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Executive Summary 
 
This report considers the lateral systems of the Medical Office Building in Malvern, Pa.  The building site is in 
a corporate park with several low to medium rise buildings.  It is an extension of an existing complex and joins 
the previous buildings with a sky bridge.  Although mostly office space, the building does include a small 
auditorium that is used for conferences and stockholder meetings.  The open office space and auditorium benefit 
from the 28’ square bays that are the basis of the structural system.  The gravity system is composed of filigree 
slabs and beams resting on cast in place concrete columns.  The lateral system is made up of cast in place 
frames in the east-west direction, and framing beams in the north-south direction. 
 
The frames and beams in the building were analyzed based on strength and overturning.  Deflection was not 
considered because the building is only four (4) stories above grade and was considered to be very stiff.  The 
lateral loads that were utilized in the analysis were those due to wind.  These loads were distributed to the 
frames in both directions based on the relative stiffness of each frame.  The wind loads were divided among the 
stories based on the pressure gradient.  Torsion in the frame was found to be 3189’k, the effects of this moment 
were felt mostly by the outermost frames in the north-south direction.  The combined load of torsion and direct 
shear was used to calculate the overturning moments for each frame.  The critical frame for overturning was 
determined to be a combined effect of the two west most north-south frames. 
 
The overturning moments experienced by the critical frames were 47530’k and 24362’k.  These frames together 
generated a net uplift of 576k on the column between them.  After applying the axial loads to the column from 
above, 205k of uplift still existed.  This means that the frame will overturn unless underpinning is provided.  
This underpinning may be provided by the strip footing at the base of the column that also bears the weight of 
three other columns that are not likely experiencing a net uplift.  The remaining frames experienced 
significantly less uplift and were not considered to suffer from uplift. 
 
In addition to uplift, the strength of the individual members in the frames had to be tested.  A spot check of a 
beam and column in the east most central frame was used to determine the adequacy of member strength.  The 
beam and column considered are those on the exterior bay below the top floor.  A mistake in the load 
calculation resulted in a moment of 657’k, well above the strength of the beam, which was found to be 367’k 
without the safety factor.  A 30% reduction of the negative load to estimate the correct amount found the 
ultimate moment to be 460’k, which places the beams design within an error resulting from design assumptions. 
 
The column was also affected by the incorrect moment generated in the beam, but no corrections were 
necessary to verify the design.  The column experienced an axial load of 326.9k and a moment of 308’k, the 
actual moment would be less so the use of the incorrect moment is conservative.  Using column tables it was 
found that a reinforcing ratio of roughly 0.010 was required and the current design provided 0.015 so the 
column checks out. 
 
Overall, the lateral system check is good.  The overturning of the one frame may be resolved by the foundation 
design.  The discrepancies in the beam can be dismissed as errors in analysis.  The column appears to be over 
designed for the top, but is probably good for the bottom of the frame. 
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Introduction 
 
The Medical Office Building resides in a corporate park in Malvern, PA.  The park has several low to medium 
height buildings that are clustered on moderately spaced sites.  The Medical Office Building is an extension of 
an existing complex, and is used mostly as office space for two departments.  However, an auditorium in the 
basement serves as the central location for meetings and conferences for the entire complex.  A sky bridge on 
the third floor joins the Medical Office Building to a neighboring building allowing indoor travel between the 
existing complex. 
 
The structural system of the Medical Office building is predominantly concrete, although steel trusses are used 
to span the atrium along the southwest wall.  Filigree slabs and beams resting on cast in place concrete columns 
serve as the gravity system in the building.  The columns are aligned on square bays measuring twenty-eight 
(28) feet to a side, except for the southwestern curve, which uses a radial alignment for the exterior columns.  
The building height varies from roughly 40’ above grade to as much as 68’ above grade.  The lateral system is 
comprised of five (5) frames in the east-west direction and eight (8) beams on columns in the north-south 
direction.  A typical floor plan showing the location of the frames appears below. 
 

 
Figure 1 – Floor plan with frames 
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This report investigates the lateral support system of the Medical Office Building.  The system was analyzed 
under wind loads in combination with live and dead loads.  The system was tested for both strength and 
overturning.  Spot checks of one horizontal member and one vertical member were also performed.  Each 
component of the study is reported separately as follows: 

• Loads 
• Frames 
• Overturning 
• Beam Check 
• Column Check 

 
Loads  
 
Wind loads, live loads, and dead loads all play a role in the analysis of the lateral system.  These loads were 
determined using ASCE 7-02 in most cases, and the judgment of the analyzer where ASCE 7-02 did not apply.  
The live loads and dead loads based on these considerations were taken as: 

Lobbies & 1st floor corridors 100 psf
2nd floor corridors 80 psf
Offices 50 psf
Stairwells 100 psf
Roof Live Load 20 psf
Filigree Dead Load 50 psf

For ease of calculations the live load was considered to always be 100 psf.  The wind loads on the building 
depend on the direction of the wind and the height of the building.  Because of the sloping nature of the site, and 
the resulting variation in the height of the building, the wind loads were estimated based on a mean height for 
each side of the building.  The loads for the four principal directions are summarized in the following charts. 

East  G= 0.81 GCpi= 0.18 
  Cp(wind)= 0.80 Cp(lee)= -0.425 
Height Kz q Windward Leeward Total 
0-15ft. 0.57 11.82 5.53 -8.44 13.97 
20ft. 0.62 12.86 6.02 -8.44 14.46 
25ft. 0.66 13.69 6.41 -8.44 14.84 
30ft. 0.70 14.52 6.79 -8.44 15.23 
40ft. 0.76 15.76 7.38 -8.44 15.81 
43ft. 0.78 16.09 7.53 -8.44 15.97 
      
South  G= 0.79 GCpi= 0.18 
  Cp(wind)= 0.80 Cp(lee)= -0.5 
Height Kz q Windward Leeward Total 
0-15ft. 0.57 11.82 5.34 -9.78 15.12 
20ft. 0.62 12.86 5.81 -9.78 15.59 
25ft. 0.66 13.69 6.19 -9.78 15.97 
30ft. 0.70 14.52 6.56 -9.78 16.34 
40ft. 0.76 15.76 7.12 -9.78 16.90 
50ft. 0.81 16.80 7.59 -9.78 17.37 
53ft. 0.82 17.01 7.69 -9.78 17.47 
      
West  G= 0.81 GCpi= 0.18 
  Cp(wind)= 0.80 Cp(lee)= -0.425 
Height Kz q Windward Leeward Total 
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0-15ft. 0.57 11.82 5.53 -9.20 14.73 
20ft. 0.62 12.86 6.02 -9.20 15.22 
25ft. 0.66 13.69 6.41 -9.20 15.60 
30ft. 0.70 14.52 6.79 -9.20 15.99 
40ft. 0.76 15.76 7.38 -9.20 16.58 
50ft. 0.81 16.80 7.86 -9.20 17.06 
59ft. 0.85 17.55 8.21 -9.20 17.41 
      
North  G= 0.79 GCpi= 0.18 
  Cp(wind)= 0.80 Cp(lee)= -0.5 
Height Kz q Windward Leeward Total 
0-15ft. 0.57 11.82 5.34 -9.85 15.19 
20ft. 0.62 12.86 5.81 -9.85 15.66 
25ft. 0.66 13.69 6.19 -9.85 16.04 
30ft. 0.70 14.52 6.56 -9.85 16.41 
40ft. 0.76 15.76 7.12 -9.85 16.98 
50ft. 0.81 16.80 7.59 -9.85 17.44 
54ft. 0.83 17.13 7.74 -9.85 17.59 

The maximum pressures resulting from the wind in the east-west direction and north-south direction are west 
and north.  These two directions were used to determine the wind loads on the frames.  The force due to wind 
was distributed to each story based on the pressure gradient (Figure 2).  This force then has to be distributed 
among the lateral support elements before the analysis can continue. 
 

 
Figure 2 – Wind pressure gradients and equivalent loads. 

 
Frames 
 
The lateral support system of the Medical Office Buildings consists of frames in both directions.  The entire 
system runs nearly the full length of the building in the east-west direction and remains centered in the north-
south direction (Figure 3).  The frames in the east-west direction include both columns and beams, but in the 
north-south direction the beams rest on girders before transferring the load to the columns.  This results in 
torsion in the girders that only partially transfers to the columns.  In the east-west direction the load transfers 
directly to the columns.  Page three (3) of the appendix includes sketches of each frame; a general sketch 
appears in figure 4. 
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 Figure 3 – Frame layout Figure 4 – Typical frame elevation 

 
Each member in the lateral support system will take load relative to its stiffness.  For the beams in the north-
south direction, the stiffness is equal because each beam is the same size and has the same supports.  Because 
there are eight (8) beams, each will take 1/8th of the load due to wind.  In the east-west direction the five (5) 
frames each have different properties.  In order to distribute the load among the frames, each frame’s stiffness 
must be determined.  Stiffness refers to an elements ability to resist deflections and is defined by the following 
equation. 

 
∆

=
FK  (1) 

The stiffness of each frame was estimated by performing a portal analysis of the exterior column of each frame 
due to a force at the top of the frame.  The calculations of stiffness are detailed in the appendix; the results are 
summarized in the following table. 

Frame K 
1 0.147 
2 0.147 
3 0.353 
4 0.072 
5 0.280 

In addition to distributing the loads based on stiffness, it is necessary to consider torsion within the lateral 
system that may result from the distribution of loads.  Torsion in the frame occurs when the center of mass does 
not coincide with the center of stiffness.  For the Medical Office Building the center of mass is located 89’ from 
the north wall and 128’ from the east wall and the center of stiffness is located 82’ from the north wall and 144’ 
from the east wall.  This results in eccentricities that lead to a total torsion moment of 3189’k.  This moment 
results in additional shearing forces in the lateral system based on the stiffness and eccentricity of the individual 
frames.  The results of this distribution are presented below. 
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Frame Shear 
1 26.291 
2 144.480 
3 63.134 
4 70.766 
5 226.191 
A 701.854 
B 569.339 
C 103.290 
D 55.172 
E 42.059 
F 61.650 
G 501.226 
H 1066.100 

The final step in the distribution of load to the frames is to distribute the new frame shears to the stories in the 
frame based on the previous distribution related to the wind pressure.  These results are summarized in the 
following tables. 

Level Wind Frame 1 Frame 2 Frame 3 Frame 4 Frame 5    
R 31.90 4.77 26.19 11.44 12.83 41.00    
1 46.90 7.01 38.50 16.82 18.86 60.27    
2 44.90 6.71 36.86 16.11 18.05 57.70    
3 36.80 5.50 30.21 13.20 14.80 47.29    
4 15.50 2.32 12.72 5.56 6.23 19.92    
          

Level Wind Frame A Frame B Frame C Frame D Frame E Frame F Frame G Frame H 
R 44.30 134.66 109.23 17.17 9.17 8.07 11.83 96.16 177.22 
1 65.10 197.88 160.52 25.23 13.48 11.86 17.38 141.32 260.42 
2 62.10 188.76 153.12 24.07 12.86 11.31 16.58 134.80 248.42 
3 59.40 180.55 146.46 23.02 12.30 10.82 15.86 128.94 237.62 
4 35.60 0.00 0.00 13.80 7.37 0.00 0.00 0.00 142.41 

 
Overturning 
 
One of the possible failure methods of a lateral system is that it could overturn.  Overturning occurs if the load 
on a column becomes tensile instead of compressive.  Unless underpinning is provided, this results in the 
footing pulling up out of the ground and the entire frame toppling over.  The overturning moment of each frame 
is based on the load carried by the frame at the stories. The following table summarizes the overturning 
moments of each frame. 

 Frame 1 Frame 2 Frame 3 Frame 4 Frame 5    
Mot= 855.68 4702.36 2938.67 2373.96 10528.50    

         
 Frame A Frame B Frame C Frame D Frame E Frame F Frame G Frame H 

Mot= 24287.66 19702.00 3417.18 1825.28 1581.62 2318.36 24362.08 47530.47 
The overturning moment can be distributed to the columns numerous ways.  For this report the column loads 
were distributed based on the contribution of the column to the overall moment of inertia of the frame.  The 
resultant uplift on each frame due to the overturning moment can be found in the appendix starting at page 8. In 
general the uplift due to wind is insignificant compared to the loading due to gravity on the column, so 
overturning was considered non critical to the design of most, but not all, frames 
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The case resulting in the most uplift is the combined effects of frames G and H on Column 17-GG.  The uplift 
due to the wind load is 576 k.  The weight of the column, the roof, and the floors all work to hold the column 
down.  Applying the worst load combination there is a net uplift of 205 k on the column.  This means that the 
frame will overturn unless the footing can hold it down.  The footing underneath the column is part of a strip 
that supports three other columns.  If these columns provide enough downward restraint, it may prevent 
overturning of column 17-EE. 
 
Beam Check 
 
Not only must the frames resist overturning, but they must also be able to bear load.  The beam located in frame 
1 between column lines 24 and 23 on level 1 was chosen as the member to be checked.  The wind load was 
determined from a portal analysis of frame 1.  The dead and live loads were patterned to result in the largest 
moment in the beam.  Figure 5 shows the resulting moment diagrams for the wind load, dead load, maximum 
negative moment live load, and maximum positive moment live load on the beam. 
 

 
Figure 5 – Moment diagrams for beam at frame 1 level 1 

 
The load combination resulting in the worse moment was 1.2D+1.6L+1.0W and the maximum moment for this 
combination was 657’k.  The beam as built is a 48x18 beam with 6-#8 bars in the top strand and 6-#6 bars in the 
bottom strand.  This results in a ρ value of 0.010.  Entering a beam chart (Nilson 2004) with 40 ksi steel and 3 
ksi concrete yields an R value of 367 psi.  Through some manipulation of the numbers the maximum bending 
moment of the beam is found to be 358’k before the safety factor.  This is significantly less than the required 
capacity of 657’k.  Therefore this beam appears under designed.  The estimation used for the frame system may 
be responsible for over estimating the negative moments and thus causing the large capacity requirement.  A 
more thorough analysis would likely result in less required capacity. 
 
A mistake in the calculations is responsible for the large required moment.  A moment factor of 1/8 was taken 
instead of 1/12, the adjustment is discussed in conclusions. 
 
Column Check 
 
The exterior column beneath level 1 in frame 1 was checked for strength as a representative of the vertical 
frame elements.  The same load combinations used in the bema check were used for the column check.  The 
resulting moment diagrams for the columns are presented in figure 6. 
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Figure 6 – Moment diagrams for column 24-FF 
 
The worst case load combination resulted in an axial force of 326.9 k and a moment of 308’k.  This is 
equivalent to the load having a 10” eccentricity.  Using a column chart (Nilson 2004) to plot the axial and 
moment strength percentages shows a required ρ of 0.01.  The current column provides a ρ of 0.015 therefore it 
more than meets the requirements for strength. 
 
Conclusions 
 
The lateral system of the Medical Office Building generally supports the necessary wind loads.  The frames are 
balanced in both directions resulting in a relatively small moment due to torsion.  This moment does however 
lead to a rather large shear in the north-south frames that are far from the center of the building.  This larger 
force in the frames results in very high overturning at the extreme frames that in the tested case appeared to fail 
the frame.  The strip footing may be able to hold down the frame if the other three columns provide enough net 
downward force.  Most of the building experiences much smaller loads and would be unlikely to overturn. 
 
The frames themselves also have to be able to bear the stresses induced by the lateral loads.  In the case of the 
beam in frame 1 that was investigated, there was not enough capacity to bear the required load.  The estimation 
used in this analysis largely favored the negative moment because of a mistake in the calculation of the fixed 
end moments.  Reducing the moments by roughly 30% to reflect a change of the moment coefficient to 1/12 
from 1/8 results in a required strength of 460’k, this doesn’t appear to be a large enough change to validate the 
beam design, but it does bring the margin of error into the range of being a poor estimation of the frame 
behavior.  The same change would lower the loads on the column in frame 1 as well, but since it had enough 
strength to bear the increased loads it should be more than capable of taking the reduced loads. 
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