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Executive Summary 

Jackson Crossing is a development in Alexandria, Virginia by AHC, Inc. Offering one, 
two, and three-bedroom apartments, it is targeted at low-income residents with families. 
The structure is five floors and 107,740 square feet. Included in the building is an 
underground parking garage. The project will be completed by December 2015 and will 
come to a total project cost of sixteen million dollars. 

The gravity system consists of four floors of wood floors with wood trusses and bearing 
walls. The wood members sit on two floors of concrete, one of which is below grade. 
The slab on the second floor is a reinforced two-way slab while the ground floor is a 
reinforced one-way slab with concrete beams. 

The lateral system for the top four floors include masonry shear walls and wood shear 
walls with OSB sheathing. The wood shear walls are anchored into the second floor 
slab while the masonry shear walls are integrated into reinforced concrete shear walls 
that extend down into the foundation. 
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Location Plan 

 

Figure 1 (Courtesy of Google Maps) 

Site Plan 

 

Figure 2 
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List of Documents Used in Report 

AISC, Steel Construction Manual, Fourteenth Edition 

Breyer, Donald, Kelly Cobeen, Kenneth Fridley, and David Pollock, Design of Wood 

Structures ASD/LRFD, 7th Edition 

Usg.com, DUROCK Cement Board 

Minimum Design Loads for Buildings and Other Structures (ASCE 7-10) 

Minimum Design Loads for Buildings and Other Structures (ASCE 7-05) 

RS Means Assemblies Cost Data, 2014 
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Figure 3- Area in red highlights location of typical bay 

Typical Bay Location 

Figure 3 shades in red the location of the typical bay I will use to analyze the existing structural system and the three 

alternative systems. 
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System Comparison 

 Systems 

Parameters 
Existing Wood 
Truss Joists 

Non-Composite 
Joists and Girder  

Flat Plate Two-
Way Slab 

Precast Planks 

Thickness (in) 19  17 9 8 

Weight (psf) 13 40 113 61 

Material Cost 
($/sq.ft.) 

6.24 8.80 5.95 7.80 

Installation 
Cost ($/sq.ft.) 

4.01 3.19 9.20 2.57 

Total Cost 
($/sq.ft.) 

10.25 11.99 15.15 10.37 

Advantages -Lowest Cost 

-Lightest 

-Voids for 
Mechanical 

-Stable during 
construction 

-Light weight 
system 

-Relatively Low 
Cost 

 

-Small slab 
thickness 

-Durable 

-Thinnest  
thickness 

-Low Cost 

-Efficient with 
prestressed 
strands 

-Easy 
construction 

Disadvantages -Largest 
Structural depth 

-Vibrations could 
cause 
uncomfortablility 

-Heaviest 

-Most 
Expensive 

-Heavy 
Structure 

-Transportation 
can cause 
trouble as 
planks are 
fragile and large 
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Lateral System Overview 
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Typical Lateral Floor Plan 

 

Figure 3 – Typical Floor Plan, Floor 2 through Floor 5 

 Wood Shear Walls             CMU Shear Walls 

 

 

Figure 4 – Ground Floor Plan 

 Concrete Shear Walls 
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Modeling  

 

Figure 5 – User View of ETabs Model 

The lateral system of Jackson Crossing was analyzed using ETABS. Because the 

concrete and masonry shear walls are considerably more rigid than the wood shear 

walls, only the concrete and masonry shear walls were modeled with a rigid diaphragm 

to allow them to take the full lateral force. The wood shear walls were analyzed 

separately by hand calculations while considering the diaphragm as flexible to account 

for the wood shear wall taking its full tributary force. 

To calculate seismic forces through ETABS, self-weights and applicable dead loads 

were applied to the lateral model. The self-weight of the floor systems were accounted 

for as a weight per unit volume in a material assigned to a slab section. Additional 

weight including superimposed dead loads and rooftop units were applied as area dead 

loads over the whole floor at each level. 

Wall openings were modeled in the shear walls to account for openings for thresholds in 

the elevator core and stairwell. The shear walls were fixed at their base by pin 

connections at each end of the wall.   
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Model Reactions 

Base Shear 

Base Shear (k) 

Wind Y Direction Wind X Direction Seismic Y Direction Seimic X Direction 

ETABS Hand Calc. ETABS Hand Calc. ETABS Hand Calc. ETABS Hand Calc. 

165.9 171.1 39.1 41.0 177.4 317 118.2 317 

 

Story Drift 

Story Drift (in) 

Floor 
Wind Y Direction 

Case 1 Case 2 Case 3 Case 4 h/400 Acceptable? 

Roof 0.062 0.078 0.045 0.059 0.323 Yes 

Fifth 0.056 0.072 0.040 0.054 0.290 Yes 

Fourth 0.053 0.069 0.040 0.052 0.290 Yes 

Third 0.043 0.060 0.034 0.045 0.290 Yes 

Second 0.028 0.040 0.020 0.030 0.435 Yes 

       

Floor 
Seismic Y Direction    

Actual Code Min.* Acceptable?    

Roof 0.066 2.585 Yes    

Fifth 0.049 2.320 Yes    

Fourth 0.060 2.320 Yes    

Third 0.050 2.320 Yes    

Second 0.033 3.480 Yes    

 

The wind loads calculated by ETABS were reasonably similar to the hand calculations 

with a difference no greater than 5% for both directions.  

The hand calculated seismic loads differed greatly from the ETABS output. This could 

be due to errors in the hand calculations the punished the top levels for the weight of 

the concrete slab at the second floor. 

As it caused the greatest story drift, wind in the Y direction for Case 2 will be considered 

for the following member spot checks. 
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Lateral Forces 

Wind Y Direction  Wind Y Direction – Case 2 
Case 1- Figure 6-9, ASCE 7-05 Case 2- Figure 6-9, ASCE 7-05 
 

e (ft) 4.32  

Level V (k) 
Mt (k-

ft) 

Floor 3 136.40 589.02 

Floor 4 102.20 441.33 

Floor 5 65.00 280.69 

Roof 23.30 100.62 

  
 (1)15% of B dimension 

 (2)75% of story force 

 

Center of Rigidity 

COR 

Shear Wall Direction 

Distance from 
Axis Rx Ry Rx*Y Ry*X 

x (ft) y (ft) 

1 x - 16.20 8.80 - 142.54 - 

2 x - 7.70 5.16 - 39.72 - 

3 y 0 - - 2.05 - 0.00 

4 y 16.64 - - 2.05 - 34.10 

5 y 26.64 - - 1.79 - 47.68 

6 x - 7.83 2.24 - 17.55 - 

7 x - 8.50 4.17 - 35.45 - 

8 x - 0.00 7.49 - 0.00 - 

9 y 135.15 - - 1.79 - 241.91 

10 y 144.15 - - 2.05 - 295.50 

11 y 158.15 - - 2.05 - 324.20 

12 x - 8.61 2.61 - 22.48 - 

   Σ= 30.47 11.78 257.74 943.39 

  ETABS      

Xcor (ft) 80.08 80.65      

Ycor (ft) 8.46 7.03      

 

  

e (ft) 38.55(1)  

Level V (k)(2) 
Mt (k-

ft) 

Floor 3 102.30 3943.15 

Floor 4 76.65 2954.47 

Floor 5 48.75 1879.07 

Roof 17.48 673.57 
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Center of Mass 

Floor 2 through Floor 4 

COM 

Element 
Length of 
Wall (ft) 

W (k) 

Distance from 
Axis W*X W*Y 

x (ft) y (ft) 

Floor 1   400.24 75.79 9.85 30332.92 3941.97 

Floor 2   13.75 183.10 47.50 2517.24 653.03 

Wall 1 26.64 21.61 13.32 16.20 287.84 350.09 

Wall 2 16.64 13.50 8.32 7.70 112.28 103.91 

Wall 3 8.50 6.90 0.00 11.95 0.00 82.41 

Wall 4 8.50 6.90 16.64 11.95 114.74 82.41 

Wall 5 7.58 6.15 26.64 12.41 163.90 76.34 

Wall 6 9.00 7.30 139.65 7.83 1019.83 57.21 

Wall 7 14.00 11.36 151.15 8.50 1717.04 96.56 

Wall 8 23.00 18.66 146.65 0.00 2736.87 0.00 

Wall 9 7.83 6.36 135.15 3.92 859.02 24.90 

Wall 10 8.50 6.90 144.15 4.25 994.21 29.31 

Wall 11 8.50 6.90 158.15 4.25 1090.77 29.31 

Wall 12 10.00 8.11 21.64 8.61 175.56 69.90 

 Σ= 534.64  Σ= 42122.22 5597.34 

  ETABS     

Xcom (ft) 78.79 76.58     

Ycom (ft) 10.47 9.00     
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Floor 5 and Roof 

COM 

Element 
Length 
of Wall 

(ft) 

W (k) 

Distance from 
Axis W*X W*Y 

x (ft) y (ft) 

Floor 1   353.06 90.93 9.85 32104.68 3477.29 

Floor 2   13.75 183.10 47.50 2517.24 653.03 

Wall 1 26.64 21.61 13.32 16.20 287.84 350.09 

Wall 2 16.64 13.50 8.32 7.70 112.28 103.91 

Wall 3 8.50 6.90 0.00 11.95 0.00 82.41 

Wall 4 8.50 6.90 16.64 11.95 114.74 82.41 

Wall 5 7.58 6.15 26.64 12.41 163.90 76.34 

Wall 6 9.00 7.30 139.65 7.83 1019.83 57.21 

Wall 7 14.00 11.36 151.15 8.50 1717.04 96.56 

Wall 8 23.00 18.66 146.65 0.00 2736.87 0.00 

Wall 9 7.83 6.36 135.15 3.92 859.02 24.90 

Wall 10 8.50 6.90 144.15 4.25 994.21 29.31 

Wall 11 8.50 6.90 158.15 4.25 1090.77 29.31 

Wall 12 10.00 8.11 21.64 8.61 175.56 69.90 

 Σ= 487.46  Σ= 43893.97 5132.66 

       

Xcom (ft) 90.05      

Ycom (ft) 10.53      

 

 

Direct Shear 

Wall Ry 

Vd (k) 

Level 

Floor 3 Floor 4 Floor 5 Roof 

3 2.05 17.80 13.34 8.48 3.04 

4 2.05 17.80 13.34 8.48 3.04 

5 1.79 15.54 11.65 7.41 2.66 

9 1.79 15.54 11.65 7.41 2.66 

10 2.05 17.80 13.34 8.48 3.04 

11 2.05 17.80 13.34 8.48 3.04 

Σry= 11.78     
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Torsional Rigidity 

Shear Wall dx dy Rx*dy^2 Ry*dx^2 

1 - 7.74 527.07 - 

2 - 0.76 2.99 - 

3 80.08 - - 13147.55 

4 63.45 - - 8252.72 

5 53.45 - - 5113.58 

6 - 0.63 0.88 - 

7 - 0.04 0.01 - 

8 - 8.46 535.92 - 

9 55.06 - - 5426.94 

10 64.06 - - 8413.05 

11 78.06 - - 12492.00 

12 - 0.16 0.06 - 

   J= 53912.75 

 

Torsional Shear – Case 1 

Torsional Shear 

       

Shear Wall Ridi 

Vt (k) 

Direction Level 

Floor 3 Floor 4 Floor 5 Roof 

1 68.10 0.74 0.56 0.35 0.13 -X 

2 3.93 0.04 0.03 0.02 0.01 +X 

3 164.17 1.79 1.34 0.85 0.31 -Y 

4 130.07 1.42 1.06 0.68 0.24 -Y 

5 95.67 1.05 0.78 0.50 0.18 -Y 

6 1.40 0.02 0.01 0.01 0.00 +X 

7 0.17 0.00 0.00 0.00 0.00 -X 

8 63.36 0.69 0.52 0.33 0.12 +X 

9 98.56 1.08 0.81 0.51 0.18 +Y 

10 131.33 1.43 1.08 0.68 0.25 +Y 

11 160.03 1.75 1.31 0.83 0.30 +Y 

12 0.41 0.00 0.00 0.00 0.00 -X 
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Torsional Shear – Case 2 

Torsional Shear 

       

Shear Wall Ridi 

Vt (k) 

Direction Level 

Floor 3 Floor 4 Floor 5 Roof 

1 68.10 4.98 3.73 2.37 0.85 -X 

2 3.93 0.29 0.22 0.14 0.05 +X 

3 164.17 12.01 9.00 5.72 2.05 -Y 

4 130.07 9.51 7.13 4.53 1.63 -Y 

5 95.67 7.00 5.24 3.33 1.20 -Y 

6 1.40 0.10 0.08 0.05 0.02 +X 

7 0.17 0.01 0.01 0.01 0.00 -X 

8 63.36 4.63 3.47 2.21 0.79 +X 

9 98.56 7.21 5.40 3.44 1.23 +Y 

10 131.33 9.61 7.20 4.58 1.64 +Y 

11 160.03 11.70 8.77 5.58 2.00 +Y 

12 0.41 0.03 0.02 0.01 0.01 -X 
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Total Shear 

Case 1 

Total Shear 

Shear Wall 

Vtotal (k) 

Direction Level 

Floor 3 Floor 4 Floor 5 Roof 

1 0.74 0.56 0.35 0.13 -X 

2 0.04 0.03 0.02 0.01 +X 

3 21.94 16.44 10.46 3.75 +Y 

4 22.32 16.72 10.63 3.81 +Y 

5 19.68 14.75 9.38 3.36 +Y 

6 0.02 0.01 0.01 0.00 +X 

7 0.00 0.00 0.00 0.00 -X 

8 0.69 0.52 0.33 0.12 +X 

9 21.80 16.34 10.39 3.72 +Y 

10 25.17 18.86 12.00 4.30 +Y 

11 25.49 19.10 12.14 4.35 +Y 

12 0.00 0.00 0.00 0.00 -X 

Case 2 

Total Shear 

Shear Wall 

Vtotal (k) 

Direction Level 

Floor 3 Floor 4 Floor 5 Roof 

1 4.98 3.73 2.37 0.85 -X 

2 0.29 0.22 0.14 0.05 +X 

3 5.80 4.34 2.76 0.99 +Y 

4 8.29 6.21 3.95 1.42 +Y 

5 8.55 6.40 4.07 1.46 +Y 

6 0.10 0.08 0.05 0.02 +X 

7 0.01 0.01 0.01 0.00 -X 

8 4.63 3.47 2.21 0.79 +X 

9 22.75 17.05 10.84 3.89 +Y 

10 27.41 20.54 13.06 4.68 +Y 

11 29.51 22.11 14.06 5.04 +Y 

12 0.03 0.02 0.01 0.01 -X 
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Masonry Shear Wall Spot Check
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Interaction Diagram 

 

Point 1 

 

Layer 
Area 
(in2) 

ε F (k) x (in) e (in) M (k-in) 

CMU 777.75 0.00050 524.98 51 0.00 0.00 

         

P1 (k) 524.98  M1(k-in) 0.00   
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Point 2 

 

Layer 
Area 
(in2) 

ε F (k) x (in) e (in) M (k-in) 

CMU 388.88 0.00050 262.49 68 17.00 4462.34 

       

P2 (k) 262.49  M2(k-in) 4462.34   

 

Point 3 

 

k= 0.48      

kd= 46.67      

       

Layer 
Area 
(in2) 

ε F (k) x (in) e (in) M (k-in) 

CMU 177.92 0.00050 120.09 82.44 31.44 3776.28 

Steel 1 0.44 0.00055 -7.02 4.00 -47.00 329.85 

Steel 2 0.44 0.000379 -4.83 20.00 -31.00 149.75 

Steel 3 0.44 0.000207 -2.64 36.00 -15.00 39.65 

Steel 4 0.44 3.57E-05 -0.46 52.00 1.00 -0.46 

       

P3 (k) 105.15  M3(k-in) 4295.07   
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Point 4 

 

k= 0.31      

kd= 30.63      

       

Layer 
Area 
(in2) 

ε F (k) x (in) e (in) M (k-in) 

CMU 116.76 0.00050 78.81 87.79 36.79 2899.61 

Steel 1 0.44 0.0011 -14.04 4.00 -47.00 659.69 

Steel 2 0.44 0.000839 -10.70 20.00 -31.00 331.79 

Steel 3 0.44 0.000578 -7.37 36.00 -15.00 110.54 

Steel 4 0.44 0.000316 -4.04 52.00 1.00 -4.04 

Steel 5 0.44 5.51E-05 -0.70 68.00 17.00 -11.95 

       

P4 (k) 41.96  M4(k-in) 3985.64   

Point 5 

 

Layer 
Area 
(in2) 

F (k)   

Steel 1 0.44 -14.08   

Steel 2 0.44 -14.08   

Steel 3 0.44 -14.08   

Steel 4 0.44 -14.08   

Steel 5 0.44 -14.08   

Steel 6 0.44 -14.08   

Steel 7 0.44 -14.08   

     

P5 (k) -98.56  M5(k-in) 0.00 
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Wood Shear Wall Spot Check 
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