~·~0 l ..1 _,. • ..10 
l.80.00 
202.50 
'">'">5 or· 247: 50 
:.~::'(). 00 
~~92. 50 
315.00 
337.50 

t:" 
,J 

U/Uf'~ ( PEF:CEiH) 
26.0 
·"'\('.) ('.\ 34:3 
31.3 
39,4 
13.5 
17.4 
18.1 
31.0 
35.5 
43.4 
51.6 
40.3 
20.9 
28.4 
19.1 

fABLE 1 -- PEDESTRIAN WIND VELOCITI~S AND TURBULENC~ INTENSITIES 
EXISTING CONFIGURATION 

LIRMS/UR 
<PERCENT> 

13.2 
18. 1 
12.2 
10+6 
1'.LO 
7,4 
9,4 
9.8 

12.e 
10.6 
1 4. 0 
19.4 
15+4 
10.4 
13+7 
11 + 7 

Ut3*URMS/UR CPERCENf J 

65.6 
84 +1 
70.9 
{. l,' 1 
84.6 
3!).6 
4 ~5' 7 
4/.6 
69.3 
67.? 
85+4 

109+8 
86·6 
~;.·.2. 1 
69+5 
t;4. ;3 

""-l 
lo-' 



UMEAN/UINF 
< F'EF:CEN 0 

LDC AZ MEAN RMS 

3 180.0 68.5 10.e 
180.0 67.4 12.1 

1 22.5 M.9 12.8 

2 135.0 64.4 13.0 
3 202+5 58.7 10.7 
1 202.5 58.0 14.9 

o.o 5~~ i 5 14' 1 
157t5 ~i.S. 3 14./ 

3 157. ~j 56.3 12 't. 
45+0 55.8 11. l 

TnBLE 1 -- PEDESTRIAN WIND VELOCITIES AND TLIRBUL.ENCf INTENSITIES 
EXISTING CONFIGURATION 

** GklATEST VALUES tf 

URMS/ltINF UMEAtH 3 H:MS /!JI t1F 
< F'Ef\CENT > <F'ERCUH) 

MHRMS LIJC riz MEtiN i:;:MS Mt3RMS LOC A.! r~;ct. n I'" ... 

100.a 1 13t:. 0 41.9 20+4 10J.2 r: 
~· 24/.5 51 t.: 1 (f. 4 

103.6 !:." 
.J 24/.5 !:11. 6 19.4 109+8 1 180. () 67.4 12. 1 

103.2 1 2~1 5. C• 33.2 19.0 90.1 2 13~i. C• 6 4 t 4 L1 + 

103.4 4 1.57+5 31.5 18.9 1:18 .2 1 13::;. 0 41. 9 20.4 
90.7 1 112.5 33.4 18.5 89.1 1 2?+5 64. '1 1 ::i. 8 

1.02. 8 C" 

'"' 22.5 29.8 t::L l B4.1 1 202.5 58.0 14.9 

98.6 2 157.5 39+9 1s.o n.s 3 180.0 t.8. 5 1 (). 8 

100.5 3 J 1~;.0 '::'.'7. I 17+4 82. 0 1 157.5 56.3 14.7 
94. 1 1 337+5 31+6 17.2 83.3 1 o.o -~ ./.. C"' J\,,I. \J 1 4. l 

Y0,8 2 27 1). 0 29+1 17.) H0+7 3 l ~.i 7. ~j 5 . .c,. 3 L>. .:<, 

(j :- ~.r-w 

1 •.)'7. 8 

103.6 

103.4 
101.~~ 

:03.2 

102.8 

100. 8 
-....J 

1•)0.5 N 

'78 .. "'-. 

Q "''' 1 



TABLE 2 

PEF.CENTACE FREQUENCY OF WIND DIRECTION AHD SP£ED 
LEXIHGTON,KEHTUCKY BLU GRASS FIELC1 (1965-1974) 

SEASON ; NO. OF OS S. = 29216 HT. Of MEAS.= 23. FT. 

VELOCITY LEVELS IN t1PH 
0 I F.ECT I ON o- J 4- 7 s-12 13- 18 19-24 25-31 32 + TOTAL 

H . 5 (.~ 2.40 1 ~:\ .6¢ (.\. 0 0 Q.00 Q. (•0 5.30 .... 
H tt E .30 1. so 1. 40 .40 0.00 0.00 0.00 3.80 
NE . 30 2.40 2.00 . 5 C• 0.00 0.00 0. 00 5.20 
EME . J () 2.20 1. 9() . 6C:t () . Q 0 0.00 (). 0 () 5.00 
E . 30 1. 60 1. 90 . 6(• () . 0 0 0.00 0 . (1() 4.40 
ESE . 20 1 . E·O 2.00 .40 0.00 0.00 0.¢0 4.40 
SE . 3 0 2. 10 2. 1 () . 4 (t (). () 0 0.00 0. 00 4.90 
SSE . 30 2.30 2. 70 .80 . 10 0.00 0.¢0 E·. 20 
s . 7 0 5 . 50 5. 5C• 3. 2 (• . 4 0 .10 0. (•0 15.60 
SSW . 40 3. 00 3.00 2. 7 (t . 4 0 0.00 0.00 <). so 
SW . 30 2. 10 2. so 2. 4(1 . 30 . t 0 0.00 0.00 
IJ s ~' . 20 1 . 80 2.40 1.90 . 20 0.00 0. (•0 6.70 -..._] 

~NW J8 t: l.8 ~:18 -~. ~ 8 o:a8 8:88 8:S8 %:;s (.N 

f .-
Ht.I .30 1 . 50 1. 30 .~o 0.00 0.00 0.00 3. t>O 
HHW • . a-> t. e• t .•• .e• °' .•• o.•• °'·'°'°' •••• 
CALM 2.50 0.00 (•. 00 0.00 (•. 0 0 0.00 0.00 2. 50 
TOT Q.00 :ZS. QO 2.-.00 1Q.?C. t. QO . 20 0.00 100.ao 

PAO..IECT 9190 
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TABLE 3 

SUMMARY OF WIND EFFECTS ON PEOPLE 

Beaufort Speed 
number (mEh) 

Calm, light air 0, 1 0- 3 

Light breeze 2 4- 7 

Gentle breeze 3 8-12 

Moderate breeze 4 13-18 

Fresh breeze 5 19-24 

Strong breeze 6 25-31 

Near gale 7 32-38 

Gale 8 39-46 

Strong gale 9 47-54 

Note: Table from Reference 4, p. 40. 

Effects 

Calm, no noticeable wind 

Wind felt on face 

Wind extends light flag 
Hair is disturbed 
C lathing flaps 

Raises dust, dry soil and 
loose paper 

Hair disarranged 

Force of wind felt on body 
Drifting snow becomes airborne 
Limit of agreeable wind on land 

Umbrellas used with difficulty 
Hair blown straight 
Difficult to walk steadily 
Wind noise on ears unpleasant 
Windborne snow above head 

height (blizzard) 

Inconvenience felt when walking 

Generally impedes progress 
Great difficulty with balance 

in gusts 

People blown over by gusts 



Configuration A: 
Geometry 

Pressures 

Velocities 

Configuration ~: 

Geometry 

Pressures 

Configuration C: 

Geometry 

Velocities 

Configuration M: 
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TABLE 4 

Data Configuratio:.1s 

Lexington Financial Center in place. 

Data measured for 36 wind directions, in 10-degree 
increments from O, for all tap locations on Lexi-
ngton Financial Center. 

Pedestrian winds measured for 16 wind directions, 
in 22.5-degree increments from O, for locations 
1-18. 

Lexington Financial Center in place (same as 
Configuration A). 

Data measured in 2-degree increments to both sides 
of selected wind directions for selected taps on 
Lexington Financial Center where large pressure 
peaks were observed in Configuration A. Taps were 
selected to obtain the largest peak pressures on 
the structure. 

Lexington Financial Center out, original block in 
place. 

Pedestrian winds measured for 16 wind directions, 
in 22.5-degree increments from O, for locations 
1-5. 

Data configuration: average of Configurations A, 
B for peak pressures, same as Configuration A for 
mean pressures. 
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TABLE 5 

SELECTION OF WIND SPEEDS 
AND 

REFERENCE DYNAMIC PRESSURE 

1. Basic wind speeds from fastest mile winds measured at Louisville, 
KY (1950-1979)*: 
Largest 100-year fastest mile at 10 m = 69 mph for west winds. 

Mean hourly wind speed at 30 ft 69 = I. 2 7 = 54. 3 mph . 

Mean hourly gradient wind speed = 54.3 ( 960).17 = 97 mph 
mph**). 32.8 

Reference velocity at reference velocity height of 1000 ft 

Reference Pressure= (0.00256)(982) = 25 psf. 

(use 102 

= 102 (1000 
1200 

= 98 mph 

2. Loads including directional effects for Louisville*: 

Wind 
Direction 

N 
NE 

E 
SE 
s 

SW 
w 

NW 

100 yr. 
Fastest 

Mile, mph 
30 ft. 

56 
43 
47 
60 
59 
70 
68 
69 

Mean Hourly , 
Gradient Wind 

Speed (ws) mph** 
85 
80 
80 
90 
89 

102 
100 
101 

Load Ratio
2 (ws/max ws) 

0.69 
0.62 
0.62 
0.78 
0.76 
1.00 
0.96 
0.98 

3. To convert 100-year to SO-year loads, divide by 1.14. 

* 

** 

National Climatic Center, Asheville, North Carolina. Extreme data 
by wind direction at Lexington were not available in the time frame 
available for this study. Louisville data should be adequate for 
Lexington. 
Gradient wind speeds were increased br5 mph to accotmt for possible 
differences in wind speed between Lexington and Louisville. 



H1fiLE 6A. PEAK CLADDING LOADS FOR . LEXINGTON FINANCIAL C~NTER . 
,;i...1ERAGE OF 1:0t'FI13LJfU1TIONS A AND B 100-Y~AR RECURRENCE INTERVAL 
TAf' AZI- PRESS NEGATIVE F'OSI TIVE TAP AZI- f' HESS NE.GA Tl VE-. f-'OS IT 1 !)E TAP All-· Pf:ESS NEGAT IIJE f'OS IT I '.1E MUTH COEFF PEAK PEAK MU rH COE FF PEAK PEAK MUTH COEFF F'Er1~; PEAK 

f'SF ---- ---- f'Sf -·--·- ---- f'SF 

101 310 -1.97 ·-48. 4 ?0.4 149 ~!.50 -1. 8:.'i -H.3 ?5.3 97 250 -· 1. 4 9 -35.• 6 .. 5 
102 320 -.98 -24.1 14.0 150 330 -1.45 -35+5 2s.o 98 140 -·l.76 -34.4 5.6 
103 1 '::10 -1.79 -34.9 1.6. 7 l.~H !YO -1.40 -26.6 19.0 99 180 -1. 72 -32.6 9.0 
104 220 -.96 -24+0 10.9 152 210 -1.27 -31.9 17.8 00 no -2.07 -40.5 14.3 
105 190 -1.82 -:~4. 6 ~!O. 9 103 :Ho -1. 8() -44. 2 :!3. 3 Ol 330 1.53 -37.5 19.5 
106 240 -1.05 -·26. 4 12.5 154 310 -1.46 -3~·. 9 26.1 02 150 -1.56 -30.4 23. l 
107 200 -1.48 -28.1 .20.3 1 ..:·..:· J .. 1 l '.50 -1. 69 -~~?.9 25.1 03 14 () -::i. 01 ·-35-. 2 :23. t) 
108 90 -1.72 -26.7 16.5 156 150 -1.61 -31. 3 16. 1 04 140 -1.79 -3 4. 9 12.4 
109 280 t. 22 -29.3 1. 7. 3 l ... 7 .:;, 140 -1. 81 -35.3 1.6. 9 05 220 -1.33 -33.2 16+5 
11 0 190 -1.24 ·-23. 6 21. 3 158 280 -1. 8~~ 41.0 2 1

). 8 06 ~>20 -t. 58 -39.6 7.0 
111 210 -1.37 -34.2 :'.6 .1 159 ?50 -1.3? -32.9 23.5 07 230 -1. 51 -37.7 8.9 
112 310 -2.14 -52.4 26+3 160 2~·0 -1.60 -38.4 n.o 08 ;'50 -1.45 -34.9 10.0 
113 310 -1.10 -27.0 ;)4. 4 161 ;:>50 -1. 6~.) ·-J9. 5 ~>5. 0 09 210 -1.34 -33.5 'T'. 4 
114 150 -1.99 -38.7 23.6 162 0 -1.85 -31.9 22.3 1 () 140 - :: • 31 -· 45. 0 6.4 
115 280 ·-1. 53 -36.7 18.2 163 -~~o -j .• 76 -~rn. 3 17 .1 1 l 130 -1.59 -31.1 8.3 
116 240 -t. 05 -26.3 25.9 164 200 -1. 90 -3f. .1 15.5 12 L30 -1.98 -38.5 12.5 
117 240 -1+ 10 -27.6 1.9.7 J .-', '5 320 -1.61 -10.2 :~ 1. 2 13 330 -1.38 -33.7 19.3 
118 310 1+15 -25.8 28 .1 166 330 -1.48 -·36. J '")e' e' 6..J t ,_I 14 150 -1. 51 -29.4 2?. f:., 
119 190 -1. 4.~ ·-27. 8 ~) 1. 6 167 330 -1. 5::! -37.l ::'!'.'i. 1 15 150 -2 .18 -42.4 21. 0 
120 260 l. 00 -24.1 17.9 168 160 -1.75 -33 t :.: 15+6 16 210 1. 3:; -33 .8 11. 9 
121 270 -1.09 -26.2 1 '7 ... ., / •\J 169 290 -t.16 -:52.6 18+8 17 220 --1. 1 9 -:n.7 14.2 
122 290 -2 .14 -51.5 22.0 170 '1 '1 f\ -::>. 0~1 -50.6 21+ 9 18 ?'30 -1. 17 -29.3 7.9 
123 240 -1. 14 -?8.5 24. ~! 171 186 -1.84 -J4.9 ~~ 1 • 2 19 240 -1.30 -32.5 7.6 
124 250 -1.38 -33.1 23.5 172 250 -1. 63 -·39. 1 18.0 20 210 -1.30 -32.6 7.0 
125 250 -1.39 -.33.4 23 .4 17.:~ ;,i50 -l..52 -:56. 4 :.!(). 7 21 190 -1. 81 -34.4 5.9 
126 350 -2.26 -38.9 24.4 174 130 -2.00 -J8. 7' 20.9 '") '1 140 -1.47 -28.6 c- c· 

23 ..Jt.J 1 '.) 7 270 t. 11 -;!b.5 ;!6. 5 175 0 -1. 7<1 -:rn.9 22.2 130 -1.36 -2~· .• 5 8. !3 -.....] 
128 210 -1.55 -38.8 24.0 176 no -1.62 -40' 6 10.9 24 250 -· 1. 29 -31. 1 10. 9 -.....] 
129 300 -1.94 -47.6 26.7 171 :5:?0 -1.72 -42.1 19.1 25 20 -1. 44 -24.9 18. 4 
130 310 -1. 41 -34.6 27.2 178 310 -1.60 -39.2 25.7 26 lO --1. 84 -3 t. 8 23.0 
131 150 -1.60 -31.·1 ;~5. 7 179 :Bo -1. :54 -n.e n.1 27 150 -1. 88 -J.s. 7 18.3 
132 240 -1.05 -2.!>+2 17.2 180 170 -1.76 -33.4 14.8 28 no -1.24 -30.9 c t' • Cl 

133 280 -1.38 <n.2 18.B 1 s l :mo -1 t ~~2 -:?9. 8 17.2 ~9 230 - l. 20 -;:>9. 9 13. 2 
134 290 -1.65 -39.7 19.9 18 :2 280 -· 1 + 78 4.::. 6 16.7 30 :

1 00 -1.23 -23.3 6.7 
135 250 -1.17 -28.1 24.7 18:5 mo ·- :? • 1 2. -40.2 12+7 31 210 -1.07 -26.8 4.7 
136 250 -1.45 -34.8 26.9 184 2!:!0 -1. 2~.) -30.0 10.0 "? r) ~·40 1. 0 4 -25.9 :, • 2 
137 250 -2.04 -48.9 24.8 18:-'i 220 -,8) ->!0, 4 10.8 33 no -1.45 -36.4 7.6 
133 3:JO ·· 1. f:.7 -28.8 26+3 186 140 -· 1. 65 -32.2 11. 9 34 l 0 -1.36 -23.5 5.8 
139 190 -1.44 -27.3 23.6 18/ 1. 3() -1. 4'.·! ::.>7 + 7 t t. 9 35 140 -1. 1 3 -n.0 l . t.: 
140 210 -1.27 -31.8 22.4 188 190 -1.76 -33.4 10.7 36 :)~·O -t. ;?.9 -33.3 12.6 
141 300 -1.69 -41+5 ~~6. 6 1B9 31.0 -1. ?9 -n .a 19.7 37 0 -1.17 - '.".'O, 1 15.~ 
142 310 -1.42 -34.8 26.0 190 330 -1. 3;! -32.4 29.2 :i;o 10 1. 23 -·:.? 1. 2 19.3 
143 320 -1.40 -34.3 27,3 1'.?1 340 - ~ + '" :~~ - 54. 9 22 .f3 39 40 -t.82 ·-35. 5 1.~ •. 3 
144 2.~o -t. 24 -29.8 16. 1 192 140 -· 1. 79 -3 ·l. 8 13.0 40 1 () -1. 12 -28.1 7.6 
145 280 -1.56 -37.3 17.7 19J 2:.10 -1+2~~ -3f). 5 18.8 41 00 -1 • 00 ·-19. 0 8.7 
146 280 -1.83 -44.0 21. 8 194 230 -1. 45 -36.3 8.9 42 .30 -1.19 -29.8 6. ~) 
147 240 -1.35 -33.7 26.0 19~i :!~iO -1./6 - 4 2. ;.~ 8.9 43 50 -.84 -20.1 5. 1 
148 250 -1. 39 -33.3 23.5 196 250 -·1. 39 -B.4 11.1 44 lO -1. oc; -27.2 20.3 

NEGATIVE PRESSURES ACT OUTWARDr POSIT CVE PRESSURES ACT INWARD. 



rtlP.LE 6A. PEAK CLADDING LOADS FOR : LEXINGTON FINANCIAL CENlER 
AVERAGE OF CUtff IGl.IRAT IONS A AND B 100-YEAR RECURRENCE INTERVAL 
TAP AZI- PRESS NEGAT I'.1E POSITIVE TAF' All- PRESS N~.GAT :I Vt:; F'QSITIVE TAP Al.I- PRESS NEGAT H 1E F'OSITH1E 

MUTH COE:FF PEAK PEAK MIJTH COr.FF f'EAK f'EM MUTH COE FF PEAK F· E: t1t\ 
PSF ---·- ---- f'Sf ---- ·- ~- ~ ... - F'SF 

245 250 -1.23 -29.5 S.7 3~?4 220 -1. o:.;~ -~~13. 8 16.0 372 210 -1.57 -39.1 19.3 
246 0 -1.57 -·27.t 6.7 3">"'. -...> 270 -1.45 -34.S 17.1 3?3 310 -1.34 -32.9 19. 1 
247 260 -.89 -21.4 11. 4 3:!6 180 -2. :::ii, -4B.6 17.4 374 310 -1.44 -35.2 17.0 
248 250 -1.32 -31.7 12.5 327 220 -1. 05 -26.3 16.4 37:, ~1,:~ 0 -1.59 -:rn.9 1~.2 
249 ?40 .81 -16.6 20.2 328 ?~>o -1 • 16 -:>9 .1 16.9 376 300 -2.12 -51.8 14. 5 
250 10 -1.19 -20.5 15.8 329 140 -1.58 -30.7 15.1 377 :mo -2.42 -59.3 15.8 
251 50 -1.34 -20.7 14.6 330 330 -1.24 -J0.4 1.6. 0 378 300 -1.52 ··37. 3 1 4. 9 
252 250 .91 -14.9 21.8 331 330 -1. 53 -37.5 15.6 379 320 -1. 96 -48 .1 15.3 
253 240 .73 ·-16. 7 18.3 3:~} ;~70 -2.0/ -49.7 ;.>.5.3 380 280 - l . 57 -37.6 20.9 
254 10 -1.00 -17.2 15.9 333 270 -1.59 -·3B. 1 20.6 381 no -1.70 -41.6 18. 7 
255 240 -1.22 -.rn.4 10.2 3~i4 280 -1. 1,4 -.w.3 19.7 382 280 -1. td ·-:~ 9. 2 17. 7 
256 210 -.71 -17.8 11. 5 335 220 -1. 5~! -38.1 19.2 383 220 -1.64 -41+0 18.2 
257 220 -.79 -19.6 1. 4 .1 336 no -1. 10 -35.0 19.9 384 220 -1.n -30.9 18. 1 
258 240 -.65 -16.1 13.5 337 220 -1.19 -29.9 20.1 385 ='-30 - • 9.-s -21.0 14 • 1 
259 240 -.69 -17.2 16.6 3::rn 320 -1. 8~'.i -1 ~). 4 :,~O, 0 386 320 -1.43 -35.0 13.7 
260 250 -1.13 -27.1 12.9 339 180 -1. 72 -32.7' 16.5 387 300 -1.65 -40.4 13.s 
261 40 -1.13 -17.4 14.5 340 no -1.11 -;rn. 4 1.6. 5 388 300 -J.AQ -41 5 14.0 
262 260 -.82 -19.7 12. 1 341 320 -· 1. 2-:'. -30.8 16.2 389 .HO -1.94 --47. 6 14.4 
263 250 -.82 -19.6 10.2 34'.?. :no -1.45 -35.5 18.0 390 310 -1.66 -40.6 15.0 
264 250 -.84 -20.1 20.t 343 330 -1.46 -35.B 15.9 391 150 -2.23 -43.5 11 . 6 
265 250 -.74 -17.8 14.9 344 270 -i.n -46.3 24.8 392 300 -1.37 -33.5 19.5 
266 0 -1.05 -18.2 t... 9 345 :270 -1.00 -43.2 20.4 393 320 -1.65 -40.5 17.7 
267 320 -1.04 -·.~5. 6 20.2 346 320 -1.54 -37.7 19.4 394 330 -1.38 -33.8 16 .. :S 
268 210 .74 -11. 7 18.4 347 210 -1.78 -44.6 19.5 395 220 -1. 66 -41.5 17. 7 
269 240 .61 -13.8 1.5 .3 348 230 -1.~4 -38.4 19.8 396 230 -1.52 -38.1 1 7. () 
301 130 -1. 73 -33.7 11) • 1 349 290 -1. 31 -31.5 20.5 397 330 -· 1. 81 -44+3 1,. 6 '-l 
30~ 220 -1.00 -24.9 7.9 350 .510 -1. 3J -32.6 19+3 398 180 ... 1 • :35 -35.1 14.0 00 
303 320 -1. 80 -44.1 9.7 351 180 -1. 72 -32.7 16.0 399 310 -1.93 -47.4 13.8 
304 270 -2. 4.~ -59.1 1.0.5 ~C'.·') -'-'"- 330 -1.30 -.H.8 1.5.4 400 310 -1. 57 -38.5 u.s 
305 20 1. 70 -29.4 10.5 353 130 -1. 93 -37.6 16.5 401 2~.'0 -1.39 -34.7 14. I) 
306 270 -1. 54 -37.0 12.a 354 :5JO -1.45 ·-35. 5 17.2 402 310 -1.46 -J~;. 8 l? .. s 
307 20 -1.48 -25.5 13.0 355 330 -1. 66 -40.6 15.2 403 l~O -2.23 -43.5 9,4 
308 280 ·<' • Ot, -49.4 n.6 151, 280 -:? • o:.~ -48.5 25. () 404 300 -t.55 -38 .1 1 7' • ,l. 

309 280 -1.56 -37.4 13.2 357 280 -1.88 -45.2 19.3 405 310 -1.17 -28.6 14 . .:: 
310 mo -1.45 -27.5 14.4 358 :520 -1./5 -12.e i.a. s 406 320 -1. 2~~ -30.2 l :; • 7 
31.1 20 -1.83 -31.6 15. 1 359 220 -1. 56 -38.9 18.5 407 210 -1.74 -43.6 14. 9 
31.2 130 -1. 89 -36.9 14.6 360 no -1. 64 -41.1 20.6 408 250 -· 1. 51 -36.3 16.9 
313 330 -t. :~8 -:H .4 15 .t 361 2.50 -1. 28 -.31. 9 1.9.5 409 330 -1.34 -32.9 1 7. 1 
314 320 -2.16 -52.9 14+8 362 3~~0 -1. 4:) -34.8 19.B 410 :~30 -1. 40 -34.4 l 1.. 9 
'315 280 -1.50 -J6.0 14.9 J6:5 :HO -1. 5.~ -37.4 15.5 411 330 -1.41 -34.7 12 .1 
316 210 -1.09 -27.2 22.5 364 310 -1.75 -42.9 15.5 412 190 -2.06 -39.2 12.2 
31. 7 220 -1.18 -29.4 16.3 365 130 -1. 9:~ -37.7 1~j.9 413 190 -1. 87 -35.5 13.4 
318 240 t. 03 -25.8 20.9 36°!> .320 ·-1. 53 ·-3'7. 4 16.0 414 190 -1.78 ·-3J. 9 13.3 
319 260 -1.60 -38.5 16.4 367 330 -1.84 -45. :! 16.2 415 300 -1. 77 -43.3 e.o 
320 270 -2.09 -so.2 14.2 J6>3 2>30 -1.82 -43.8 '.? ~!. :3 416 300 ·-1. 32 -32.5 19. ') 
321 280 -1. 54 -3t..9 18. 7 369 330 -1.80 -44.1 19 .1 417 320 -.91 -22.2 1 ;,:; • 3 
:322 280 -1.50 -35. 9 17+2 370 -..~90 -1.93 -46.3 ta.1 418 90 -1.75 -27.2 15.2 
323 210 -1.85 -46.3 17.5 371 300 -1.89 -46+3 17.9 419 ?20 -1. 78 -44.6 1 { f f1 

NEGATIVE PRESSURES ACT OUJWARDr POSITIVE PRESSURES ACT INWARD. 



TABLE 6A. PEAK CLADDING LOADS FOR . LEXINGTON FINANCIAL CENTER . 
AVERAGE OF CONFIGURATIONS A AND B 100-YfAR RECURRENCE INTERVAL 
TAP AZI- PRESS NEGATIVE f'OS IT I IJE TAP AZI- PRESS NFC;ATJVF PUS IT I VE T AF-' AZI- Pfl:ESS NEGATIVE F'OS IT H 1E 

MUTH COE FF PEAK PEAK MUTH CIJEFF f'EAK PEAK MUTH COEFF PEAK PEAK 
PSF ---- ---- f'Sf ---- ---- F'SF 

420 220 -1.16 -~~9. 0 t3.2 4ti:.:i 2.30 -.48 --u.o 8+8 921 220 -1. 07 --26. 9 5.3 
421 20 -1.71 -29.5 14.9 459 240 -.60 -15.0 6.0 922 230 -1.28 -32.1 13 .1 
422 330 -1.67 -41.0 12.s 460 220 - • 7'2. -18.0 8.1 923 210 -1. 30 --32. 6 4,5 
423 230 -1.32 -32.9 11. 3 461 210 -.86 -21. 4 7.2 924 :-1 40 -· 1. 21 -30.4 12.5 
424 210 -1.37 --.54. 2 t0.3 46:~ no -.8:5 -21.3 8.4 925 240 -1.38 -34.6 22. 3 
425 130 -1.75 -·34. 0 13.4 463 210 -1.31 -32.7 e.2 926 ;~40 -1.05 -26.3 19.7 
426 180 -1.70 -J2.4 11.2 464 no -1.06 -26.4 1.0. 0 927 240 -1.15 -28.7 15.4 
427 180 -1.62 -30.7 6.9 465 220 -1. 20 -29.9 8.4 928 no -1. 07 -26.7 11. 4 
428 310 -1.01 -24.8 15.3 466 250 -1.0J -~'4. 7 13,9 929 180 -1. 36 -25.8 2.7 
429 330 -1,0B -·26 t 4 12.6 467 3;10 -1.17 -28.B 14.2 930 280 -1. 08 -26.0 1. 8 
430 10 -1.J2 -22.e 8.5 468 220 ·-. 70 ·-1 7. 4 <_;.· '1 .... 931 260 -1.62 -38.9 ,9 
431 220 -1. 44 -36.0 7,9 469 210 -.8? -20.6 7,5 932 ;~so -1.16 -27.9 7. 1 
432 220 -.82 -20.6 3,3 so,. 20 -1.01 -17.4 1.6. 3 933 210 -1.20 -30.1 11. 0 
433 20 -1. 34 -23.0 9.1 802 200 -.78 -14. S1 9.0 934 no -1. 05 -26.3 12.6 
434 210 -1.54 -.58 .5 6.3 BOJ 2JO -1.JJ -:iJ. 4 3.3 935 210 -1.31 -·32 .a 19.0 
435 220 -1. 21 -30.1 7.8 804 230 -1.12 -27.9 10. 1 936 :~ 10 -1. 21 -30.3 11. 5 
436 200 -1.713 -33.B 9.5 80":i ;~ 10 -1. 2B -32.1 4.1 937 240 -.98 -24.5 7.8 
437 230 -1. 32 -33.0 9,9 901 20 -2.65 -4::-1.? 2.4 938 230 -1. 25 -31. 2 15.8 
438 210 -.94 -23.6 12.4 902 90 -2.49 -J8.7 .6 939 290 -1.16 --27. 9 3.7 
439 180 -1.65 -31.3 5.7 903 20 -2.31 -39.9 4,7 940 210 -1. 31 -32.7 11. 4 
440 250 .64 -12.0 15.3 '104 90 ·-1.98 -.rn. 7 5.0 941 260 -1.45 -34.7 ?0.4 
441 70 -.98 -1s.2 14.7 905 220 -1.20 -29.9 12.2 942 260 -1.29 -30.8 11 • 4 
442 50 -1. 39 -i1.6 6.9 906 20 -1.54 -26.6 1. 1 943 250 -1.30 -31.2 : • 1 
443 240 -.84 -21.0 3.6 907 20 -1.72 -29.6 9,4 944 300 -1.47 -36.0 .6 
444 210 -1.02 -25.4 16.0 908 ·:~JO -1.05 -::16. 2 1.5.5 945 250 -1.43 -34.3 .0 
445 220 -.84 -21.0 2.7 909 20 -1. 64 -28.3 12.s 946 :oo -1.72 -41. 3 2.6 -......] 446 210 -1.49 -J7.2 .3. 4 910 WO -1.55 -.37.2 19.0 947 280 -1.36 -32.6 9.6 
447 210 -.99 -24.7 6.4 911 220 -·. 92 -·23. 0 13.2 948 320 -1 • .31 -32.1 13.0 \D 

448 230 -.94 -23 .5 7.0 912 210 -1. L~ -28.1 1.3 949 260 -1.49 -Js.e 16.4 
449 240 -1.08 -27.0 8. ~; 913 330 -1.55 -37.9 1. 4 950 :'.10 - 1 • 4 7 -3.~. 8 1::. 0 
450 210 -.88 -22.1 9.5 911 280 -1.29 -Jl,O .9 951 250 -1. 71 -41.0 12.6 
451 210 -,78 -19.6 {;. 4 915 2l0 -1.28 -30.8 1. 7 952 :~60 -1.4/ -3~· • 3 • 2 
452 24f" -.73 -18 .3 ;!' t 1 91.~ ~?80 ·-1. 07 -25.8 8.1 953 21.0 -1.40 -35.1. Q. 1 
453 220 -.72 -10.1 8.9 917 180 -1.87 -35.5 13.2 954 ~1 60 ·-2. 24 -53.9 6.2 
454 210 -.66 -16.5 6.8 918 ~~40 - • 0:,'J ··<~4. 3 14.9 955 280 -1.84 -44.1 3.2 
455 70 -1. 28 -19.9 15.8 919 310 -1.06 -25.9 9.6 956 280 -3.00 -71.9 1 • 1 
456 210 .90 -t3.4 22.6 920 no -.99 -;~4. 7 12.5 957 190 -2.89 -54.9 - . ~) 
457 20 -1.05 -18. ::! :1.0. 3 

NEGATIVE PRESSURES ACT OUTWARD, POSITIVE PRESSURES ACT INWARD. 



lABLE 6A. rEAK LOADS FOR : LEXINGTON FINANCIAL CEN!lR 
LARGEST VALUES OF CLADDlNG 1.0AD 100-YEAR REFERENCE PRESSURE 

* t 15 GREAT~ST PRESSURE MAGNilUDES * * 
TAP AZI- PRESS NEGATIVE POSITIVE 

MUTH COEFF PEAK PEAK 
PSF 

956 280 ·-3. 00 -71.9 1 .1 

377 300 -2.42 -59.3 15.8 
304 270 -2.46 -:•·?-' ( 1 1 (). 5 

957 190 --::~. 89 ····54. 9 -,5 
954 260 ·-2. 24 -"."d ,9 6+2 

314 320 -~.16 -:t2 + 9 14.8 
112 310 -2. 14 ·-'52. '1 :!6.] 

376 300 -2 .12 51. 8 14+5 
1 ".l '"l 290 --::.14 -51.5 22.0 
1 ··7 0 2:~:0 -2.02 -50.6 21.9 
320 270 -2.09 -~iO, 2 24.2 

332 270 -2.07 ···49. 7 25.3 
308 280 ·-2. 06 ·-49. 4 21+6 

137 250 -2.04 -·48. 9 2·l. 8 

326 180 ·-2. 56 ·-48. 6 17.4 

00 
0 
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APPENDIX A 

PRESSURE DATA 

Note: Pressure coefficients are defined in Section 4.3. 

Pressure tap designation is explained in Figure 3. 


































































































































































































	CER_Peterka_Cermak_80_0001
	CER_Peterka_Cermak_80_0002
	CER_Peterka_Cermak_80_0003
	CER_Peterka_Cermak_80_0004
	CER_Peterka_Cermak_80_0005
	CER_Peterka_Cermak_80_0006
	CER_Peterka_Cermak_80_0007
	CER_Peterka_Cermak_80_0008
	CER_Peterka_Cermak_80_0009
	CER_Peterka_Cermak_80_0010
	CER_Peterka_Cermak_80_0011
	CER_Peterka_Cermak_80_0012
	CER_Peterka_Cermak_80_0013
	CER_Peterka_Cermak_80_0014
	CER_Peterka_Cermak_80_0015
	CER_Peterka_Cermak_80_0016
	CER_Peterka_Cermak_80_0017
	CER_Peterka_Cermak_80_0018
	CER_Peterka_Cermak_80_0019
	CER_Peterka_Cermak_80_0020
	CER_Peterka_Cermak_80_0021
	CER_Peterka_Cermak_80_0022
	CER_Peterka_Cermak_80_0023
	CER_Peterka_Cermak_80_0024
	CER_Peterka_Cermak_80_0025
	CER_Peterka_Cermak_80_0026
	CER_Peterka_Cermak_80_0027
	CER_Peterka_Cermak_80_0028
	CER_Peterka_Cermak_80_0029
	CER_Peterka_Cermak_80_0030
	CER_Peterka_Cermak_80_0031
	CER_Peterka_Cermak_80_0032
	CER_Peterka_Cermak_80_0033
	CER_Peterka_Cermak_80_0034
	CER_Peterka_Cermak_80_0035
	CER_Peterka_Cermak_80_0036
	CER_Peterka_Cermak_80_0037
	CER_Peterka_Cermak_80_0038
	CER_Peterka_Cermak_80_0039
	CER_Peterka_Cermak_80_0040
	CER_Peterka_Cermak_80_0041
	CER_Peterka_Cermak_80_0041_gray
	CER_Peterka_Cermak_80_0042
	CER_Peterka_Cermak_80_0042_gray
	CER_Peterka_Cermak_80_0043
	CER_Peterka_Cermak_80_0044
	CER_Peterka_Cermak_80_0045
	CER_Peterka_Cermak_80_0046
	CER_Peterka_Cermak_80_0047
	CER_Peterka_Cermak_80_0048
	CER_Peterka_Cermak_80_0049
	CER_Peterka_Cermak_80_0050
	CER_Peterka_Cermak_80_0051
	CER_Peterka_Cermak_80_0052
	CER_Peterka_Cermak_80_0053
	CER_Peterka_Cermak_80_0054
	CER_Peterka_Cermak_80_0055
	CER_Peterka_Cermak_80_0056
	CER_Peterka_Cermak_80_0057
	CER_Peterka_Cermak_80_0058
	CER_Peterka_Cermak_80_0059
	CER_Peterka_Cermak_80_0060
	CER_Peterka_Cermak_80_0061
	CER_Peterka_Cermak_80_0062
	CER_Peterka_Cermak_80_0063
	CER_Peterka_Cermak_80_0064
	CER_Peterka_Cermak_80_0065
	CER_Peterka_Cermak_80_0066
	CER_Peterka_Cermak_80_0067
	CER_Peterka_Cermak_80_0068
	CER_Peterka_Cermak_80_0069
	CER_Peterka_Cermak_80_0070
	CER_Peterka_Cermak_80_0071
	CER_Peterka_Cermak_80_0072
	CER_Peterka_Cermak_80_0073
	CER_Peterka_Cermak_80_0074
	CER_Peterka_Cermak_80_0075
	CER_Peterka_Cermak_80_0076
	CER_Peterka_Cermak_80_0077
	CER_Peterka_Cermak_80_0078
	CER_Peterka_Cermak_80_0079
	CER_Peterka_Cermak_80_0080
	CER_Peterka_Cermak_80_0081
	CER_Peterka_Cermak_80_0082
	CER_Peterka_Cermak_80_0083
	CER_Peterka_Cermak_80_0084
	CER_Peterka_Cermak_80_0085
	CER_Peterka_Cermak_80_0086
	CER_Peterka_Cermak_80_0087
	CER_Peterka_Cermak_80_0088
	CER_Peterka_Cermak_80_0089
	CER_Peterka_Cermak_80_0090
	CER_Peterka_Cermak_80_0091
	CER_Peterka_Cermak_80_0092
	CER_Peterka_Cermak_80_0093
	CER_Peterka_Cermak_80_0094
	CER_Peterka_Cermak_80_0095
	CER_Peterka_Cermak_80_0096
	CER_Peterka_Cermak_80_0097
	CER_Peterka_Cermak_80_0098
	CER_Peterka_Cermak_80_0099
	CER_Peterka_Cermak_80_0100
	CER_Peterka_Cermak_80_0101
	CER_Peterka_Cermak_80_0102
	CER_Peterka_Cermak_80_0103
	CER_Peterka_Cermak_80_0104
	CER_Peterka_Cermak_80_0105
	CER_Peterka_Cermak_80_0106
	CER_Peterka_Cermak_80_0107
	CER_Peterka_Cermak_80_0108
	CER_Peterka_Cermak_80_0109
	CER_Peterka_Cermak_80_0110
	CER_Peterka_Cermak_80_0111
	CER_Peterka_Cermak_80_0112
	CER_Peterka_Cermak_80_0113
	CER_Peterka_Cermak_80_0114
	CER_Peterka_Cermak_80_0115
	CER_Peterka_Cermak_80_0116
	CER_Peterka_Cermak_80_0117
	CER_Peterka_Cermak_80_0118
	CER_Peterka_Cermak_80_0119
	CER_Peterka_Cermak_80_0120
	CER_Peterka_Cermak_80_0121
	CER_Peterka_Cermak_80_0122
	CER_Peterka_Cermak_80_0123
	CER_Peterka_Cermak_80_0124
	CER_Peterka_Cermak_80_0125
	CER_Peterka_Cermak_80_0126
	CER_Peterka_Cermak_80_0127
	CER_Peterka_Cermak_80_0128
	CER_Peterka_Cermak_80_0129
	CER_Peterka_Cermak_80_0130
	CER_Peterka_Cermak_80_0131
	CER_Peterka_Cermak_80_0132
	CER_Peterka_Cermak_80_0133
	CER_Peterka_Cermak_80_0134
	CER_Peterka_Cermak_80_0135
	CER_Peterka_Cermak_80_0136
	CER_Peterka_Cermak_80_0137
	CER_Peterka_Cermak_80_0138
	CER_Peterka_Cermak_80_0139
	CER_Peterka_Cermak_80_0140
	CER_Peterka_Cermak_80_0141
	CER_Peterka_Cermak_80_0142
	CER_Peterka_Cermak_80_0143
	CER_Peterka_Cermak_80_0144
	CER_Peterka_Cermak_80_0145
	CER_Peterka_Cermak_80_0146
	CER_Peterka_Cermak_80_0147
	CER_Peterka_Cermak_80_0148
	CER_Peterka_Cermak_80_0149
	CER_Peterka_Cermak_80_0150
	CER_Peterka_Cermak_80_0151
	CER_Peterka_Cermak_80_0152
	CER_Peterka_Cermak_80_0153
	CER_Peterka_Cermak_80_0154
	CER_Peterka_Cermak_80_0155
	CER_Peterka_Cermak_80_0156
	CER_Peterka_Cermak_80_0157
	CER_Peterka_Cermak_80_0158
	CER_Peterka_Cermak_80_0159
	CER_Peterka_Cermak_80_0160
	CER_Peterka_Cermak_80_0161
	CER_Peterka_Cermak_80_0162
	CER_Peterka_Cermak_80_0163
	CER_Peterka_Cermak_80_0164
	CER_Peterka_Cermak_80_0165
	CER_Peterka_Cermak_80_0166
	CER_Peterka_Cermak_80_0167
	CER_Peterka_Cermak_80_0168
	CER_Peterka_Cermak_80_0169
	CER_Peterka_Cermak_80_0170
	CER_Peterka_Cermak_80_0171
	CER_Peterka_Cermak_80_0172
	CER_Peterka_Cermak_80_0173
	CER_Peterka_Cermak_80_0174
	CER_Peterka_Cermak_80_0175
	CER_Peterka_Cermak_80_0176
	CER_Peterka_Cermak_80_0177
	CER_Peterka_Cermak_80_0178
	CER_Peterka_Cermak_80_0179
	CER_Peterka_Cermak_80_0180
	CER_Peterka_Cermak_80_0181
	CER_Peterka_Cermak_80_0182
	CER_Peterka_Cermak_80_0183
	CER_Peterka_Cermak_80_0184



