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Scope 

To provide structural calculations for anchorage and mat slab design at the location given on the 

cover page.  Elements under review include (6) unique anchorage designs and mat slab design. 

Analysis of the mechanical equipment or any other elements not specifically referenced in these 

calculations are outside the purview of these calculations and are designed by others. 

References 

1. 2022 Oregon Structural Specialty Code (OSSC) 
2. 2021 International Building Code (IBC) 
3. ASCE/SEI 7-16, Minimum Design Loads for Buildings and Other Structures, American Society 

of Civil Engineers (ASCE) 
4. 2019 Building Code Requirements for Structural Concrete, ACI 318-19, and Commentary 

(ACI) 
5. Geotechnical Report generated by Intertek PSI, dated 01/10/2020, their report number 

07041279 (Geotech) 
6. ASCE 7 Hazard Tool, https://asce7hazardtool.online/ 
7. Drawings provided by client on 08/04/2025, generated by CHART and drawings dated 

01/16/2018 (Dwgs – Nitrogen Tank) 
8. Drawings provided by client on 08/04/2025, generated by CTR and drawings dated 

05/23/2023 (Dwgs – P2K Pump Skid) 
9. Drawings provided by client on 08/04/2025, generated by Nikkiso Cryoquip and drawings 

dated 07/11/2025 (Dwgs – NC Vaporizer) 
10. Drawings provided by client on 08/07/2025, generated by Eleet Cryogenics, Inc. and 

drawings dated 09/10/2018 (Dwgs – PCM) 
11. Drawings provided by client on 08/04/2025, generated by FIBA Technologies, Inc. and 

drawings dated 04/03/2025 (Dwgs – ASME) 
12. Drawings provided by client on 08/04/2025, generated by Thermax, Inc. and drawings dated 

11/11/2008 (Dwgs – T Vaporizer) 

  

https://asce7hazardtool.online/
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Design Criteria 

Risk Category II 

Elevation above sea level; EL = 87 ft; per ASCE 7 Hazard Tool 

Concrete Design Information 
Compressive Strength; f’c = 4000 psi; (for durability, minimum 2,500psi strength used 

for design) 

Soil Design Values (per Geotechnical Report) 
Allowable Soil Bearing; Pb,a = 1000 psf; per Geotech 

Soil Subgrade Modulus; K = 200 lb/in3; per Geotech 

Wind Loading 
Wind Exposure C 

Basic Wind Speed; V = 96; mph per ASCE 7 Hazard Tool 

Nitrogen Tank 
Design Horiz. Wind Pressure; Pwh,NT = 8.96 psf; per Wind Load Generation 

Design Vert. Wind Pressure; Pwv,NT = 8.96 psf; per Wind Load Generation 

P2K Pump Skid 
Design Horiz. Wind Pressure; Pwh,PS = 19.99 psf; per Wind Load Generation 

Design Vert. Wind Pressure; Pwv,PS = 19.99 psf; per Wind Load Generation 

Nikkiso Cryoquip Vaporizer 
Design Horiz. Wind Pressure; Pwh,NCV = 23.22 psf; per Wind Load Generation 

Design Vert. Wind Pressure; Pwv,NCV = 23.22 psf; per Wind Load Generation 

Pressure Control Manifold 
Design Horiz. Wind Pressure; Pwh,PCM = 19.99 psf; per Wind Load Generation 

Design Vert. Wind Pressure; Pwv,PCM = 19.99 psf; per Wind Load Generation 

ASME Tube 
Design Horiz. Wind Pressure; Pwh,ASME = 19.99 psf; per Wind Load Generation 

Design Vert. Wind Pressure; Pwv,ASME = 19.99 psf; per Wind Load Generation 

Thermax Vaporizer 
Design Horiz. Wind Pressure; Pwh,TV = 23.85 psf; per Wind Load Generation 

Design Vert. Wind Pressure; Pwv,TV = 23.85 psf; per Wind Load Generation 
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Seismic Loading 
Seismic Importance Factor;  Ie = 1.0; per ASCE 7 Table 1.5-2 

Soil Class E  per Geotechnical Report 

Seismic Design Category D  per Geotechnical Report 

 

Spectral Response (short); Ss = 0.864; g per Geotechnical Report 

Spectral Response (1s); S1 = 0.415; g per Geotechnical Report 

Spectral Acceleration (short); SDS = 0.665; g per Geotechnical Report 

Spectral Acceleration (1s); SD1 = 0.522; g per Geotechnical Report 

 

Vertical Seismic Coefficient; 0.2  SDS = 0.133 

Nitrogen Tank 
Seismic Response Coefficient; Cs,NT = 0.333; per Seismic Load Generation 

P2K Pump Skid 
Seismic Response Coefficient; Cs,PS = 0.200; per Seismic Load Generation 

Nikkiso Cryoquip Vaporizer 
Seismic Response Coefficient; Cs,NCV = 0.333; per Seismic Load Generation 

Pressure Control Manifold 
Seismic Response Coefficient; Cs,PCM = 0.200; per Seismic Load Generation 

ASME Tube 
Seismic Response Coefficient; Cs,ASME = 0.200; per Seismic Load Generation 

Thermax Vaporizer 
Seismic Response Coefficient; Cs,TV = 0.333; per Seismic Load Generation 
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Load Generation 

Wind Load Generation 

Nitrogen Tank 

 

 

ASCE 7-16 Chapter 29: Wind Loads on Other Structures - Directional Procedure

(Chimneys and Tanks)

Wind Design Criteria:

Basic Wind Speed (3 sec Gust) = 96 MPH

Exposure = C

Exposure Coefficient, Kz = 0.85 ASCE 7-16 Table 26.10-1

Topography Factor, Kzt = 1 ASCE 7-16 Sec. 26.8.2

Directionality Factor, Kd = 1.00 ASCE 7-16 Table 26.6-1

Ground Elevation Factor, Ke = 1.00 ASCE 7-16 Table 26.9-1

Gust Factor, G = 0.85 ASCE 7-16 Sec. 26.11 

Velocity Pressure, qz = 19.99 psf = 0.00256·Kz·Kzt·Kd·Ke·V
2

Secondary Structure Information:

Secondary Structure Type = Round

Secondary Structure Height, H = 19 ft

Secondary Structure Diameter, D = 7.17 ft

Depth of Protruding Elements, D' = 0 ft

Primary Structure Information:

Primary Structure Height, h = 0 ft

Primary Structure Length, d = 0 ft

Primary Structure Width, b = 0 ft

Wind Pressures:

Chimney or Tank, Therefore Wind Pressure, Pw = qz·G·Cf, Per ASCE7-16 EQ. 29.4-1

Length Side Pressures:

Area of Length Side, A1 = 136.23 ft2 = H·D

Cf = 0.53 ASCE 7-16 29.4-1

Wind Pressure, Pw1 = 8.96 psf

Total Wind Force, Fw1 = 1221 lb

Width Side Pressures:

Area of Length Side, A2 = 136.23

Cf = 0.53 ASCE 7-16 29.4-1

Wind Pressure, Pw2 = 8.96 psf

Total Wind Force, Fw2 = 1221 lb
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ASCE 7-16 Chapter 29: Wind Loads on Other Structures - Directional Procedure

(Rooftop Structures and Equipment for Buildings)

Wind Design Criteria:

Basic Wind Speed (3 sec Gust) = 96 MPH

Exposure = C

Exposure Coefficient, Kh = 0.85 ASCE 7-16 Table 26.10-1

Topography Factor, Kzt = 1 ASCE 7-16 Sec. 26.8.2

Directionality Factor, Kd = 1.00 ASCE 7-16 Tab. 26.6-1

Ground Elevation Factor, Ke = 1.00 ASCE 7-16 Table 26.9-1

Gust Factor, G = 0.85 ASCE 7-16 Sec. 26.11 

Velocity Pressure, qh = 19.99 psf = 0.00256·Kh·Kzt·Kd·Ke·V
2

Secondary Structure Information:

Secondary Structure Height, H = 6.7 ft

Secondary Structure Length, L = 6 ft

Secondary Structure Width, B = 5.67 ft

Primary Structure Information:

Primary Structure Height, h = 0 ft

Primary Structure Length, d = 0 ft

Primary Structure Width, b = 0 ft

Wind Pressures:

Rooftop Structure or Equipment. Therefore Wind Pressure, Pw = qh·(GCr)·A, per ASCE7-16 EQ. 29.4-2

Length Side Pressures:

Area of Length Side, A1 = 40.20 ft2 = H·D

GCr = 1.00 ASCE 7-16 29.4.1

Wind Pressure, Pw1 = 19.99 psf

Total Wind Force, Fw1 = 804 lb

Width Side Pressures:

Area of Width Side, A2 = 37.99 ft2 = H·B

GCr = 1.00 ASCE 7-16 29.4.1

Wind Pressure, Pw2 = 19.99 psf

Total Wind Force, Fw2 = 759 lb

Uplift Pressure:

Area of Top Face, A3 = 34.02 ft2

GCr = 1.00 ASCE 7-16 29.4.1

Wind Pressure, Pw3 = 19.99 psf

Total Wind Force, Fw3 = 680 lb

KyleKadomoto
Snapshot
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Nikkiso Cryoquip Vaporizer 

 
  

ASCE 7-16 Chapter 29: Wind Loads on Other Structures - Directional Procedure

(Chimneys and Tanks)

Wind Design Criteria:

Basic Wind Speed (3 sec Gust) = 96 MPH

Exposure = C

Exposure Coefficient, Kz = 0.85 ASCE 7-16 Table 26.10-1

Topography Factor, Kzt = 1 ASCE 7-16 Sec. 26.8.2

Directionality Factor, Kd = 1.00 ASCE 7-16 Table 26.6-1

Ground Elevation Factor, Ke = 1.00 ASCE 7-16 Table 26.9-1

Gust Factor, G = 0.85 ASCE 7-16 Sec. 26.11 

Velocity Pressure, qz = 19.99 psf = 0.00256·Kz·Kzt·Kd·Ke·V
2

Secondary Structure Information:

Secondary Structure Type = Square (wind normal to face)

Secondary Structure Height, H = 18.6 ft

Secondary Structure Length, D = 4.67 ft

Secondary Structure Width, B = 3.74 ft

Primary Structure Information:

Primary Structure Height, h = 0 ft

Primary Structure Length, d = 0 ft

Primary Structure Width, b = 0 ft

Wind Pressures:

Chimney or Tank, Therefore Wind Pressure, Pw = qz·G·Cf, Per ASCE7-16 EQ. 29.4-1

Length Side Pressures:

Area of Length Side, A1 = 86.86 ft2 = H·D

Cf = 1.35 ASCE 7-16 29.4-1

Wind Pressure, Pw1 = 22.93 psf

Total Wind Force, Fw1 = 1992 lb

Width Side Pressures:

Area of Length Side, A2 = 69.56 sq ft = H·B

Cf = 1.37 ASCE 7-16 29.4-1

Wind Pressure, Pw2 = 23.22 psf

Total Wind Force, Fw2 = 1615 lb
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Pressure Control Manifold 

 
  

ASCE 7-16 Chapter 29: Wind Loads on Other Structures - Directional Procedure

(Rooftop Structures and Equipment for Buildings)

Wind Design Criteria:

Basic Wind Speed (3 sec Gust) = 96 MPH

Exposure = C

Exposure Coefficient, Kh = 0.85 ASCE 7-16 Table 26.10-1

Topography Factor, Kzt = 1 ASCE 7-16 Sec. 26.8.2

Directionality Factor, Kd = 1.00 ASCE 7-16 Tab. 26.6-1

Ground Elevation Factor, Ke = 1.00 ASCE 7-16 Table 26.9-1

Gust Factor, G = 0.85 ASCE 7-16 Sec. 26.11 

Velocity Pressure, qh = 19.99 psf = 0.00256·Kh·Kzt·Kd·Ke·V
2

Secondary Structure Information:

Secondary Structure Height, H = 3.33 ft

Secondary Structure Length, L = 4.42 ft

Secondary Structure Width, B = 1 ft

Primary Structure Information:

Primary Structure Height, h = 0 ft

Primary Structure Length, d = 0 ft

Primary Structure Width, b = 0 ft

Wind Pressures:

Rooftop Structure or Equipment. Therefore Wind Pressure, Pw = qh·(GCr)·A, per ASCE7-16 EQ. 29.4-2

Length Side Pressures:

Area of Length Side, A1 = 14.72 ft2 = H·D

GCr = 1.00 ASCE 7-16 29.4.1

Wind Pressure, Pw1 = 19.99 psf

Total Wind Force, Fw1 = 294 lb

Width Side Pressures:

Area of Width Side, A2 = 3.33 ft2 = H·B

GCr = 1.00 ASCE 7-16 29.4.1

Wind Pressure, Pw2 = 19.99 psf

Total Wind Force, Fw2 = 67 lb

Uplift Pressure:

Area of Top Face, A3 = 4.42 ft2

GCr = 1.00 ASCE 7-16 29.4.1

Wind Pressure, Pw3 = 19.99 psf

Total Wind Force, Fw3 = 88 lb
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ASME Tube 

 
  

ASCE 7-16 Chapter 29: Wind Loads on Other Structures - Directional Procedure

(Rooftop Structures and Equipment for Buildings)

Wind Design Criteria:

Basic Wind Speed (3 sec Gust) = 96 MPH

Exposure = C

Exposure Coefficient, Kh = 0.85 ASCE 7-16 Table 26.10-1

Topography Factor, Kzt = 1 ASCE 7-16 Sec. 26.8.2

Directionality Factor, Kd = 1.00 ASCE 7-16 Tab. 26.6-1

Ground Elevation Factor, Ke = 1.00 ASCE 7-16 Table 26.9-1

Gust Factor, G = 0.85 ASCE 7-16 Sec. 26.11 

Velocity Pressure, qh = 19.99 psf = 0.00256·Kh·Kzt·Kd·Ke·V
2

Secondary Structure Information:

Secondary Structure Height, H = 7.1 ft

Secondary Structure Length, L = 26.22 ft

Secondary Structure Width, B = 2.43 ft

Primary Structure Information:

Primary Structure Height, h = 0 ft

Primary Structure Length, d = 0 ft

Primary Structure Width, b = 0 ft

Wind Pressures:

Rooftop Structure or Equipment. Therefore Wind Pressure, Pw = qh·(GCr)·A, per ASCE7-16 EQ. 29.4-2

Length Side Pressures:

Area of Length Side, A1 = 186.16 ft2 = H·D

GCr = 1.00 ASCE 7-16 29.4.1

Wind Pressure, Pw1 = 19.99 psf

Total Wind Force, Fw1 = 3722 lb

Width Side Pressures:

Area of Width Side, A2 = 17.25 ft2 = H·B

GCr = 1.00 ASCE 7-16 29.4.1

Wind Pressure, Pw2 = 19.99 psf

Total Wind Force, Fw2 = 345 lb

Uplift Pressure:

Area of Top Face, A3 = 63.71 ft2

GCr = 1.00 ASCE 7-16 29.4.1

Wind Pressure, Pw3 = 19.99 psf

Total Wind Force, Fw3 = 1274 lb
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Thermax Vaporizer 

 
  

ASCE 7-16 Chapter 29: Wind Loads on Other Structures - Directional Procedure

(Chimneys and Tanks)

Wind Design Criteria:

Basic Wind Speed (3 sec Gust) = 96 MPH

Exposure = C

Exposure Coefficient, Kz = 0.85 ASCE 7-16 Table 26.10-1

Topography Factor, Kzt = 1 ASCE 7-16 Sec. 26.8.2

Directionality Factor, Kd = 1.00 ASCE 7-16 Table 26.6-1

Ground Elevation Factor, Ke = 1.00 ASCE 7-16 Table 26.9-1

Gust Factor, G = 0.85 ASCE 7-16 Sec. 26.11 

Velocity Pressure, qz = 19.99 psf = 0.00256·Kz·Kzt·Kd·Ke·V
2

Secondary Structure Information:

Secondary Structure Type = Square (wind normal to face)

Secondary Structure Height, H = 12.66 ft

Secondary Structure Length, D = 2.61 ft

Secondary Structure Width, B = 1.78 ft

Primary Structure Information:

Primary Structure Height, h = 0 ft

Primary Structure Length, d = 0 ft

Primary Structure Width, b = 0 ft

Wind Pressures:

Chimney or Tank, Therefore Wind Pressure, Pw = qz·G·Cf, Per ASCE7-16 EQ. 29.4-1

Length Side Pressures:

Area of Length Side, A1 = 33.04 ft2 = H·D

Cf = 1.36 ASCE 7-16 29.4-1

Wind Pressure, Pw1 = 23.18 psf

Total Wind Force, Fw1 = 766 lb

Width Side Pressures:

Area of Length Side, A2 = 22.53 sq ft = H·B

Cf = 1.40 ASCE 7-16 29.4-1

Wind Pressure, Pw2 = 23.85 psf

Total Wind Force, Fw2 = 538 lb
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Seismic Load Generation 

 
  

Risk Category =

Ss = Fig. 22-1, 22-3,& 22-5 to 22-8

S1 = Fig. 22-2, 22-4, & 22-5 to 22-8

Long Transition Period, TL = Fig. 22-14 to 22-17

Soil Site Class =

Short-Period Site Coefficient, Fa = Table 11.4-1

Long-Period Site Coefficient, Fv = Table 11.4-2

SMS = SMS = Fa·SS, Eq. 11.4-1

SM1 = SM1 = Fv·S1, Eq. 11.4-2

SDS = SDS = 2/3·SMS, Eq. 11.4-3

SD1 = SD1 = 2/3·SM1, Eq. 11.4-4

Ts = Ts = SD1/SDS, Sect. 11.4.6

Seismic Design Category for SDS = Table 11.6-1

Seismic Design Category for SD1 = Table 11.6-2

Seismic Design Category = Most critical of the cases above

Exception 1 per section 11.4.8 Item 2 is applicable

0.984

0.665

0.522

II

0.864

0.415

16

E

Building Code Information

Seismic Design Category - ASCE 7-16 Chapter 11

D

D

D

0.785

Design Spectral Acceleration Parameters - ASCE 7-16 Chapter 11

1.2544

2.37

1.084
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Nitrogen Tank 

 
  

Importance Factor, IE = Table 1.5-2

Height, hn = ft.

  Structure Type =

Response Mod. Coef., R = Table 15.4-1 and 15.4-2

Overstrength Factor, Ωo = Table 15.4-1 and 15.4-2

Defl. Amplif. Factor, Cd = Table 15.4-1 and 15.4-2

Building Height Limit = ft, Table 15.4-1 and 15.4-2

Actual Calc. Period, Tc = from  analysis (calculated if blank)

Assumed  Period, Ta = sec.,  Ta =Ts,  ASCE 7 Section C.15.4.4

Natural Period, Tn = sec.,  T = Ta

Cs = Cs = SDS/(R/I)

Cs(max) = Cs = SD1/[T·(R/I)]

Cs(min) = Cs = 0.044·SDS·I ≥ 0.03

Base Shear Coefficient, Cs = g's,    Eh = W·Cs, Eqn. 12.8-1

Vert. Seismic Coeff., 0.2*SDS = g's,    Ev = 0.2SDS, Section 12.4-4a

0.333

0.333

0.133

0.030

Seismic Base Shear Coefficient Boundaries

Seismic Coefficient

2.00

Fundamental Period

0.333

0.785

0.785

100.0

2.00

2.5

Not Similar to Buildings (Table 15.4-2):

Elevated tanks, vessels, bins or hoppers on unbraced legs or 

asymmetrically braced legs (not similar to buildings)

Seismic Base Shear - Non-Building Structures  - ASCE 7-16 Chapter 15

Building Height Okay for Seismic Force Resisting System

1.00

19.00
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P2K Pump Skid 

 
  

Importance Factor, Ip = Section 13.1.3

Height, h = ft

Attachment Height, z = ft

  Structure Type =

Amplification Factor, ap = Table 13.5-1 & Table 13.6-1

Response Mod. Coef., Rp = Table 13.5-1 & Table 13.6-1

Overstrength Factor, Ωo = Table 13.5-1 & Table 13.6-1

Fph/Wp = Fph = (0.4*ap*SDS*Wp)*(1+2*z/h)/(Rp/Ip), Eqn. 13.3-1

Fph(max)/Wp = Fph = 1.6*SDS*Wp*Ip,  Eqn. 13.3-2

Fph(min)/Wp = Fph = 0.3*SDS*Wp*Ip,  Eqn. 13.3-3

Fph/Wp =

Fpv/Wp = Fpv = 0.2*SDS*Wp,  ASCE 7 Eqn. 12.4-4

Wp = working load

multiply (Fp/Wp) by Wp to find force on component

1.064

Seismic Coefficients

0.106

0.200

1.00

2.50

2.00

1.0

6.70

0.00

0.200

0.133

Horizontal Component - Seismic Design Coefficients

Seismic Base Shear - Non-Structural Components  - ASCE 7-16 Chapter 13

Engines , turbines, pumps, compressors, and pressure 

vessels not supported on skirts and not within the scope of 

Chapter 15 (Nonbuilding structures)

Seismic Coefficients for Mechanical and Electrical 

Components (ASCE Table 13.6-1):
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Nikkiso Cryoquip Vaporizer 

 
  

Importance Factor, IE = Table 1.5-2

Height, hn = ft.

  Structure Type =

Response Mod. Coef., R = Table 15.4-1 and 15.4-2

Overstrength Factor, Ωo = Table 15.4-1 and 15.4-2

Defl. Amplif. Factor, Cd = Table 15.4-1 and 15.4-2

Building Height Limit = ft, Table 15.4-1 and 15.4-2

Actual Calc. Period, Tc = from  analysis (calculated if blank)

Assumed  Period, Ta = sec.,  Ta =Ts,  ASCE 7 Section C.15.4.4

Natural Period, Tn = sec.,  T = Ta

Cs = Cs = SDS/(R/I)

Cs(max) = N/A per 11.4.8 Item 2 Exception 1

Cs(min) = Cs = 0.044·SDS·I ≥ 0.03

Base Shear Coefficient, Cs = g's,    Eh = W·Cs, Eqn. 12.8-1

Vert. Seismic Coeff., 0.2*SDS = g's,    Ev = 0.2SDS, Section 12.4-4a0.133

N/A

0.030

Seismic Coefficient

0.333

0.785

Seismic Base Shear Coefficient Boundaries

0.333

Fundamental Period

0.785

2.00

2.5

100.0

Building Height Okay for Seismic Force Resisting System

18.60

Not Similar to Buildings (Table 15.4-2):

Elevated tanks, vessels, bins or hoppers on unbraced legs or 

asymmetrically braced legs (not similar to buildings)

2.00

Seismic Base Shear - Non-Building Structures  - ASCE 7-16 Chapter 15

1.00
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Pressure Control Manifold 

 
  

Importance Factor, Ip = Section 13.1.3

Height, h = ft

Attachment Height, z = ft

  Structure Type =

Amplification Factor, ap = Table 13.5-1 & Table 13.6-1

Response Mod. Coef., Rp = Table 13.5-1 & Table 13.6-1

Overstrength Factor, Ωo = Table 13.5-1 & Table 13.6-1

Fph/Wp = Fph = (0.4*ap*SDS*Wp)*(1+2*z/h)/(Rp/Ip), Eqn. 13.3-1

Fph(max)/Wp = Fph = 1.6*SDS*Wp*Ip,  Eqn. 13.3-2

Fph(min)/Wp = Fph = 0.3*SDS*Wp*Ip,  Eqn. 13.3-3

Fph/Wp =

Fpv/Wp = Fpv = 0.2*SDS*Wp,  ASCE 7 Eqn. 12.4-4

Wp = working load

multiply (Fp/Wp) by Wp to find force on component

0.111

1.064

0.200

Seismic Coefficients

0.200

0.133

2.00

Horizontal Component - Seismic Design Coefficients

6.00

2.5

0.00

Seismic Coefficients for Mechanical and Electrical 

Components (ASCE Table 13.6-1):

Piping in accordance with ASME B31, including in-line 

components, constructed of high- or limited deformability 

materials, with joints made by threading, bonding, 

compression couplings, or grooved couplings

Seismic Base Shear - Non-Structural Components  - ASCE 7-16 Chapter 13

1.00

3.33
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ASME Tube 

 
 

  

Importance Factor, Ip = Section 13.1.3

Height, h = ft

Attachment Height, z = ft

  Structure Type =

Amplification Factor, ap = Table 13.5-1 & Table 13.6-1

Response Mod. Coef., Rp = Table 13.5-1 & Table 13.6-1

Overstrength Factor, Ωo = Table 13.5-1 & Table 13.6-1

Fph/Wp = Fph = (0.4*ap*SDS*Wp)*(1+2*z/h)/(Rp/Ip), Eqn. 13.3-1

Fph(max)/Wp = Fph = 1.6*SDS*Wp*Ip,  Eqn. 13.3-2

Fph(min)/Wp = Fph = 0.3*SDS*Wp*Ip,  Eqn. 13.3-3

Fph/Wp =

Fpv/Wp = Fpv = 0.2*SDS*Wp,  ASCE 7 Eqn. 12.4-4

Wp = working load

multiply (Fp/Wp) by Wp to find force on component

0.106

1.064

0.200

Seismic Coefficients

0.200

0.133

2.00

Horizontal Component - Seismic Design Coefficients

2.50

1.0

0.00

Seismic Coefficients for Mechanical and Electrical 

Components (ASCE Table 13.6-1):

Engines , turbines, pumps, compressors, and pressure 

vessels not supported on skirts and not within the scope of 

Chapter 15 (Nonbuilding structures)

Seismic Base Shear - Non-Structural Components  - ASCE 7-16 Chapter 13

1.00

7.10
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Thermax Vaporizer 

 
  

Importance Factor, IE = Table 1.5-2

Height, hn = ft.

  Structure Type =

Response Mod. Coef., R = Table 15.4-1 and 15.4-2

Overstrength Factor, Ωo = Table 15.4-1 and 15.4-2

Defl. Amplif. Factor, Cd = Table 15.4-1 and 15.4-2

Building Height Limit = ft, Table 15.4-1 and 15.4-2

Actual Calc. Period, Tc = from  analysis (calculated if blank)

Assumed  Period, Ta = sec.,  Ta =Ts,  ASCE 7 Section C.15.4.4

Natural Period, Tn = sec.,  T = Ta

Cs = Cs = SDS/(R/I)

Cs(max) = N/A per 11.4.8 Item 2 Exception 1

Cs(min) = Cs = 0.044·SDS·I ≥ 0.03

Base Shear Coefficient, Cs = g's,    Eh = W·Cs, Eqn. 12.8-1

Vert. Seismic Coeff., 0.2*SDS = g's,    Ev = 0.2SDS, Section 12.4-4a0.133

N/A

0.030

Seismic Coefficient

0.333

0.785

Seismic Base Shear Coefficient Boundaries

0.333

Fundamental Period

0.785

2.00

2.5

100.0

Building Height Okay for Seismic Force Resisting System

12.66

Not Similar to Buildings (Table 15.4-2):

Elevated tanks, vessels, bins or hoppers on unbraced legs or 

asymmetrically braced legs (not similar to buildings)

2.00

Seismic Base Shear - Non-Building Structures  - ASCE 7-16 Chapter 15

1.00
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Structural Calculations 

Nitrogen Tank Anchorage 

Drawings 
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Geometry & Weight 
Dry/Shipping Weight; WD = 12800 lb; per Dwgs – Nitrogen Tank 

Wet/Operating Weight; WW = 33800 lb; per Dwgs – Nitrogen Tank 

 

Tank Outer Diameter; D = 86 in = 7.17 ft; per Dwgs – Nitrogen Tank 

Tank Height; H = 228 in = 19.00 ft; per Dwgs – Nitrogen Tank 

 

Vertical Center of Gravity; CGz = 131 in = 10.92 ft; per Dwgs – Nitrogen Tank 

Horizontal Center of Gravity; CGx = D /2 = 3.58 ft; assumed 

Horizontal Center of Gravity; CGy = D /2 = 3.58 ft; assumed 

Vertical Center of Area; CAz = H / 2 = 9.50 ft; 

Horizontal Eccentricity x; ex = abs[D / 2 - CGx] = 0.00 in; (parallel to x) 

Horizontal Eccentricity y; ey = abs[D / 2 - CGy] = 0.00 in; (parallel to y) 

 

Leg Circle Diameter; d = 71.384 in = 5.95 ft;  per Dwgs – Nitrogen Tank 

Number of Legs; NL = 3; per Dwgs – Nitrogen Tank 

Anchors per Leg; NaL = 6;  

Anchor Diameter; Da = 1; in  

Dead Loads 
Dry Dead Load; WD = 12800 lb; (1.0D) 

Dry Dead Load Moment; MDx,D = WD  (d / 2 + ey) = 38071 lb_ft; (1.0D) 

Dry Dead Load per Leg; Da,D = WD / NL = 4267 lb; (1.0D) 

 

Wet Dead Load; WW = 33800 lb; (1.0D) 

Wet Dead Load Moment; MDx,W = WW  (d / 2 + ey) = 100532 lb_ft; (1.0D) 

Wet Dead Load per Leg; Da,W = WW / NL = 11267 lb; (1.0D) 

Seismic Loads 
Design Seismic Coefficient; Cs,NT = 0.333; 

Overstrength Factor; 0 = 2.0; 

 

Seismic Vertical Load; Fpv = WW  0.2  SDS = 4495 lb; (1.0E) 

Seismic Horizontal Load; Fph = WW  Cs,NT = 11255 lb; (1.0E) 

Seismic Overturning Moment; MEx = Fph  CGz + Fpv  (d / 2 + ey) = 136242 lb_ft; (1.0E) 

 

Seismic Horizontal Load w/ o; VE = 0  Fph = 22511 lb; (oEh) 

Overturning Moment w/ o; MEx = 0  Fph  CGz + Fpv  (d / 2 + ey)  

  MEx = 259114 lb_ft; (about x) (oEh + 1.0Ev) 

 

Seismic Shear per Leg w/ o;  VEa, = VE / NL = 7504 lb; (oEh) 

Seismic Tension per Leg w/ o; TEa, = 4  0  Fph  CGz / (NL  d) + Fpv / NL; 

  TEa, = 56579 lb; (oEh + 1.0Ev) 
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Wind Loads 

Wind Vertical Load; FWv = Pwv    (D / 2)2 = 0 lb; (1.0W) 

Wind Horizontal Load; FWh = Pwh  D  H = 1220 lb; (1.0W) 

Wind Overturning Moment; MWx = FWh  CAz + FWv  d / 2 = 11591 lb_ft; (1.0W) 

 

Wind Shear per Leg; VWa = FWh / NL = 407 lb ; (1.0W) 

Wind Tension per Leg; TWa = 4  FWh  CAz / (NL  d) + FWv / NL; 

  TWa = 2598 lb; (1.0W) 

Factored Loads 

Seismic 

Required Base Shear; Vu,E = VE = 22511 lb; (oEh) 

Required Base Moment; Mu,Ex = MEx - 0.9  MDx,W 

  Mu,Ex = 168634 lb_ft; (0.9D + oEh + 1.0Ev) 

  Mu,Ex > 0, therefore consider overturning & anchor tension. 

 

Req’ Shear per Leg; Vu,Ea, = VEa, = 7504 lb; (oEh) 

Req’ Tension per Leg; Tu,Ea, = TEa, - 0.9  Da,W = 46439 lb; (0.9D + oEh + 1.0Ev) 

   Tu,Ea, > 0, therefore consider anchor tension. 

Wind 
Required Base Shear; Vu,W = FWh = 1220 lb; (1.0W) 

Required Base Moment; Mu,Wx = MWx - 0.9  MDx,D  

  Mu,Wx = -22674 lb_ft; (0.9D+ 1.0W) 

  Mu,Wx < 0, therefore no overturning or anchor tension. 

 

Req’ Shear per Leg; Vu,Wa = VWa = 407 lb; (1.0W) 

Req’ Tension per Leg; Tu,Wa = TWa - 0.9  Da,D = -1242 lb; (0.9D + 1.0W) 

  Tu,Wa < 0, therefore no anchor tension. 
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Anchor Design 
Horizontal Eccentricity x; ex = 0 in; (parallel to x) 

Horizontal Eccentricity y; ey = 0 in; (parallel to y) 

 

Required Base Shear; Vu = max(Vu,E, Vu,W) = 22511 lb; (oEh) 

Required Base Moment; Mu = max(0 lb_in, Mu,Ex, Mu,Wx) 

  Mu = 2023614 lb_in;  (0.9D + oEh + 1.0Ev) 

 

Seismic Loads control both shear and moment. 

 

Required Shear per Leg; Vu = max(Vu,Ea,, Vu,Wa) = 7504 lb;  (oEh) 

Required Tension per Leg; Tu = max(0 lb, Tu,Ea,, Tu,Wa) = 46439 lb; (0.9D + oEh + 1.0Ev) 

 

Seismic loads control both shear and tension. 

 

Anchor Side Edge Distance; Sa,1 =   d / NL / 2 – 2.625 in = 35 in; 
Anchor Interior Edge Distance; Sa,i = d / 2 – 7.625 in / 2 = 32 in; 

 

(6) 1-inch diameter ASTM A 108 Type A AWS Headed Studs per tank leg, (18) 
anchors total. Anchor locations per drawings. 
Anchor Embedment: 21-inches 
Minimum Concrete Strength, f’c: ;2500 psi ; 
Minimum Slab/Housekeeping Pad Thickness: 24-inches 
Minimum Edge Distance: 11.5-inches 
 
Notes: 

• Concrete must be continuous under unit. 

• Anchors shall not be bent after being installed. 

• The use of permanent shims is not permitted. 

• Nuts, washers, and other hardware used with anchors shall have a material 
or alloy designation that is compatible with the anchor rod/alloy. Contact 
between dissimilar metals shall be isolated using phenolic or otherwise 
approved isolation hardware. 

• Anchors shall be galvanized or stainless steel for fastening galvanized steel 
to concrete/masonry. 

• Anchors shall be stainless steel for fastening aluminum or stainless steel to 
concrete/masonry. 

*See Appendix A for DeWalt Design Assist Outputs 
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Embedded Plate Weld Connection Design 
Weld Size; D = (2/16) in = 0.125 in; 

Effective Throat Size; te = D  (2) / 2 = 0.088 in; 

Minimum Weld Length; lw = 6 in; (conservative) 

Loading 
Required Seismic Shear; Vu,E = Fph / NL = 3752 lb; (1.0E) 

Required Seismic Tension; Tu,E = (4  Fph  CGz / (NL  d) + Fpv / NL) – (0.9  Da,W);  

  Tu,E = 18899 lb;  (0.9D + 1.0E) 

Shear Strength 

Weld Resistance Factor;  = 0.75; 

Factored Strength; Rn,v =   (0.6  70ksi)  te  lw = 16705 lb; per AISC Eq. J2-4 

  Rn,v > Vu,E, OK 

Tensile Strength 

Weld Resistance Factor;  = 0.75; 

Factored Strength; Rn,t =   (0.6  70ksi  (1.0+0.5(sin(90))1.5))  te  lw; 

  Rn,t = 25058 lb; per AISC Eq. J2-4 

  Rn,t > Tu,E, OK 

Combined Strength Check 

Combined Capacity; ((Vu,E / Rn,v)2 + (Tu,E / Rn,t)2) = 0.79; < 1.0, OK 

 

 

Use a 1/8” Fillet Weld all around Tank Leg Baseplate to Embedded Plate Connection  
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P2K Pump Skid 

Drawings 
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Geometry & Weight 
Dry/Shipping Weight; WD = 2235.749 lb; per Dwgs – P2K Pump Skid 

Wet/Operating Weight; WW = 2435.749 lb; per Client 

 

Skid Length; L = 72 in = 6.00 ft; (parallel to x) per Dwgs – P2K Pump Skid 

Skid Width;  W = 68 in = 5.67 ft; (parallel to y) per Dwgs – P2K Pump Skid 

Skid Height; H = 80.375 in = 6.70 ft; (parallel to z) per Dwgs – P2K Pump Skid 

 

In these calculations, the x-axis is parallel to the length, the y-axis is parallel to the width and the 

z-axis is parallel to the height. Length, width and height are all defined above. 

 

Vertical Center of Gravity; CGz = 2/3  H = 4.47 ft; (parallel to z) assumed 

Horizontal Center of Gravity; CGx = 0.6  L = 3.60 ft; (parallel to x) assumed 

Horizontal Center of Gravity; CGy = 0.6  W = 3.40 ft; (parallel to y) assumed 

Vertical Center of Area; CAz = 1/2  H = 3.35 ft 

 

Horizontal Eccentricity x; ex = abs[L / 2 - CGx] = 7.20 in; (parallel to x) 

Horizontal Eccentricity y; ey = abs[W / 2 - CGy] = 6.80 in; (parallel to y) 

 

Number of Anchors; Na = 4; per Dwgs – P2K Pump Skid 

Anchor Diameter; Da = 0.375; in per Dwgs – P2K Pump Skid 

Anchor Spacing Length; l = 64 in = 5.33 ft; per Dwgs – P2K Pump Skid 

Anchor Spacing Width; w = 64 in = 5.33 ft; per Dwgs – P2K Pump Skid 
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Dead Loads 
Dry Dead Load; WD = 2236 lb; (parallel to z) (1.0D) 

Dry Dead Load Moment; MDx,D = WD  (w / 2 + ey) = 7229 lb_ft; (about x) (1.0D) 

Dry Dead Load per Anchor; Da,D = WD / Na = 559 lb; (1.0D) 

 

Wet Dead Load; WW = 2436 lb; (parallel to z) (1.0D) 

Wet Dead Load Moment; MDx,W = WW  (w / 2 + ey) = 7876 lb_ft; (about x) (1.0D) 

Wet Dead Load per Anchor; Da,W = WW / Na = 609 lb; (1.0D) 

Seismic Loads 
Design Seismic Coefficient; Cs,PS = 0.200; 

Overstrength Factor; 0 = 2.0; 

 

Seismic Vertical Load; Fpv = WW  0.2  SDS = 324 lb; (parallel to z) (1.0E) 

Seismic Horizontal Load; Fph = WW  Cs,PS = 487 lb; (1.0E) 

Seismic Overturning Moment; MEx = Fph  CGz + Fpv  (w / 2 + ey) = 3223 lb_ft; (about x) (1.0E) 

 

Seismic Horizontal Load w/ o; VE = 0  Fph = 974 lb; (oEh) 

Overturning Moment w/ o; MEx = 0  Fph  CGz + Fpv  (w / 2 + ey) 

  MEx = 5398 lb_ft; (about x) (oEh + 1.0Ev) 

 

Seismic Shear per Anchor; VEa, = 0  Fph / Na = 244 lb; (oEh) 

Seismic Tension per Anchor; TEa, = MEx  / [w  Na / 2] = 506 lb; (oEh + 1.0Ev) 

Wind Load 

Wind Vertical Load; FWv = Pwv,PS  L  W = 680 lb; (parallel to z) (1.0W) 

Wind Horizontal Load; FWh = Pwh,PS  L  H = 803 lb; (parallel to y) (1.0W) 

Wind Overturning Moment; MWx = FWh  CAz + FWv  w / 2 = 4503 lb_ft; (about x) (1.0W) 

 

Wind Horizontal per Anchor; VWa = FWh / Na = 201 lb; (1.0W) 

Wind Tension per Anchor; TWa = MWx / [w  Na / 2] = 422 lb; (1.0W) 
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Factored Loads 

Seismic 

Required Base Shear w/ o; Vu,E = VE = 974 lb; (oEh) 

Required Base Moment w/ o; Mu,Ex = MEx - 0.9  MDx,W 

  Mu,Ex = -1690 lb_ft; (about x) (0.9D + oEh + 1.0Ev) 

  Mu,Ex < 0, therefore no skid overturning or anchor tension. 

 

Req’ Shear per Anchor; Vu,Ea, = VEa, = 244 lb; (oEh) 

Req’ Tension per Anchor; Tu,Ea, = TEa,  - 0.9  Da,W = -42 lb; (0.9D + oEh + 1.0Ev) 

   Tu,Ea, < 0, therefore no anchor tension. 

Wind 
Required Base Shear; Vu,W = FWh = 803 lb; (parallel to y) (1.0W) 

Required Base Moment; Mu,Wx = MWx - 0.9  MDx,D = -2003 lb_ft; (about x) (0.9D+ 1.0W) 

  Mu,Wx < 0, therefore no skid overturning or anchor tension. 

 

Req’ Shear per Anchor; Vu,Wa = VWa = 201 lb; (1.0W) 

Req’ Tension per Anchor; Tu,Wa = TWa - 0.9  Da,D = -81 lb; (0.9D + 1.0W) 

  Tu,Wa < 0, therefore no anchor tension. 
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Anchor Design 

Required Shear per Anchor; Vuy = max(Vu,Ea,, Vu,Wa) = 244 lb; (parallel to y);  

Required Shear per Anchor; Vux = if(l/w < 2, 0.3  Vuy, 0 lb) = 73 lb; (parallel to x);  

Required Tension per Anchor; Tu = max(0 lb, Tu,Ea,, Tu,Wa) = 0 lb; (parallel to z);  

 

Anchor Side Edge Distance; Sa,1 = l / 2 – 2in = 30 in; (parallel to x) 
Anchor Interior Edge Distance; Sa,i = w / 2 – 2in = 30 in; (parallel to y) 
 

(;4;) ;0.375;-inch diameter ASTM F593 Stainless Steel Group 1 or 2 threaded 
rods per skid. Anchor locations per drawings. 
Anchor Embedment: 3-inches 
Epoxy: DeWalt Pure 110+ or Hilti HIT-RE 500 V3 
Minimum Concrete Strength, f’c: 2500 psi  
Minimum Slab/Housekeeping Pad Thickness: 24-inches 
Minimum Edge Distance: 4-inches 
Optional Grout Pad Maximum Thickness: 2-inch 
 Minimum Grout Strength, f’c: 5000 psi 
 Grout shall be non-shrink conforming to ASTM C1107. 
 
Notes: 

• Concrete must be continuous under unit. 

• Anchors shall not be bent after being installed. 

• The use of permanent shims is not permitted. 

• Nuts, washers, and other hardware used with anchors shall have a material 
or alloy designation that is compatible with the anchor rod/alloy. Contact 
between dissimilar metals shall be isolated using phenolic or otherwise 
approved isolation hardware. 

• Anchors shall be galvanized or stainless steel for fastening galvanized steel 
to concrete/masonry. 

• Anchors shall be stainless steel for fastening aluminum or stainless steel to 
concrete/masonry. 

*See Appendix A for DeWalt Design Assist Outputs 
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Nikkiso Cryoquip Vaporizer 

Drawings 
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Geometry & Weight 
Dry/Shipping Weight; WD = 1500 lb; per Dwgs – NC Vaporizer 

Wet/Operating Weight; WW = 4500 lb; per Dwgs – NC Vaporizer 

 

Skid Length; L = 56 in = 4.67 ft; (parallel to x) per Dwgs – NC Vaporizer 

Skid Width;  W = 44.875 in = 3.74 ft; (parallel to y) per Dwgs – NC Vaporizer 

Skid Height; H = 223.25 in = 18.60 ft; (parallel to z) per Dwgs – NC Vaporizer 

 

In these calculations, the x-axis is parallel to the length, the y-axis is parallel to the width and the 

z-axis is parallel to the height. Length, width and height are all defined above. 

 

Vertical Center of Gravity; CGz = 2/3  H = 12.40 ft; (parallel to z) assumed 

Horizontal Center of Gravity; CGx = 0.5  L = 2.33 ft; (parallel to x) assumed 

Horizontal Center of Gravity; CGy = 0.5  W = 1.87 ft; (parallel to y) assumed 

Vertical Center of Area; CAz = 1/2  H = 9.30 ft 

 

Horizontal Eccentricity x; ex = abs[L / 2 - CGx] = 0.00 in; (parallel to x) 

Horizontal Eccentricity y; ey = abs[W / 2 - CGy] = 0.00 in; (parallel to y) 

 

Number of Anchors; Na = 4; per Dwgs – NC Vaporizer 

Anchor Diameter; Da = 0.875; in per Dwgs – NC Vaporizer 

Anchor Spacing Length; l = 33.375 in = 2.78 ft; per Dwgs – NC Vaporizer 

Anchor Spacing Width; w = 31.75 in = 2.65 ft; per Dwgs – NC Vaporizer 
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Dead Loads 
Dry Dead Load; WD = 1500 lb; (parallel to z) (1.0D) 

Dry Dead Load Moment; MDx,D = WD  (w / 2 + ey) = 1984 lb_ft; (about x) (1.0D) 

Dry Dead Load per Anchor; Da,D = WD / Na = 375 lb; (1.0D) 

 

Wet Dead Load; WW = 4500 lb; (parallel to z) (1.0D) 

Wet Dead Load Moment; MDx,W = WW  (w / 2 + ey) = 5953 lb_ft; (about x) (1.0D) 

Wet Dead Load per Anchor; Da,W = WW / Na = 1125 lb; (1.0D) 

Seismic Loads 
Design Seismic Coefficient; Cs,NCV = 0.333 

Overstrength Factor; 0 = 2.0; 

 

Seismic Vertical Load; Fpv = WW  0.2  SDS = 599 lb; (parallel to z) (1.0E) 

Seismic Horizontal Load; Fph = WW  Cs,NCV = 1499 lb; (1.0E) 

Seismic Overturning Moment; MEx = Fph  CGz + Fpv  (w / 2 + ey) = 19377 lb_ft; (about x) (1.0E) 

 

Seismic Horizontal Load w/ o; VE = 0  Fph = 2997 lb; (oEh) 

Overturning Moment w/ o; MEx = 0  Fph  CGz + Fpv  (w / 2 + ey) 

  MEx = 37963 lb_ft; (about x) (oEh + 1.0Ev) 

 

Seismic Shear per Anchor; VEa, = 0  Fph / Na = 749 lb; (oEh) 

Seismic Tension per Anchor; TEa, = MEx  / [w  Na / 2] = 7174 lb ; (oEh + 1.0Ev) 

Wind Load 

Wind Vertical Load; FWv = Pwv,NCV  L  W = 405 lb; (parallel to z) (1.0W) 

Wind Horizontal Load; FWh = Pwh,NCV  L  H = 2016 lb; (parallel to y) (1.0W) 

Wind Overturning Moment; MWx = FWh  CAz + FWv  w / 2 = 19289 lb_ft; (about x) (1.0W) 

 

Wind Horizontal per Anchor; VWa = FWh / Na = 504 lb; (1.0W) 

Wind Tension per Anchor; TWa = MWx / [w  Na / 2] = 3645 lb; (1.0W) 
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Factored Loads 

Seismic 

Required Base Shear w/ o; Vu,E = VE = 2997 lb; (oEh) 

Required Base Moment w/ o; Mu,Ex = MEx - 0.9  MDx,W 

  Mu,Ex = 32605 lb_ft; (about x) (0.9D + oEh + 1.0Ev) 

  Mu,Ex > 0, therefore consider overturning & anchor tension. 

 

Req’ Shear per Anchor; Vu,Ea, = VEa, = 749 lb; (oEh) 

Req’ Tension per Anchor; Tu,Ea, = TEa,  - 0.9  Da,W = 6162 lb; (0.9D + oEh + 1.0Ev) 

   Tu,Ea, > 0, therefore consider anchor tension. 

Wind 
Required Base Shear; Vu,W = FWh = 2016 lb; (parallel to y) (1.0W) 

Required Base Moment; Mu,Wx = MWx - 0.9  MDx,D = 17503 lb_ft; (about x) (0.9D+ 1.0W) 

  Mu,Wx > 0, therefore consider overturning & anchor tension. 

 

Req’ Shear per Anchor; Vu,Wa = VWa = 504 lb; (1.0W) 

Req’ Tension per Anchor; Tu,Wa = TWa - 0.9  Da,D = 3308 lb; (0.9D + 1.0W) 

  Tu,Wa > 0, therefore consider anchor tension. 
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Anchor Design 

Required Shear per Anchor; Vuy = max(Vu,Ea,, Vu,Wa) = 749 lb; (parallel to y);  

Required Shear per Anchor; Vux = if(l/w < 2, 0.3  Vuy, 0 lb) = 225 lb; (parallel to x);  

Required Tension per Anchor; Tu = max(0 lb, Tu,Ea,, Tu,Wa) = 6162 lb; (parallel to z); 

 

(;4;) ;0.875;-inch diameter ASTM F593 Stainless Steel Group 1 or 2 threaded 
rods per skid. Anchor locations per drawings. 
Anchor Embedment: 7-inches 
Epoxy: DeWalt Pure 110+ or Hilti HIT-RE 500 V3 
Minimum Concrete Strength, f’c: 2500 psi  
Minimum Slab/Housekeeping Pad Thickness: 24-inches 
Minimum Edge Distance: 10-inches 
Optional Grout Pad Maximum Thickness: 2-inch 
 Minimum Grout Strength, f’c: 5000 psi 
 Grout shall be non-shrink conforming to ASTM C1107. 
 
Notes: 

• Concrete must be continuous under unit. 

• Anchors shall not be bent after being installed. 

• The use of permanent shims is not permitted. 

• Nuts, washers, and other hardware used with anchors shall have a material 
or alloy designation that is compatible with the anchor rod/alloy. Contact 
between dissimilar metals shall be isolated using phenolic or otherwise 
approved isolation hardware. 

• Anchors shall be galvanized or stainless steel for fastening galvanized steel 
to concrete/masonry. 

• Anchors shall be stainless steel for fastening aluminum or stainless steel to 
concrete/masonry. 

*See Appendix A for DeWalt Design Assist Outputs 
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Pressure Control Manifold 

Drawings 
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Geometry & Weight 
Dry/Shipping Weight; WD = 500 lb; per Client 

Wet/Operating Weight; WW = 500 lb; per Client 

 

Pipe Rack Length; L = 53 in = 4.42 ft; (parallel to x) per Dwgs - PCM 

Pipe Rack Width;  W = 12 in = 1.00 ft; (parallel to y) per Dwgs - PCM 

Pipe Rack Height; H = 40 in = 3.33 ft; (parallel to z) per Dwgs - PCM 

 

In these calculations, the x-axis is parallel to the length, the y-axis is parallel to the width and the 

z-axis is parallel to the height. Length, width and height are all defined above. 

 

Vertical Center of Gravity; CGz = 3/4  H = 2.50 ft; (parallel to z) assumed 

Horizontal Center of Gravity; CGx = 0.5  L = 2.21 ft; (parallel to x) assumed 

Horizontal Center of Gravity; CGy = 0.5  W = 0.50 ft; (parallel to y) assumed 

Vertical Center of Area; CAz = 1/2  H = 1.67 ft 

 

Horizontal Eccentricity x; ex = abs[L / 2 - CGx] = 0.00 in; (parallel to x) 

Horizontal Eccentricity y; ey = abs[W / 2 - CGy] = 0.00 in; (parallel to y) 

 

Number of Columns; NC = 2; per Dwgs - PCM 

Anchors per Column; NaC = 2;  per Dwgs - PCM 

Anchor Diameter; Da = 0.375; in per Dwgs - PCM 

Leg Spacing Length; l = 23.5 in = 1.96 ft; per Dwgs - PCM 

Leg Spacing Width; w = 10 in = 0.83 ft; per Dwgs - PCM 
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Dead Loads 
Dry Dead Load; WD = 500 lb; (parallel to z) (1.0D) 

Dry Dead Load Moment; MDx,D = WD  (w / 2 + ey) = 208 lb_ft; (1.0D) 

Dry Dead Load per Column; Da,D = WD / NC = 250 lb; (1.0D) 

 

Wet Dead Load; WW = 500 lb; (parallel to z) (1.0D) 

Wet Dead Load Moment; MDx,W = WW  (w / 2 + ey) = 208 lb_ft; (1.0D) 

Wet Dead Load per Column; Da,W = WW / NC = 250 lb; (1.0D) 

Seismic Loads 
Design Seismic Coefficient; Cs,PCM = 0.200; 

Overstrength Factor; 0 = 2.0; 

 

Seismic Vertical Load; Fpv = WW  0.2  SDS = 67 lb; (parallel to z) (1.0E) 

Seismic Horizontal Load; Fph = WW  Cs,PCM = 100 lb; (parallel to y) (1.0E) 

Seismic Overturning Moment; MEx = Fph  CGz + Fpv  (w / 2 + ey) = 278 lb_ft; (about x) (1.0E) 

 

Seismic Horizontal Load w/ o; VE = 0  Fph = 200 lb; (parallel to y) (oEh) 

Overturning Moment w/ o; MEx = 0  Fph  CGz + Fpv  (w / 2 + ey) 

  MEx = 528 lb_ft; (about x) (oEh + 1.0Ev) 

 

Seismic Shear per Column; VEa, = 0  Fph / NC = 100 lb; (oEh) 

Seismic Tension per Anchor; TEa, = MEx  / [w  NC / 2] = 633 lb; (oEh + 1.0Ev) 

Wind Load 

Wind Vertical Load; FWv = Pwv,PCM  L  W = 88 lb; (parallel to z) (1.0W) 

Wind Horizontal Load; FWh = Pwh,PCM  L  H = 294 lb; (parallel to y) (1.0W) 

Wind Overturning Moment; MWx = FWh  CAz + FWv  w / 2 = 527 lb_ft; (about x) (1.0W) 

 

Seismic Horizontal per Column; VWa = FWh / NC = 147 lb; (1.0W) 

Seismic Tension per Anchor; TWa = MWx / [w  NC / 2] = 633 lb; (1.0W) 
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Factored Loads 

Seismic 

Required Base Shear w/ o; Vu,E = VE = 200 lb; (oEh) 

Required Base Moment w/ o; Mu,Ex = MEx - 0.9  MDx,W 

  Mu,Ex = 340 lb_ft; (about x) (0.9D + oEh + 1.0Ev) 

  Mu,Ex > 0, therefore consider overturning & anchor tension. 

 

Req’ Shear per Column; Vu,Ea, = VEa, = 100 lb; (oEh) 

Req’ Tension per Column; Tu,Ea, = TEa,  - 0.9  Da,W = 408 lb; (0.9D + oEh + 1.0Ev) 

   Tu,Ea, > 0, therefore consider anchor tension. 

Wind 
Required Base Shear; Vu,W = FWh = 294 lb; (parallel to y) (1.0W) 

Required Base Moment; Mu,Wx = MWx - 0.9  MDx,D = 340 lb_ft; (about x) (0.9D+ 1.0W) 

  Mu,Wx > 0, therefore consider overturning & anchor tension. 

 

Req’ Shear per Column; Vu,Wa = VWa = 147 lb; (1.0W) 

Req’ Tension per Column; Tu,Wa = TWa - 0.9  Da,D = 408 lb; (0.9D + 1.0W) 

  Tu,Wa > 0, therefore consider anchor tension. 
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Anchor Design 

Required Shear per Column; Vuy = max(Vu,Ea,, Vu,Wa) = 147 lb; (parallel to y);  

Required Shear per Column; Vux = if(l/w < 2, 0.3  Vuy, 0 lb) = 0 lb; (parallel to x);  

Required Tension per Column; Tu = max(0 lb, Tu,Ea,, Tu,Wa) = 408 lb; (parallel to z);  

 

Anchor Side Edge Distance; Sa,1 = l / 2 – 1in = 11 in; (parallel to x) 
 

(;2;) ;0.375;-inch diameter ASTM F593 Stainless Steel Group 1 or 2 threaded 
rods per column, (4) anchors per pipe rack. Anchor locations per drawings. 
Anchor Embedment: 4-inches 
Epoxy: DeWalt Pure 110+ or Hilti HIT-RE 500 V3 
Minimum Concrete Strength, f’c: 2500 psi  
Minimum Slab/Housekeeping Pad Thickness: 24-inches 
Minimum Edge Distance: 4-inches 
Optional Grout Pad Maximum Thickness: 2-inch 
 Minimum Grout Strength, f’c: 5000 psi 
 Grout shall be non-shrink conforming to ASTM C1107. 
 
Notes: 

• Concrete must be continuous under unit. 

• Anchors shall not be bent after being installed. 

• The use of permanent shims is not permitted. 

• Nuts, washers, and other hardware used with anchors shall have a material 
or alloy designation that is compatible with the anchor rod/alloy. Contact 
between dissimilar metals shall be isolated using phenolic or otherwise 
approved isolation hardware. 

• Anchors shall be galvanized or stainless steel for fastening galvanized steel 
to concrete/masonry. 

• Anchors shall be stainless steel for fastening aluminum or stainless steel to 
concrete/masonry. 

*See Appendix A for DeWalt Design Assist Outputs 
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ASME Tube 

Drawings 
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Geometry & Weight 
Dry/Shipping Weight; WD = 18619 lb; per Dwgs - ASME 

Wet/Operating Weight; WW = 21009 lb; per Dwgs - ASME 

 

Skid Length; L = 314.69 in = 26.22 ft; (parallel to x) per Dwgs - ASME 

Skid Width;  W = 29.19 in = 2.43 ft; (parallel to y) per Dwgs - ASME 

Skid Height; H = 85.25 in = 7.10 ft; (parallel to z) per Dwgs - ASME 

 

In these calculations, the x-axis is parallel to the length, the y-axis is parallel to the width and the 

z-axis is parallel to the height. Length, width and height are all defined above. 

 

Vertical Center of Gravity; CGz = 2/3  H = 4.74 ft; (parallel to z) assumed 

Horizontal Center of Gravity; CGx = 0.5  L = 13.11 ft; (parallel to x) assumed 

Horizontal Center of Gravity; CGy = 0.5  W = 1.22 ft; (parallel to y) assumed 

Vertical Center of Area; CAz = 1/2  H = 3.55 ft 

 

Horizontal Eccentricity x; ex = abs[L / 2 - CGx] = 0.00 in; (parallel to x) 

Horizontal Eccentricity y; ey = abs[W / 2 - CGy] = 0.00 in; (parallel to y) 

 

Number of Anchors; Na = 4; per Dwgs - ASME 

Anchor Diameter; Da = 0.875; in per Dwgs - ASME 

Anchor Spacing Length; l = 292 in = 24.33 ft; per Dwgs - ASME 

Anchor Spacing Width; w = 20.625 in = 1.72 ft; per Dwgs - ASME 
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Dead Loads 
Dry Dead Load; WD = 18619 lb; (parallel to z) (1.0D) 

Dry Dead Load Moment; MDx,D = WD  (w / 2 + ey) = 16001 lb_ft; (about x) (1.0D) 

Dry Dead Load per Anchor; Da,D = WD / Na = 4655 lb; (1.0D) 

 

Wet Dead Load; WW = 21009 lb; (parallel to z) (1.0D) 

Wet Dead Load Moment; MDx,W = WW  (w / 2 + ey) = 18055 lb_ft; (about x) (1.0D) 

Wet Dead Load per Anchor; Da,W = WW / Na = 5252 lb; (1.0D) 

Seismic Loads 
Design Seismic Coefficient; Cs,ASME = 0.200 

Overstrength Factor; 0 = 2.0; 

 

Seismic Vertical Load; Fpv = WW  0.2  SDS = 2794 lb; (parallel to z) (1.0E) 

Seismic Horizontal Load; Fph = WW  Cs,ASME = 4202 lb; (1.0E) 

Seismic Overturning Moment; MEx = Fph  CGz + Fpv  (w / 2 + ey) = 22301 lb_ft; (about x) (1.0E) 

 

Seismic Horizontal Load w/ o; VE = 0  Fph = 8404 lb; (oEh) 

Overturning Moment w/ o; MEx = 0  Fph  CGz + Fpv  (w / 2 + ey) 

  MEx = 42202 lb_ft; (about x) (oEh + 1.0Ev) 

Wind Load 

Wind Vertical Load; FWv = Pwv,ASME  L  W = 1275 lb; (parallel to z) (1.0W) 

Wind Horizontal Load; FWh = Pwh,ASME  L  H = 3724 lb; (parallel to y) (1.0W) 

Wind Overturning Moment; MWx = FWh  CAz + FWv  w / 2 = 14324 lb_ft; (about x) (1.0W) 

Factored Loads 

Seismic 

Required Base Shear w/ o; Vu,E = VE = 8404 lb; (oEh) 

Required Base Moment w/ o; Mu,Ex = MEx - 0.9  MDx,W 

  Mu,Ex = 25952 lb_ft; (about x) (0.9D + oEh + 1.0Ev) 

  Mu,Ex > 0, therefore consider overturning & anchor tension. 

Wind 
Required Base Shear; Vu,W = FWh = 3724 lb; (parallel to y) (1.0W) 

Required Base Moment; Mu,Wx = MWx - 0.9  MDx,D = -76 lb_ft; (about x) (0.9D+ 1.0W) 

  Mu,Wx < 0, therefore no skid overturning or anchor tension. 
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Anchor Design 
Horizontal Eccentricity x; ex = 0.00 in; (parallel to x) 

Horizontal Eccentricity y; ey = 0.00 in; (parallel to y) 

 

Required Base Shear; Vuy = max(Vu,E, Vu,W) = 8404 lb; (parallel to y);  

Required Base Shear; Vux = if(l/w < 2, 0.3  Vuy, 0 lb) = 0 lb; (parallel to x);  

 

Required Base Moment; Mux = max(0 lb_in, Mu,Ex, Mu,Wx) 

  Mux = 311430 lb_in; (about x);   

Required Base Moment; Muy = if(l/w < 2, 0.3  Mux, 0 lb_in) 

  Muy = 0 lb_in; (about y);  

 

(;4;) ;0.875;-inch diameter ASTM F593 Stainless Steel Group 1 or 2 threaded 
rods per skid. Anchor locations per drawings. 
Anchor Embedment: 7-inches 
Epoxy: DeWalt Pure 110+ or Hilti HIT-RE 500 V3 
Minimum Concrete Strength, f’c: 2500 psi  
Minimum Slab/Housekeeping Pad Thickness: 24-inches 
Minimum Edge Distance: 12-inches 
Optional Grout Pad Maximum Thickness: 2-inch 
 Minimum Grout Strength, f’c: 5000 psi 
 Grout shall be non-shrink conforming to ASTM C1107. 
 
Notes: 

• Concrete must be continuous under unit. 

• Anchors shall not be bent after being installed. 

• The use of permanent shims is not permitted. 

• Nuts, washers, and other hardware used with anchors shall have a material 
or alloy designation that is compatible with the anchor rod/alloy. Contact 
between dissimilar metals shall be isolated using phenolic or otherwise 
approved isolation hardware. 

• Anchors shall be galvanized or stainless steel for fastening galvanized steel 
to concrete/masonry. 

• Anchors shall be stainless steel for fastening aluminum or stainless steel to 
concrete/masonry. 

*See Appendix A for DeWalt Design Assist Outputs 
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Thermax Vaporizer 

Drawings 
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Geometry & Weight 
Dry/Shipping Weight; WD = 205 lb; per Dwgs – T Vaporizer 

Wet/Operating Weight; WW = 205 lb; per Dwgs – T Vaporizer 

 

Skid Length; L = 31.375 in = 2.61 ft; (parallel to x) per Dwgs – T Vaporizer 

Skid Width;  W = 21.375 in = 1.78 ft; (parallel to y) per Dwgs – T Vaporizer 

Skid Height; H = 151.875 in = 12.66 ft; (parallel to z) per Dwgs – T Vaporizer 

 

In these calculations, the x-axis is parallel to the length, the y-axis is parallel to the width and the 

z-axis is parallel to the height. Length, width and height are all defined above. 

 

Vertical Center of Gravity; CGz = 70.6875 in = 5.89 ft; (parallel to z) per Dwgs – T Vaporizer 

Horizontal Center of Gravity; CGx = 0.5  L = 1.31 ft; (parallel to x) assumed 

Horizontal Center of Gravity; CGy = 0.5  W = 0.89 ft; (parallel to y) assumed 

Vertical Center of Area; CAz = 1/2  H = 6.33 ft 

 

Horizontal Eccentricity x; ex = abs[L / 2 - CGx] = 0.00 in; (parallel to x) 

Horizontal Eccentricity y; ey = abs[W / 2 - CGy] = 0.00 in; (parallel to y) 

 

Number of Anchors; Na = 8; per Dwgs – T Vaporizer 

Anchor Diameter; Da = 0.625; in per Dwgs – T Vaporizer 

Anchor Spacing Length; l = 19.5 in = 1.62 ft; per Dwgs – T Vaporizer 

Anchor Spacing Width; w = 19.375 in = 1.61 ft; per Dwgs – T Vaporizer 
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Dead Loads 
Dry Dead Load; WD = 205 lb; (parallel to z) (1.0D) 

Dry Dead Load Moment; MDx,D = WD  (w / 2 + ey) = 165 lb_ft; (about x) (1.0D) 

Dry Dead Load per Anchor; Da,D = WD / Na = 26 lb; (1.0D) 

 

Wet Dead Load; WW = 205 lb; (parallel to z) (1.0D) 

Wet Dead Load Moment; MDx,W = WW  (w / 2 + ey) = 165 lb_ft; (about x) (1.0D) 

Wet Dead Load per Anchor; Da,W = WW / Na = 26 lb; (1.0D) 

Seismic Loads 
Design Seismic Coefficient; Cs,TV = 0.333; 

Overstrength Factor; 0 = 2.0; 

 

Seismic Vertical Load; Fpv = WW  0.2  SDS = 27 lb; (parallel to z) (1.0E) 

Seismic Horizontal Load; Fph = WW  Cs,TV = 68 lb; (1.0E) 

Seismic Overturning Moment; MEx = Fph  CGz + Fpv  (w / 2 + ey) = 424 lb_ft; (about x) (1.0E) 

 

Seismic Horizontal Load w/ o; VE = 0  Fph = 137 lb; (oEh) 

Overturning Moment w/ o; MEx = 0  Fph  CGz + Fpv  (w / 2 + ey) 

  MEx = 826 lb_ft; (about x) (oEh + 1.0Ev) 

Wind Load 

Wind Vertical Load; FWv = Pwv,TV  L  W = 111 lb; (parallel to z) (1.0W) 

Wind Horizontal Load; FWh = Pwh,TV  L  H = 789 lb; (parallel to y) (1.0W) 

Wind Overturning Moment; MWx = FWh  CAz + FWv  w / 2 = 5084 lb_ft; (about x) (1.0W) 

Factored Loads 

Seismic 

Required Base Shear w/ o; Vu,E = VE = 137 lb; (oEh) 

Required Base Moment w/ o; Mu,Ex = MEx - 0.9  MDx,W 

  Mu,Ex = 677 lb_ft; (about x) (0.9D + oEh + 1.0Ev) 

  Mu,Ex > 0, therefore consider overturning & anchor tension. 

Wind 
Required Base Shear; Vu,W = FWh = 789 lb; (parallel to y) (1.0W) 

Required Base Moment; Mu,Wx = MWx - 0.9  MDx,D = 4935 lb_ft; (about x) (0.9D+ 1.0W) 

  Mu,Wx > 0, therefore consider overturning & anchor tension. 
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Anchor Design 
Horizontal Eccentricity x; ex = 0.00 in; (parallel to x) 

Horizontal Eccentricity y; ey = 0.00 in; (parallel to y) 

 

Required Base Shear; Vuy = max(Vu,E, Vu,W) = 789 lb; (parallel to y);  

Required Base Shear; Vux = if(l/w < 2, 0.3  Vuy, 0 lb) = 237 lb; (parallel to x);  

 

Required Base Moment; Mux = max(0 lb_in, Mu,Ex, Mu,Wx) 

  Mux = 59220 lb_in; (about x);   

Required Base Moment; Muy = if(l/w < 2, 0.3  Mux, 0 lb_in) 

  Muy = 17766 lb_in; (about y);  

 

(;8;) ;0.625;-inch diameter ASTM F593 Stainless Steel Group 1 or 2 threaded 
rods per skid. Anchor locations per drawings. 
Anchor Embedment: 5-inches 
Epoxy: DeWalt Pure 110+ or Hilti HIT-RE V3 
Minimum Concrete Strength, f’c: 2500 psi  
Minimum Slab/Housekeeping Pad Thickness: 24-inches 
Minimum Edge Distance: 5-inches 
Optional Grout Pad Maximum Thickness: 2-inch 
 Minimum Grout Strength, f’c: 5000 psi 
 Grout shall be non-shrink conforming to ASTM C1107. 
 
Notes: 

• Concrete must be continuous under unit. 

• Anchors shall not be bent after being installed. 

• The use of permanent shims is not permitted. 

• Nuts, washers, and other hardware used with anchors shall have a material 
or alloy designation that is compatible with the anchor rod/alloy. Contact 
between dissimilar metals shall be isolated using phenolic or otherwise 
approved isolation hardware. 

• Anchors shall be galvanized or stainless steel for fastening galvanized steel 
to concrete/masonry. 

• Anchors shall be stainless steel for fastening aluminum or stainless steel to 
concrete/masonry. 

*See Appendix A for DeWalt Design Assist Outputs 
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Mat Slab Design 
Note: Per the geotechnical report, differential settlement of up to 2” is possible.  

 

Slab Length; Lslab = 30 ft; 

Slab Width; Bslab = 16 ft; 

Slab Depth; dslab = 24 in = 2 ft; 

Loading 
Note: All equipment weights and overturning moments will be added together and applied to 

the center of the mat slab for the purpose of design. An eccentricity of 5% of the slab width will 

be applied to the location of loading per ASCE 7-16 Section 12.9.2.2.2. 

 

Sum of Equipment Weights; Wtot = 33800lb + 2435.749lb + 4500lb + 500lb + 21009lb + 205lb; 

  Wtot = 62450 lb; per dwgs 

 

Sum of Total Wind Shear; VW,tot = 1220lb + 803lb + 2016lb + 294lb + 3724lb + 789lb; 

  VW,tot = 8846 lb; 

 

Sum of Total Seismic Shear; VE,tot = 11255lb + 487lb + 1499lb + 100lb + 4202lb + 68lb; 

  VE,tot = 17611 lb; 

 

Sum of Wind Overturning Moments; 

 MW,tot = 11591 lb_ft + 4503 lb_ft + 19289 lb_ft + 527 lb_ft + 14324 lb_ft + 5084 lb_ft; 

  MW,tot = 55318 lb_ft; 

 

Sum of Seismic Overturning Moments; 

 ME,tot = 136242 lb_ft + 3223 lb_ft + 19377 lb_ft + 278 lb_ft + 22301 lb_ft + 424 lb_ft; 

  ME,tot = 181845 lb_ft; 

Additional Overturning Moment from Settlement 

Weighted Average C.O.G.; CGz,avg = ((33800lb  10.92ft) + (2435.749lb  4.47ft) + (4500lb  

12.4ft) + (500lb  2.5ft) + (21009lb  4.74ft) + (205lb  5.89ft)) / Wtot = 8.61 ft; 

 

Assumed Weighted Avg, C.O.G.; CGz,avg = 10 ft; (conservative) 

Assumed Eccentricity; e = 6 in; (conservative) 

 

Add. Overturning Moment; MD,add = Wtot  e = 31225 lb_ft; 

Design 
See Appendix B for Enercalc Ouput 

 

Use a 30’x16’x2’ mat slab with #6 @ 10” o.c. reinforcing each way, T&B 
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Appendix A – Dewalt Design Assist 

Nitrogen Tank 
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P2K Pump Skid 
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Nikkiso Cryoquip Vaporizer 

 



 

 

Peterson Structural Engineers, Inc. 
www.psengineers.com 

project 2501-0033 date 9/3/2025 

designer CTN sheet 64 of 82 

      
 



 

 

Peterson Structural Engineers, Inc. 
www.psengineers.com 

project 2501-0033 date 9/3/2025 

designer CTN sheet 65 of 82 

      
 



 

 

Peterson Structural Engineers, Inc. 
www.psengineers.com 

project 2501-0033 date 9/3/2025 

designer CTN sheet 66 of 82 

      
 

 
  



 

 

Peterson Structural Engineers, Inc. 
www.psengineers.com 

project 2501-0033 date 9/3/2025 

designer CTN sheet 67 of 82 

      
 

Pressure Control Manifold 
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ASME Tube 
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Thermax Vaporizer 
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Appendix B – Enercalc 
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