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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 frame. 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 uneconom-

ical design; underestimating may result in cladding or window failures. 

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. Accurate knowledge of the 

intensity 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. 

Modeling of the aerodynamic loading on a structure requires special 

consideration of flow conditions in order to obtain similitude between 

model and prototype. A detailed discussion of the similarity require-

ments and their wind-tunnel implementation can be found in references 

(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. 
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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 modeled at 

scales ranging from 1:150 to 1:400. The building model 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 similarity 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.A 
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The test model, equipped with pressure taps (300 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 degrees and another set 

of data recorded for each pressure tap. Normally, 36 sets of data 

(360 degrees of turning) are taken; however, when flow 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 calculated 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 forces and moments on the structure 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 locations 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. A 

separate report on pedestrian wind comfort for this project has been 

prepared. 
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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 u~ing 

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 
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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 about 1700 ft in radius was 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 

available. The thicker boundary layer permits a somewhat larger scale 
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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 broad 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 3 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 S. 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 

in understanding and interpreting mean and fluctuating pressures, and in 

defining zones of separated flow and reattachment and zones of vortex 

formation where pressure coefficients may be expected to be high. 

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 press.ure 

taps on the model structure. Data are obtained for 36 wind directions 

at 10-degree increments, rotating the entire model assembly in a 

complete circle. Up to 184 pieces of 1/16 in. I.D. plastic tubing are 

used to connect pressure ports on the building at a time to one of four 

48-tap pressure switches mounted under the model. Each of the 184 

measurement ports is directed in turn by the switches to one of four 

pressure transducers mounted close to the switches. Four pressure input 

taps not used for transmitting building surface pressures are connected 

to a common tube leading outside the wind tunnel. This arrangement 

provides both a means of performing in-place calibration of the trans-

ducers and, by connecting this tube to a pitot tube mounted inside the 

wind tunnel, a means of automatically monitoring the tunnel speed. The 

switch is operated by a solenoid drive motor under control of the on· 

line data acquisition computer. The computer keeps track of switch 

position but a digital readout of position is provided at the wind 

tunnel. 
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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 

surf ace 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 most peak pressures, and 

0. 01 for rms pressures. Pressure coefficients are defined in 

Section 4.3. 

3.3 Velocity 

Mean velocity and turbulence intensity profiles are measured 

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

type as discussed in Section 1.1. In addition, mean velocity and 

turbulence profiles are measured at the vacant building site for a 

number of wind directions. 

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 

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 local mean velocity. 
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4. RESULTS 

4.1 Flow Visualization 

A videotape is included as part of this report showing the 

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

visible. 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 descrip-

tion 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 at the building site with 

building removed. The boundary-layer thickness, 6, is shown in 

Figure 7. The corresponding prototype value of 6 for this study is 

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

height for this study. The mean velocity profile approaching the 

modeled area has the form 

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

shown in Figure 7. 

Profiles of longitudinal turbulence intensity in the flow 

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 

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-poc) mean 
2 0.5 p uoo 

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

the mean of the instantaneous pressure difference between the build.ing 

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-poo) - (p-poo)mean)rms 
2 0.5 p uoo 
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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. 

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: 

c (p-poo)max = 2 Pmax o.s p u00 

c (p-poo)min = 
Pmin 2 o.s p u00 

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 and 
Pmax 

by nondimensionalizing with the free stream 

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. 

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 
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largest peak positive and peak negative pressure coefficients. Table 3 

lists the largest values and associated wind directions. Included in 

Section 5.3 is an analysis of the coefficients of Table 3 including the 

maximum values obtained and where they occurred on the building. 

The pressure coefficients of Table 3 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 
2 for pressure coefficients by the 0.5 p U~ denominator. This value is 

the dynamic pressure associated with an hourly mean wind at the 

reference velocity measurement position near 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 (4). The calculation of reference pressure for this study is 

shown in Table 2. The factor used in Table 2 to reduce gust winds to 

hourly mean winds is given in reference (5). 

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 and direction load factor of Table 2 by the peak 

coefficients at each wind direction. The largest pressure at each tap 
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is then listed in Table 3. The maximum psf loads given at each tap 

location are then the largest peak positive and peak negative values 

found in the tests. Data configurations tested are listed in Table 3. 

For ease in visualizing the loads on the structure, contours of equal 

peak pressures for cladding load shown in Table 3 have been plotted on 

developed elevation views of the structure, Figure 10. If a data point 

which is taken in the basic model configuration is retaken in a 2-degree 

angular resolution configuration, the data are averaged in preparing 

Figure 8. For control of water infiltration from outside to inside, the 

largest positive (inward acting) pressure at each tap location is also 

tabulated in Table 3 and shown in Figure 8. 

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

for the diffe~ent 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 (6) indicates that the period of appli-

cation 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 

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 (7) and older references (8) indicate the following load 

reduction factors: 
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annealed float 

heat strengthened 

tempered 

ref. 7 

0.80 

0.94 

0.97 

ref. 9 

0.81 

0.98 

Loadings appropriate for glass design can be computed by multiplying the 

peak-pressure loads of Table 3 or Figure 8 by these load factors. 

4.4 Forces and Moments 

Force coefficients in the horizontal X and Y directions and 

moment coefficients about the X, Y, and Z axes with the origin at 

ground level at the base of the building with Z axis vertical may be 

computed for all wind directions tested by integration of mean pressures 

on the building. Overall forces and moments acting on the full-scale 

building due to wind loading which are useful in designing the struc-

tural framing of the proposed building may be obtained from use of these 

coefficients. 

Force coefficients were computed for each floor for each wind 

direction using the equations shown below. 

F 
CFX = X 2 

~ o.s p u(X) 

Terms and symbols used in the equations are defined in the List of 

Symbols and the axes are defined for the building in Figure 9. Force 

coefficients CFX and CFy were computed for the horizontal forces 

acting along the X and Y axes using the mean pressure coefficient at 

each pressure tap. AR represents a constant reference area for 

nondimensionalization of the forces and moments. 

The total forces acting on the full-scale building for each floor 

and wind direction were computed by multiplying the above coefficients 
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by the appropriate full-scale reference area, by the reference pressure 

and direction load factors of Table 2, and by a gust load factor 

selected for an appropriate wind gust duration. The gust load factor, 

shown in Table 2, was selected to increase the loads from an hourly mean 

load to that of a gust whose duration would be sufficient for its effect 

to be fully felt by the structure. A table of gust load factors for 

various gust durations is incorporated in Table 2 so that force and 

moment data of Table 4 may be adjusted to a different load duration if 

desired. 

The forces obtained at each floor were used to obtain load, shear, 

and moment diagrams for the building for each wind direction. The shear 

diagram, in kips, was obtained by algebraic sum of all forces in each 

coordinate direction acting above the floor of interest. The load 

distribution, in psf, was obtained by dividing the shear values by their 

contributing areas (listed in Table 4). The moment distribution, in 

1000 ft-kips, was obtained by integration of the shear values so that 

the moment due to forces acting above the floor level of interest was 

calculated. The sign of the moment was established by the right-hand 

rule about an X', Y' axis through the floor of interest. Moments about 

the Z axis were calculated by considering the displacement of forces 

in the X and Y directions from the Z axis shown in Figure 9. 

Eccentricities were computed such that the product of the Y force and 

X eccentricity minus the product of the X force and Y eccentricity 

equaled the Z moment. Load, shear, and moment distributions are shown 

in Figure 10 for several wind directions. 
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5. DISCUSSION 

5.1 Flow Visualization 

Flow patterns identified with smoke showed that the largest 

pressures would most likely be found near the corners of the new tower 

structure due to flow separation phenomena. Flow separation occurs when 

the wind is unable to turn a sharp corner on the building and separates 

from the surface. Elevated negative (outward acting) pressures are 

often found under the separated flow near the point of separation. High 

velocity and large curvature in the separated flow contribute to the 

local elevated pressures. Flow visualization sh.owed high velocity flow 

separation at the building corners near the top of the building and on 

the corners of the sloping top structure. For many wind directions the 

building was shielded by adj a cent buildings and should have low wind 

loads for those directions. 

At a few locations on the building, the wind flow at separation 

points rolled up into a vortex. This type of flow is often found near 

breaks in corner geometry on a building and can sometimes be responsible 

for local increases in pressures. 

5.2 Wind Loads 

Table 3 shows the largest peak pressure coefficients and 

corresponding loads measured on the building complex for each pressure 

tap location. Data identified as Configuration A in Table 3 and 

Appendix A represent data obtained at all pressure tap locations for ·36 

wind directions. Configuration B represents data obtained at selected 

taps at 2-degree azimuthal increments near azimuths where large pressure 

peaks were observed in Configuration A to ensure that the largest peaks 

were obtained. Cladding pressures on adjacent buildings were obtained 
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with and without the Jenkins/Empire building in place. Data cases are 

summarized in Table 3. 

The largest peak pressures obtained on the Jenkins/Empire building 

for Configurations A and B were measured at locations 168 and 762 with 

values of -56 and -SO psf. These locations were on corners of the new 

tower where flow visualization showed the possibility of elevated 

pressures. Other pressures in the -35 to -45 psf range were also 

typically found near corners of the building. 

Figure 8 shows the distribution of peak pressures on the building. 

Most of the area on the new tower had peak negative pressures between 

-10 and -30 psf with limited areas above -30 psf. The pressures on the 

sloped top of the building were relatively low indicating that veloci-

ties in the flow separations on the corners of the top structure were 

not large. Peak positive pressures ranged up to about 26 psf on the 

tower. 

Internal pressures on buildings are often small when the windows 

are sealed and the internal pressure is governed primarily by infiltra-

tion and a central air supply system. Typical internal pressures for 

the Jenkins/Empire building which would add to the pressures of Table 3 

and Figure 8 might be ±5 psf. However, for a building where significant 

areas of the curtainwall can be opened, then larger internal pressures 

may be present. Typical openings which can increase the curtainwall 

loading due to internal pressure effects include features such as 

operable windows and doors onto balconies. 

could be open during high wind events, 

If operable doors or windows 

then consideration of the 

additional internal pressures from these openings should be made. 
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Table 3 and Figure 8 show the peak positive and negative pressures 

on adjacent buildings as well as pressures on the Jenkins/Empire build-

ing. Tap locations on the adjacent buildings and the locations of the 

adjacent buildings relative to the Jenkins/Empire building are shown in 

Figures 3 and 4 respectively. Data were obtained on the adjacent build-

ings both with and without the Jenkins/Empire building in place to 

permit evaluation of the impact of the new building on existing 

buildings. 

Figure 10 shows frame pressure, shear and moment distributions 

plotted from Table 4 for the largest base shears in the X and · Y 

coordinate directions on the new tower. The coordinate system is shown 

in Figure 9. For these cases, the loading is predominantly in the X 

or Y coordinate directions although a signi~icant X component occurs 

with the maximum Y shear. For wind directions 290 and 300, moderate 

shears exist in both X and Y directions (see Table 4). Torsion on 

the tower was quite small as expected from its shape. 

Wind loads were relatively low on adjacent buildings with and 

without the Jenkins/Empire building in place. The last pages of Table 5 

compare tap locations where peak negative pressure were at least 5 psf 

larger or smaller with the new building in place. Only three tap loca-

tions decreased in pressure by more than 5 psf by including the new 

building. Forty nine taps increased by 5 psf or more. The largest 

pressure measured was -47 psf at roof tap 2238, up from -23 psf in the 

existing configuration. The second highest pressure was -34 psf at tap 

location 2210, up from -13 psf. Only nine of the taps exceeded -25 psf 

with the new building in place. 
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Wind loads on the building showed a decrease when adjacent 

buildings were upwind indicating a protective shielding. This shielding 

can be seen in the vertical velocity profiles of Figure 7 taken at the 

site with building removed. Also, for wind directions with buildings 

upwind, the velocity spectra shown in Figure 7 indicate higher levels of 

velocity fluctuations than those upwind. This is expected and is part 

of the physical process which provides the lower overall wind loads on 

the buildings. 
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Figure Sa. · Completed Model in Wind Tunnel 
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Figure Sb. Completed Model in Wind Ttmnel 
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Figure 811. Peak Pressure Contours on the Building for Cladding Loads 
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Configuration A: 

Geometry 

Pressures 

Configuration B: 

Geometry 

Pressures 

Configuration C: 

Geometry 

Pressures 

Configuration D: 

Geometry 

Pressures 

100 

TABLE 1 

DATA CONFIGURATIONS 

Jenkins/Empire building in place. 

Data measured for 36 wind directions, in 
10-degree increments from O, for all tap 
locations on Jenkins/Empire building. 

Jenkins/Empire building in place (same as 
Configuration A) 

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

Jenkins/Empire building in place (same as 
Configuration A) 

Data measured for 36 wind directions, in 
10-degree increments from O, for all tap 
locations on selected adjacent building 
faces. 

Jenkins/Empire building out, original block 
in place 

Data measured for 36 wind directions, in 
10-degree increments from O, for all tap 
locations on selected adjacent building 
faces. 
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TABLE 2 

CALCULATION OF REFERENCE PRESSURE 

1. Wind speeds by direction for Pittsburgh airport•: 

100-yr Fastest Gradient 
Wind Direction Mile Wind. 33 ft Wind Speed Load Factor 

mph hts2 mph htslmax ws2 
N SS 79 0.71 
NE 42 61 0.42 
E 40 S9 0.39 
SE 44 6S 0.48 
s Sl 74 0.62 
SW Sl 74 0.62 
w 66 94 1.00 
NW S9 84 0 80 

2. Reference Pressure for largest wind speed. 

100-yr fastest mile. 33 ft = 66.3 mph for west wind from Extreme 
Value Analysis 

Mean hourly wind speed. 33 ft = 66.3/1.26 = S2.6 mph 
960 17 Mean hourly gradient wind speed= 54.8 (33")• = 93.7 mph 

Reference wind speed = gradient wind speed = U 
CD 

Reference dynamic pressure = 0.5 p u2 = 0.002S6 (93.7) 2 = 22.5 psf 
CD 

Use 23 psf 

3. Gust load factors to convert hourly mean integrated loads to 
various gust durations (see Section 4.4): 

Gust Duration. sec 
10-lS 

30 
45 

Gust Load Factor 
2 (1.4) = 1.96 

(1.32) 2 = 1.74 
(1.26) 2 = 1.59 

30-sec duration load factor was used in Table 4. 

• Data obtained from National Climatic Data Center. 
Asheville. NC. 
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106 270 -1.09 -25+0 ! s c 1 154 270 -1 ( 21 -=?7c H 16.8 2o:t ?.SO -. .,() -9.3 4.2 107 260 -.97 -?.?. • 3 a .1 1.55 U<> -1.9() -4.'i. 7 n.5 ?.O:i ','!SO -.61 -14+0 2.7 108 250 -1.00 -23+1 1.0. 6 156 ~~:to -1.19 -21.a 18.6 ?.O .. 25(> -.63 -:t.4.5 2.7 109 260 -.90 -~o.s 1.l .5 1.51 ~~6C) -1.<Hl -'24.8 17+5 ?.Oii 2SO -.S6 -12.0 3+8 110 250 -1.12 -25+7 15.4 158 250 -<8?. -:t.8.9 t5.1 :!06 :!SO -.58 -1:{.3 4.6 111 no -1.n -27+8 16+3 rn9 VO -1.51 -:H. 7 14+8 ?.07 ?.50 -.76 -17.6 s.o 112 25() -1.0? -24.6 11> .1 hSO 25(> -d~6 -19.8 13.7 ?.OH 25() -.68 -15.? 7+2 113 260 -.89 -?.0.3 15.8 1.61 ~~80 -~~ > Ot _.,6.3 1S+O 209 ~1.10 -.37 -6.8 4.6 114 :?60 -.98 -22.s 1. ~. 9 11>2 250 -,01 -18.7 1 :~. ~, ?.1 (> n;o -.60 -1:{.9 2.4 115 260 -1+16 -~~6. 6 18.8 163 6() -1. > 70 -16.S 14+2 ?.U Q -.55 -9.1 a.9 116 250 -1.02 -23+4 15.7 11>4 260 -.78 -u~.o :1.s.2 21?. 250 -.66 -15c?. 2.2 117 :'iJC) L11 -19+7 ?,(). 5 1.65 ?.~)() -t.J.7 -~!6. 8 18+4 ~~Ll ~~50 -.42 -9.7 5.4 118 250 -d:t2 -l9+0 10+3 166 250 -1.1? -26.9 16c1 :?1'4 250 -.92 -21.2 5.4 119 250 -.73 -1.6.9 16. 5 l67 ·~a<> -1.-11 -J?..4 14.5 ?.15 ~i40 -.!53 -8.6 4+4 120 250 -.99 -2?..8 17.4 168 ?.7() -?..41 -ss.s 11 c() ?.16 290 -.?.6 -5.9 4.1 
121. 260 -1 •• 19 -.3?.. 0 16.?. 169 ~?6<) - • 8<) -18+4 15+2 217 ?.50 -.?.9 -6.8 3 .1 122 :?50 -.83 -j.9.1 14.5 170 ~!SO -.90 -?.(>. 8 U.9 218 :?~10 - c A1 :~> -9.6 4.9 .....,, 
12.'4 250 -.75 -1. 7. 3 14+4 171 2~0 -,HJ -?.(). 1 1~.7 ?.19 <'!50 -.32 -7.3 3+8 0 
124 290 -.95 -21+9 15. 1 172 ?.80 -.91 -2(>, 9 13.4 ?.20 nw -.59 -13.6 6.5 N 
125 uo -,91 -?.1. s 19+6 1n ?.50 -,1a -u~.o 14.1 ?.21 :?.SO -.68 -15.7 4+7 126 270 -1.00 -2?..9 14c9 174 2~() -.87 -19(9 14.S :!~t.~> 25(> -.01 -18.5 3.2 127 260 -1.08 -:H.9 1 ~;. 7 175 ~!?<) -1) u. -~~~i. 4 10+6 :n~i 260 -.34 -7.9 7+3 128 260 -1.59 -36.5 l8+9 176 27(> -1. 01 -2;-s t 2 7+9 22'1 27(> -.57 -13+1 4.0 129 27() -l.1>5 -,'fR • 0 ~~~~. 2 1.77 2:10 -,91 -?.(). 9 to.2 1.25 250 -.54 -12.4 5.0 130 330 l+04 -1B.4 19+2 179 :?50 -,74 -17.() 10.6 301 180 -'.1..59 -n.1 6.3 131 ?.70 -.98 ... ?<~. 5 u.o 179 ~~HO -.66 -15+3 9.9 :~O<~ ~~~i() -t.12 -20.6 s.2 132 250 -.95 -21.9 15.5 HH> n;o -.n. -16+3 11 ( 1 303 ?.SO -1 .18 -:n.2 7.6 133 250 - .. aa -20.2 l7+0 UH nso -.fn -1.a.a u.9 ~i04 <'!5() -1.04 -23.9 7+5 134 290 -.92 -?.1.1 16.1 182 270 -.97 -~'2' 4 7,4 JOS 170 -t. 71 -:>.4 c ;~ 7+6 135 ?.50 -.9() -?.0+8 17+7 18~l VO -.96 -~~2. 0 6.7 ,l06 ~~5() -.71> -17+5 7.4 136 27() -1.02 -23.5 19.7 184 250 -.81 -Ht,6 6.6 307 33(> -.93 -17+1 6.3 137 ?.70 -1.02 -2~1. 5 18+0 U-JS 14<> -1.47 -16.3 6.8 ~iQ8 160 -1.59 -'22.6 a.o 138 260 -1.10 -25.4 1~ f?. 186 130 -1t?.4 -1 ~J. 7 11.2 309 nm -.78 -i.a.o 9+1 
139 27<> -1 .:~2 -30.4 17.7 187 25<) -.89 -~!<>. 4 t:i t 4 310 :iSO -1.19 -19.4 9.1 140 270 -1.27 -29. :-s 18.5 189 ?.SO -:le 15 -26+4 io.5 JU 2~,() -,97 -22+4 11. Et 141 ~iJO 1+1.9 -17.5 n.9 189 ~~so -1. <'!5 -?.8.7 4+8 :u?. :i:iO -1.?.5 -2?.+9 9.4 142 260 -.98 -2?.+5 18+1 190 ?,7() -.89 -:!O. 4 4+7 31:~ 160 -1 ( ?.;-s -17.6 9.4 
1'43 1.5<) -.8~'! -18.9 1.4. 9 ,.91 2S() -.ai -18+8 14+6 :i14 Q -1.16 -10.9 11.1 144 250 -.92 -21.1 16+6 19?. /.S() -.90 -?.0+8 14.2 :us 25(> -.82 -19.0 10.7 145 ?.5<> -.91 -n.s 1'J t 1 1. 9~~ ?.SO -.69 -1s.s 14+2 31.6 25() -.77 -1. 7. 7 9.4 146 250 -1.35 -:11.1 20.4 19'! 14() -1.6:; -18.?. 7.9 317 :~50 -.97 -15+8 13+4 147 25() -1.35 -30+9 19 .1 19S 14() ·-1 •. 57 -11.3 8+5 ~Ha 17() -1.97 -<~8 .1 8.2 148 270 -1.38 -31.8 11.1 196 1., () -1 + :.!5 -1:J, H 12.? :H9 ~~so -.78 -1?.9 9.0 

NEGATIVE PRESSURES ACT OU'f WAR)), POSH .(t)£ PRF.-:SSURES ~CT T.NWAfW. 



TABLE 3. PEAK Cl.ADDING l.flAJJS FOR • • JF. HKlNS/F.11f'TRf. BU ll. JJX NB - PXlTSBURHHrPA • • AVF.RAGF Of' CONF'IGtJ~ATlflNS A ANJJ B 100-Yr:.AR l'<F.CURRENCF. INl"Ff<WtL 
TAP All- PRESS Nf.CM T 1. 'Jf. POSH IVE TAP Al.C- PRf'.SS Nf:HAT I. lJf: POSH IVE TAP A'l.I- PRESS NF.GA TI VE POSITIVE HUTH COEFF PF.AK Pf AK tUJlH COF.F f" PF."K Pf AK MUTH COF..FF PEAK PEAK 

PSF PSF PSF 
320 340 -1 .• ti> -18.9 9+0 368 :JS() -2.09 -34.t 1~1. 8 416 250 -.67 -15.3 2.0 321 :i50 -1.53 -24+9 12.0 -~69 ~H() -1.07 -17.5 1.2 417 250 -.42 -9.7 5+0 
32?. 330 -1.24 -22+8 9.t 370 J:~<> -1, ?.O -22.1 4. :i 418 300 -.43 -7.8 2+2 323 150 -1.77 -1. 9 + 5 9.1 37l Hi() -1. 61. -1. 1. a 4+3 41.9 3?.0 -.5?. •9.6 1+9 324 150 -1.54 -1. 7 .() 9+0 37" 16(> -1, fH -25+9 5.7 42() ?.50 -.25 -5.7 4+2 
325 320 -t.<>11 -19+4 12 + 5 :iJ:i :i,lO -1. ~i.l -::~4. 4 7+0 421 ?.}() -.34 -7.8 6+4 
326 290 -.83 -19.?. 9. :t. :04 290 -1.47 -:i:i. 9 6+6 4?2 350 .59 -7.5 9.6 
327 200 -.9t -?.1. 0 9+3 :us ~~7C) -1 • ~iO -~l(). 0 9.1 sot 260 -.9t -20.9 10+7 
328 340 -1.20 -1.9+6 U.7 376 no -:t .• u -?.S.5 l0.-4 SO?. ?.50 -1.0?. -23.4 9+5 
329 .'441) -1.54 -?.S+1 1()+9 ,7,77 180 -t.1.9 -~?4. 2 6.0 50:4 .uo -1.24 -?.1.. 8 9. 7. 
330 340 -1.07 -l. 7. 5 9.9 378 16(> -1.89 -26+9 3.1 504 ?.60 - .9:i -2L3 9+5 
331 340 -J..07 -17+5 9+7 J79 150 -1.85 -20.4 4+6 505 ?.50 -i..oo -23+0 10.0 
33?. 340 -1.34 -n.a 9+3 38(> :i3(> -l.08 -j.9.8 5.4 506 ?.70 -.94 -21.7 7.1 
333 t7() -1. :n -18+ l 1+6 391 ~H/() -1.53 -35.2 5+3 507 250 -t.09 -?.5.1 9.5 
334 ?.60 -.74 -17.1 7+7 3ff?. 28(> -1,'!S -:~3. 5 ". e 508 ?.50 -1.00 -?.:i. 1 12.9 
335 ?.90 -.so -1.8+5 U.4 39:i ?.8(> -1.5?. -35.0 9.'). 509 250 -1.04 -23.9 9.9 
336 350 -1.01 -17.4 9+4 384 HW -i. ( 5(> -21.~ J.a 510 250 -.94 -21.7 12+3 
337 350 -1.16 -1.8+9 e.s 385 16() -1.46 -20.a 4.4 511 250 -1.12 -25+ "J 8+8 
338 350 -1.:n -?.0+7 9.0 386 160 -1.?.1 -17.3 4+6 512 260 -.95 -21+9 13.4 
339 260 -.77 -17+8 11.1 387 270 -.76 -17.5 5+ "J 513 ?.50 -.89 -?.(). 4 12.2 
340 350 -1.14 -18+6 13.0 388 280 -:t.n -2a.2 s.a Sl 'I ?.5(> -.81 -lB.6 12.9 
341 340 -.9?. -ts.o u.2 :499 ?.70 -1.48 -.l4 .1 s.2 515 270 -.99 -22.1 12.0 ...... 342 350 -1.33 -?.1+7 9+4 390 ?.70 -1.36 -:H,:4 5.6 516 26(> -1.05 -?.4.2 10.7 c::> 3.U :4;4() -1.09 -20 .1 6.0 ~491 :i30 -.89 -16+5 7+8 517 250 -.90 -?.0.7 14+4 ""' 344 160 -1.69 -24+1 8. fl 392 lM -1. :i8 -19+7 7.6 518 ?.50 -1.41 -:i2. 3 u.s 
345 350 -l+l.:? -18+3 7.4 393 320 -.7?. -13+3 7.1 5:19 ?.50 -1.04 -?.~i. 9 9.1 
346 34() -1.32 -21.6 9.5 ~i9.t1 3~~() -1. 6?. -29+9 7.4 520 170 -1.65 -?.3.5 10.3 
347 260 -.92 -21.1 12.7 395 ?.BO -1,62 -37 .1 7. ~~ 521 260 -.92 -21.2 8. 7 
348 260 -.9t -20.9 12.ff 396 290 -t.61 -:J8.5 J. ') S22 250 -t. o:~ -23.6 12+6 
349 250 -.73 -11>+7 9.7 397 n·o -1. 36 -19.4 3. ~i 52~~ 250 -.98 -22.4 11. 7 
350 260 -,77 -17.6 s.o :i99 16() -1.14 -16+3 4d 5?.4 270 -1.4?. -32+6 12+1 
351 160 -1.58 -n.5 7.4 399 270 -.63 -1.t1. 4 ?. • 5 525 ?."i'() -1.os -24+2 12.0 
352 160 -1,21 -17+3 7. () 400 ?.70 -.72 -t6.5 .s 526 250 -1.01 -2~3. 2 11.e 
353 340 -1.10 -18+0 e.o 4()1 250 - • 4?. -9.6 1 • () 5?."1 26(> - • 9.t1 -21+6 12.7 
354 260 -.a.., -19+3 9.? 4cn ?.SO -.43 -9.8 2 .1 528 25() -.92 -21.2 14.1 
355 350 -1 .• 82 -29.7 10.6 40~i :i:io -·. 6(> -11.1 6.5 529 27(> ~.93 -?.:l. 4 11 +5 
356 ?.90 -.79 -18.2 1:4. 5 4«M 3.rn -.S9 -1().9 6+2 s:~o 250 -.st -18+6 14+2 
357 290 -1. + 15 -26+4 13.2 405 nj() -.49 -u.2 4. () 531 25(> - • 9~! -21.1 14.3 
358 160 -1.45 -20.1 4.7 401, 2Sc) -.4fof -11.0 5.9 5.12 250 -.8.1 -19.1 12+8 
359 () -J.59 -25+9 11 +4 407 J (> -. ~)/) -9.:t ?. • 9 533 25() -.99 -20.s 10+7 
J60 180 -1. 81. -2s.9 6+5 40f:f ?.!5() -,59 -1.~, 7 .e 5:44 ?.SO -1.06 -24+4 13+4 
361 190 -:f. +4?. -3?.+7 12+6 409 29() -.3?. -7.4 1. :~ 535 250 -.87 -2() .1 13+3 
362 120 -2.18 -<14 .1 5.8 ., 10 0 .43 -6.6 1.0 5~~6 250 -.86 -19.7 14+2 
363 180 -1.45 -20.7 5+5 411 260 -.61 -1.4.1 1. 9 537 25() -1.21 -27+9 14+2 
364 290 -.92 -21.1 6.2 41?. ?.50 -,Mi -15+0 ·' S~48 ?.60 -.85 -19+6 14+6 
365 290 -1.29 -29+7 8+0 413 3?.0 -.36 -6.6 2. :i 539 ?.60 -1.00 -23+1 12+3 
366 260 -1.00 -23.t a .1 414 320 -.45 ·-8.?. 4.7 540 250 -.89 -20.s 11+7 367 300 -1.40 -25.8 13.3 415 290 -.35 -8(() 3.5 541. 160 1tc23 -l? .o 17+5 

NEGATIVE PRESSURES ACT fllffWARD, POSIT £V€ f>Rf.:SSUR€S ACT J.HWARD. 



TAJ:tl.E'. 3. PF.AK Cl. ADJ.llNG I. fJAJJS f'OR • .JF. NK INS/F. MP l f'<F. BtJ XI.DX NH - P 11 ·r SBUl'<GH, f-'f:. . 
AVERAGE OF CONF1.6URATYONS A !\HD B :t. «)c)-Yl!.AR Rf.f;URRf.NCf: !NTf.RVAL 

TAP AZI- PRF.SS Nf..GA1'1VF. f'OSHIVf.' TAf' All- f'RF.SS Nf.'.HAHVf." f'OS I 1' I VF. l'Af' Az:t- PRF.SS NH; A TI VF. POSil'IVE 
MIJTH COf.FF Pf.AK Pf.AK MUTH COl!.f'F PEAK Pf.AK MUTH GOE FF Pf.AK PEAK 

PSF f'SF PSF 
54?. ?.5() _, .• tn -?.:i. 4 l~i. 8 590 C) -1.?.9 -?.1. t 1 (~. 8 718 :i:H> -1.66 -30+5 17.2 
543 ?.50 -:t .• 34 -:iO • 9 :t.2.6 591 ?.50 -.72 -16.S 9+5 719 270 1 c ()?. -?.0.7 23.6 
544 250 -1.13 -~~5. 9 11 +3 592 ~4()() ->t~a -16+2 a.o .,.""!() ·.n<> -1.11 -~~5. 4 16+8 
545 ?.50 -1.04 -24+0 13+6 59:i ?.~H> -t.38 -31+7 3. ~; 7?.1 16() -1.56 -22.2 13+8 
546 ?.50 -1.30 -?.9.8 14.9 594 ?.SO -1.48 -34.1 5.6 722 :~:io -1.3!? -?.4+2 23.2 
547 ?.50 -.9~ -21+7 11 +5 59!') ~9() -1 ,n; -?.a.e 7+4 n:i :~:i<> -1.:u. -?.5.0 21. 7 
549 ?.50 -1.22 -?.ft. 2 11.2 596 ?.9() -.69 -15+6 10 c 7 7?.4 250 .92 -?.(). 9 21.2 
549 27<> -1. .09 -?.5+1 15+0 S97 3.lO - • 7.l -Ll+4 6.5 ns .~1.0 -1 • :io -24.0 ?.1+2 
550 ?.50 -1.09 -?.5. 0 16+1 599 0 -1. ~t5 -:?Oc4 1.s 7?.6 260 • 90 -1a.o 20.7 
551 ?.50 -1 • :JS -.u.1 t5.4 ::;99 () -1.fM -~i(). 1 1.s 'JV H~O -t.51 -21.6 20.9 
552 260 -.9?. -n. .?. 16+1 600 160 -1.37 -19c5 4.2 728 :l 70 -l • 4fs -20+7 11.1 
553 270 -.92 -n •?. 13.3 60'.l 40 -1.41 -13+6 J.4 729 16() -1.56 -22.2 14.7 554 250 -.79 -18+1 U.9 601. .'i20 -.S9 -10+8 4+4 7:iO ?.:/() 1+04 -16+7 24.0 
555 250 -.85 -19+6 12+3 603 ~~60 -1.29 -?.9c6 2+6 731 ?.60 l. 01 -19+1 23.3 
556 160 -1.22 -17+5 H.4 604 0 -1.:t.6 -19+0 :t .9 73?. ?.80 1.1~~ -20.3 25.6 
557 ?.80 -.79 -18+2 is.1 605 170 -.75 -10.a 2+6 n:i 270 1+05 -:n.5 24+2 
559 250 -1.40 -:i2 .1 J0.3 606 330 -.56 -10.3 6+6 734 ?.50 1+03 -23+6 23+7 
559 ?.70 -.Si-~ -1a.s 10.s 6()7 .'i:i<) - • !51 -9+4 4.4 ns 270 • 9?. -19.7 ?.1. 2 
560 ?.80 -1..75 -40+2 12.7 609 ?.00 -.74 -1.7d. 10. 0 73c'> ?.fH> 1 +M! -17.7 23+4 
561 ?.50 -.85 -19.6 10.2 609 16(> -.7S -10+6 ?..O 737 ?.70 1+03 -18.6 23+6 
56?. 26() ..;1.56 -:i5. 8 12.0 610 :H<> -.58 -9.5 3.3 739 :?60 .98 -20.2 20+3 56.'4 1.70 -1.?.7 -?.9.2 11.3 6U :J:io -.60 -u.o ,'i. 9 7:49 ?.SO • 7.~ -15.7 16+7 
564 ?.50 -1.12 -?.5.9 12. () 6:1.2 270 -1.35 -31. :l 4.?. 74(> 180 -1.n -17.4 35+2 ...... 
565 ?.50 -1.36 -31+?. 1?..4 63 :i ?.90 -1.46 -33+5 5+?. 741 270 1. 03 -15+7 23+6 0 
5.66 250 -1.11 -25.S 14c3 6l4 ?.7(> -1.36 -31.2 9+8 74?. ?.7(> c97 -19.9 22+3 ..t:' 
567 ?.50 -.96 . -~''-. 0 11.2 /115 270 -.5~ -12. ~j 10 • R 743 :iJO -1.45 -26.7 20+4 
568 ?.70 -.90 -20.s 10.3 616 250 -~55 -12+8 4.8 744 :J:40 -1. 2=i -22+6 22.s 
569 260 -.es -20+3 13.5 617 30(> -.~1 -7.S 7+4 745 270 1.<>9 -19.3 25 .1 
570 260 -1.02 -23.5 9.5 618 0 -.~H -9. :i 6.7 746 25(> t. O?. -18.5 23+4 
571 260 -1. i. 7 -27.0 9.4 619 250 -. ;~11 -7.9 :i. s 747 3:io -1.10 -20. :i 15+1 
572 270 -1 •• ~6 -,H.4 l?.. 2 6?.() ,l?.O -.42 -7.7 5+9 748 :JS<> -1.oa -17.7 12.3 
573 250 -1.04 -24+0 14.1 701 :4?.0 -1.12 -20.1 10.3 749 :no -.92 -21.2 20.1 
574 270 -.81 -18+7 1.l.8 7<n 160 -1.M) -?.~l. 5 10.2 750 ?.50 -.90 -20.e 16+1 
575 290 -.89 -20+5 u .?. 703 160 -1.10 -15.6 15.3 751 :J20 -2.00 -36.8 21.s 
576 290 -1.00 -?.?. • 9 9.3 7<>4 no • ff?. -10.6 1a,9 752 .l~~o -1.?.3 -2?..7 21.5 
577 290 -1.28 -29+4 7.6 705 33() -1..07 -19+6 14.2 753 3~t0 -1.25 -23.0 22.4 578 ~"!70 -1.56 -.l5.8 8.9 7()6 ~i.l() -1. ,f)6 -19+5 to.o 754 29<> -.96 -2?.+0 16.3 
579 270 -1.4?. -3?..6 10.3 707 ~i30 -.99 -1a.1 10.?. nm 16() -1c56 -22.3 14.8 
580 280 -.90 -20.7 10.9 7f)ff 32<) -1 . • 4., -~~6 .s 17.7 7~6 280 -1.?.8 -?.9.4 11.9. 
581 60 -1.81 -17+5 10.7 709 330 -1.12 -2(>c 7 18.9 757 ?.70 -.93 -?.1+3 18.2 
582 310 -.8'1 -1s.4 6+7 71<) ?.60 > a:i -1.6+8 19.0 758 ~4~~0 -1.54 -?.8.4 20.7 
583 310 -.93 -17.t 5.3 7U 33(> -.SH -16.3 12.0 759 j 7(J -1.57 -2?.+4 15+0 
584 280 -1.73 -.~9. 9 5+2 71?. ~~20 -1.. i-~3 -?.2+6 ?.?..3 '}6') .12<> -1.91 -.15 .1 19.4 
585 270 -1.47 -33.7 7+4 7:1 :i 270 .94 -n .. fi 21+6 761 170 -1.42 -20.3 12.7 
586 250 -1.~H -~40. 8 8.4 7'-4 ?.6C) .86 -t9.7 19.8 762 ~J ?.() -2.71 -49.9 12.2 
587 ?.90 -.74 -17+0 11+7 715 34(> -1 ( 1~~ -10.~; 14.7 763 320 -1. 9::! -:is. 4 15+8 
588 250 -.64 -14+8 '}. 2 716 1.50 .Ha -18+7 ?.Q. 2 764 ~U<> -1.12 -20.5 15+8 
589 350 -1.15 -19.7 i.5 717 200 1c05 -16.0 ?.4.?. 765 ~i30 -t.43 -26.J 21.5 

NEGATIVE PRESSURES 
1 

ACT OlJTWARDr POSITIVE PRf.SSlJRf:S ACT INWARD+ 



TABLF.. 3. PF.AK Cl.AJ)J)ING 1.fJAJ.•S FOR : .ff NK I NS/F:"HP IF<f:" ltlJll. JJINH - PX Tl SlllJRBH, f'A • AVERAGE OF GONF !GURA T !ONS A AND B 100-Yf.AR Rf.CURRENCE INTf.RVAL 
TAP AZI- PRESS NF..GATIVF. PfJSHlVF:" 1Af' AZI- Pf.:F:"SS NEBAl" IVf." POSITl\'F. TAP A7.l- f'RF.SS NF.fHHIVE POSITIVE MUTH COE FF PEAK Pf.AK HIHH COf.f"F PEAK Pf.AK HUTH Ctlf.FF PEAK PEAK PSF PSF f'SF 
766 uo -L ?.O -n.1 20.0 814 ?.5() .so -7.9 11.5 94() 1.90 -.57 -1.1.1 10.5 767 170 -1.16 -16.5 14.4 815 250 -.39 -9.9 5. 2 941 0 -.67 -10.9 6.8 76R 180 -1.·n -10.1 1~"?.0 816 • 15() -1.11 . -?.0.0 6.2 942 1.50 -.77 -17.7 13.7 769 330 -1.02 -:1.0.0 16.1 8l.7 10 -1.17 -19.2 6.4 943 ?.SO -.84 -19.2 10.9 770 :4'~ 0 -i .tn -18.7 4.8 R1ff :I.() -d·l.1 -1:4.5 10.5 944 1.5C) -.55 -12.7 8.6 771 320 -1.44 -26.4 7.6 819 160 -1cOS -15. () 13.4 945 280 -c74 -17.0 8.4 77'2 :430 -1.56 -?.8.6 1:4.3 8?.() 1:.10 -1 • ?.~j -17.9 :1.0.8 946 ?.50 -.62 -14.3 14.0 773 350 -1.07 -17.4 14.3 921 160 -1c74 -?.4.8 1.a 947 :43() 1.01 -16.9 18.6 774 170 -1. :u, -19.4 17.6 82?. 1.0 -1'1.6 -18.9 .'i. 9 948 :4~~0 1.18 -16.5 21.7 775 350 -1.14 -19.7 11.s 901 28(> -.60 -1:4.7 a.a 949 ?.SO -.83 -19.2 18.2 776 0 -.98 -1/J.O 9.9 90?. 1.6() dM -1/J.3 19.4 950 180 .84 -11. 7 12.0 777 330 -1.17 -:n.6 5.2 90:i 26() • 9=i -18.3 21.4 951 250 -.78 -17.9 9.3 778 340 -1 '5/J -25.5 0.2 904 ?.ff() 1'07 -io.7 ?.4.5 952 250 -.69 -15.9 4.8 779 340 -1.56 -25.5 12.3 90f1 28(> c 70 -10.6 16t1 953 ?.50 -.81 -18.6 9.7 780 330 -.94 -17.J 11.. 5 9f)/, :BO - .I.it -11.3 /,. 1 954 10 .97 -1.'4+6 15.8 781 150 -1.61 -17.8 15.3 907 260 -c'l'l -11.a 9.5 955 ?.50 -.61 -1:i.9 6.4 782 0 -1.18 -19.2 11.7 9()8 1.SO -.77 -17.7 14.9 956 :4:rn -.78 -14.4 6.7 783 0 -1.15 -18.8 8 .1 909 160 -c02 -11. 7 9. :i 957 32(> -.79 -14.5 6.3 784 330 -1.32 -24.3 4.5 910 250 -c98 -22.6 1.0. 5 958 :no -1.S'l -36.1 11.2 785 :4~'40 -1.48 -27.2 6.2 911 ~!60 -1. ~!O -'27.7 ?.0.9 959 280 -.56 -12.9 8.6 786 330 -1.19 -:n.9 8.9 912 l70 -L64 -2=i. 4 21.7 9(,0 16(> -1.63 -23. :i 6.9 s 787 160 -1,?.0 -17 .1 1:4.3 91 .• ~ ?.60 -1.09 -2s.1 ~!4. 4 961 no -1.43 -20.J 7.7 788 140 -2.11 -?.3+3 u.. 0 914 170 -1.oa -15.5 11. a 96~t ?.50 -c60 -15.7 8.9 V1 789 0 -:1 .• 00 -17.6 7.8 915 3:~0 -.76 -:14.0 12.3 96=i 170 -1. 7=i -24.7 9.2 790 0 -1.19 -19.4 8+4 916 ::>ff(> -1.39 -31.9 11. 7 964 160 -1.41 -20.2 6.4 791 160 -1.56 -?.'.l. 3 9.9 917 ?.60 -1.30 -3().0 1S»7 965 1RO -1.18 -11J.8 s.2 792 160 -1.29 -18.4 10.9 91B 27(> -.89 -20.4 ?..5 966 170 -1.48 -21.1 3.8 793 0 -1.53 -2s.1 10.7 919 25(> -.94 -?.1.7 14.1 967 250 -.59 -13.7 4.3 794 10 -1. O.'i -1/J.8 1().5 9?.() ?.SO -.as -19.6 4.9 968 ~~20 -.86 -12.2 3.6 795 350 -.63 -10.3 6.8 921 J=io -1. O?. -1a.a '-. 3 9(,9 25(> -1.19 -27.3 4.5 796 350 -.82 -1:4. 4 11.6 9?.?. ~!SO -1 ,()() -<'!~i. 0 19.5 970 ?.SO -.as -20.1 5.5 797 250 -.70 -16.1 s.o 923 290 -.72 -16.6 1.9 971 ?.SO -.49 -11.4 3.8 798 330 -1.09 -20.1 4.9 924 :i20 -.89 -16c4 13.B 1001 3:4<> -.98 -10.0 17.0 799 340 -1.41 -:n. o 6. '). 925 330 -t.00 -1B.4 17.2 1002 0 -1.. 0:1. -16.4 10.7 800 330 -1.1:1 -20.4 10.9 926 320 -.fJ9 -16.4 6c8 1003 ~'50 -.96 -:n. o 7.5 801 0 -1.15 -18.9 10.a 927 ?.60 - • 7=i -16. 7 7.7 1004 270 -.87 -20.0 12.4 802 160 -1.79 -25.5 14.7 920 160 -1.81 -25.8 Sc? 10(>5 29(> -,70 -16.1 6.8 803 150 -1.78 -1. 9. 6 a.8 9?.9 ?./, () -1.?.1 -?.7.8 1?. '2 100/J .uo -l .10 -~~o • J 14.7 804 140 -1. 72 -19.0 6.9 930 26(> -c70 -10.0 11.s 10(>? 27() -c76 -17.4 9.7 805 250 .53 -8.0 1?. .1 9.H 25() -.1() -16.1 1:4. 3 1l)t)8 250 -.70 -16.1 15.4 806 280 -.61 -14.0 5.9 932 ~?50 -.76 -17,4 s.2 10(>9 ?.~O -.a6 -19.7 13.5 807 1.90 -.39 -9.0 7.4 93=i ?.SO -.75 -17,3 /,. 2 10l0 250 -.76 -17.5 15.4 808 250 -.49 -11.2 4.3 934 260 -.73 -16.8 6.7 1011 :iOC> -.64 -11.0 9.4 
H?i 358 =~:g -35.4 5.3 9,1S ?.50 -,56 -1:4. 0 7.2 101?. 1.SO -./,4 -14.7 14.6 

-20.0 11.1 936 280 -.58 -13 c :~ 7.6 1013 ?.90 -c72 -16.5 4+6 
811 160 -1.10 -15.7 10.1 9~i7 160 -1.19 -11.0 9.6 1014 <'!60 -.69 -15.9 6.8 812 160 -1.56 -:n.2 7.5 938 340 -1.16 -18c9 9.6 1015 27(> -.76 -17.5 5.6 813 1.50 .42 -8.3 9+6 939 340 -1, :i4 -21+9 11.3 1()16 ?.M> - • 7~i -1/J.9 8.9 

NEGATIVE PRF.'.SSlJRES 
1 

Af;T OlJlWARD' f'OSl nvr:: f'kF.SSlJRF.S ACT INWARD. 



TABl.E'. 3. PF.AK f;f. AJHH Nf; L.fJADS FOR • .Jf.'.NK l NS/f.'Mf' I RF. lllJ II.DI NH - f' In Sf.IUF.:BH, PA. . 
AVERAGE OF CONFIGURATIONS A ANfJ ll 1')0-YE:AR RECURRENCE INTERVAL 
TAP AZI- PRESS NF.GATIVF. POSlHVE. lAf' A7.l- PRESS NEGATIVF. POSH IVE TAf' Al.I- PRF::SS NF.6AlIVE" POSillVE 

HUTH COE'FF PE.AK PF.AK HUTH GOF.Ff' PEAK PE'AK MUlH f;OEFF PEAK PEAK 
PSF PSF f'SF ~ 

1017 330 -.92 -16.9 1.0 1021 250 -dj4 -12+5 10+2 1025 250 -.36 -8.3 3+1 c en 
1018 250 -.55 -1:1.] 7.1 1022 250 -.3() -6+8 2.s 1026 ?.50 -.44 -10.1 4+2 
1019 310 -.85 -15+7 s.e 1023 250 - • ~j6 -12.e 2+4 1027 270 - • :o -8.5 2+6 
10:?0 330 -1.20 -22.0 7.4 10~!4 250 -.19 -10.2 2+3 10?.8 270 -.27 -6.3 4.2 

NEtlArIVF.: PRESSURf.S ACT OUTWARO, Pos 1 r r •Jt-: PRESSUIU:S f\CT lNWARO. 
1 



TABLE 3. PF.AK LOADS FOR t ,JF.NtONS/F.Hf'IRf.. fHJil.J.IXNB - PITTSJ:tlJR6H,PA. 
LAR6f.S'f VAUJF.S OF Ct .. ADIHNG LOAD j.00-YF.:f.lR Rf.Ff.RENCF.: PRF.SSlJRE 

* * 15 ARF. ATF:"ST f'Rf.'SSURf. HAGN IT lJ J.tf.. S * * 
TAP All- PRF:'SS NEBATJ:Vf:' POSll :tVE 

MUTH COF.:F"F PEAK PEAK 
PSF 

168 '):JC) -~~. ~u -55+5 U .• o 
76';!. 3':!0 -2.71 -"19c 9 :1.2. 2 
i 6:1 2RO -~:>' 01 -46~3 :t 5. 0 
155 ';-!]() -:t. (• 90 -43.7 22.5 
560 ~1 80 -1.75 -40. ~~ :t.2. 7 
594 ::"?80 -:t.) 1:-s -,19. 9 s.2 
396 290 -L67 -:~a ( s 7.2 lo-

0 
"..J 

:t.29 270 -:t .• 6~ -:~a, <> 22,2 
~i95 ~~BO -:t .• 62 -:~7 ( 1 7.3 
75l ~i=?.O -';t. 00 -~i6. a 2:t.. R 
128 260 -:t. ( 59 -:~6. 5 :t.R. 9 

950 270 -:t. .57 -:~6 ( 1 :t.1. 2 

56~~ ~"?60 -:t.. S6 -:~5) 8 :t. ~~. 0 

570 270 -:t. ( 56 -:~5. A R.9 
809 ~~so -?.t:t.7 -,~5. 4 S.3 



TABLE 3. PF..AK l.OAJJS FOR CONFIGURATION f.t • Jf:.HKINS/F.Hf'Ikf." ltlHf.DlNH - f'IlTSBlJROH,P~. • lARllF.ST •JAUJES OF CLADDING LOAD Rf.FERENCE PRESSURE = ?.,1 .o PSF 
TAP A7.I- PRF.SS NH;AHVF. PO~Hl IVf:' TAP A7.J.- PRF.SS Nf:.fiAHVF. f'OSillVF.. TAP All- PRF.SS NEG A Tl VE f'OSl lIVE 

HU fH CO€f'F Pf.AK PF.:AK HOTH COf.FF P€AK PEAK HUTH Ctlf.Ff' Pf.AK PEAK 
"""" f'SF f'SF f'SF c.::> 
00 

160 58 -t.77 -17.1 14.4 .162 1:~8 -?..1S -?.,l. 7 5 .1 599 :458 -2.?.0 -35.9 2.3 
161 268 -2.24 -51.5 14+9 378 156 -1,95 -:!7. 8 4~5 76?. ;u4 -3.()?. -55.7 13.6 
168 274 -2.66 -61.1 13+1 562 26() -1.79 -41c1 10.2 809 ;~46 -2.25 -36.7 6+1 
360 156 -1,87 -26.7 7.3 
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