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1. Description of the prototype. 

 

The prototype was based on the 3 story steel SAC building. This building is a 7 x 5 frames 

where only the exterior ones are designed to resist earthquake loads. (See fig 1.2.1) 

 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

Fig. 1.3.1 Elevation and plan of the 3 story SAC building. 

 

The total mass of the building is summarized in next table: 

 

Table 1.1. Summary of total seismic mass per floor. 

Floor Seismic mass 
[kip s2/ft] 

3rd story 70.90 
2nd story 65.53 
1st story 65.53 

 
The total mass in the building is 201.96 kip s2/ft. Since there are 2 resisting frames in 

each direction and each frame has 6 braces, the total seismic mass assigned to each 

brace is 67.32 kip s2/ft. The total weight per frame is 6500 kip, and per brace is 1080 

kip. 

 

The zipper frame was designed at GeorgiaTech following the dimensional restrictions 

imposed by the building and the masses associated with the use of this building. The 

design resulted in the following components for 1 bay of the frame: 



 
Table 1.2.: summary of components for prototype. 

Story Braces Columns Beams Zipper columns 
3 HSS10x10x5/8 W10x77 W8x21 W8x48 
2 HSS7x7x3/8 W10x77 W14x82 W8x24 
1 HSS7x7x3/8 W10x77 W12x50  

 

Next, an elevation of the prototype is presented: 
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Fig 1.1. Elevation of designed prototype. 



2. Scaling and model development. 

 

The scale model that is going to be tested in all the sites is an incomplete 1/3rd scale. The 

dimension scale was set to 3, because the components of the structure could be scaled using 

the available AISC sections. The modulus of elasticity scale is set to 1 since the material 

(steel) is the same in both prototype and model. Finally the mass scale was set to 18 due to 

shaking table constraints. 

 

Table 2.1 Scale factors for general dimensions. 

 

General dimensions

units Prototype Model Scale
Total height [in] 468 154.25 3.03
Floor Height 3 156 50.75 3.07

2 156 50.75 3.07
1 156 52.75 2.96

Beam bay [in] 120 40 3

 
 

The main problems during the scale process were: 

- Scale of components. 

- Scale of mass. 

 

 

Scale of components: 

Following the desired 1/3rd scale, the components were scaled according to the properties of 

their sections: area and inertia. The shape of the section was preserved in all cases except for 

the zipper struts where it was impossible to find a suitable I section with a comparable scale. 

Instead, a hollow square section was selected. 

In general, elements that work primarily in tension/compression, i.e. braces and zipper 

columns were selected based on the best scale for their area. Other elements, beams and 

columns that work primarily in moment, were scaled with their moment of inertia. 

 

Following, a table with the components of the prototype, the selected components for the 

scaled model, the achieved scale and the desired scale is presented: 



 

Table 2.2 Scale factors for components. 

 

Prototype Model  GT proposed 2
Floor

Columns Columns Scale Scale Location
W10x77 S4x9.5 factor ratio

Ix 455 in4 Ix 6.76 in4 67.31 2.86 ALL
Iy 154 Iy 0.887 173.62 3.63
A 22.6 in2 A 2.79 in2 8.10 2.85

Beams Beams
W8x21 S3x7.5 3

Ix 75.3 in4 Ix 2.91 in4 25.88 2.26
Iy 9.77 Iy 0.578 16.90 2.03
A 6.16 in2 A 2.2 in2 2.80 1.67

W14x82 S5x10 2
Ix 881 in4 Ix 12.3 in4 71.63 2.91
Iy 148 Iy 1.19 124.37 3.34
A 24 in2 A 2.93 in2 8.19 2.86

W12x50 S3x5.7 1
Ix 391 in4 Ix 2.5 in4 156.40 3.54
Iy 56.3 Iy 0.447 125.95 3.35
A 14.6 in2 A 1.66 in2 8.80 2.97

Braces Braces
HSS10x10x5/8 HSS3x3x3/16 3

A 21 in2 A 1.89 in2 11.11 3.33
Ix 304 in4 Ix 2.46 in4 123.58 3.33

HSS7x7x3/8 HSS2x2x1/8 2 , 1
A 8.97 in2 A 0.84 in2 10.68 3.27
Ix 65 in4 Ix 0.486 in4 133.74 3.40

Zipper column Zipper column
W8x48 HSS2x2x3/16 3

A 14.1 in2 A 1.19 in2 11.85 3.44
Ix 184 in4 Ix 0.641 in4 287.05 4.12
Iy 60.9 in4 Iy 0.641 in4 95.01 3.12

W8x24 HSS1.25x1.25x3/16 2
A 7.08 in2 A 0.671 in2 10.55 3.25
Ix 82.7 in4 Ix 0.122 in4 677.87 5.10
Iy 18.3 in4 Iy 0.122 in4 150.00 3.50  

 

 

 



Scale of mass. 

The mass scale was very special in this case. Since the model in the shaking table will be 

designed in such a way that the gravity loads will be carried by some independent gravity 

columns system, the acceleration scale can be set different to 1.  

The total mass required for the 1/3rd model is: 
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However the shaking table is not able to move this amount of weight and the available weight 

provided by the independent gravity system is only 60 kip. So, the total weight of the model 

was set equal to 120 kip and the scale factor was modified to” 
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Next, a table summarizing all the scale factors is presented. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 2.3 Summary of scales factors; 

Geometric length λl = 3.00
Elastic modulus λΕ = 1.00
Acceleration λa = 0.50
Density λρ = 0.67
Velocity λv = 0.67
Forces λf = 9.00
Stress λσ = 1.00
Strain λε = 1.00
Area λA = 9.00
Volume λV= 27.00
Second moment of area λI = 81.00
Mass λm = 18.00
Impulse λi = 22.05
Energy λe = 27.00
Frequency λw = 0.41
Time λt = 2.45
Gravitational acceleration λg = 1.00
Gravitational force λfg = 9.00
Critical damping λξ = 1.00

ScaleQuantity

 
 

 

 

 

 

 

 

 

 



3.  Design and describe specimen. 

 

3.1 Determine model geometry. 

 

Model geometry has been determined during the scale process. 

Next table presents a summary of the components: 

 

Table 3.1 Summary of components of the model. 

Story Braces Columns Beams Zipper Struts
3 HSS3x3x3/16 S4x9.5 S3x7.5 HSS2x2x3/16
2 HSS2x2x1/8 S4x9.5 S5x10 HSS1.25x1.25x3/16
1 HSS2x2x1/8 S4x9.5 S3x5.7  

 

Next, an elevation of the front model is shown: 
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Fig. 3.1 Elevation of model. 

 



The model in the shaking table consists of the scaled frame plus 4 sets of gravity 

columns at each side. The gravity frame system is designed to support only 

vertical loads and no lateral loads. For this purpose, the columns of this system 

are physically hinged at top and bottom.  

Next, a drawing in plant and an elevation of the side of the complete model are 

presented. 







 

3.2 Determine boundary conditions. 

 

The frame will be physically attached to the shaking table trough 8 bolts for each 

column. This connection is thought to represent a clamped connection. 

The connection between the gravity frame system and the zipper frame was 

designed to not have differential lateral displacements between them giving at the 

same time enough freedom for vertical displacements so that the gravity columns 

can rock without imposing new stresses on the zipper frames. 

 

3.3 Chose and determine materials. 

 

Materials were chosen when defining the scales. There, it was decided that the 

material to be used will be steel grade 50 for beams and columns and grade 46 for 

braces and zipper columns (this is material restriction from the specifications in 

the AISC manual). 

 

3.4 Determine properties of components. 

 

Properties of components will be determined after testing. 

Coupon will be taken from the actual parts of the structure that did not have 

damage during testing. 

 

3.5 Perform initial analysis to check strength. 

 

Pushover analyses were performed to an analytical model to estimate the 

maximum response of the structure and to define the sequence of yielding and 

buckling of the different components. 

The load was applied to every floor and it was proportional to the first mode of 

vibration of the structure. 

 



 

The sequence obtained was: 

1. Buckling of the brace 8, 1st floor right. 

2. Buckling of the brace 10, 2nd floor right. 

3. Yielding of brace 7, 1st floor left. 

4. Yielding of brace 9, 2nd floor left. 

 

Pushover curve, final model, 2D.
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Fig. 3.5.1 Pushover curve of model. 

 



 
Fig. 3.5.2 Sketch with numbers of all important components. 
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4.2.5.2 Zipper columns history. 

 

 

45% PGA.
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120% PGA. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



4.2.5.3 Moment at the base of columns history. 

 

45% PGA. 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 



 
80% PGA. 
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