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Executive Summary 

The ASHA National Office building is an office building located in Rockville, MD. The office 
tower is five stories and there are two floors of subgrade parking. The parking structure is 
composed of a flat slab system with drop panels and the superstructure is composite steel. The 
lateral system consists of four braced frames in the office tower with shear walls in the subgrade 
parking garage. The gross area of the building is 133,870 square feet. 

This report includes a description of how the lateral loads are distributed to each of the braced 
frames. The lateral loads are transferred through the floor slab and into the braced frames. The 
loads are then transferred from the braced frames into the shear walls in the subgrade parking 
structure, and then into the foundations below. The relative stiffness of each of the braced frames 
was calculated by modeling each of them in ETABS and applying a 1 kip load at the top. The 
stiffness of each frame was then used to determine how much direct load and torsional load each 
frame takes. 

The ASCE 7-10 load cases that were considered in this report are shown. Different load cases 
govern depending on the building element that is being analyzed. Both gravity and lateral loads 
are considered in the load cases. Due to the complex building plan, an ETABS model was used 
to analyze the building. The braced frames and subgrade shear walls were modeled, along with 
the floors which were modeled as rigid diaphragms. Building torsion was analyzed in this report. 
Both inherent torsion due to the eccentricity of the center of rigidity and accidental torsion are 
considered. The torsion due to the seismic loads in both directions was determined. Overturning 
moment was also calculated. It was found that the seismic loads and the wind loads in the N-S 
direction are considerable moments, and may affect the design of the foundations. This may have 
to be looked at more in the spring semester. 

The story drifts and displacements due to the lateral loads were measured in order to determine if 
the building meets serviceability requirements. The ETABS model output was used to obtain 
these displacements. It was determined that the building meets the ASCE 7-10 code requirements 
and engineering standards. Members were checked to make sure that they are adequate for the 
applied gravity and lateral loads. A cross bracing HSS member, a W-Flange column and a 
concrete column were checked. Different load cases controlled depending on which member was 
being analyzed. All three members were found to be acceptable for the loads applied. The 
building meets the story drift and displacement serviceability requirements, and the members 
meet the strength requirements, it was determined that the lateral system is adequate for the 
ASHA National Office building. 
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Codes and References 

Design Codes and References 

“The International Building Code – 2003”, International Code Council. 
 
“Minimum Design Loads for Buildings and Other Structures” (ASCE 7), American Society of 
Civil Engineers. 
 
“Building Code Requirements for Structural Concrete, ACI 318-02”, American Concrete 
Institute. 
 
“ACI Manual of Concrete Practice – Parts 1 through 5”, American Concrete Institute. 
 
“Manual of Standard Practice”, Concrete Reinforcing Steel Institute. 
 
“Building Code Requirements for Masonry Structures (ACI 530, ASCE 5/ TMS 402)”, 
American Concrete Institute, American Society of Civil Engineers, and The Masonry Society. 
 
“Specifications for Masonry Structures (ACI 530.1/ASCE 6/TMS 602)”, American Concrete 
Institute, American Society of Civil Engineers, and The Masonry Society. 
 
“Manual of Steel Construction – Load and Resistance Factor Design”, Third Edition, 2001, 
American Institute of Steel Construction (Including Specifications for Structural Steel Buildings, 
Specification for Structural Joints using ASTM A325 or A490 bolts, and AISC Code of Standard 
Practice. 
 
“Detailing for Steel Construction”, American Institute of Steel Construction. 
 
“Structural Welding Code ANSI/AWS D1.1” American Welding Society. 
 
“Design Manual for Floor Decks and Roof Decks”, Steel Deck Institute. 
 
“Standard Specifications for Open Web Steel Joists, K-Series”, Steel Joist Institute. 
 
“Standard Specifications for Longspan Steel Joists, LH-Series and Deep Longspan Steel Joists, 
DLH-Series”, Steel Joist Institute. 
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Thesis Codes and References 
 
Steel Construction Manual 13th edition, American Institute of Steel Construction (AISC). 
 
Building Code Requirements for Structural Concrete, American Concrete Institute (ACI 318-08). 
 
Minimum Design Loads for Buildings and Other Structures, American Society of Civil 
Engineers (ASCE 7-10). 
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Material Properties 

Minimum Concrete Compressive Strength (f’c) 
Member Type  28 Day Strength 
Footings  3000 psi 
Grade Beams  3000 psi 
Foundation Walls  4000 psi 
Shear Walls  4000 psi 
Columns  4000 psi 
Slabs‐on‐grade  3500 psi 
Reinforced Slabs  5000 psi 
Reinforced Beams  5000 psi 
Parking Structure  5000 psi 
Normal Weight on Steel Deck  3000 psi 
Elevator Machine Room  4000 psi 
Lightweight Topping  3000 psi 

 
Reinforcement: 
     Deformed Reinforcing Bars   ASTM A615, Grade 60 
     Weldable Deformed Reinforcing Bars  ASTM A706 
     Welded Wire Reinforcement (WWF)  ASTM A185 
     Full Mechanical Connection Splices  Dywidag, Lenton or equal meeting 
         (Threadbar and Coupler)   ACI 318 Section 12.14.3 
     Adhesive Reinforcing Bar Dowels  Hilti HIT HY-150 System or equal 
     Slab Shear Reinforcement    Decon Studrails or equal 
 
Steel: 
     Wide Flange Shapes and Tees   ASTM A992 
     Round Hollow Structural Shapes   ASTM A53, Grade B, Fy=35 ksi or 
       ASTM A501, Fy=36 ksi 
     Square or Rectangular Hollow   ASTM A500, Grade B, Fy=46 ksi 
         Structural Shapes 
     Base Plates and Rigid Frame   ASTM A572, Grade 50 
         Continuity Plates 
     Other Structural Shapes and Plates  ASTM A36 
     High Strength Bolts    ASTM A325-N or ASTM F1852 
     Anchor Bolts     ASTM F1554, Grade 36 
     Galvanized Steel Floor Deck   ASTM A653 SS, Grade 33, G-60 
     Galvanized Steel Roof Deck   ASTM A653 SS, Grade 33, G-90 
     Grout       ASTM C1107, Non-Shrink, Non-Metallic 
       f’c = 5000 psi 
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Gravity Loads 
 

Live Loads 
Area  Design Load  ASCE 7‐10 Load
Assembly Areas  100 psf  100 psf 
Corridors  100 psf  100 psf 
Corridors Above the First Floor  80 psf  80 psf 
Mechanical Rooms  150 psf  ‐ 
Offices  80 + 20 psf  50 + 15 psf 
Parking Garages  50 psf  40 psf 
Stairs & Exitways  100 psf  100 psf 
Storage (Light)  125 psf  125 psf 
Roof (Minimum)  30 psf  20 psf 

 
Snow Loads 

Load Type  Design Load  ASCE 7‐10 Load

Flat Roof Snow Load pf  21.0 psf  21.0 psf

Drift Surcharge Load pd  ‐  55.5 psf
 
 

Superimposed Dead Loads 
Area  Design Load 
Floors  10 psf 
Roof  15 psf 
Mech/Elec  15 psf 

 
 

Composite Slab and Deck Weight 
Floor  Area (sq. ft.)  Load (psf)  Weight    
2nd  24116  54  1302.3 k
3rd  24116  44  1061.1 k
4th  24116  44  1061.1 k
5th  23615  44  1039.1 k
Roof  23615  44  1039.1 k
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Column Self Weight 

Floor 
Height Below 

(ft) 
Height Above 

(ft) 
Weight Below 

(plf) 
Weight Above 

(plf)  Total Weight    

2nd  15  6.75  3097  3097  67.4  k 

3rd  10.75  2.75  3097  2167  39.3  k 

4th  6.75  6.75  2167  2167  29.3  k 

5th  6.75  6.75  2167  2167  29.3  k 

Roof  6.75  0  2167  0  14.6  k 
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Seismic Loads 
 
The seismic loads on the building were calculated using The Equivalent Lateral Force Procedure 
of ASCE 7-10. The effective seismic weight of the building was estimated and used to calculate 
the total base shear of the building due to the seismic loads. The total base shear was calculated 
to be 288.3 kips which is very close to the base shear of 277 kips on the structural drawings. 
Detailed seismic load calculations are shown in Appendix B. 
 
Effective Seismic Weight 
Floor  Weight    

2nd  2420.5  k 
3rd  2135.0  k 
4th  2125.0  k 
5th  2102.9  k 
Roof  2303.6  k 
Total  11087.1  k 

V=CsW=  288.3  k 
 

Vertical Distribution of Seismic Forces 
Floor  wx  hx  (ft)  wxhx^k  Cvx  Fx    
2nd  2035.566  15.0  48385.1 0.068 19.6 k
3rd  1773.251  28.5  89317.9 0.126 36.3 k
4th  1763.254  42.0  139803.0 0.197 56.8 k
5th  1741.21  55.5  191281.9 0.269 77.7 k
Roof  1700.687  69.0  241033.8 0.340 97.9 k

Sum  709821.7 1.000 288.3 k
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Hand calculations were done to determine the distribution of the lateral loads to the four braced 
frames of the building. The calculations were done for the wind loads in both directions and for 
the seismic loads in both directions. The calculations include torsion due to the fact that the 
center of rigidity and center of mass are at different locations. In order to simplify the 
calculations, braced frame #4 was assumed to run in the E-W direction even though it is at angle. 
The detailed hand calculations can be seen in appendix B. 
 

 
 
 
 
 
 
 
 
 
 
 

Braced Frame Rigidity K (k/in) Total Lateral Load (kip) e (ft) d (ft) k*d^2 Direct Shear (kip) Torsional Shear (kip) Total Shear (kip)
#1 29.06 156.0 2.4 46.5 62835.0 0.0 3.9 3.9
#2 20.20 156.0 2.4 53.5 57817.5 0.0 3.1 3.1
#3 29.91 156.0 2.4 15.5 7185.9 42.9 1.3 44.3
#4 29.55 156.0 2.4 8.5 2135.0 42.4 0.7 43.1

Sum 129973.3

Braced Frame Rigidity K (k/in) Total Lateral Load (kip) e (ft) d (ft) k*d^2 Direct Shear (kip) Torsional Shear (kip) Total Shear (kip)
#1 29.06 315.6 13.4 46.5 62835.0 84.4 44.0 128.3
#2 20.20 315.6 13.4 53.5 57817.5 58.6 35.2 93.8
#3 29.91 315.6 13.4 15.5 7185.9 0.0 15.1 15.1
#4 29.55 315.6 13.4 8.5 2135.0 0.0 8.2 8.2

Sum 129973.3

Braced Frame Rigidity K (k/in) Total Lateral Load (kip) e (ft) d (ft) k*d^2 Direct Shear (kip) Torsional Shear (kip) Total Shear (kip)
#1 29.06 288.3 2.4 46.5 62835.0 0.0 7.2 7.2
#2 20.20 288.3 2.4 53.5 57817.5 0.0 5.8 5.8
#3 29.91 288.3 2.4 15.5 7185.9 79.3 2.5 81.8
#4 29.55 288.3 2.4 8.5 2135.0 78.4 1.3 79.7

Sum 129973.3

Braced Frame Rigidity K (k/in) Total Lateral Load (kip) e (ft) d (ft) k*d^2 Direct Shear (kip) Torsional Shear (kip) Total Shear (kip)
#1 29.06 288.3 13.4 46.5 62835.0 77.1 40.2 117.2
#2 20.20 288.3 13.4 53.5 57817.5 53.6 32.1 85.7
#3 29.91 288.3 13.4 15.5 7185.9 0.0 13.8 13.8
#4 29.55 288.3 13.4 8.5 2135.0 0.0 7.5 7.5

Sum 129973.3

E‐W Wind Load Distribution to Braced Frames

N‐S Wind Load Distribution to Braced Frames

E‐W Seismic Load Distribution to Braced Frames

N‐S Seismic Load Distribution to Braced Frames
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Load Combinations 
 
The ASCE 7-10 section 2.3 strength design load combinations were considered for this technical 
report. It is important to note that the load combinations have changed in the new ASCE 7-10 
compared to ASCE 7-05. These load cases include both gravity and lateral loads. The load 
combinations considered in this analysis are shown below. 
 

1. 1.4D 
2. 1.2D + 1.6L + 0.5Lr 
3. 1.2D + 1.6Lr + 0.5W 
4. 1.2D + 1.0W + 1.0L + 0.5Lr 
5. 1.2D + 1.0E + 1.0L 
6. 0.9D + 1.0W 
7. 0.9D + 1.0E 

 
All of these load combinations were put into the ETABS model. The displacements, member 
forces and reactions were analyzed to determine the governing load cases. Different load cases 
govern the design depending on the member that is being analyzed. For this reason, all load cases 
were considered. Load cases 6 and 7 generally govern for overturning, which is address later in 
this report. 
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Drift and Displacement 
 
Story drift and the total lateral displacement of the building were checked for this report. 
According to ASCE 7-10, the allowable seismic story drift for a building in the occupancy 
category II is 0.020hsx. The accepted standard for total building displacement for wind loads is 
L/400. The ETABS building model was utilized to determine the story drifts and displacements. 
The unfactored loads were used to determine the seismic story drift, and the factored loads were 
used to determine the wind drift. The tables below show the story drifts for the wind and seismic 
loads versus the allowable drifts. As seen, the actual drifts are within the limits of the code and 
accepted standards. 
 

Seismic Story Drift   E‐W Direction 
Floor  Displacement (in)  Story Drift (in)  Allowable Story Drift (in)  Okay? 

PH Roof  2.234730  0.359764  3.84  Yes 
Roof  1.874966  0.443783  3.24  Yes 
Fifth  1.431183  0.431621  3.24  Yes 
Fourth  0.999562  0.393187  3.24  Yes 
Third  0.606375  0.344709  3.24  Yes 
Second  0.261666  0.256500  3.6  Yes 
Plaza  0.005166  0.004079  2.4  Yes 
Parking  0.001087  0.001087  2.4  Yes 

 
 
 

Seismic Story Drift   N‐S Direction 
Floor  Displacement (in)  Story Drift (in)  Allowable Story Drift (in)  Okay? 

PH Roof  2.337196  0.349581  3.84  Yes 
Roof  1.987615  0.421611  3.24  Yes 
Fifth  1.566004  0.459493  3.24  Yes 
Fourth  1.106511  0.433214  3.24  Yes 
Third  0.673297  0.349156  3.24  Yes 
Second  0.324141  0.317231  3.6  Yes 
Plaza  0.006910  0.004778  2.4  Yes 
Parking  0.002132  0.002132  2.4  Yes 
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Wind Story Displacement   E‐W Direction 
Floor  Displacement (in)  Allowable Displacement (in)  Okay?

PH Roof  0.841926  3.150  Yes 
Roof  0.714409  2.670  Yes 
Fifth  0.576085  2.265  Yes 
Fourth  0.425502  1.860  Yes 
Third  0.274697  1.455  Yes 
Second  0.126942  1.050  Yes 
Plaza  0.002472  0.600  Yes 
Parking  0.000536  0.300  Yes 

 
Wind Story Displacement   N‐S Direction 

Floor  Displacement (in)  Allowable Displacement (in)  Okay?
PH Roof  1.776954  3.150  Yes 
Roof  1.531884  2.670  Yes 
Fifth  1.269819  2.265  Yes 
Fourth  0.952589  1.860  Yes 
Third  0.620307  1.455  Yes 
Second  0.320803  1.050  Yes 
Plaza  0.008982  0.600  Yes 
Parking  0.002742  0.300  Yes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ASHA National Office – Technical Report III    November 29, 2010 
 

Page 31 of 47 
Ryan Dalrymple – Structures Option 
Advisor: Dr. Thomas Boothby 

Building Torsion 
 
The ASHA National Office building will experience torsion due to lateral loads because the 
center of mass of the building is not at the same location as the center of rigidity. Due to the 
irregular shape of the building, the ETABS model was used to obtain both the center of mass and 
the center of rigidity of each floor. The eccentricity was then multiplied by the force applied to 
each floor diaphragm to determine the total moment cause by torsion. The ETABS model 
automatically accounts for this inherent torsion in the building. The seismic loads are also 
applied at an eccentricity of 5% of the building length. This accounts for the accidental torsion 
that occurs in the building. The table below shows the building torsion calculations due to the 
seismic loads in both the East-West and North-South directions. The calculations include torsion 
due to inherent torsion and accidental torsion. 
 

Building Torsion E‐W Direction ‐ Seismic Loading 

Floor  Story Force (kip) 
Location of 

COR 
Location of 

COM  ex  (ft)  Mt (ft‐k)  Ma (ft‐k)  Mtotal (ft‐k)
Roof  19.6  55.35  57.93  2.58  50.5  98.0  148.5 
Fifth  36.3  55.87  57.93  2.06  74.6  181.5  256.1 
Fourth  56.8  55.77  57.93  2.15  122.3  284.0  406.3 
Third  77.7  55.78  57.93  2.15  167.0  388.5  555.5 
Second  97.9  55.15  57.93  2.78  272.2  489.5  761.7 

Total  2128.1 
 
 

Building Torsion N‐S Direction ‐ Seismic Loading 

Floor  Story Force (kip) 
Location of 

COR 
Location of 

COM  ex  (ft)  Mt (ft‐k)  Ma (ft‐k)  Mtotal (ft‐k)
Roof  19.6  137.20  124.10  13.10  256.8  205.8  462.6 
Fifth  36.3  137.10  124.10  13.00  472.0  381.2  853.1 
Fourth  56.8  137.25  124.10  13.15  746.7  596.4  1343.1 
Third  77.7  136.03  124.10  11.93  927.0  815.9  1742.8 
Second  97.9  138.30  124.10  14.20  1390.6  1028.0  2418.5 

Total  6820.2 
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Overturning and Foundation Considerations 
 
When a building is subjected to lateral loads, often times the effects of overturning moments can 
become an issue at the foundations of the building. Load cases 6 and 7 control for overturning. 
The table below shows the overturning moment calculations for the building. The overturning 
moments were determined for the seismic loads and the wind loads in both directions. As seen in 
the table, the overturning moment due to the seismic loads is the greatest. The effects of the 
overturning moment need to be considered for the foundations. According to the geotechnical 
report, the foundations can be designed for a maximum allowable soil bearing capacity of 6,000 
psf. The foundations must be designed as to not to exceed this soil capacity, so that a soil failure 
does not occur. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lateral Force (k) Moment (ft‐k) Lateral Force (k) Moment (ft‐k) Lateral Force (k) Moment (ft‐k)
Roof 79 97.9 7734.1 19.1 1508.9 38.2 3017.8
Fifth 65.5 77.7 5089.4 37.2 2436.6 74.6 4886.3
Fourth 52 56.8 2953.6 35.6 1851.2 71.3 3707.6
Third 38.5 36.3 1397.6 33.6 1293.6 67.1 2583.4
Second 25 19.6 490.0 30.5 762.5 64.4 1610.0

Total Overturning Moment 17664.6 7852.8 15805.1

Seismic E‐W Wind N‐S Wind
Floor Height (ft)

Oveturning Moments
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This report explores the lateral system for the ASHA National Office building. The braced frame 
system with subgrade shear walls was analyzed using hand calculations and an ETABS computer 
model. The computer model was used due to the complex shape of the building plan, and 
allowed for a more accurate method of determining the load on each of the braced frames and 
members within those braced frames. Building torsion and overturning were considered along 
with the impact of the lateral loads on the foundations. 
 
The story drifts and displacements were analyzed for the wind and seismic loads, and members 
were spot checked using the ASCE 7-10 load cases. The building was found to meet the drift and 
displacement serviceability requirements and standards. The actual story drift and displacements 
were well under the allowable values. The three members that were spot checked included a 
cross bracing member, a steel W-Flange column and a concrete column. All three were found to 
meet strength requirements. Because the strength and serviceability requirements were all met, it 
was determined that the lateral system of the building is adequate for the loads. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ASHA Nat
 

Ryan Dalr
Advisor: D

Append

tional Office –

rymple – Stru
Dr. Thomas Bo

dix A: Typi

– Technical Re

ctures Option
oothby 

ical Framin

F

F

eport III

n 

ng Plans 

Figure 22: Fo

Figure 23: Fo

oundation Pl

oundation Pl
 

lan Part A 

lan Part B 

NNovember 29,

Page 35

 

, 2010 

5 of 47 

 



ASHA Nat
 

Ryan Dalr
Advisor: D

tional Office –

rymple – Stru
Dr. Thomas Bo

– Technical Re

ctures Option
oothby 

Figure

Figure

eport III

n 

e 24: Plaza L

e 25: Plaza L

Level Framin

Level Framin
 

ng Plan Part 

ng Plan Part 

N

A 

t B 

November 29,

Page 36

, 2010 

6 of 47 

 

 



ASHA Nat
 

Ryan Dalr
Advisor: D

tional Office –

rymple – Stru
Dr. Thomas Bo

– Technical Re

ctures Option
oothby 

Fig

eport III

n 

gure 26: Seco

Figure 27: 

ond Floor Fr

Roof Framin

raming Plan

ng Plan 

NNovember 29,

Page 37

, 2010 

7 of 47 

 

 



ASHA Nat
 

Ryan Dalr
Advisor: D

Append
 
Braced F
 
 

tional Office –

rymple – Stru
Dr. Thomas Bo

dix B: Calc

Frame Stiffne

– Technical Re

ctures Option
oothby 

culations 

ess Calculati

eport III

n 

ions 

Figure 28:: Braced Fra
 

ame #1 

NNovember 29,

Page 38

, 2010 

8 of 47 

 



ASHA Nat
 

Ryan Dalr
Advisor: D

tional Office –

rymple – Stru
Dr. Thomas Bo

– Technical Re

ctures Option
oothby 

eport III

n 

Figure 29:: Braced Fra
 

ame #2 

NNovember 29,

Page 39

, 2010 

9 of 47 

 



ASHA Nat
 

Ryan Dalr
Advisor: D

 
 
 

tional Office –

rymple – Stru
Dr. Thomas Bo

– Technical Re

ctures Option
oothby 

eport III

n 

Figure 30:: Braced Fraame #3 

NNovember 29,

Page 40

, 2010 

0 of 47 

 



ASHA Nat
 

Ryan Dalr
Advisor: D

 
 

tional Office –

rymple – Stru
Dr. Thomas Bo

– Technical Re

ctures Option
oothby 

eport III

n 

Figure 31:
 

: Braced Fra
 
 
 
 
 
 
 

ame #4 

NNovember 29,

Page 41

, 2010 

1 of 47 

 



ASHA Nat
 

Ryan Dalr
Advisor: D

tional Office –

rymple – Stru
Dr. Thomas Bo

– Technical Re

ctures Option
oothby 

eport III

n 

 
 
 
 

NNovember 29,

Page 42

, 2010 

2 of 47 

 



ASHA Nat
 

Ryan Dalr
Advisor: D

tional Office –

rymple – Stru
Dr. Thomas Bo

– Technical Re

ctures Option
oothby 

eport III

n 

 
 
 
 
 

NNovember 29,

Page 43

, 2010 

3 of 47 

 



ASHA Nat
 

Ryan Dalr
Advisor: D

tional Office –

rymple – Stru
Dr. Thomas Bo

– Technical Re

ctures Option
oothby 

eport III

n 

 
 
 
 

NNovember 29,

Page 44

, 2010 

4 of 47 

 



ASHA Nat
 

Ryan Dalr
Advisor: D

tional Office –

rymple – Stru
Dr. Thomas Bo

– Technical Re

ctures Option
oothby 

eport III

n 

 
 
 
 

NNovember 29,

Page 45

, 2010 

5 of 47 

 



ASHA Nat
 

Ryan Dalr
Advisor: D

tional Office –

rymple – Stru
Dr. Thomas Bo

– Technical Re

ctures Option
oothby 

eport III

n 

NNovember 29,

Page 46

, 2010 

6 of 47 

 



ASHA Nat
 

Ryan Dalr
Advisor: D

tional Office –

rymple – Stru
Dr. Thomas Bo

– Technical Re

ctures Option
oothby 

eport III

n 

 

NNovember 29,

Page 47

, 2010 

7 of 47 

 


