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Ground Supported Tank For Liquids Seismic Design
IBC 2018, ASCE 7-16 Chapter 15

Seismic Criteria:

Site Class: D R: 3 ASCE Table 15.4-2 Flat Bottom Ground Supported

Ss: 1.26 Steel Tanks Mechanically Anchored

S1: 0.43 L: 10 Tank Length

SDs: 1.01 h: 3.145 Top of Liquid, ft

SD1: 0.54 Tc: 2.0155 ASCE EQ 15.7-12

IE: 1.25 TL: 6 ASCE Figure 22-14

TS=SD1/SDS 0.53

Ti<TS Conservative

∴Sai=Sds= 1.01 ASCE EQ 15.7-7

Tc<TL

∴Sac=1.5SD1/Tc= 0.402 ASCE EQ 15.7-10

Vi= Sai IE/(R) 0.42 Wi ASCE EQ 15.7-5

Vc= Sac IE/(1.5) 0.33 Wc ASCE EQ 15.7-6

                

Quantum Consulting Engineers LLC Project: Best Project Date: 12/15/23 Job No: 12345.01

1511 Third Avenue, Suite 323 Designer: ENGR Sheet:

Seattle, WA 98101 Client:  Great Client Checked:

Centeris Data Centers Date: 12/15/23 Job No: 23444.01

Designer: TVM Sheet: 1

Benaroya Checked:
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2500 KW CAT Generator Foundation Design
IBC 2018, ASCE 7-16, ACI 318-14

1.) Generator

Enclosure Weight: 25.8 kips Total Height H: 192 in

Generator Weight: 42 kips Total Width B: 148 in

Tank Weight: 18.8 kips Total Width L: 495 in

Tank Capacity: 8614 gal Tank Int. Height HT: 51 in

Liquid S.G.: 0.88 Tank Int. Width WT: 140 in

Liquid Weight: 63.2 kips Tank Int. Length LT: 380 in

Snow Load: 25 psf

2) Seismic Design per ASCE 7-16 Chapter 15 Non-Building Structure Procedure

Lateral System

R: 3.0 ASCE Table 15.4-2

Ω0: 2.0 ASCE Table 15.4-2

Cd: 2.5 ASCE Table 15.4-2

IE: 1.25

Lateral Loads

Lateral resistance is provided by the steel tank anchored to the concrete slab.

See Ground Supported Tank For Liquids Seismic Design Spreadsheet

Vi = 0.42 Wi ASCE EQ 15.7-5

Vc = 0.33 Wi ASCE EQ 15.7-6

Enclosure EQ = Vi * We = 10.8 kips

Generator EQ = Vi * Wg = 17.7 kips

Tank EQ = Vi * Wt = 7.9 kips

Liquid Wi = 22.8 kips ACI 350.3-06 EQ 9-15

Liquid Wc = 3.8 kips ACI 350.3-06 EQ 9-16

Liquid EQ = Vi*Wi+Vc*Wc = 10.8 kips

Quantum Consulting Engineers LLC Project: Centeris Data Centers Date: 12/15/23 Job No: 23444.01

1511 Third Avenue, Suite 323 Designer: TVM Sheet: 1

Seattle, WA 98101 Client: Benaroya Checked:

Flat Bottom Ground Supported

Steel Tanks Mechanically Anchored
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2500 KW CAT Generator Foundation Design
IBC 2018, ASCE 7-16, ACI 318-14

2) Seismic Design per ASCE 7-16 Chapter 15 Non-Building Structure Procedure

Shear Connection
V = ΣEQ = 47.2 kips Assume 3/4" Hilti KB3 SS

Number of Anchors = 22.0 with 3 1/4" embed.
Anchor Shear = 0.7*V*Ω/# = 3.01 kips/anchor < ASD Capacity = 5.7 kips OK

Overturning Resistance About Width

Enclosure 121.5 in 10.8 kips 110 k-ft

Generator 88.8 in 17.7 kips 131 k-ft

Tank 25.5 in 7.9 kips 16.8 k-ft

Liquid 25.5 in 10.8 kips 23 k-ft

MOT = 280 k-ft

Resisting Dead Load 74 in 86.5 kips 533 k-ft

Resisting Liquid 74 in 63.2 kips 390 k-ft

MR = 923 k-ft

F.O.S. = MR / MOT = 3.3 OK Full Tank

F.O.S. = MR / MOT = 2.1 OK Empty Tank

3) Wind Design per ASCE 7-16 Chapter 29 Non-Building Structure Procedure

Wind Speed V: 104.0 mph ASCE 7-16 Risk Category III

Exposure Cat. B

Exposure Coe Kz: 0.62 Table 26.10-1 (H = 20')

Direction Coe. Kd: 0.85 Table 26.6-1

Topo Coe. Kzt: 1.00 Sec. 26.8

V_Pressure qz = 14.6 psf EQ 26.10-1

Gust Factor G: 0.85 Sec 26.11

Af = 660 sqft

h/d = 1.30

Cf = 1.31 Figure 29.4-1

F = 10.72 kips EQ 29.4-1

Shear Connection

WL < EQ Shear Connection OK By Inspection

Overturning Resistance About Width

MOT = F*H/2 86 k-ft

MR = DL*W/2 533 k-ft (Exclude Liquid Weight)

F.O.S. = MR / MOT = 6.2 OK

Quantum Consulting Engineers LLC Project: Centeris Data Centers Date: 12/15/23 Job No: 23444.01

1511 Third Avenue, Suite 323 Designer: TVM Sheet: 2

Seattle, WA 98101 Client: Benaroya Checked:

Moment Arm Res. Moment

C.O.G. EQ OT Moment

DL
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2500 KW CAT Generator Foundation Design
IBC 2018, ASCE 7-16, ACI 318-14

4) Foundation Design

Bearing Analysis

Allowable Bearing 2000 psf

Footing Width: 40 ft

Footing Length: 14 ft

Thickened Edge Width: 1 ft

Dead Load (Full): 150 kips

Snow Load: 12.7 kips

1.0DL+1.0SL Pressure: 1504 psf < 2000 psf OK

Earthquake OT (Full) 280 k-ft

Applied Pressure: 500 psf

1.15DL+0.7EQ Pressure: 1945 psf < 2000 psf * (4/3) OK

Sliding Analysis

Slab-on-Grade Thickness 8 in

Allow. Coefficient of Friction: 0.3

(0.7) Earthquake (Full): 33.1 kips

Dead Load (Full): 206 kips Includes Slab-on-Grade Weight

Sliding Resistance: 61.7 kips

Unity Check Uc = 1.87 > 1.0 OK

(0.7) Earthquake (Empty) 25.5 kips

Dead Load (Empty): 143 kips Includes Slab-on-Grade Weight

Sliding Resistance: 42.8 kips

Unity Check Uc = 1.68 > 1.0 OK

Quantum Consulting Engineers LLC Project: Centeris Data Centers Date: 12/15/23 Job No: 23444.01

1511 Third Avenue, Suite 323 Designer: TVM Sheet: 3

Seattle, WA 98101 Client: Benaroya Checked:
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2500 KW Kohler Generator Foundation Design
IBC 2018, ASCE 7-16, ACI 318-14

1.) Generator

Enclosure Weight: 12.0 kips Total Height H: 211 in

Generator Weight: 53.4 kips Total Width B: 158 in

Tank Weight: 22.0 kips Total Width L: 562 in

Tank Capacity: 9458 gal Tank Int. Height HT: 37.74 in

Liquid S.G.: 0.88 Tank Int. Width WT: 137.88 in

Liquid Weight: 69.4 kips Tank Int. Length LT: 450.5 in

Snow Load: 25 psf

2) Seismic Design per ASCE 7-16 Chapter 15 Non-Building Structure Procedure

Lateral System

R: 3.0 ASCE Table 15.4-2

Ω0: 2.0 ASCE Table 15.4-2

Cd: 2.5 ASCE Table 15.4-2

IE: 1.25

Lateral Loads

Lateral resistance is provided by the steel tank anchored to the concrete slab.

See Ground Supported Tank For Liquids Seismic Design Spreadsheet

Vi = 0.42 Wi ASCE EQ 15.7-5

Vc = 0.33 Wi ASCE EQ 15.7-6

Enclosure EQ = Vi * We = 5.1 kips

Generator EQ = Vi * Wg = 22.5 kips

Tank EQ = Vi * Wt = 9.3 kips

Liquid Wi = 25.0 kips ACI 350.3-06 EQ 9-15

Liquid Wc = 4.1 kips ACI 350.3-06 EQ 9-16

Liquid EQ = Vi*Wi+Vc*Wc = 11.9 kips

Quantum Consulting Engineers LLC Project: Centeris Data Centers Date: 2/2/24 Job No: 23444.01

1511 Third Avenue, Suite 323 Designer: TVM Sheet: 1

Seattle, WA 98101 Client: Benaroya Checked:

Flat Bottom Ground Supported

Steel Tanks Mechanically Anchored
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2500 KW Kohler Generator Foundation Design
IBC 2018, ASCE 7-16, ACI 318-14

2) Seismic Design per ASCE 7-16 Chapter 15 Non-Building Structure Procedure

Shear Connection
V = ΣEQ = 48.7 kips Kohler spec calls for a 3/4" Hilti KB3 SS

Number of Anchors = 24.0 with 3 1/4" embed.
Anchor Shear = 0.7*V*Ω/# = 2.84 kips/anchor < ASD Capacity = 5.7 kips OK

Overturning Resistance About Width

Enclosure 132.5 in 5.1 kips 55.8 k-ft

Generator 93.3 in 22.5 kips 175 k-ft

Tank 24.0 in 9.3 kips 18.5 k-ft

Liquid 24.0 in 11.9 kips 23.8 k-ft

MOT = 273 k-ft

Resisting Dead Load 79 in 87.4 kips 575 k-ft

Resisting Liquid 79 in 69.4 kips 457 k-ft

MR = 1032 k-ft

F.O.S. = MR / MOT = 3.8 OK Full Tank

F.O.S. = MR / MOT = 2.3 OK Empty Tank

3) Wind Design per ASCE 7-16 Chapter 29 Non-Building Structure Procedure

Wind Speed V: 104.0 mph ASCE 7-16 Risk Category III

Exposure Cat. B

Exposure Coe Kz: 0.62 Table 26.10-1 (H = 20')

Direction Coe. Kd: 0.85 Table 26.6-1

Topo Coe. Kzt: 1.00 Sec. 26.8

V_Pressure qz = 14.6 psf EQ 26.10-1

Gust Factor G: 0.85 Sec 26.11

Af = 823 sqft

h/d = 1.34

Cf = 1.31 Figure 29.4-1

F = 13.3802 kips EQ 29.4-1

Shear Connection

WL < EQ Shear Connection OK By Inspection

Overturning Resistance About Width

MOT = F*H/2 118 k-ft

MR = DL*W/2 575 k-ft (Exclude Liquid Weight)

F.O.S. = MR / MOT = 4.9 OK

Quantum Consulting Engineers LLC Project: Centeris Data Centers Date: 2/2/24 Job No: 23444.01

1511 Third Avenue, Suite 323 Designer: TVM Sheet: 2

Seattle, WA 98101 Client: Benaroya Checked:

Moment Arm Res. Moment

C.O.G. EQ OT Moment

DL
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2500 KW Kohler Generator Foundation Design
IBC 2018, ASCE 7-16, ACI 318-14

4) Foundation Design

Bearing Analysis

Allowable Bearing 2000 psf

Footing Width: 40 ft

Footing Length: 14 ft

Thickened Edge Width: 1 ft

Dead Load (Full): 157 kips

Snow Load: 15.4 kips

1.0DL+1.0SL Pressure: 1595 psf < 2000 psf OK

Earthquake OT (Full) 273 k-ft

Applied Pressure: 487 psf

1.15DL+0.7EQ Pressure: 2011 psf < 2000 psf * (4/3) OK

Sliding Analysis

Slab-on-Grade Thickness 8 in

Allow. Coefficient of Friction: 0.3

(0.7) Earthquake (Full): 34.1 kips

Dead Load (Full): 213 kips Includes Slab-on-Grade Weight

Sliding Resistance: 63.8499 kips

Unity Check Uc = 1.87 > 1.0 OK

(0.7) Earthquake (Empty) 25.7 kips

Dead Load (Empty): 143 kips Includes Slab-on-Grade Weight

Sliding Resistance: 43.0 kips

Unity Check Uc = 1.67 > 1.0 OK

Quantum Consulting Engineers LLC Project: Centeris Data Centers Date: 2/2/24 Job No: 23444.01

1511 Third Avenue, Suite 323 Designer: TVM Sheet: 3

Seattle, WA 98101 Client: Benaroya Checked:
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3000 KVA Transformer Anchorage & Foundation Design
IBC 2018, ASCE 7-16, ACI 318-14

2.) Transformer

Weight: 14.6 kips

Total Height H: 81 in

Total Width B: 69.3 in

Total Width L: 109.9 in

Center of Gravity: 54 in

Snow Load: 25 psf

2) Seismic Design per ASCE 7-16 Chapter 13 Non-Structural Components

Electrical Components

ap = 1

Rp = 2.5

Sds = 1.01

Ie = 1.25

Lateral Loads

Lateral resistance is provided by the transformer anchored to the concrete slab.

Fp = 2.96 kips ASCE 7-16 EQ 13.3-1

X Fpmin = 5.54 kips ASCE 7-16 EQ 13.3-2 Controls

Fpmax = 29.55 kips ASCE 7-16 EQ 13.3-3

EQ = 5.54 kips

Shear Connection 3/4" Titen HD Screw Anchors

Number of Anchors = 2.0 with 4 1/2" Embed
Anchor Shear = V*Ω/# = 2.77 kips/anchor < Capacity = 7.1 kips OK

Overturning Resistance About Width

transformer 54 in 5.5 kips 24.9 k-ft

Resisting Dead Load 20 in 14.6 kips 24 k-ft

F.O.S. = MR / MOT = 1.0 Use Tension Capacity of Anchors

Anchor Tension = M / d / # = 7.5 kips/anchor < Capacity = 35.7 kips OK

Quantum Consulting Engineers LLC Project: Centeris Data Centers Date: 2/2/24 Job No: 23444.01

1511 Third Avenue, Suite 323 Designer: TVM Sheet: 1

Seattle, WA 98101 Client: Benaroya Checked:

Moment Arm Res. Moment

C.O.G. EQ OT Moment

DL

24



3000 KVA Transformer Anchorage & Foundation Design
IBC 2018, ASCE 7-16, ACI 318-14

3) Wind Design per ASCE 7-16 Chapter 29 Non-Building Structure Procedure

Wind Speed V: 104.0 mph ASCE 7-16 Risk Category III

Exposure Cat. B

Exposure Coe Kz: 0.62 Table 26.10-1 (H = 20')

Direction Coe. Kd: 0.85 Table 26.6-1

Topo Coe. Kzt: 1.00 Sec. 26.8

V_Pressure qz = 14.6 psf EQ 26.10-1

Gust Factor G: 0.85 Sec 26.11

Af = 62 sqft

h/d = 1.17

Cf = 1.30 Figure 29.4-1

F = 1.00 kips EQ 29.4-1

Shear Connection

WL < EQ Shear Connection OK By Inspection

Overturning Resistance About Width

MOT = F*H/2 3 k-ft

MR = DL*W/2 42 k-ft 

F.O.S. = MR / MOT = 12.6 OK

Quantum Consulting Engineers LLC Project: Centeris Data Centers Date: 2/2/24 Job No: 23444.01
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3000 KVA Transformer Anchorage & Foundation Design
IBC 2018, ASCE 7-16, ACI 318-14

4) Foundation Design

Bearing Analysis

Allowable Bearing 2000 psf

Footing Width: 6.5 ft

Footing Length: 6.5 ft

Thickened Edge Width: 1.0 ft

Dead Load: 15 kips

Snow Load: 1.1 kips

1.0DL+1.0SL Pressure: 603 psf < 2000 psf OK

Earthquake OT 25 k-ft

Applied Pressure: 590 psf

1.15DL+0.7EQ Pressure: 1060 psf < 2000 psf * (4/3) OK

Sliding Analysis

Slab-on-Grade Thickness 8 in

Allow. Coefficient of Friction: 0.3

(0.7) Earthquake : 3.9 kips

Dead Load: 19 kips Includes Slab-on-Grade Weight

Sliding Resistance: 5.66 kips

Unity Check Uc = 1.46 > 1.0 OK

Quantum Consulting Engineers LLC Project: Centeris Data Centers Date: 2/2/24 Job No: 23444.01

1511 Third Avenue, Suite 323 Designer: TVM Sheet: 3

Seattle, WA 98101 Client: Benaroya Checked:
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Eaton 15 KV MV Switch Anchorage Design
IBC 2018, ASCE 7-16, ACI 318-14

1.) MV Switch

Weight: 7.4 kips

Total Height H: 95.46 in

Total Width B: 50.06 in

Total Width L: 174 in

Center of Gravity: 57.28 in

Snow Load: 25 psf

2) Seismic Design per ASCE 7-16 Chapter 13 Non-Structural Components

Electrical Components

ap = 1

Rp = 2.5

Sds = 1.01

Ie = 1.25

Lateral Loads

Lateral resistance is provided by the chiller anchored to the concrete slab.

Fp = 1.49 kips ASCE 7-16 EQ 13.3-1

X Fpmin = 2.80 kips ASCE 7-16 EQ 13.3-2 Controls

Fpmax = 14.95 kips ASCE 7-16 EQ 13.3-3

EQ = 2.80 kips

Shear Connection 1/2" Titan HD Anchors

Number of Anchors = 8.0 with 4 1/2" Embed
Anchor Shear = V*Ω/# = 0.35 kips/anchor < Capacity = 4.5 kips OK

Overturning Resistance About Width

MV Switch 57.276 in 2.8 kips 13.4 k-ft

Resisting Dead Load 25.03 in 7.4 kips 15 k-ft

F.O.S. = MR / MOT = 1.2 OK 
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Eaton 15 KV MV Switch Anchorage Design
IBC 2018, ASCE 7-16, ACI 318-14

3) Wind Design per ASCE 7-16 Chapter 29 Non-Building Structure Procedure

Wind Speed V: 104.0 mph ASCE 7-16 Risk Category III

Exposure Cat. B

Exposure Coe Kz: 0.62 Table 26.10-1 (H = 20')

Direction Coe. Kd: 0.85 Table 26.6-1

Topo Coe. Kzt: 1.00 Sec. 26.8

V_Pressure qz = 14.6 psf EQ 26.10-1

Gust Factor G: 0.85 Sec 26.11

Af = 115 sqft

h/d = 1.91

Cf = 1.30 Figure 29.4-1

F = 1.86 kips EQ 29.4-1

Shear Connection

WL < EQ Shear Connection OK By Inspection

Overturning Resistance About Width

MOT = F*H/2 7 k-ft

MR = DL*W/2 15 k-ft 

F.O.S. = MR / MOT = 2.1 OK

Quantum Consulting Engineers LLC Project: Centeris Data Centers Date: 2/2/24 Job No: 23444.01
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Load Bank Anchorage & Foundation Design
IBC 2018, ASCE 7-16, ACI 318-14

2.) Load Bank

Weight: 5.0 kips

Total Height H: 93.75 in

Total Width B: 43.38 in

Total Width L: 111.25 in

Center of Gravity: 62.5 in

Snow Load: 25 psf

2) Seismic Design per ASCE 7-16 Chapter 13 Non-Structural Components

Electrical Components

ap = 1

Rp = 2.5

Sds = 1.01

Ie = 1.25

Lateral Loads

Lateral resistance is provided by the Load Bank anchored to the concrete slab.

Fp = 1.01 kips ASCE 7-16 EQ 13.3-1

X Fpmin = 1.89 kips ASCE 7-16 EQ 13.3-2 Controls

Fpmax = 10.10 kips ASCE 7-16 EQ 13.3-3

EQ = 1.89 kips

Shear Connection 3/4" Titen HD Screw Anchors

Number of Anchors = 2.0 with 5 1/2" Embed
Anchor Shear = V*Ω/# = 0.95 kips/anchor < Capacity = 7.1 kips OK

Overturning Resistance About Width

Load Bank 62.5 in 1.9 kips 9.86 k-ft

Resisting Dead Load 42 in 5.0 kips 18 k-ft

F.O.S. = MR / MOT = 1.8 OK
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Load Bank Anchorage & Foundation Design
IBC 2018, ASCE 7-16, ACI 318-14

3) Wind Design per ASCE 7-16 Chapter 29 Non-Building Structure Procedure

Wind Speed V: 104.0 mph ASCE 7-16 Risk Category III

Exposure Cat. B

Exposure Coe Kz: 0.62 Table 26.10-1 (H = 20')

Direction Coe. Kd: 0.85 Table 26.6-1

Topo Coe. Kzt: 1.00 Sec. 26.8

V_Pressure qz = 14.6 psf EQ 26.10-1

Gust Factor G: 0.85 Sec 26.11

Af = 72 sqft

h/d = 2.16

Cf = 1.30 Figure 29.4-1

F = 1.17 kips EQ 29.4-1

Shear Connection

WL < EQ Shear Connection OK By Inspection

Overturning Resistance About Width

MOT = F*H/2 5 k-ft

MR = DL*W/2 9 k-ft 

F.O.S. = MR / MOT = 2.0 OK
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Load Bank Foundation Design
IBC 2018, ASCE 7-16, ACI 318-14

4) Foundation Design

Bearing Analysis

Allowable Bearing 2000 psf

Footing Width: 6.0 ft

Footing Length: 10.0 ft

Thickened Edge Width: 1.0 ft

Dead Load: 5 kips

Snow Load: 1.5 kips

1.0DL+1.0SL Pressure: 203 psf < 2000 psf OK

Earthquake OT 10 k-ft

Applied Pressure: 164 psf

1.15DL+0.7EQ Pressure: 295 psf < 2000 psf * (4/3) OK

Sliding Analysis

Slab-on-Grade Thickness 8 in

Allow. Coefficient of Friction: 0.3

(0.7) Earthquake : 1.3 kips

Dead Load: 11 kips Includes Slab-on-Grade Weight

Sliding Resistance: 3.30 kips

Unity Check Uc = 2.49 > 1.0 OK
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4000A Switchgear Anchorage Design
IBC 2018, ASCE 7-16, ACI 318-14

1.) Switchgear

Weight: 2.2 kips

Total Height H: 94 in

Total Width B: 55.125 in

Total Width L: 42 in

Center of Gravity: 56.40 in

Snow Load: 25 psf

2) Seismic Design per ASCE 7-16 Chapter 13 Non-Structural Components

Electrical Components

ap = 1

Rp = 2.5

Sds = 1.01

Ie = 1.25

Lateral Loads

Lateral resistance is provided by the Switchgear anchored to the concrete slab.

Fp = 0.44 kips ASCE 7-16 EQ 13.3-1

X Fpmin = 0.83 kips ASCE 7-16 EQ 13.3-2 Controls

Fpmax = 4.44 kips ASCE 7-16 EQ 13.3-3

EQ = 0.83 kips

Shear Connection 1/2" Titan HD Anchors

Number of Anchors = 2.0 with 4 1/2" Embed
Anchor Shear = V*Ω/# = 0.42 kips/anchor < Capacity = 4.5 kips OK

Overturning Resistance About Width

Switchgear 56.4 in 0.8 kips 3.92 k-ft

Resisting Dead Load 27.5625 in 2.2 kips 5 k-ft

F.O.S. = MR / MOT = 1.3 OK 
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4000A Switchgear Anchorage Design
IBC 2018, ASCE 7-16, ACI 318-14

3) Wind Design per ASCE 7-16 Chapter 29 Non-Building Structure Procedure

Wind Speed V: 104.0 mph ASCE 7-16 Risk Category III

Exposure Cat. B

Exposure Coe Kz: 0.62 Table 26.10-1 (H = 20')

Direction Coe. Kd: 0.85 Table 26.6-1

Topo Coe. Kzt: 1.00 Sec. 26.8

V_Pressure qz = 14.6 psf EQ 26.10-1

Gust Factor G: 0.85 Sec 26.11

Af = 27 sqft

h/d = 1.71

Cf = 1.30 Figure 29.4-1

F = 0.44 kips EQ 29.4-1

Shear Connection

WL < EQ Shear Connection OK By Inspection

Overturning Resistance About Width

MOT = F*H/2 2 k-ft

MR = DL*W/2 5 k-ft 

F.O.S. = MR / MOT = 2.9 OK
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