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Executive Summary: 

 
 

The purpose of this report is to determine through analytical methods the response 
of the lateral force resisting system implemented for the design of the 260 foot tall office 
tower, Tower 333 in Bellevue, Washington under seismic and wind loads.  

 
 
Existing Lateral System: 
 

The existing lateral system is a dual-resisting system using a combination of 
special exterior moment frames and a special concrete shear wall centralized core. The 
concrete core is 40 feet by 32 feet with 5 foot openings for elevator access in the 32 foot 
length side. The moment frames consist of rolled W shapes with the columns ranging 
from W14x730 at the mezzanine level to W14x132 at the penthouse level.  The moment 
frame beams range in size from W36x256 at floor 1 to W18x86 at the penthouse level.  

 
 
Gravity System:  
 

The existing gravity system is a 2-1/2” concrete slab on a 3” deep metal 
composite deck with an f’c of 4,000psi and WWF 6x6 W3.5xW3.5 reinforcing.  
Supporting the slab are W18x40 composite steel beams which span 42’ N-S in a typical 
bay. The beams frame into composite steel girders on the interior which are typically 
W18x97 spanning E-W. 
 
 
 
Conclusion:  
 

In order to determine Tower 333’s lateral resisting system response to seismic and 
wind loads a model of Tower 333’s lateral system was created in ETABS. Only the core 
and perimeter moment frames were modeled and connected with a rigid diaphragm on 
each floor. Then the model was loaded with seismic and wind forces calculated using 
spreadsheets in accordance with ASCE-7 ’05 and analyzed under the different load 
combinations required by ASCE-7.  Using this ETABS model, in conjunction with hand 
calculated spot checks I was able to confirm that the assumptions made prior to the 
design of Tower 333 were correct. These assumptions include drift limitations of L/400 
for wind and ASCE-7 ’05 section 12.8.6 allowable drift for seismic. Based on the relative 
base shear distributions, it was determined that the moment frames resist 10% of the 
lateral load. However, these frames were initially designed for 25% of the seismic force 
in conjunction with the dual system requirements of ASCE-7 for the Seattle area. An 
examination of the drift results reveals that the dual system as originally designed is well 
balanced and subject to only minimal building torsions. 



 

 
 

Parfitt – Tower 333 
Page 4 of 29 

  

 
Existing Structural System: 

 
 
 

Introduction:  
 

Tower 333 is an 18 story office building located in Bellevue Washington. The 
total height of Tower 333 is 260 feet tall with 8 levels of below ground parking that 
extends 93 below grade. The building is scheduled to be completed in December of 2007. 
However, due to the recent tower-crane collapse on the construction site on November 
16th this date could be postponed further, (see additional links on Author’s CPEP website 
for more details.) The code used to design Tower 333 was the IBC 2003 with reference to 
ASCE-7 02’ for load values. For this analysis, ASCE -7 05’ was used as an update.  
When using ETABS for this report user defined loading for seismic and wind forces were 
calculated by spread sheet using ASCE-7 ’05 and assigned to the model as a static 
representation of the dynamic loads.  
 
 
 
Existing Gravity System:  
 

The typical bay of the upper office floors of Tower 333 are supported by 42’ long 
W18x40 composite beams with a camber of 1-1/2” and 30’ long W18x97 composite 
girders with a camber of  ¾”. Both have a strength of 50ksi. These members in turn 
support a 2-1/2” concrete slab on a 3” deep composite metal deck with the strength of the 
concrete being 4,000psi. To control expansion and contraction of the concrete there is 
WWF 6x6 W3.5xW3.5 reinforcing in the slab. The floor to floor height is 13’-10” and 
the overall weight of this system is 58 psf with a framing depth of 24”. The finished floor 
to finished ceiling height is 10’ which allows 2-10” of plenum clearance space. This 
plenum space is utilized for the mechanical equipment which incorporates a variety of 
12” and 14” deep ducts to transport air to strip diffusers along the perimeter of the 
building. Refer to Figure 1 for a framing plan of the existing system.   
 
 
 
Existing Lateral Framing System:  
 

The lateral system is a dual-resisting system utilizing a special concrete core and 
perimeter special moment frames. The concrete core consists of 2 foot thick walls, 40 feet 
in length along the North-South direction and 32 feet in length with 5 foot openings for 
elevator access in the East-West direction. See Figure 2 for layout of the core and frames.  
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The concrete shear walls have a bearing capacity of f’c = 9000 psi, with two 

curtains of #7 rebar at 12 inches on center and #5 hoops and ties at 6 inches on center. 
The core extends the full height of the building from sub parking level 8 to the roof level, 
a total of 338 feet. There are a total of four moment frames around the perimeter of 
Tower 333. One moment frame is on each North and South face, consisting of 3-30 foot 
bays with columns ranging from W14x730 at the mezzanine level to W14x132 at the 
penthouse level. The beams on the North and South frames range from W24x176 at floor 
1 to W18x86 at the penthouse floor. The other two moment frames are on the East and 
West face, with one 26 foot bay and one 42 foot bay containing a range of columns from 
W14x550 at the mezzanine level to W14x132 at the penthouse level and beams ranging 
in size from W36x256 at floor 1 to W18x86 at the penthouse floor.  
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Figure 1: 
Existing Structural Steel Floor Framing 
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Figure 2 
Existing dual core and moment frame lateral system. 



 

 
 

Parfitt – Tower 333 
Page 8 of 29 

  

Lateral Loads: 
 
Wind Forces:  
 

Although it has been determined that the wind forces are not the controlling 
lateral force case, the tables in Figure 3 show the wind forces implemented on each floor 
for the model of Tower 333 in ETABS. These forces were calculated through ASCE-7 
’05 Chapter 6. Tower 333 is in an Exposure Category B, with an importance factor of 1.0 
and with wind speed V=85mph. The results from ETABS for drift were a maximum 
displacement of 3.47 inches in the East-West direction and 4.33 inches in the North-
South direction, both of which are well below the assumed drift tolerance of L/400 which 
equals 8 inches. A summary of the results follows:  
 
 
D I S P L A C E M E N T S   A N D   D R I F T S   AT   P O I N T   O B J E C T   88 

(Wind Force in East-West Direction) 
 

STORY          DISP-X      DISP-Y         DRIFT-X     DRIFT-Y 
 

ROOF             3.473071    0.027104        0.001175    0.000008 
STORY18        3.278020    0.025794        0.001190    0.000008 

 
 

D I S P L A C E M E N T S   A N D   D R I F T S   AT   P O I N T   O B J E C T   88 
(Wind Force in North-South Direction) 

  
        STORY          DISP-X      DISP-Y         DRIFT-X     DRIFT-Y 

  
         ROOF        0.199125    4.329639        0.000020    0.001570 
STORY18        0.195839    4.068970        0.000025    0.001580 
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Figure 3. 
Lateral Forces Due to Wind 

 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Parfitt – Tower 333 
Page 10 of 29 

  

 
Seismic Loads: 
 

The controlling forces in the lateral direction for Tower 333 were determined to 
be the seismic forces. These forces were obtained through ASCE-7 ’05 Chapter 12 and 
are displayed in Figure 4. Using the shear forces per floor (in kips) from Figure 4 and 
inputting that data into the ETABS model acting at the center of gravity of each floor, it 
was found that the maximum displacements were 12.92 inches in the East-West direction 
and 10.88 inches in the North-South direction. Using the amplification factor found in 
ASCE-7 ’05 equation 12.8-15 the seismic story drift at the roof level resulted in 51.68 
inches in the East-West direction and 43.52 inches in the North-South direction. Both 
these drift values are well below the limit obtained from ASCE-7 ’05 table 12.12-1 which 
was determined to be 70.4 inches.  A summary of this info follows: 
 
 
 

D I S P L A C E M E N T S   A N D   D R I F T S   AT   P O I N T   O B J E C T   88 
(Seismic Force in East-West Direction)  

 
        STORY          DISP-X      DISP-Y         DRIFT-X     DRIFT-Y 

  
         ROOF            12.929284    -0.018166        0.004583    0.000017 
      STORY18       12.168436   -0.021037        0.004649    0.000013 

       
 

D I S P L A C E M E N T S   A N D   D R I F T S   AT   P O I N T   O B J E C T   88 
 (Seismic Force in North-South Direction)  

 
        STORY          DISP-X      DISP-Y         DRIFT-X     DRIFT-Y 

 
         ROOF        0.804788   10.883198        0.000098    0.004074 
STORY18        0.788574   10.206968        0.000129    0.004108 

 
 

When inspecting overturning moment the seismic forces produce a total moment 
of 460,413 ft-kips, taking the total weight of the structure to the seismic base which is 
59,155 kips and multiplying by the moment arm from the center of gravity, (which is 
roughly centered inside the core,) to the edge of the core, 15 feet the resulting resistive 
moment is approximately 887,325 ft-kips. This value is almost twice that of the 
overturning moment which implies there are no uplift forces due to overturning moment. 
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Figure 4. 

Lateral Forces Due to Wind 
 
 

 
 
 
Load Cases:  
 
The following load cases as obtained from ASCE-7 ’05 chapter 2 were used in the 
analysis of Tower 333 in ETABS. 
 
1) 1.4(D + F) 
2) 1.2(D + F + T) +1.6(L + H) + 0.5(Lr or S or R) 
3) 1.2D + 1.6(Lr or S or R) + (L or 0.8W) 
4) 1.2D + 1.6W + L + 0.5(Lr or S or R) 
5) 1.2D + 1.0E + L + 0.2S 
6) 0.9D + 1.6W + 1.6H 
7) 0.9D + 1.0E + 1.6H 
8.) 1.0D + 1.0L + 1.0E 
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Load Distribution: 
 

Through hand calculations following ASCE-7 ’05 Chapter 12 the story shears for 
the seismic forces were computed. These values were then inserted into ETABS at each 
floor’s center of gravity in the Tower 333 model. After analysis, the results for shear in 
each moment frame at the seismic base level were obtained and compared to the total 
shear at the seismic base level. The shear forces in both frames in the E-W direction were 
approximately 220 kips and both frames in the N-S direction were 230 kips. Compared to 
the total seismic base shear of 2308 kips, that results in 10% (+ - .5%) of the total base 
shear calculated from ASCE-7 ’05 to be taken by the perimeter moment frames. This 
10% accumulation of base shear in the perimeter moment frames confirms the 
assumption made by the engineer of record that despite the frames being designed for at 
least 25% of the total base shear as required by code, in reality they are only taking 
roughly 10-11% of the total shear.  

 
 It is believed that the perimeter frames also play a significant role in minimizing 
torsion. This aspect of the structure will be analyzed in more detail as part of future 
investigations. 
 

 
ETABS Analysis: 

 
 

When using ETABS the model was simplified for Tower 333 down to the lateral 
system consisting of the perimeter moment frames and the shear wall core. To allow all 
the frames and core to act as one system the members were connected to a rigid 
diaphragm at each floor. This analysis technique permits a more direct analysis and 
interpretation of the results and easier application of the loads. The wind and seismic 
loads were then applied at each floor manually using the story forces calculated for the 
wind and seismic analysis (see Figures 3 and 4 for force results.) These forces were 
calculated in accordance with ASCE-7 ’05 chapters 6 and 12.  

 
 When viewing the animated results and story displacement values, it is clear that 
the wind and seismic forces develop little torsion. Acceptable maximum drift values that 
are below those mandated by ASCE-7 ’05, (see Figure 5) were also calculated using 
ETABS. The expected levels of shear in the frames and shear walls as assumed by the 
engineer of record were confirmed. This, in addition to the fact that the forces were user-
defined from hand calculations rather than calculated by ETABS helps to confirm that the 
ETABS model has run properly and has developed justifiable results.  
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Conclusion: 
 

By virtue of a thorough analysis utilizing the Tower 333 structure modeled in 
ETABS as well as hand calculations, the response characteristics of Tower 333’s lateral 
force resisting system to seismic and wind loads was successfully determined. Modeling 
only the core and perimeter moment frames for ease of analysis and connecting them 
with a rigid diaphragm on each floor, it was possible to apply the lateral loads as 
calculated by ASCE-7 ’05 to Tower 333 and run a analysis of the lateral systems.  
 

I have concluded through the Tower 333 ETABS model as well as confirmation 
of spot checks that the assumptions the engineer of record made in designing Tower 333 
were confirmed. These assumptions include drift limitations of L/400 for wind and 
ASCE-7 ’05 section 12.8.6 allowable drift for seismic. Based on the relative base shear 
distributions, it was determined that the moment frames resist 10% of the lateral load. 
However, these frames were initially designed for 25% of the seismic force in 
conjunction with the dual system requirements of ASCE-7 for the Seattle area. An 
examination of the drift results reveals that the dual system as originally designed is well 
balanced and subject to only minimal building torsions. Based on this analysis, it is 
reasonable to conclude that the loads and force distributions used as part of this 
educational study are in agreement with the original values used by the designers. 
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Appendix: 
 
 
 
 

Spot Checks & Tables 
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D I S P L A C E M E N T S   A N D   D R I F T S   AT   P O I N T   O B J E C T   88 

(Seismic Forces in E-W-Direction) 
  
        STORY          DISP-X      DISP-Y         DRIFT-X     DRIFT-Y 
 
         ROOF           12.929284   -0.018166        0.004583    0.000017 
      STORY18       12.168436   -0.021037        0.004649    0.000013 
      STORY17       11.396707   -0.023123        0.004798    0.000028 
      STORY16       10.600253   -0.027739        0.004908    0.000037 
      STORY15        9.785600   -0.033947        0.004908    0.000028 
      STORY14        8.970841   -0.038668        0.004796    0.000000 
      STORY13        8.174688   -0.038675        0.004762    0.000006 
      STORY12        7.384200   -0.037667        0.004711    0.000011 
      STORY11        6.602203   -0.035815        0.004639    0.000015 
      STORY10        5.832203   -0.033266        0.004533    0.000020 
       STORY9        5.079647   -0.030012        0.004405    0.000021 
       STORY8        4.348358   -0.026459        0.004241    0.000023 
       STORY7        3.644325   -0.022648        0.004046    0.000024 
       STORY6        2.972765   -0.018712        0.003810    0.000023 
       STORY5        2.340288   -0.014826        0.003528    0.000024 
       STORY4        1.754577   -0.010901        0.003188    0.000033 
       STORY3        1.225375   -0.005442        0.002982    0.000004 
       STORY2        0.730350   -0.004738        0.002411    0.000013 
        STORY1      0.330163   -0.002565        0.001676    0.000005 
         MEZZ.        0.051959   -0.003454        0.000101    0.000005 
           B1             0.037472   -0.002713        0.000068    0.000003 
           B2             0.030155   -0.002380        0.000061    0.000003 
           B3             0.022848   -0.002027        0.000067    0.000005 
           B4             0.015601   -0.001513        0.000054    0.000006 
           B5             0.009776   -0.000854        0.000040    0.000004 
           B6             0.005405   -0.000403        0.000029    0.000003 
           B7             0.002237   -0.000113        0.000021    0.000001 
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D I S P L A C E M E N T S   A N D   D R I F T S   AT   P O I N T   O B J E C T   88 

(Seismic Force in N-S Direction) 
  
        STORY          DISP-X      DISP-Y         DRIFT-X     DRIFT-Y 
 
         ROOF            0.804788   10.883198        0.000098    0.004074 
      STORY18        0.788574   10.206968        0.000129    0.004108 
      STORY17        0.767125    9.525069        0.000245    0.004150 
      STORY16        0.726401    8.836228        0.000323    0.004171 
      STORY15        0.672728    8.143847        0.000314    0.004161 
      STORY14        0.620678    7.453071        0.000224    0.004117 
      STORY13        0.583480    6.769572        0.000224    0.004078 
      STORY12        0.546281    6.092628        0.000220    0.004016 
      STORY11        0.509722    5.425984        0.000200    0.003923 
      STORY10        0.476458    4.774738        0.000283    0.003823 
       STORY9        0.429528    4.140086        0.000282    0.003684 
       STORY8        0.382767    3.528504        0.000282    0.003521 
       STORY7        0.335965    2.943976        0.000283    0.003331 
       STORY6        0.288916    2.390990        0.000278    0.003109 
       STORY5        0.242704    1.874867        0.000257    0.002853 
       STORY4        0.200109    1.401287        0.000213    0.002543 
       STORY3        0.164732    0.979096        0.000482    0.002249 
       STORY2        0.084737    0.605699        0.000329    0.001853 
       STORY1        0.030178    0.298127        0.000193    0.001386 
        MEZZ.       -0.001783    0.068120        0.000007    0.000133 
           B1            -0.000817    0.048906        0.000004    0.000114 
           B2            -0.000393    0.036621        0.000002    0.000095 
           B3            -0.000151    0.025275        0.000001    0.000075 
           B4            -0.000080    0.017198        0.000001    0.000054 
           B5            -0.000022    0.011406        0.000000    0.000043 
           B6             0.000020    0.006717        0.000000    0.000034 
           B7             0.000030    0.003036        0.000000    0.000028 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Parfitt – Tower 333 
Page 21 of 29 

  

 
 
 
 
D I S P L A C E M E N T S   A N D   D R I F T S   AT   P O I N T   O B J E C T   88 
    (Wind Force in E-W Direction) 
  
        STORY          DISP-X      DISP-Y         DRIFT-X     DRIFT-Y 
  
         ROOF            3.473071    0.027104        0.001175    0.000008 
      STORY18        3.278020    0.025794        0.001190    0.000008 
      STORY17        3.080443    0.024499        0.001226    0.000012 
      STORY16        2.876885    0.022436        0.001255    0.000016 
      STORY15        2.668507    0.019808        0.001260    0.000015 
      STORY14        2.459410    0.017353        0.001237    0.000009 
      STORY13        2.254060    0.015904        0.001235    0.000008 
      STORY12        2.048999    0.014557        0.001231    0.000008 
      STORY11        1.844652    0.013275        0.001223    0.000008 
      STORY10        1.641572    0.012000        0.001205    0.000007 
       STORY9        1.441471    0.010864        0.001185    0.000007 
       STORY8        1.244788    0.009693        0.001155    0.000007 
       STORY7        1.052997    0.008518        0.001118    0.000007 
       STORY6        0.867440    0.007316        0.001069    0.000007 
       STORY5        0.689933    0.006072        0.001007    0.000007 
       STORY4        0.522713    0.004833        0.000927    0.000004 
       STORY3        0.368807    0.004110        0.000886    0.000012 
       STORY2        0.221718    0.002063        0.000729    0.000008 
       STORY1        0.100640    0.000715        0.000511    0.000010 
          MEZZ.        0.015852   -0.000968        0.000030    0.000001 
           B1             0.011550   -0.000758        0.000020    0.000001 
           B2             0.009345   -0.000662        0.000019    0.000001 
           B3             0.007124   -0.000562        0.000020    0.000001 
           B4             0.004938   -0.000417        0.000017    0.000002 
           B5             0.003155   -0.000232        0.000013    0.000001 
           B6             0.001784   -0.000106        0.000010    0.000001 
           B7             0.000758   -0.000027        0.000007    0.00000 
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D I S P L A C E M E N T S   A N D   D R I F T S   AT   P O I N T   O B J E C T   88 
    (Wind Force in N-S Direction) 
  
        STORY          DISP-X      DISP-Y         DRIFT-X     DRIFT-Y 
  
         ROOF            0.199125    4.329639        0.000020    0.001570 
      STORY18        0.195839    4.068970        0.000025    0.001580 
      STORY17        0.191647    3.806727        0.000045    0.001590 
      STORY16        0.184154    3.542729        0.000060    0.001598 
      STORY15        0.174181    3.277533        0.000060    0.001598 
      STORY14        0.164148    3.012213        0.000046    0.001591 
      STORY13        0.156460    2.748057        0.000047    0.001583 
      STORY12        0.148643    2.485281        0.000046    0.001567 
      STORY11        0.141058    2.225078        0.000038    0.001541 
      STORY10        0.134736    1.969189        0.000070    0.001514 
       STORY9        0.123145    1.717922        0.000070    0.001471 
       STORY8        0.111493    1.473734        0.000072    0.001419 
       STORY7        0.099588    1.238156        0.000074    0.001356 
       STORY6        0.087325    1.013073        0.000074    0.001279 
       STORY5        0.075027    0.800735        0.000068    0.001187 
       STORY4        0.063763    0.603705        0.000054    0.001071 
       STORY3        0.054844    0.425863        0.000165    0.000959 
       STORY2        0.027521    0.266663        0.000109    0.000803 
       STORY1        0.009422    0.133354        0.000062    0.000607 
          MEZZ        -0.000838    0.032558        0.000003    0.000061 
           B1             -0.000445    0.023739        0.000002    0.000053 
           B2             -0.000258    0.018017        0.000001    0.000045 
           B3             -0.000138    0.012668        0.000001    0.000036 
           B4             -0.000080    0.008796        0.000000    0.000027 
           B5             -0.000033    0.005919        0.000000    0.000022 
           B6              0.000000    0.003538        0.000000    0.000018 
           B7              0.000012    0.001612        0.000000    0.000015 
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