
DOCKETED 
Docket Number: 01-AFC-24C 

Project Title: Palomar Energy Project Compliance 

TN #: 240085 

Document Title: Palomar Energy Center - Petition to Amend  

Description: Nitrogen Project 

Filer: Jason Dobbs 

Organization: San Diego Gas and Electric 

Submitter Role: Applicant  

Submission Date: 10/15/2021 2:55:30 PM 

Docketed Date: 10/15/2021 

 



PETITION FOR NEW PROJECT APPROVAL TO INSTALL HRSG1&2 

NITROGEN CONCENTRATOR SYSTEM AT THE PALOMAR ENERGY 

CENTER 

 (01-AFC-24C) 

By: 

SAN DIEGO GAS & ELECTRIC COMPANY 

SAN DIEGO, CALIFORNIA 

Submitted to: 

CALIFORNIA ENERGY COMMISSION 

October 15, 2021 



PETITION FOR NEW PROJECT APPROVAL TO INSTALL A HRSG1&2 

NITROGEN CONCENTRATOR SYSTEM AT THE PALOMAR ENERGY 

CENTER 

 (01-AFC-24C)

1.0 INTRODUCTION 

San Diego Gas & Electric Company (SDG&E) is filing this petition for a proposed 

project design to install a HRSG1&2 Nitrogen Concentrator System at Palomar Energy 

Center (PEC), Docket (01-AFC-24C) pursuant to 20 Cal. Code Regs. Section 1769(a)(1).   

San Diego Gas & Electric (SDG&E or "the applicant") is proposing to install a Nitrogen 

Concentrator System at each Heat Recovery Steam Generator (HRSG) to provide 

Nitrogen for placing plant steam drums in a shutdown layup condition for maintenance 

and repair.  This system would provide an reliable source of Nitrogen used for 

preventing HRSG internal corrosion during shutdown layup conditions and avoid the use 

of of portable Nitrogen cylinders.  No changes in Conditions of Certification are 

necessary.

2.0 DESCRIPTION OF PROPOSED MODIFICATION (Sec. 1769(a)(1)(A)) 

Further details of the proposed facilities are as follows: 

Nitrogen Concentrator Installation.   SDG&E is proposing to add two Nitrogen 

Concentrator Systems (one on each HRSG).  The installation will provide an unlimited 

source of Nitrogen gas required for placing plant steam drums in a layup condition 

required to prevent the introduction of oxygen into plant drum and piping systems to 

mitigate corrosion of susceptible metal components.  Nitrogen is currently provided by 

gas bottles provided by local vendor.  Location and arrangement drawings of the 

Nitrogen Concentrator System are attached in Appendix 1.   
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3.0  NECESSITY (Sec. 1769(a)(1)(B)) 

The installation of a Nitrogen Concentrator System will improve facility reliability, 

efficiency, and convenience. 

4.0  TIMING (Sec. 1769(a)(1)(C) and (D)) 

SDG&E assumed ownership of the PEC about three years after issuance of the Final 

Decision and certification to Palomar Energy, LLC.  Since taking ownership of the plant 

in 2006, SDG&E has continued to review the engineering and design of the plant in 

order to better serve the needs of SDG&E ratepayers.  SDG&E has also benefited 

from experience gained operating the plant since assuming ownership.  This “fine 

tuning” could not have taken place during the licensing proceeding because SDG&E 

was not the applicant, the plant was not yet operating, and Palomar Energy brought its 

own objectives to the development of the project for the merchant market.  The addition 

of this expansion does not change or undermine the assumptions, rationale, findings, or 

other bases of the Final Decision.   The change complies with all laws, 

ordinances, regulations and standards and does not have a significant environmental 

impact, as further described below. 

5.0 ANALYSIS OF THE EFFECT OF THE MODIFICATIONS ON THE 

ENVIRONMENT (Sec. 1769(a)(1)(E)) 

The requested equipment change will have no significant effects on any of the technical 

areas analyzed in the August 2003 Final Commission Decision.  Please see Table 1 

below. 
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Table 1 

Review of Effects of Installation and Operation of Nitrogen 

Concentrator System 

TECHNICAL AREA SIGNIFICANT 

ENVIRONMENTAL 

IMPACT (Y/N)? 

NOTES 

AIR QUALITY N no change 

CULTURAL 

RESOURCES 

N Area for construction is prior filled 

area 

EFFICIENCY N No impact 

GEOLOGICAL 

HAZARDS 

N No change 

HAZARDOUS 

MATERIALS 

HANDLING 

N No change 

LAND USE N No change 

NOISE N No Change 

PALEONTOLOGICAL 

RESOURCES 

N Area for construction is prior filled 

area 

BIOLOGICAL 

RESOURCES 

N Area previously disturbed. 
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TECHNICAL AREA SIGNIFICANT 

ENVIRONMENTAL 

IMPACT (Y/N)? 

NOTES 

PUBLIC HEALTH N no change 

RELIABILITY N No change 

SOCIOECONOMICS N No change 

SOILS N No change 

TRAFFIC AND 

TRANSPORTATION 

N Construction traffic minimal 

T-LINE SAFETY AND

NUISANCE

N No change 

TRANSMISSION 

SYSTEM 

ENGINEERING 

N No change 

VISUAL RESOURCES N No Change

WASTE 

MANAGEMENT 

N No change 

WATER RESOURCES N No change 

WORKER SAFETY N No change 
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6.0  COMPLIANCE WITH LAWS, ORDINANCES, REGULATIONS AND 

STANDARDS (LORS) (Sec. 1769(a)(1)(F)) 

The proposed improvements will not affect compliance with any other LORS 

requirement.  Therefore, the proposed modification is not anticipated to impact 

SDG&E’s ability to comply with the applicable LORS, as listed in Appendix A of the 

Commission Final Decision.     

7.0 POTENTIAL EFFECTS ON PUBLIC AND NEARBY PROPERTY 

OWNERS (Sec. 1769(a)(1)(G and I)) 

The requested expansion will not have any environmental impacts and will comply with 

all applicable LORS.  Thus, the proposed equipment change is not anticipated to affect 

nearby property owners or parties in the application proceedings or the public 

8.0 LIST OF PROPERTY OWNERS (Sec. 1769(a)(1)(H)) 

A list of property owners 1,000 feet of the plant site has previously been provided to the 

Commission CPM.   

9.0 SUMMARY OF REQUEST 

As demonstrated above, construction installation of a Nitrogen Concentrator System will 

not have an adverse effect on the public or the environment. The change will not 

affect compliance with applicable LORS. Accordingly, SDG&E requests that the Energy 

Commission Staff expedite review of this petition, and request Commission 

approval of the proposed modified conditions in accordance with Title 20 CCR Section 

1769.  
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Respectfully Submitted, 

Jason T. Dobbs
Generation Compliance Advisor

Dated:  October 15, 2021
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PROJECT INFORMATION AND ARRANGEMENT DRAWING 
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PROJECT DESCRIPTION 
 
The following structural calculations are for the anchorage of the following equipment for the 
existing HRSG mat foundation.  
 
 

  Equipment  Weight 

1)  EG15‐215 Air Compressor  Wt. = 1345 lbs 
2)  Refrigerated Air Dryer – South‐Tek Systems Model 003‐196  Wt. = 92 lbs 
3)  240 Gallon Air Receiver Tank  Wt. = 542 lbs 
4)  N2 Gen 220CS‐3P5 PSA Nitrogen Generator  Wt. = 1600 lbs 
5)  400 Gallon Nitrogen Storage Tank  Wt. = 717 lbs(1)
(1) Weight on tank only, does not include contents 

 
 
Based  on  the  weights  and  seismic  forces  of  the  equipment  it  has  been  assumed  that  the 
foundation supporting the HRSG is adequate. 
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Design Criteria – Seismic  
 
Site Parameters 
 
  Address: 2300 Harveson Place, Escondido, CA 92029 

Latitude: 33.119607 
  Longitude: ‐117.117415 
  Site Class: D ‐ Default 
  Ss: 0.889 
  S1: 0.326 
  SMs: 1.067 
  SM1: null 
  SDs: 0.711 
  SD1: null 
 
  Risk Category: III 
  Importance Factor, Ie = 1.25 

Seismic Design Category: D 
 

Compressor Unit, Refrigerated Air Dryer, and Nitrogen Generator 
 

 Determine  anchor  design  forces  per  ASCE  7‐16  Chapter  13  for  Nonstructural 
Components 

 
Seismic Design Parameters per ASCE 7‐16 Chapter 13 Table 13.6‐1 

 

𝐹𝑝 ൌ  
0.4𝑎𝑆ௌ𝑊

𝑅
𝐼

ቀ1  2ሺ
𝑧
ℎ

ሻቁ ; 𝑤ℎ𝑒𝑟𝑒 
𝑧
ℎ

ൌ 1.0 

 
𝐹𝑝, min ൌ 0.3𝑆ௌ 𝐼𝑊 ൌ 0.267𝑊 
𝐹𝑝, max ൌ 1.6𝑆ௌ𝐼𝑊 ൌ 1.422𝑊 

 
 
Equipment  ap Rp  Ωp Fp 
EG15‐215 Air Compressor  1.0  2.5  2  0.427

Refrigerated Air Dryer – South‐Tek Systems Model 003‐196  2.5  6  2  0.444

N2 Gen 220CS‐3P5 PSA Nitrogen Generator  1  2.5  2  0.427
 

∴ 𝐹𝑝 ൌ 0.444𝑊𝐺𝑜𝑣𝑒𝑟𝑛𝑠  
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Design Criteria – Seismic Continued  
 

 Provide  envelope  design  based  on  seismic  parameters  provided  in  Chapter  15  Table 
15.4‐2 and guidance for rigid non‐building structures provided in Section 15.4.2. Design 
anchorage for more conservative loading. 

 
  Seismic Design Parameters per ASCE 7‐16 Chapter 15 Table 15.4‐2 
 
 
Equipment  R Ωo  Cd V 
240 Gallon Air Tank  2  2  2  0.444

400  Gallon Nitrogen Tank  2  2  2  0.444

 

𝐶௦ ൌ  
𝑆ௌ

𝑅
𝐼

ൌ  
0.711

2.0
1.25

ൌ 0.444  

 
ሺ𝐶ௌሻ min ൌ 0.044𝑆ௌ𝐼 ൌ 0.039  

 
  Seismic Design Parameters per ASCE 7‐16 Chapter 15 Section 15.4.2 
 

𝑉ோௗ ൌ 0.3𝑆ௌ𝐼𝑊 ൌ 0.3ሺ0.711ሻሺ1.25ሻ𝑊 ൌ 0.267𝑊 
 
 
 

∴ 𝐶௦ ൌ 0.444 𝐺𝑂𝑉𝐸𝑅𝑁𝑆 
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Vessel Fundamental Period of Vibration Calculation

Vessel: Air Tank

Vessel Parameters

Height, L = 7.67 [ft]
Diameter, D = 2.5 [ft]
Thickness, h = 0.0208 [ft] (Assume 1/4" Thick Walls)

Weigth, (Wt)Dry = 542 [lbs]

Weigth, (Wt)Operating = 542 [lbs]
Weigth, (Wt) Flooded = 542 [lbs]

Fundamental Period,

Note: W in equation is distributed force in #/ft
(T)Dry = 0.0065 [s]

(T)Operating = 0.0065 [s]
(T)Flooded = 0.0065 [s]

(f)Dry = 154.5291 [Hz]
(f)Operating = 154.5291 [Hz]
(f)Flooded = 154.5291 [Hz]

Frequency (f) =  1
Period

Explanation of Calculation
The fundamental period of vibration calculated below was done following guidelines found in ASME technical article, “Vibrations 
of Vertical Pressure Vessels” by Freese.   Procedure follows mechanical vibrations design methodology, assuming a uniformly 
loaded cantilever beam with section properties and stiffness specific to the vessel in question.  
Height of vessel used in calculation includes the tank, cap, and skirt. The height due to threaded lug and davit at top of tank was 
excluded as it is an auxiliary component that should not be included in the calculation of the tank’s stiffness and/or spring 
constant.  The period of vibration was calculated using operating weight of tank as this is the weight that ASCE7‐05 prescribes to 
be used in calculation of the lateral force, V.  

(T)
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Vessel Fundamental Period of Vibration Calculation

Vessel: Nitrogen Tank

Vessel Parameters

Height, L = 8.79 [ft]
Diameter, D = 3 [ft]
Thickness, h = 0.0208 [ft] (Assume 1/4" Thick Walls)

Weigth, (Wt)Dry = 717 [lbs]

Weigth, (Wt)Operating = 3437 [lbs]
Weigth, (Wt) Flooded = 3437 [lbs]

Fundamental Period,

Note: W in equation is distributed force in #/ft
(T)Dry = 0.0069 [s]

(T)Operating = 0.0152 [s]
(T)Flooded = 0.0152 [s]

(f)Dry = 143.9567 [Hz]
(f)Operating = 65.7509 [Hz]
(f)Flooded = 65.7509 [Hz]

Frequency (f) =  1
Period

Explanation of Calculation
The fundamental period of vibration calculated below was done following guidelines found in ASME technical article, “Vibrations 
of Vertical Pressure Vessels” by Freese.   Procedure follows mechanical vibrations design methodology, assuming a uniformly 
loaded cantilever beam with section properties and stiffness specific to the vessel in question.  
Height of vessel used in calculation includes the tank, cap, and skirt. The height due to threaded lug and davit at top of tank was 
excluded as it is an auxiliary component that should not be included in the calculation of the tank’s stiffness and/or spring 
constant.  The period of vibration was calculated using operating weight of tank as this is the weight that ASCE7‐05 prescribes to 
be used in calculation of the lateral force, V.  

(T)
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Air Compressor Anchorage Forces 
 

 See attached spreadsheet for anchor force calculation. 
 Loads provided are factored using LFRD load combinations. 

 

𝑇 ൌ  ସଵ ௦

ଶ ௦
ൌ 236 ௦


𝑀𝐴𝑋  

  

𝑃 ൌ  
452 𝑙𝑏𝑠

2 𝐴𝑛𝑐ℎ𝑜𝑟𝑠
ൌ 226

𝑙𝑏𝑠
𝐴𝑛𝑐ℎ𝑜𝑟

𝑀𝐼𝑁 

 
𝑇௧ ൌ 236 െ 226 ൌ 10 𝑙𝑏𝑠 𝑈𝑝𝑙𝑖𝑓𝑡 

 
 
 

𝑇Ω ൌ  
941 𝑙𝑏𝑠

2 𝐴𝑛𝑐ℎ𝑜𝑟𝑠
ൌ 471

𝑙𝑏𝑠
𝐴𝑛𝑐ℎ𝑜𝑟

𝑀𝐴𝑋 

 

𝑃 ൌ  
452 𝑙𝑏𝑠

2 𝐴𝑛𝑐ℎ𝑜𝑟𝑠
ൌ 226

𝑙𝑏𝑠
𝐴𝑛𝑐ℎ𝑜𝑟

𝑀𝐼𝑁 

 
𝑇Ω ோ் ൌ 471 െ 226 ൌ 245 𝑙𝑏𝑠 𝑈𝑝𝑙𝑖𝑓𝑡 

 

𝑉Ω ൌ
1195 𝑙𝑏𝑠

2 𝑎𝑛𝑐ℎ𝑜𝑟𝑠 𝑚𝑖𝑛
ൌ 598 𝑙𝑏𝑠 

 
Use 1/2" diameter x 3.25” Embed Hilti KB-TZ2 A304 SS. Maintain 6” edge 

distance and anchor spacing all sides 
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Anchorage Force Calculation

Equipment: Air Compressor

Equipment Parameters

Height, H = 58.04 [in]
CL Anchor Width, B = 44.8 [in]
CL Anchor Depth, D = 30 [in]
Center of Gravity, X = 22.35 [in]
Center of Gravity, Y = 23.62 [in] (Veritcal)
Center of Gravity, Z = 13.31 [in]

Operating Weigth, W = 1345 [lbs]
SDS =  0.711

Base Shear Coeff. = 0.444
SDS =  0.711
Ωo = 2

Load Combinations

Load Combo Description D Ex Ey
1 (1.2+0.2SDS)+Ex 1.3422 1 0
2 (1.2+0.2SDS)+Ey 1.3422 0 1
3 (0.9‐0.2SDS)+Ex 0.7578 1 0
4 (0.9‐0.2SDS)+Ey 0.7578 0 1
5 (1.2+0.2SDS)+ΩoEx 1.3422 2 0
6 (1.2+0.2SDS)+ΩoEy 1.3422 0 2
7 (0.9‐0.2SDS)+ΩoEx 0.7578 2 0
8 (0.9‐0.2SDS)+ΩoEy 0.7578 0 2

Load Combo PD (PD)x (PD)y Ex Ey Mx My (T)Ex (T)Ey
[lbs] [lbs] [lbs] [lbs] [lbs] [lbs‐in] [lbs‐in] [lbs] [lbs]

1 1805.259 900.6147 800.9332 597.18 0 14105.39 0 314.8525 0
2 1805.259 900.6147 800.9332 0 597.18 0 14105.39 0 470.1797
3 1019.241 508.483 452.2033 597.18 0 14105.39 0 314.8525 0
4 1019.241 508.483 452.2033 0 597.18 0 14105.39 0 470.1797
5 1805.259 900.6147 800.9332 1194.36 0 28210.78 0 629.705 0
6 1805.259 900.6147 800.9332 0 1194.36 0 28210.78 0 940.3594
7 1019.241 508.483 452.2033 1194.36 0 28210.78 0 629.705 0
8 1019.241 508.483 452.2033 0 1194.36 0 28210.78 0 940.3594
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6. For EG 11 model fan qty 1 no mounted on Fan 2 position
7. For EG 15 to EG 22 models cooling fan qty 2 no's
8. 'a' mentioned place for fork lift access
9. 'b' mentioned place for pallet truck access

HOT AIR OUTLET (FROM COOLING FAN)
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OIL POUR

OIL SIGHT
 GLASS

OIL DRAIN
SIZE G1/2"

VENTILATION
FOR PANEL

OIL DRAIN
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.6

")

CL 
Anchor

5.6" 23.35"

CL 
Anchor

16.69"       13.31"
D = 30"

B = 44.8"
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Company:
Address:
Phone I Fax:
Design:
Fastening point:

Martin and Libby

 | 
Air Compressor Anchorage

Page:
Specifier:
E-Mail:
Date:

1

10/14/2021

Specifier's comments: 

1 Input data

 Anchor type and diameter:  Kwik Bolt TZ2 - SS 304 1/2 (3 1/4 ) hnom3

 Item number:  2210262 KB-TZ2 1/2x5 1/2 SS304

 Effective embedment depth:  hef,act = 3.250 in., hnom = 3.750 in.

 Material:  AISI 304

 Evaluation Service Report:  ESR-4266

 Issued I Valid:  3/1/2021 | 12/1/2021

 Proof:  Design Method ACI 318-19 / Mech

 Stand-off installation:  eb = 0.000 in. (no stand-off); t = 0.500 in.

 Anchor plateR :  lx x ly x t = 4.000 in. x 4.000 in. x 0.500 in.; (Recommended plate thickness: not calculated)

 Profile:  no profile

 Base material:  cracked concrete, 3000, fc' = 3,000 psi; h = 34.000 in.

 Installation:  hammer drilled hole, Installation condition: Dry

 Reinforcement:  tension: not present, shear: not present; no supplemental splitting reinforcement present

 edge reinforcement: none or < No. 4 bar
 Seismic loads (cat. C, D, E, or F)  Tension load: yes (17.10.5.3 (d))

 Shear load: yes (17.10.6.3 (c))

R -  The anchor calculation is based on a rigid anchor plate assumption.

Geometry [in.] & Loading [lb, in.lb]
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1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 245; Vx = 598; Vy = 0;
Mx = 0; My = 0; Mz = 0;

yes 25

Tension

1 x

y2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 245 598 598 0

max. concrete compressive strain: - [‰]
max. concrete compressive stress: - [psi]
resulting tension force in (x/y)=(0.000/0.000): 245 [lb]
resulting compression force in (x/y)=(0.000/0.000): 0 [lb]

 Anchor forces are calculated based on the assumption of a rigid anchor plate.

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 245 8,906 3 OK

 Pullout Strength* N/A N/A N/A N/A

 Concrete Breakout Failure** 245 2,660 10 OK

 * highest loaded anchor    **anchor group (anchors in tension)
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3.1 Steel Strength

Nsa = ESR value            refer to ICC-ES ESR-4266
f  Nsa ³ Nua            ACI 318-19 Table 17.5.2

Variables

Ase,N [in.2] futa [psi]
0.10 120,404

Calculations

Nsa [lb]
11,875

Results

Nsa [lb] f steel f nonductile f  Nsa [lb] Nua [lb]
11,875 0.750 1.000 8,906 245

3.2 Concrete Breakout Failure

Ncb = (ANc
ANc0

) y ed,N y c,N y cp,N Nb            ACI 318-19 Eq. (17.6.2.1a)

f  Ncb ³ Nua            ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef            ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-19 Eq. (17.6.2.2.1)

Variables

hef [in.] ca,min [in.] y c,N cac [in.] kc l a f'c [psi]
3.250 6.000 1.000 8.000 17 1.000 3,000

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
95.06 95.06 1.000 1.000 5,455

Results

Ncb [lb] f concrete f seismic f nonductile f  Ncb [lb] Nua [lb]
5,455 0.650 0.750 1.000 2,660 245
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4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 598 5,426 12 OK

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength** 598 7,638 8 OK

 Concrete edge failure in direction x+** 598 2,433 25 OK

 * highest loaded anchor    **anchor group (relevant anchors)

4.1 Steel Strength

Vsa,eq = ESR value            refer to ICC-ES ESR-4266
f  Vsteel ³ Vua            ACI 318-19 Table 17.5.2

Variables

Ase,V [in.2] futa [psi] aV,seis

0.10 120,404 1.000

Calculations

Vsa,eq [lb]
8,348

Results

Vsa,eq [lb] f steel f nonductile f  Vsa,eq [lb] Vua [lb]
8,348 0.650 1.000 5,426 598
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4.2 Pryout Strength

Vcp = kcp [(ANc
ANc0

) y ed,N y c,N y cp,N Nb ]            ACI 318-19 Eq. (17.7.3.1a)

f  Vcp ³ Vua            ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef            ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-19 Eq. (17.6.2.2.1)

Variables

kcp hef [in.] ca,min [in.] y c,N

2 3.250 6.000 1.000

cac [in.] kc l a f'c [psi]
8.000 17 1.000 3,000

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
95.06 95.06 1.000 1.000 5,455

Results

Vcp [lb] f concrete f seismic f nonductile f  Vcp [lb] Vua [lb]
10,911 0.700 1.000 1.000 7,638 598
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4.3 Concrete edge failure in direction x+

Vcb = (AVc
AVc0

) y ed,V y c,V y h,V y parallel,V Vb            ACI 318-19 Eq. (17.7.2.1a)

f  Vcb ³ Vua            ACI 318-19 Table 17.5.2
AVc see ACI 318-19, Section 17.7.2.1, Fig. R 17.7.2.1(b)
AVc0 = 4.5 c2

a1            ACI 318-19 Eq. (17.7.2.1.3)

y ed,V = 0.7 + 0.3( ca2
1.5ca1

) £ 1.0            ACI 318-19 Eq. (17.7.2.4.1b)

y h,V = √1.5ca1
ha

³ 1.0            ACI 318-19 Eq. (17.7.2.6.1)

Vb = (7 ( le
da
)

0.2

√da) l a √f'c c
1.5
a1            ACI 318-19 Eq. (17.7.2.2.1a)

Variables

ca1 [in.] ca2 [in.] y c,V ha [in.] le [in.]
6.000 6.000 1.000 34.000 3.250

l a da [in.] f'c [psi] y parallel,V

1.000 0.500 3,000 1.000

Calculations

AVc [in.2] AVc0 [in.2] y ed,V y h,V Vb [lb]
108.00 162.00 0.900 1.000 5,794

Results

Vcb [lb] f concrete f seismic f nonductile f  Vcb [lb] Vua [lb]
3,476 0.700 1.000 1.000 2,433 598

5 Combined tension and shear loads, per ACI 318-19 section 17.8

bN bV z Utilization bN,V [%] Status
0.092 0.246 5/3 12 OK

bNV = bz 
N + bz 

V <= 1
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6 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (AS 5216:2018, ETAG 001/Annex C,

 EOTA TR029 etc.). This means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the
 anchor plate is assumed to be sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates
 the minimum required anchor plate thickness with CBFEM to limit the stress of the anchor plate based on the assumptions explained above. The
 proof if the rigid anchor plate assumption is valid is not carried out by PROFIS Engineering.  Input data and results must be checked for
 agreement with the existing conditions and for plausibility!

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  Refer to the manufacturer's product literature for cleaning and installation instructions.

•  For additional information about ACI 318 strength design provisions, please go to  https://submittals.us.hilti.com/PROFISAnchorDesignGuide/

•  "An anchor design approach for structures assigned to Seismic Design Category C, D,  E or F is given in ACI 318-19, Chapter 17, Section
 17.10.5.3 (a) that requires the governing design strength of an anchor or group of anchors be limited by ductile steel failure. If this is NOT the
 case, the connection design (tension) shall satisfy the provisions of Section 17.10.5.3 (b), Section 17.10.5.3 (c), or Section 17.10.5.3 (d). The
 connection design (shear) shall satisfy the provisions of Section 17.10.6.3 (a), Section 17.10.6.3 (b), or Section 17.10.6.3 (c)."

•  Section 17.10.5.3 (b) / Section 17.10.6.3 (a) require the attachment the anchors are connecting to the structure be designed to undergo ductile
 yielding at a load level corresponding to anchor forces no greater than the controlling design strength. Section 17.10.5.3 (c) / Section 17.10.6.3
 (b) waive the ductility requirements and require the anchors to be designed for the maximum tension / shear that can be transmitted to the
 anchors by a non-yielding attachment. Section 17.10.5.3 (d) / Section 17.10.6.3 (c) waive the ductility requirements and require the design
 strength of the anchors to equal or exceed the maximum tension / shear obtained from design load combinations that include E, with E increased
 by w0.

•  Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPII). Reference ACI
 318-19, Section 26.7.

Fastening meets the design criteria!
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STRUCTURAL ENGINEERS 
4452 GLACIER AVE. 
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Computed By : JAS     Date:  10/14/2021 Checked By :              Date:          Sheet No 5 
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Project No.   7396         Note No.   Subject: PEC N2 Gen Set 
______________________________________________________________________________________________________________________________________________________________________________________________________ 
 

Refrigerated Air Dryer Anchorage Forces 
 

 See attached spreadsheet for anchor force calculation. 
 Loads provided are factored using LFRD load combinations. 

 
T ൌ  ସଷ ୪ୠୱ

ଶ ୬ୡ୦୭୰ୱ
ൌ 22 ୪ୠୱ

୬ୡ୦୭୰
MAX  

  

Pୈ ൌ  
34 lbs

2 Anchors
ൌ 17

lbs
Anchor

MIN 

 
T୬ୣ୲ ൌ 22 െ 17 ൌ 5 lbs Uplift 

 
 
 

TΩ ൌ  
87 lbs

2 Anchors
ൌ 44

lbs
Anchor

MAX 

 

Pୈ ൌ  
34 lbs

2 Anchors
ൌ 17

lbs
Anchor

MIN 

 
𝑇Ω ோ் ൌ 44 െ 17 ൌ 27 𝑙𝑏𝑠 𝑈𝑝𝑙𝑖𝑓𝑡 

 

𝑉Ω ൌ
82 𝑙𝑏𝑠

2 𝑎𝑛𝑐ℎ𝑜𝑟𝑠 𝑚𝑖𝑛
ൌ 41 𝑙𝑏𝑠 

 
Use 1/4" diameter x 1.5” Embed Hilti KB-TZ2 A304 SS Minimum. Maintain 6” 

edge distance and anchor spacing all sides 
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Anchorage Force Calculation

Equipment: Refrigerated Air Dryer

Equipment Parameters

Height, H = 19 [in]
CL Anchor Width, B = 14 [in] (Assume anchors 3" inboard from unit edge)
CL Anchor Depth, D = 12 [in] (Assume anchors 1.5" inboard from unit edge)
Center of Gravity, X = 7 [in] (Assume at CL unit)
Center of Gravity, Y = 12.7 [in] (Veritcal, Assume at 2/3 height)
Center of Gravity, Z = 6 [in] (Assume at CL unit)

Operating Weigth, W = 92 [lbs]
SDS =  0.711

Base Shear Coeff. = 0.444
SDS =  0.711
Ωo = 2

Load Combinations

Load Combo Description D Ex Ey
1 (1.2+0.2SDS)+Ex 1.3422 1 0
2 (1.2+0.2SDS)+Ey 1.3422 0 1
3 (0.9‐0.2SDS)+Ex 0.7578 1 0
4 (0.9‐0.2SDS)+Ey 0.7578 0 1
5 (1.2+0.2SDS)+ΩoEx 1.3422 2 0
6 (1.2+0.2SDS)+ΩoEy 1.3422 0 2
7 (0.9‐0.2SDS)+ΩoEx 0.7578 2 0
8 (0.9‐0.2SDS)+ΩoEy 0.7578 0 2

Load Combo PD (PD)x (PD)y Ex Ey Mx My (T)Ex (T)Ey
[lbs] [lbs] [lbs] [lbs] [lbs] [lbs‐in] [lbs‐in] [lbs] [lbs]

1 123.4824 61.7412 61.7412 40.848 0 518.7696 0 37.05497 0
2 123.4824 61.7412 61.7412 0 40.848 0 518.7696 0 43.2308
3 69.7176 34.8588 34.8588 40.848 0 518.7696 0 37.05497 0
4 69.7176 34.8588 34.8588 0 40.848 0 518.7696 0 43.2308
5 123.4824 61.7412 61.7412 81.696 0 1037.539 0 74.10994 0
6 123.4824 61.7412 61.7412 0 81.696 0 1037.539 0 86.4616
7 69.7176 34.8588 34.8588 81.696 0 1037.539 0 74.10994 0
8 69.7176 34.8588 34.8588 0 81.696 0 1037.539 0 86.4616
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Direct Expansion Refrigerated Air Dryers

www.southteksystems.com

Clean and dry compressed air is essenƟ al in every 
effi  cient and profi table manufacturing and process 
operaƟ on worldwide. Our vast experience includes 
food, beverage, chemical, laboratory, medical and 
natural gas applicaƟ ons.

South-Tek Systems Direct Expansion Refrigerated 
Air Dryers are designed and manufactured to 
effi  ciently remove moisture from compressed air 
and assure a reliable supply of dry air.

Features & Benefi ts

Automa  c Expansion Valve
The TXV  ensures stable dew point performance even in changing ambient condiƟ ons.
Refrigerant Gauge Standard 
Refrigerant gauge is located above the controller for ease of troubleshooƟ ng.
Easy Installa  on and Start-Up
Small footprint, lightweight and ready to go out of the box.
Adjustable Timer Drain Standard
Timed solenoid drain is fully adjustable and extremely reliable.
Environmentally Friendly 
R134a and R407C refrigerants are recognized as both effi  cient and safe.
Robust Construc  on
Powder coated galvanized steel panels are corrosion resistant.

Stainless Steel Heat Exchanger
With a patented design, corrosion resistant 
construcƟ on and integrated moisture separa-
tor, the large surface area heat exchanger is 
truly unique and effi  cient. 

CAREL Microprocessor
FuncƟ onality monitoring text display includes 
power on, dew point temperature, drain opera-
Ɵ on and manual override.
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Technical Specification

South-Tek Systems
www.southteksystems.com 
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Model
Inlet & 

Outlet (1)
Rated

  Flow (2)
Absorbed 
Power (3)

Dimensions
(inches)

Approx.
Weight

Power Supply
(V/Ph/60Hz) (4)

NPT/FLG scfm Nm3/h kW A B C lbs 115/1 230/1 460/3
003-191  ½” 15 24 0.22 15 17 18 55 •
003-192   ½” 20 32 0.23 15 17 18 62 •
003-193   ½”  30 48 0.24 15 17 18 70 •
003-194  ½”  45 72 0.25 15 17 18 77 •
003-195  ¾” 55 88 0.47 15 19 20 84 •
003-196  ¾” 85 136 0.49 15 19 20 92 •
003-197  1" 110 177 0.92 15 26 29 143 •
003-198  1" 135 217 0.92 15 26 29 143 •
003-199  1½" 175 281 0.96 15 26 29 152 •
003-200  1½” 215 345 0.94 16 30 35 196 •
003-201 2” 250 401 1.47 18 35 47 253 •
003-202  2" 340 546 1.47 18 35 47 253 • •
003-203  2" 470 754 2.50 18 35 47 297 •
003-204  2½" 550 883 2.60 18 35 47 319 •
003-220  2½”  725 1164 3.46 18 35 47 397 •
003-221  2½”  950 1525 3.60 23 40 47 712 •
003-222  3" 1150 1846 5.04 23 40 47 771 •
003-223  3" 1350 2167 6.54 23 40 47 882 •
003-224  4” Flg 1750 2809 7.20 73 64 40 1433 •
003-225  4” Flg  2000 3210 7.20 73 64 40 1480 •

Specifi ca  ons
Design operaƟ ng pressure range 0 to 232 psig
Maximum inlet temperature 158°F
Maximum ambient temperature 110°F - 122°F  depending on refrigerant (contact support for details)

AC

B

(1) ½” to 2 ½” are NPT threaded connecƟ ons, 4” and up are supplied with ANSI fl anged connecƟ ons.
(2) Rated flow capacity: conditions for rating dryers are in accordance with ISO7183 (Option A2).  Compressed air 

at dryer inlet: 100 psig (7 bar) and 100°F (38°C); ambient air temperature: 100°F (38°C); operating on 60Hz 
power supply.

(3) Nominal absorbed power at rated operating conditions using 115/1/60 or 460/3/60 power supply (as 
applicable).  For absorbed power at other voltages or conditions, contact South-Tek Systems.

(4) Specify voltage requirements when ordering. For 575V applications, contact South-Tek Systems for assistance.
(5) To be used as a rough guide only.  All applications should be confirmed by sizing software. Contact South-Tek 

Systems for sizing assistance.

*2 year warranty with pre-filtration and non-corrosive piping system installed.
**Applies to 003-220 and below only.

Pressure Correc  on Factors (5)

Inlet air pressure (psig) 58 72 87 100 115 130 145 160 175 190 204** 218** 232**
CorrecƟ on factor 0.72 0.82 0.92 1.00 1.06 1.09 1.11 1.15 1.18 1.19 1.21 1.23 1.26

Inlet Temperature Correc  on 
Factors (5)

Inlet air temperature (°F) 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155
CorrecƟ on factor 1.27 1.19 1.09 1.00 0.91 0.78 0.71 0.63 0.56 0.52 0.48 0.44 0.40 0.36 0.33

Ambient Temperature 
Correc  on Factors (5)

Ambient temperature (°F) 70 80 90 100 105 110
CorrecƟ on factor 1.18 1.16 1.06 1.00 0.96 0.90
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1

10/14/2021

Specifier's comments: 

1 Input data

 Anchor type and diameter:  Kwik Bolt TZ2 - SS 304 1/4

 Item number:  2210179 KB-TZ2 1/4x3 1/4 SS304

 Effective embedment depth:  hef,act = 1.500 in., hnom = 1.750 in.

 Material:  AISI 304

 Evaluation Service Report:  ESR-4266

 Issued I Valid:  3/1/2021 | 12/1/2021

 Proof:  Design Method ACI 318-19 / Mech

 Stand-off installation:  eb = 0.000 in. (no stand-off); t = 0.500 in.

 Anchor plateR :  lx x ly x t = 4.000 in. x 4.000 in. x 0.500 in.; (Recommended plate thickness: not calculated)

 Profile:  no profile

 Base material:  cracked concrete, 3000, fc' = 3,000 psi; h = 34.000 in.

 Installation:  hammer drilled hole, Installation condition: Dry

 Reinforcement:  tension: not present, shear: not present; no supplemental splitting reinforcement present

 edge reinforcement: none or < No. 4 bar
 Seismic loads (cat. C, D, E, or F)  Tension load: yes (17.10.5.3 (d))

 Shear load: yes (17.10.6.3 (c))

R -  The anchor calculation is based on a rigid anchor plate assumption.

Geometry [in.] & Loading [lb, in.lb]

Page 20



www.hilti.com

Hilti PROFIS Engineering 3.1.1

Input data and results must be checked for conformity with the existing conditions and for plausibility! 
PROFIS Engineering ( c ) 2003-2021 Hilti AG, FL-9494 Schaan   Hilti is a registered Trademark of Hilti AG, Schaan 

2

Company:
Address:
Phone I Fax:
Design:
Fastening point:

Martin and Libby

 | 
Refrigerated Air Dryer Anchorage

Page:
Specifier:
E-Mail:
Date:

2

10/14/2021

1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 27; Vx = 41; Vy = 0;
Mx = 0; My = 0; Mz = 0;

yes 11

Tension

1 x

y2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 27 41 41 0

max. concrete compressive strain: - [‰]
max. concrete compressive stress: - [psi]
resulting tension force in (x/y)=(0.000/0.000): 27 [lb]
resulting compression force in (x/y)=(0.000/0.000): 0 [lb]

 Anchor forces are calculated based on the assumption of a rigid anchor plate.

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 27 2,191 2 OK

 Pullout Strength* 27 248 11 OK

 Concrete Breakout Failure** 27 577 5 OK

 * highest loaded anchor    **anchor group (anchors in tension)
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3.1 Steel Strength

Nsa = ESR value            refer to ICC-ES ESR-4266
f  Nsa ³ Nua            ACI 318-19 Table 17.5.2

Variables

Ase,N [in.2] futa [psi]
0.02 122,404

Calculations

Nsa [lb]
2,921

Results

Nsa [lb] f steel f nonductile f  Nsa [lb] Nua [lb]
2,921 0.750 1.000 2,191 27

3.2 Pullout Strength

N
pn,f'c

= Np,2500 l a (fc'/2500)0.5            refer to ICC-ES ESR-4266
f  N

pn,f'c
³ Nua            ACI 318-19 Table 17.5.2

Variables

f'c [psi] l a Np,2500 [lb]
3,000 1.000 670

Calculations

(fc'/2500)0.5

1.095

Results
N

pn,f'c
 [lb] f concrete f seismic f nonductile

f  N
pn,f'c

 [lb] Nua [lb]
734 0.450 0.750 1.000 248 27
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3.3 Concrete Breakout Failure

Ncb = (ANc
ANc0

) y ed,N y c,N y cp,N Nb            ACI 318-19 Eq. (17.6.2.1a)

f  Ncb ³ Nua            ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef            ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-19 Eq. (17.6.2.2.1)

Variables

hef [in.] ca,min [in.] y c,N cac [in.] kc l a f'c [psi]
1.500 6.000 1.000 4.000 17 1.000 3,000

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
20.25 20.25 1.000 1.000 1,711

Results

Ncb [lb] f concrete f seismic f nonductile f  Ncb [lb] Nua [lb]
1,711 0.450 0.750 1.000 577 27
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4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 41 722 6 OK

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength** 41 1,197 4 OK

 Concrete edge failure in direction x+** 41 1,693 3 OK

 * highest loaded anchor    **anchor group (relevant anchors)

4.1 Steel Strength

Vsa,eq = ESR value            refer to ICC-ES ESR-4266
f  Vsteel ³ Vua            ACI 318-19 Table 17.5.2

Variables

Ase,V [in.2] futa [psi] aV,seis

0.02 122,404 0.760

Calculations

Vsa,eq [lb]
1,110

Results

Vsa,eq [lb] f steel f nonductile f  Vsa,eq [lb] Vua [lb]
1,110 0.650 1.000 722 41
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4.2 Pryout Strength

Vcp = kcp [(ANc
ANc0

) y ed,N y c,N y cp,N Nb ]            ACI 318-19 Eq. (17.7.3.1a)

f  Vcp ³ Vua            ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef            ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-19 Eq. (17.6.2.2.1)

Variables

kcp hef [in.] ca,min [in.] y c,N

1 1.500 6.000 1.000

cac [in.] kc l a f'c [psi]
4.000 17 1.000 3,000

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
20.25 20.25 1.000 1.000 1,711

Results

Vcp [lb] f concrete f seismic f nonductile f  Vcp [lb] Vua [lb]
1,711 0.700 1.000 1.000 1,197 41
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4.3 Concrete edge failure in direction x+

Vcb = (AVc
AVc0

) y ed,V y c,V y h,V y parallel,V Vb            ACI 318-19 Eq. (17.7.2.1a)

f  Vcb ³ Vua            ACI 318-19 Table 17.5.2
AVc see ACI 318-19, Section 17.7.2.1, Fig. R 17.7.2.1(b)
AVc0 = 4.5 c2

a1            ACI 318-19 Eq. (17.7.2.1.3)

y ed,V = 0.7 + 0.3( ca2
1.5ca1

) £ 1.0            ACI 318-19 Eq. (17.7.2.4.1b)

y h,V = √1.5ca1
ha

³ 1.0            ACI 318-19 Eq. (17.7.2.6.1)

Vb = (7 ( le
da
)

0.2

√da) l a √f'c c
1.5
a1            ACI 318-19 Eq. (17.7.2.2.1a)

Variables

ca1 [in.] ca2 [in.] y c,V ha [in.] le [in.]
6.000 6.000 1.000 34.000 1.500

l a da [in.] f'c [psi] y parallel,V

1.000 0.250 3,000 1.000

Calculations

AVc [in.2] AVc0 [in.2] y ed,V y h,V Vb [lb]
108.00 162.00 0.900 1.000 4,032

Results

Vcb [lb] f concrete f seismic f nonductile f  Vcb [lb] Vua [lb]
2,419 0.700 1.000 1.000 1,693 41

5 Combined tension and shear loads, per ACI 318-19 section 17.8

bN bV z Utilization bN,V [%] Status
0.109 0.057 5/3 4 OK

bNV = bz 
N + bz 

V <= 1
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6 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (AS 5216:2018, ETAG 001/Annex C,

 EOTA TR029 etc.). This means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the
 anchor plate is assumed to be sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates
 the minimum required anchor plate thickness with CBFEM to limit the stress of the anchor plate based on the assumptions explained above. The
 proof if the rigid anchor plate assumption is valid is not carried out by PROFIS Engineering.  Input data and results must be checked for
 agreement with the existing conditions and for plausibility!

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  Refer to the manufacturer's product literature for cleaning and installation instructions.

•  For additional information about ACI 318 strength design provisions, please go to  https://submittals.us.hilti.com/PROFISAnchorDesignGuide/

•  "An anchor design approach for structures assigned to Seismic Design Category C, D,  E or F is given in ACI 318-19, Chapter 17, Section
 17.10.5.3 (a) that requires the governing design strength of an anchor or group of anchors be limited by ductile steel failure. If this is NOT the
 case, the connection design (tension) shall satisfy the provisions of Section 17.10.5.3 (b), Section 17.10.5.3 (c), or Section 17.10.5.3 (d). The
 connection design (shear) shall satisfy the provisions of Section 17.10.6.3 (a), Section 17.10.6.3 (b), or Section 17.10.6.3 (c)."

•  Section 17.10.5.3 (b) / Section 17.10.6.3 (a) require the attachment the anchors are connecting to the structure be designed to undergo ductile
 yielding at a load level corresponding to anchor forces no greater than the controlling design strength. Section 17.10.5.3 (c) / Section 17.10.6.3
 (b) waive the ductility requirements and require the anchors to be designed for the maximum tension / shear that can be transmitted to the
 anchors by a non-yielding attachment. Section 17.10.5.3 (d) / Section 17.10.6.3 (c) waive the ductility requirements and require the design
 strength of the anchors to equal or exceed the maximum tension / shear obtained from design load combinations that include E, with E increased
 by w0.

•  Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPII). Reference ACI
 318-19, Section 26.7.

Fastening meets the design criteria!
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Computed By : JAS     Date:  10/14/2021 Checked By :              Date:          Sheet No 6 
____________________________________________________________________________________________________________________________________________ 

Project No.   7396         Note No.   Subject: PEC N2 Gen Set 
______________________________________________________________________________________________________________________________________________________________________________________________________ 
 

240 GA Air Tank Anchorage Forces 
 

 See attached spreadsheet for anchor force calculation. 
 Loads provided are factored using LFRD load combinations. 

 
𝑇 ൌ 568 ௦


𝑀𝐴𝑋  

  

𝑃 ൌ  
205.4 𝑙𝑏𝑠

2 𝐴𝑛𝑐ℎ𝑜𝑟𝑠
ൌ 102

𝑙𝑏𝑠
𝐴𝑛𝑐ℎ𝑜𝑟

𝑀𝐼𝑁 

 
𝑇௧ ൌ 568 െ 102 ൌ 466 𝑙𝑏𝑠 𝑈𝑝𝑙𝑖𝑓𝑡 

 
 
 

𝑇Ω ൌ  1135
𝑙𝑏𝑠

𝐴𝑛𝑐ℎ𝑜𝑟
𝑀𝐴𝑋 

 

𝑃 ൌ  
205.4 𝑙𝑏𝑠

2 𝐴𝑛𝑐ℎ𝑜𝑟𝑠
ൌ 102

𝑙𝑏𝑠
𝐴𝑛𝑐ℎ𝑜𝑟

𝑀𝐼𝑁 

 
𝑇Ω ோ் ൌ 1135 െ 102 ൌ 1033 𝑙𝑏𝑠 𝑈𝑝𝑙𝑖𝑓𝑡 

 

𝑉Ω ൌ
482 𝑙𝑏𝑠

2 𝑎𝑛𝑐ℎ𝑜𝑟𝑠 𝑚𝑖𝑛
ൌ 241 𝑙𝑏𝑠 

 
Use 5/8" diameter x 3.25” Embed Hilti KB-TZ2 A304 SS. Maintain 6” edge 

distance and anchor spacing all sides 
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Anchorage Force Calculation

Equipment: 240 Gallon Air Tank

Equipment Parameters

Height, H = 92 [in]
CL Anchor Width, B = 26 [in] 
CL Anchor Depth, D = 26 [in] 
Center of Gravity, X = 13 [in] (Assume at CL unit)
Center of Gravity, Y = 61.3 [in] (Veritcal, Assume at 2/3 height)
Center of Gravity, Z = 13 [in] (Assume at CL unit)

Operating Weigth, W = 542 [lbs]
SDS =  0.711

Base Shear Coeff. = 0.444
SDS =  0.711
Ωo = 2

Load Combinations

Load Combo Description D Ex Ey
1 (1.2+0.2SDS)+Ex 1.3422 1 0
2 (1.2+0.2SDS)+Ey 1.3422 0 1
3 (0.9‐0.2SDS)+Ex 0.7578 1 0
4 (0.9‐0.2SDS)+Ey 0.7578 0 1
5 (1.2+0.2SDS)+ΩoEx 1.3422 2 0
6 (1.2+0.2SDS)+ΩoEy 1.3422 0 2
7 (0.9‐0.2SDS)+ΩoEx 0.7578 2 0
8 (0.9‐0.2SDS)+ΩoEy 0.7578 0 2

Load Combo PD (PD)x (PD)y Ex Ey Mx My (T)Ex (T)Ey
[lbs] [lbs] [lbs] [lbs] [lbs] [lbs‐in] [lbs‐in] [lbs] [lbs]

1 727.4724 363.7362 363.7362 240.648 0 14751.72 0 567.3739 0
2 727.4724 363.7362 363.7362 0 240.648 0 14751.72 0 567.3739
3 410.7276 205.3638 205.3638 240.648 0 14751.72 0 567.3739 0
4 410.7276 205.3638 205.3638 0 240.648 0 14751.72 0 567.3739
5 727.4724 363.7362 363.7362 481.296 0 29503.44 0 1134.748 0
6 727.4724 363.7362 363.7362 0 481.296 0 29503.44 0 1134.748
7 410.7276 205.3638 205.3638 481.296 0 29503.44 0 1134.748 0
8 410.7276 205.3638 205.3638 0 481.296 0 29503.44 0 1134.748
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Specifier's comments: 

1 Input data

 Anchor type and diameter:  Kwik Bolt TZ2 - SS 304 5/8 (3 1/4) hnom2

 Item number:  2210279 KB-TZ2 5/8x6 SS304

 Effective embedment depth:  hef,act = 3.250 in., hnom = 3.750 in.

 Material:  AISI 304

 Evaluation Service Report:  ESR-4266

 Issued I Valid:  3/1/2021 | 12/1/2021

 Proof:  Design Method ACI 318-19 / Mech

 Stand-off installation:  eb = 0.000 in. (no stand-off); t = 0.500 in.

 Anchor plateR :  lx x ly x t = 4.000 in. x 4.000 in. x 0.500 in.; (Recommended plate thickness: not calculated)

 Profile:  no profile

 Base material:  cracked concrete, 3000, fc' = 3,000 psi; h = 34.000 in.

 Installation:  hammer drilled hole, Installation condition: Dry

 Reinforcement:  tension: not present, shear: not present; no supplemental splitting reinforcement present

 edge reinforcement: none or < No. 4 bar
 Seismic loads (cat. C, D, E, or F)  Tension load: yes (17.10.5.3 (d))

 Shear load: yes (17.10.6.3 (c))

R -  The anchor calculation is based on a rigid anchor plate assumption.

Geometry [in.] & Loading [lb, in.lb]
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1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 1,033; Vx = 241; Vy = 0;
Mx = 0; My = 0; Mz = 0;

yes 32

Tension

1 x

y2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 1,033 241 241 0

max. concrete compressive strain: - [‰]
max. concrete compressive stress: - [psi]
resulting tension force in (x/y)=(0.000/0.000): 1,033 [lb]
resulting compression force in (x/y)=(0.000/0.000): 0 [lb]

 Anchor forces are calculated based on the assumption of a rigid anchor plate.

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 1,033 14,132 8 OK

 Pullout Strength* N/A N/A N/A N/A

 Concrete Breakout Failure** 1,033 3,285 32 OK

 * highest loaded anchor    **anchor group (anchors in tension)
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3.1 Steel Strength

Nsa = ESR value            refer to ICC-ES ESR-4266
f  Nsa ³ Nua            ACI 318-19 Table 17.5.2

Variables

Ase,N [in.2] futa [psi]
0.16 114,604

Calculations

Nsa [lb]
18,843

Results

Nsa [lb] f steel f nonductile f  Nsa [lb] Nua [lb]
18,843 0.750 1.000 14,132 1,033

3.2 Concrete Breakout Failure

Ncb = (ANc
ANc0

) y ed,N y c,N y cp,N Nb            ACI 318-19 Eq. (17.6.2.1a)

f  Ncb ³ Nua            ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef            ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-19 Eq. (17.6.2.2.1)

Variables

hef [in.] ca,min [in.] y c,N cac [in.] kc l a f'c [psi]
3.250 6.000 1.000 7.000 21 1.000 3,000

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
95.06 95.06 1.000 1.000 6,739

Results

Ncb [lb] f concrete f seismic f nonductile f  Ncb [lb] Nua [lb]
6,739 0.650 0.750 1.000 3,285 1,033
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4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 241 8,034 3 OK

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength** 241 9,435 3 OK

 Concrete edge failure in direction x+** 241 2,602 10 OK

 * highest loaded anchor    **anchor group (relevant anchors)

4.1 Steel Strength

Vsa,eq = ESR value            refer to ICC-ES ESR-4266
f  Vsteel ³ Vua            ACI 318-19 Table 17.5.2

Variables

Ase,V [in.2] futa [psi] aV,seis

0.16 114,604 1.000

Calculations

Vsa,eq [lb]
12,360

Results

Vsa,eq [lb] f steel f nonductile f  Vsa,eq [lb] Vua [lb]
12,360 0.650 1.000 8,034 241
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4.2 Pryout Strength

Vcp = kcp [(ANc
ANc0

) y ed,N y c,N y cp,N Nb ]            ACI 318-19 Eq. (17.7.3.1a)

f  Vcp ³ Vua            ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef            ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-19 Eq. (17.6.2.2.1)

Variables

kcp hef [in.] ca,min [in.] y c,N

2 3.250 6.000 1.000

cac [in.] kc l a f'c [psi]
7.000 21 1.000 3,000

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
95.06 95.06 1.000 1.000 6,739

Results

Vcp [lb] f concrete f seismic f nonductile f  Vcp [lb] Vua [lb]
13,478 0.700 1.000 1.000 9,435 241
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4.3 Concrete edge failure in direction x+

Vcb = (AVc
AVc0

) y ed,V y c,V y h,V y parallel,V Vb            ACI 318-19 Eq. (17.7.2.1a)

f  Vcb ³ Vua            ACI 318-19 Table 17.5.2
AVc see ACI 318-19, Section 17.7.2.1, Fig. R 17.7.2.1(b)
AVc0 = 4.5 c2

a1            ACI 318-19 Eq. (17.7.2.1.3)

y ed,V = 0.7 + 0.3( ca2
1.5ca1

) £ 1.0            ACI 318-19 Eq. (17.7.2.4.1b)

y h,V = √1.5ca1
ha

³ 1.0            ACI 318-19 Eq. (17.7.2.6.1)

Vb = (7 ( le
da
)

0.2

√da) l a √f'c c
1.5
a1            ACI 318-19 Eq. (17.7.2.2.1a)

Variables

ca1 [in.] ca2 [in.] y c,V ha [in.] le [in.]
6.000 6.000 1.000 34.000 3.250

l a da [in.] f'c [psi] y parallel,V

1.000 0.625 3,000 1.000

Calculations

AVc [in.2] AVc0 [in.2] y ed,V y h,V Vb [lb]
108.00 162.00 0.900 1.000 6,195

Results

Vcb [lb] f concrete f seismic f nonductile f  Vcb [lb] Vua [lb]
3,717 0.700 1.000 1.000 2,602 241

5 Combined tension and shear loads, per ACI 318-19 section 17.8

bN bV z Utilization bN,V [%] Status
0.314 0.093 5/3 17 OK

bNV = bz 
N + bz 

V <= 1
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6 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (AS 5216:2018, ETAG 001/Annex C,

 EOTA TR029 etc.). This means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the
 anchor plate is assumed to be sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates
 the minimum required anchor plate thickness with CBFEM to limit the stress of the anchor plate based on the assumptions explained above. The
 proof if the rigid anchor plate assumption is valid is not carried out by PROFIS Engineering.  Input data and results must be checked for
 agreement with the existing conditions and for plausibility!

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  Refer to the manufacturer's product literature for cleaning and installation instructions.

•  For additional information about ACI 318 strength design provisions, please go to  https://submittals.us.hilti.com/PROFISAnchorDesignGuide/

•  "An anchor design approach for structures assigned to Seismic Design Category C, D,  E or F is given in ACI 318-19, Chapter 17, Section
 17.10.5.3 (a) that requires the governing design strength of an anchor or group of anchors be limited by ductile steel failure. If this is NOT the
 case, the connection design (tension) shall satisfy the provisions of Section 17.10.5.3 (b), Section 17.10.5.3 (c), or Section 17.10.5.3 (d). The
 connection design (shear) shall satisfy the provisions of Section 17.10.6.3 (a), Section 17.10.6.3 (b), or Section 17.10.6.3 (c)."

•  Section 17.10.5.3 (b) / Section 17.10.6.3 (a) require the attachment the anchors are connecting to the structure be designed to undergo ductile
 yielding at a load level corresponding to anchor forces no greater than the controlling design strength. Section 17.10.5.3 (c) / Section 17.10.6.3
 (b) waive the ductility requirements and require the anchors to be designed for the maximum tension / shear that can be transmitted to the
 anchors by a non-yielding attachment. Section 17.10.5.3 (d) / Section 17.10.6.3 (c) waive the ductility requirements and require the design
 strength of the anchors to equal or exceed the maximum tension / shear obtained from design load combinations that include E, with E increased
 by w0.

•  Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPII). Reference ACI
 318-19, Section 26.7.

Fastening meets the design criteria!

Page 37



MARTIN & LIBBY  
STRUCTURAL ENGINEERS 
4452 GLACIER AVE. 
SAN DIEGO, CA 92120 
____________________________________________________________________________________________________________________________________________ 

Computed By : JAS     Date:  10/14/2021 Checked By :              Date:          Sheet No 7 
____________________________________________________________________________________________________________________________________________ 

Project No.   7396         Note No.   Subject: PEC N2 Gen Set 
______________________________________________________________________________________________________________________________________________________________________________________________________ 
 

Nitrogen Generator Anchorage Forces 
 

 See attached spreadsheet for anchor force calculation. 
 Loads provided are factored using LFRD load combinations. 

 
𝑇 ൌ  ଽ଼ ௦

ଶ ௦
ൌ 489 ௦


𝑀𝐴𝑋  

  

𝑃 ൌ  
404 𝑙𝑏𝑠

2 𝐴𝑛𝑐ℎ𝑜𝑟𝑠
ൌ 202

𝑙𝑏𝑠
𝐴𝑛𝑐ℎ𝑜𝑟

𝑀𝐼𝑁 

 
𝑇௧ ൌ 489 െ 202 ൌ 287 𝑙𝑏𝑠 𝑈𝑝𝑙𝑖𝑓𝑡 

 
 
 

𝑇Ω ൌ  
1956 𝑙𝑏𝑠

2 𝐴𝑛𝑐ℎ𝑜𝑟𝑠
ൌ 978

𝑙𝑏𝑠
𝐴𝑛𝑐ℎ𝑜𝑟

𝑀𝐴𝑋 

 

𝑃 ൌ  
404 𝑙𝑏𝑠

2 𝐴𝑛𝑐ℎ𝑜𝑟𝑠
ൌ 202

𝑙𝑏𝑠
𝐴𝑛𝑐ℎ𝑜𝑟

𝑀𝐼𝑁 

 
𝑇Ω ோ் ൌ 978 െ 202 ൌ 776 𝑙𝑏𝑠 𝑈𝑝𝑙𝑖𝑓𝑡 

 

𝑉Ω ൌ
1421 𝑙𝑏𝑠

2 𝑎𝑛𝑐ℎ𝑜𝑟𝑠 𝑚𝑖𝑛
ൌ 711 𝑙𝑏𝑠 

 
Use 3/8" diameter x 2.5” Embed Hilti KB-TZ2 A304 SS. Maintain 6” edge 

distance and anchor spacing all sides 
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Anchorage Force Calculation

Equipment: Nitrogen Generator

Equipment Parameters

Height, H = 62 [in]
CL Anchor Width, B = 30 [in] 
CL Anchor Depth, D = 33 [in]
Center of Gravity, X = 10 [in] (Assume at 1/3 width of unit)
Center of Gravity, Y = 41.3 [in] (Veritcal, Assume at 2/3 height)
Center of Gravity, Z = 16.5 [in] (Assume at CL unit)

Operating Weigth, W = 1600 [lbs]
SDS =  0.711

Base Shear Coeff. = 0.444
SDS =  0.711
Ωo = 2

Load Combinations

Load Combo Description D Ex Ey
1 (1.2+0.2SDS)+Ex 1.3422 1 0
2 (1.2+0.2SDS)+Ey 1.3422 0 1
3 (0.9‐0.2SDS)+Ex 0.7578 1 0
4 (0.9‐0.2SDS)+Ey 0.7578 0 1
5 (1.2+0.2SDS)+ΩoEx 1.3422 2 0
6 (1.2+0.2SDS)+ΩoEy 1.3422 0 2
7 (0.9‐0.2SDS)+ΩoEx 0.7578 2 0
8 (0.9‐0.2SDS)+ΩoEy 0.7578 0 2

Load Combo PD (PD)x (PD)y Ex Ey Mx My (T)Ex (T)Ey
[lbs] [lbs] [lbs] [lbs] [lbs] [lbs‐in] [lbs‐in] [lbs] [lbs]

1 2147.52 715.84 1073.76 710.4 0 29339.52 0 977.984 0
2 2147.52 715.84 1073.76 0 710.4 0 29339.52 0 889.0764
3 1212.48 404.16 606.24 710.4 0 29339.52 0 977.984 0
4 1212.48 404.16 606.24 0 710.4 0 29339.52 0 889.0764
5 2147.52 715.84 1073.76 1420.8 0 58679.04 0 1955.968 0
6 2147.52 715.84 1073.76 0 1420.8 0 58679.04 0 1778.153
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Specifier's comments: 

1 Input data

 Anchor type and diameter:  Kwik Bolt TZ2 - SS 304 3/8 (2 1/2) hnom3

 Item number:  2210245 KB-TZ2 3/8x5 SS304

 Effective embedment depth:  hef,act = 2.500 in., hnom = 3.000 in.

 Material:  AISI 304

 Evaluation Service Report:  ESR-4266

 Issued I Valid:  3/1/2021 | 12/1/2021

 Proof:  Design Method ACI 318-19 / Mech

 Stand-off installation:  eb = 0.000 in. (no stand-off); t = 0.500 in.

 Anchor plateR :  lx x ly x t = 4.000 in. x 4.000 in. x 0.500 in.; (Recommended plate thickness: not calculated)

 Profile:  no profile

 Base material:  cracked concrete, 3000, fc' = 3,000 psi; h = 34.000 in.

 Installation:  hammer drilled hole, Installation condition: Dry

 Reinforcement:  tension: not present, shear: not present; no supplemental splitting reinforcement present

 edge reinforcement: none or < No. 4 bar
 Seismic loads (cat. C, D, E, or F)  Tension load: yes (17.10.5.3 (d))

 Shear load: yes (17.10.6.3 (c))

R -  The anchor calculation is based on a rigid anchor plate assumption.

Geometry [in.] & Loading [lb, in.lb]
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1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 776; Vx = 711; Vy = 0;
Mx = 0; My = 0; Mz = 0;

yes 44

Tension

1 x

y2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 776 711 711 0

max. concrete compressive strain: - [‰]
max. concrete compressive stress: - [psi]
resulting tension force in (x/y)=(0.000/0.000): 776 [lb]
resulting compression force in (x/y)=(0.000/0.000): 0 [lb]

 Anchor forces are calculated based on the assumption of a rigid anchor plate.

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 776 4,637 17 OK

 Pullout Strength* N/A N/A N/A N/A

 Concrete Breakout Failure** 776 1,794 44 OK

 * highest loaded anchor    **anchor group (anchors in tension)
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3.1 Steel Strength

Nsa = ESR value            refer to ICC-ES ESR-4266
f  Nsa ³ Nua            ACI 318-19 Table 17.5.2

Variables

Ase,N [in.2] futa [psi]
0.05 120,104

Calculations

Nsa [lb]
6,182

Results

Nsa [lb] f steel f nonductile f  Nsa [lb] Nua [lb]
6,182 0.750 1.000 4,637 776

3.2 Concrete Breakout Failure

Ncb = (ANc
ANc0

) y ed,N y c,N y cp,N Nb            ACI 318-19 Eq. (17.6.2.1a)

f  Ncb ³ Nua            ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef            ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-19 Eq. (17.6.2.2.1)

Variables

hef [in.] ca,min [in.] y c,N cac [in.] kc l a f'c [psi]
2.500 6.000 1.000 4.000 17 1.000 3,000

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
56.25 56.25 1.000 1.000 3,681

Results

Ncb [lb] f concrete f seismic f nonductile f  Ncb [lb] Nua [lb]
3,681 0.650 0.750 1.000 1,794 776
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4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 711 3,177 23 OK

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength** 711 5,153 14 OK

 Concrete edge failure in direction x+** 711 2,118 34 OK

 * highest loaded anchor    **anchor group (relevant anchors)

4.1 Steel Strength

Vsa,eq = ESR value            refer to ICC-ES ESR-4266
f  Vsteel ³ Vua            ACI 318-19 Table 17.5.2

Variables

Ase,V [in.2] futa [psi] aV,seis

0.05 120,104 1.000

Calculations

Vsa,eq [lb]
4,887

Results

Vsa,eq [lb] f steel f nonductile f  Vsa,eq [lb] Vua [lb]
4,887 0.650 1.000 3,177 711
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4.2 Pryout Strength

Vcp = kcp [(ANc
ANc0

) y ed,N y c,N y cp,N Nb ]            ACI 318-19 Eq. (17.7.3.1a)

f  Vcp ³ Vua            ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef            ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-19 Eq. (17.6.2.2.1)

Variables

kcp hef [in.] ca,min [in.] y c,N

2 2.500 6.000 1.000

cac [in.] kc l a f'c [psi]
4.000 17 1.000 3,000

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
56.25 56.25 1.000 1.000 3,681

Results

Vcp [lb] f concrete f seismic f nonductile f  Vcp [lb] Vua [lb]
7,361 0.700 1.000 1.000 5,153 711
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4.3 Concrete edge failure in direction x+

Vcb = (AVc
AVc0

) y ed,V y c,V y h,V y parallel,V Vb            ACI 318-19 Eq. (17.7.2.1a)

f  Vcb ³ Vua            ACI 318-19 Table 17.5.2
AVc see ACI 318-19, Section 17.7.2.1, Fig. R 17.7.2.1(b)
AVc0 = 4.5 c2

a1            ACI 318-19 Eq. (17.7.2.1.3)

y ed,V = 0.7 + 0.3( ca2
1.5ca1

) £ 1.0            ACI 318-19 Eq. (17.7.2.4.1b)

y h,V = √1.5ca1
ha

³ 1.0            ACI 318-19 Eq. (17.7.2.6.1)

Vb = (7 ( le
da
)

0.2

√da) l a √f'c c
1.5
a1            ACI 318-19 Eq. (17.7.2.2.1a)

Variables

ca1 [in.] ca2 [in.] y c,V ha [in.] le [in.]
6.000 6.000 1.000 34.000 2.500

l a da [in.] f'c [psi] y parallel,V

1.000 0.375 3,000 1.000

Calculations

AVc [in.2] AVc0 [in.2] y ed,V y h,V Vb [lb]
108.00 162.00 0.900 1.000 5,043

Results

Vcb [lb] f concrete f seismic f nonductile f  Vcb [lb] Vua [lb]
3,026 0.700 1.000 1.000 2,118 711

5 Combined tension and shear loads, per ACI 318-19 section 17.8

bN bV z Utilization bN,V [%] Status
0.432 0.336 5/3 41 OK

bNV = bz 
N + bz 

V <= 1
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6 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (AS 5216:2018, ETAG 001/Annex C,

 EOTA TR029 etc.). This means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the
 anchor plate is assumed to be sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates
 the minimum required anchor plate thickness with CBFEM to limit the stress of the anchor plate based on the assumptions explained above. The
 proof if the rigid anchor plate assumption is valid is not carried out by PROFIS Engineering.  Input data and results must be checked for
 agreement with the existing conditions and for plausibility!

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  Refer to the manufacturer's product literature for cleaning and installation instructions.

•  For additional information about ACI 318 strength design provisions, please go to  https://submittals.us.hilti.com/PROFISAnchorDesignGuide/

•  "An anchor design approach for structures assigned to Seismic Design Category C, D,  E or F is given in ACI 318-19, Chapter 17, Section
 17.10.5.3 (a) that requires the governing design strength of an anchor or group of anchors be limited by ductile steel failure. If this is NOT the
 case, the connection design (tension) shall satisfy the provisions of Section 17.10.5.3 (b), Section 17.10.5.3 (c), or Section 17.10.5.3 (d). The
 connection design (shear) shall satisfy the provisions of Section 17.10.6.3 (a), Section 17.10.6.3 (b), or Section 17.10.6.3 (c)."

•  Section 17.10.5.3 (b) / Section 17.10.6.3 (a) require the attachment the anchors are connecting to the structure be designed to undergo ductile
 yielding at a load level corresponding to anchor forces no greater than the controlling design strength. Section 17.10.5.3 (c) / Section 17.10.6.3
 (b) waive the ductility requirements and require the anchors to be designed for the maximum tension / shear that can be transmitted to the
 anchors by a non-yielding attachment. Section 17.10.5.3 (d) / Section 17.10.6.3 (c) waive the ductility requirements and require the design
 strength of the anchors to equal or exceed the maximum tension / shear obtained from design load combinations that include E, with E increased
 by w0.

•  Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPII). Reference ACI
 318-19, Section 26.7.

Fastening meets the design criteria!
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400 GA Nitrogen Tank Anchorage Forces 
 

 See attached spreadsheet for anchor force calculation. 
 Loads provided are factored using LFRD load combinations. 

 
𝑇 ൌ 3243 ௦


𝑀𝐴𝑋  

  

𝑃 ൌ  
2604 𝑙𝑏𝑠

2 𝐴𝑛𝑐ℎ𝑜𝑟𝑠
ൌ 651

𝑙𝑏𝑠
𝐴𝑛𝑐ℎ𝑜𝑟

𝑀𝐼𝑁 

 
𝑇௧ ൌ 3243 െ 651 ൌ 2592 𝑙𝑏𝑠 𝑈𝑝𝑙𝑖𝑓𝑡 

 
 
 

𝑇Ω ൌ  6486
𝑙𝑏𝑠

𝐴𝑛𝑐ℎ𝑜𝑟
𝑀𝐴𝑋 

 

𝑃 ൌ  
2604 𝑙𝑏𝑠

2 𝐴𝑛𝑐ℎ𝑜𝑟𝑠
ൌ 651

𝑙𝑏𝑠
𝐴𝑛𝑐ℎ𝑜𝑟

𝑀𝐼𝑁 

 
𝑇Ω ோ் ൌ 6486 െ 651 ൌ 5835 𝑙𝑏𝑠 𝑈𝑝𝑙𝑖𝑓𝑡 

 

𝑉Ω ൌ
3052 𝑙𝑏𝑠

2 𝑎𝑛𝑐ℎ𝑜𝑟𝑠 𝑚𝑖𝑛
ൌ 1526 𝑙𝑏𝑠 

 
Use 5/8" diameter HAS-R A304 SS threaded rod x 8” Embed Hilti HIT-HY 200 

Epoxy. Maintain 8” edge distance and anchor spacing all sides. 
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Anchorage Force Calculation

Equipment: 400 Gallon Nitrogen Tank

Equipment Parameters

Height, H = 102 [in]
CL Anchor Width, B = 32 [in] 
CL Anchor Depth, D = 32 [in] 
Center of Gravity, X = 16 [in] (Assume at CL unit)
Center of Gravity, Y = 68 [in] (Veritcal, Assume at 2/3 height)
Center of Gravity, Z = 16 [in] (Assume at CL unit)

Operating Weigth, W = 3437 [lbs]
SDS =  0.711

Base Shear Coeff. = 0.444
SDS =  0.711
Ωo = 2

Load Combinations

Load Combo Description D Ex Ey
1 (1.2+0.2SDS)+Ex 1.3422 1 0
2 (1.2+0.2SDS)+Ey 1.3422 0 1
3 (0.9‐0.2SDS)+Ex 0.7578 1 0
4 (0.9‐0.2SDS)+Ey 0.7578 0 1
5 (1.2+0.2SDS)+ΩoEx 1.3422 2 0
6 (1.2+0.2SDS)+ΩoEy 1.3422 0 2
7 (0.9‐0.2SDS)+ΩoEx 0.7578 2 0
8 (0.9‐0.2SDS)+ΩoEy 0.7578 0 2

Load Combo PD (PD)x (PD)y Ex Ey Mx My (T)Ex (T)Ey
[lbs] [lbs] [lbs] [lbs] [lbs] [lbs‐in] [lbs‐in] [lbs] [lbs]

1 4613.1414 2306.571 2306.571 1526.028 0 103769.9 0 3242.81 0
2 4613.1414 2306.571 2306.571 0 1526.028 0 103769.9 0 3242.81
3 2604.5586 1302.279 1302.279 1526.028 0 103769.9 0 3242.81 0
4 2604.5586 1302.279 1302.279 0 1526.028 0 103769.9 0 3242.81
5 4613.1414 2306.571 2306.571 3052.056 0 207539.8 0 6485.619 0
6 4613.1414 2306.571 2306.571 0 3052.056 0 207539.8 0 6485.619
7 2604.5586 1302.279 1302.279 3052.056 0 207539.8 0 6485.619 0
8 2604.5586 1302.279 1302.279 0 3052.056 0 207539.8 0 6485.619
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Specifier's comments: 

1 Input data

 Anchor type and diameter:  HIT-HY 200 + HAS-R 304/316 SS 5/8

 Item number:  408988 HAS-R 316 SS 5/8"x12" (element) / 2022793
 HIT-HY 200-R (adhesive)

 Effective embedment depth:  hef,act = 8.000 in. (hef,limit = - in.)

 Material:  ASTM F 593

 Evaluation Service Report:  ESR-3187

 Issued I Valid:  5/1/2021 | 3/1/2022

 Proof:  Design Method ACI 318-19 / Chem

 Stand-off installation:  eb = 0.000 in. (no stand-off); t = 0.500 in.

 Anchor plateR :  lx x ly x t = 4.000 in. x 4.000 in. x 0.500 in.; (Recommended plate thickness: not calculated)

 Profile:  no profile

 Base material:  cracked concrete, 4000, fc' = 4,000 psi; h = 34.000 in., Temp. short/long: 32/32 °F

 Installation:  hammer drilled hole, Installation condition: Dry

 Reinforcement:  tension: not present, shear: not present; no supplemental splitting reinforcement present

 edge reinforcement: none or < No. 4 bar
 Seismic loads (cat. C, D, E, or F)  Tension load: yes (17.10.5.3 (d))

 Shear load: yes (17.10.6.3 (c))

R -  The anchor calculation is based on a rigid anchor plate assumption.

Geometry [in.] & Loading [lb, in.lb]
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1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 5,835; Vx = 1,526; Vy = 0;
Mx = 0; My = 0; Mz = 0;

yes 99

Tension

1 x

y2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 5,835 1,526 1,526 0

max. concrete compressive strain: - [‰]
max. concrete compressive stress: - [psi]
resulting tension force in (x/y)=(0.000/0.000): 5,835 [lb]
resulting compression force in (x/y)=(0.000/0.000): 0 [lb]

 Anchor forces are calculated based on the assumption of a rigid anchor plate.

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 5,835 14,690 40 OK

 Bond Strength** 5,835 7,013 84 OK

 Sustained Tension Load Bond Strength* N/A N/A N/A N/A

 Concrete Breakout Failure** 5,835 6,456 91 OK

 * highest loaded anchor    **anchor group (anchors in tension)

Page 52



www.hilti.com

Hilti PROFIS Engineering 3.1.1

Input data and results must be checked for conformity with the existing conditions and for plausibility! 
PROFIS Engineering ( c ) 2003-2021 Hilti AG, FL-9494 Schaan   Hilti is a registered Trademark of Hilti AG, Schaan 

3

Company:
Address:
Phone I Fax:
Design:
Fastening point:

Martin and Libby

 | 
Nitrogen Tank Anchorage

Page:
Specifier:
E-Mail:
Date:

3

9/24/2021

3.1 Steel Strength

Nsa = ESR value            refer to ICC-ES ESR-3187
f  Nsa ³ Nua            ACI 318-19 Table 17.5.2

Variables

Ase,N [in.2] futa [psi]
0.23 100,000

Calculations

Nsa [lb]
22,600

Results

Nsa [lb] f steel f nonductile f  Nsa [lb] Nua [lb]
22,600 0.650 1.000 14,690 5,835
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3.2 Bond Strength

Na = (ANa
ANa0

) y ed,Na y cp,Na Nba            ACI 318-19 Eq. (17.6.5.1a)

f  Na ³ Nua            ACI 318-19 Table 17.5.2
ANa see ACI 318-19, Section 17.6.5.1, Fig. R 17.6.5.1(b)

ANa0 = (2 cNa)
2            ACI 318-19 Eq. (17.6.5.1.2a)

cNa = 10 da √t uncr
1100            ACI 318-19 Eq. (17.6.5.1.2b)

y ed,Na = 0.7 + 0.3 (ca,min
cNa

) £ 1.0            ACI 318-19 Eq. (17.6.5.4.1b)

y cp,Na = MAX(ca,min
cac

, 
cNa
cac

) £ 1.0            ACI 318-19 Eq. (17.6.5.5.1b)

Nba = l a · t k,c · aN,seis · p · da · hef            ACI 318-19 Eq. (17.6.5.2.1)

Variables

t k,c,uncr [psi] da [in.] hef [in.] ca,min [in.] aoverhead t k,c [psi]
2,327 0.625 8.000 8.000 1.000 1,226

cac [in.] l a aN,seis

14.432 1.000 0.990

Calculations

cNa [in.] ANa [in.2] ANa0 [in.2] y ed,Na

9.049 256.00 327.54 0.965

y cp,Na Nba [lb]
1.000 19,070

Results

Na [lb] f bond f seismic f nonductile f  Na [lb] Nua [lb]
14,387 0.650 0.750 1.000 7,013 5,835
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3.3 Concrete Breakout Failure

Ncb = (ANc
ANc0

) y ed,N y c,N y cp,N Nb            ACI 318-19 Eq. (17.6.2.1a)

f  Ncb ³ Nua            ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef            ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-19 Eq. (17.6.2.2.1)

Variables

hef [in.] ca,min [in.] y c,N cac [in.] kc l a f'c [psi]
5.333 8.000 1.000 14.432 17 1.000 4,000

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
256.00 256.00 1.000 1.000 13,243

Results

Ncb [lb] f concrete f seismic f nonductile f  Ncb [lb] Nua [lb]
13,243 0.650 0.750 1.000 6,456 5,835

Page 55



www.hilti.com

Hilti PROFIS Engineering 3.1.1

Input data and results must be checked for conformity with the existing conditions and for plausibility! 
PROFIS Engineering ( c ) 2003-2021 Hilti AG, FL-9494 Schaan   Hilti is a registered Trademark of Hilti AG, Schaan 

6

Company:
Address:
Phone I Fax:
Design:
Fastening point:

Martin and Libby

 | 
Nitrogen Tank Anchorage

Page:
Specifier:
E-Mail:
Date:

6

9/24/2021

4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 1,526 5,695 27 OK

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength (Concrete Breakout
 Strength controls)**

1,526 18,540 9 OK

 Concrete edge failure in direction x+** 1,526 5,042 31 OK

 * highest loaded anchor    **anchor group (relevant anchors)

4.1 Steel Strength

Vsa,eq = ESR value            refer to ICC-ES ESR-3187
f  Vsteel ³ Vua            ACI 318-19 Table 17.5.2

Variables

Ase,V [in.2] futa [psi] aV,seis

0.23 100,000 0.700

Calculations

Vsa,eq [lb]
9,492

Results

Vsa,eq [lb] f steel f nonductile f  Vsa,eq [lb] Vua [lb]
9,492 0.600 1.000 5,695 1,526
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4.2 Pryout Strength (Concrete Breakout Strength controls)

Vcp = kcp [(ANc
ANc0

) y ed,N y c,N y cp,N Nb ]            ACI 318-19 Eq. (17.7.3.1a)

f  Vcp ³ Vua            ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef            ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-19 Eq. (17.6.2.2.1)

Variables

kcp hef [in.] ca,min [in.] y c,N

2 5.333 8.000 1.000

cac [in.] kc l a f'c [psi]
14.432 17 1.000 4,000

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
256.00 256.00 1.000 1.000 13,243

Results

Vcp [lb] f concrete f seismic f nonductile f  Vcp [lb] Vua [lb]
26,485 0.700 1.000 1.000 18,540 1,526
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4.3 Concrete edge failure in direction x+

Vcb = (AVc
AVc0

) y ed,V y c,V y h,V y parallel,V Vb            ACI 318-19 Eq. (17.7.2.1a)

f  Vcb ³ Vua            ACI 318-19 Table 17.5.2
AVc see ACI 318-19, Section 17.7.2.1, Fig. R 17.7.2.1(b)
AVc0 = 4.5 c2

a1            ACI 318-19 Eq. (17.7.2.1.3)

y ed,V = 0.7 + 0.3( ca2
1.5ca1

) £ 1.0            ACI 318-19 Eq. (17.7.2.4.1b)

y h,V = √1.5ca1
ha

³ 1.0            ACI 318-19 Eq. (17.7.2.6.1)

Vb = (7 ( le
da
)

0.2

√da) l a √f'c c
1.5
a1            ACI 318-19 Eq. (17.7.2.2.1a)

Variables

ca1 [in.] ca2 [in.] y c,V ha [in.] le [in.]
8.000 8.000 1.000 34.000 5.000

l a da [in.] f'c [psi] y parallel,V

1.000 0.625 4,000 1.000

Calculations

AVc [in.2] AVc0 [in.2] y ed,V y h,V Vb [lb]
192.00 288.00 0.900 1.000 12,004

Results

Vcb [lb] f concrete f seismic f nonductile f  Vcb [lb] Vua [lb]
7,202 0.700 1.000 1.000 5,042 1,526

5 Combined tension and shear loads, per ACI 318-19 section 17.8

bN bV z Utilization bN,V [%] Status
0.904 0.303 5/3 99 OK

bNV = bz 
N + bz 

V <= 1
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6 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (AS 5216:2018, ETAG 001/Annex C,

 EOTA TR029 etc.). This means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the
 anchor plate is assumed to be sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates
 the minimum required anchor plate thickness with CBFEM to limit the stress of the anchor plate based on the assumptions explained above. The
 proof if the rigid anchor plate assumption is valid is not carried out by PROFIS Engineering.  Input data and results must be checked for
 agreement with the existing conditions and for plausibility!

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  Design Strengths of adhesive anchor systems are influenced by the cleaning method. Refer to the INSTRUCTIONS FOR USE given in the
 Evaluation Service Report for cleaning and installation instructions.

•  For additional information about ACI 318 strength design provisions, please go to  https://submittals.us.hilti.com/PROFISAnchorDesignGuide/

•  "An anchor design approach for structures assigned to Seismic Design Category C, D,  E or F is given in ACI 318-19, Chapter 17, Section
 17.10.5.3 (a) that requires the governing design strength of an anchor or group of anchors be limited by ductile steel failure. If this is NOT the
 case, the connection design (tension) shall satisfy the provisions of Section 17.10.5.3 (b), Section 17.10.5.3 (c), or Section 17.10.5.3 (d). The
 connection design (shear) shall satisfy the provisions of Section 17.10.6.3 (a), Section 17.10.6.3 (b), or Section 17.10.6.3 (c)."

•  Section 17.10.5.3 (b) / Section 17.10.6.3 (a) require the attachment the anchors are connecting to the structure be designed to undergo ductile
 yielding at a load level corresponding to anchor forces no greater than the controlling design strength. Section 17.10.5.3 (c) / Section 17.10.6.3
 (b) waive the ductility requirements and require the anchors to be designed for the maximum tension / shear that can be transmitted to the
 anchors by a non-yielding attachment. Section 17.10.5.3 (d) / Section 17.10.6.3 (c) waive the ductility requirements and require the design
 strength of the anchors to equal or exceed the maximum tension / shear obtained from design load combinations that include E, with E increased
 by w0.

•  Installation of Hilti adhesive anchor systems shall be performed by personnel trained to install Hilti adhesive anchors. Reference ACI 318-19,
 Section 26.7.

Fastening meets the design criteria!
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______________________________________________________________________________________________________________________________________________________________________________________________________ 
 

Equipment Housekeeping Pads 
 

 
Equipment  Anchors  T  TΩ  V  VΩ 

[‐]  [‐]  [lbs/anchor] [lbs/anchor] [lbs total]  [lbs total] 
Air Compressor  4  10  245  159  3 
Refrigerated Air Dryer   4  5  27  41  82 
Air Tank  4  466  1033  241  482 
Nitrogen Generator  4  287  776  711  1421 
Nitrogen Tank  4  2592  5835  1526  3052 
 

 
(Shear Connection of Pad) 
 

 Design shear connection between housekeeping pad and existing foundation using skin 
friction formulas provided in ACI 318. For strength on reinforcing across the interface 
assume it will not exceed the maximum tensile force that can be developed by the 
epoxy anchorage or the ratio development length provided/development length. 

 
#3 bar – φTn = 0.9(60ksi)(0.11in2) = 5.94 kips 

 
(ldh)#3 = 5.75” with 2” cover all sides 

 
Ratio =  ଷ"

ହ.ହ"
ሺ5.94𝑘ሻ ൌ 3.1 𝑘𝑖𝑝𝑠 (Governs) 

OR 
#3 Dowel with Hilti HIT‐HY 200 epoxy, embed = 7.5” – Tmax = 3.85 kips 

 
                   

 
#4 bar – φTn = 0.9(60ksi)(0.2in2) = 10.8kips 

 
(ldh)#4 = 7.67” with 2” cover all sides 

 
Ratio =  ଷ"

."
ሺ10.8𝑘ሻ ൌ 4.22 𝑘𝑖𝑝𝑠 (Governs) 

 OR 
#4 Dowel with Hilti HIT‐HY 200 epoxy, embed = 9” –  Tmax = 6.2 kips 
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1
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Specifier's comments: 

1 Input data

 Anchor type and diameter:  HIT-HY 200 + Rebar A 615 Gr.60 #3

 Item number:  not available  (element) / 2022793 HIT-HY 200-R
 (adhesive)

 Effective embedment depth:  hef,act = 7.500 in. (hef,limit = - in.)

 Material:  ASTM A 615 GR.60

 Evaluation Service Report:  ESR-3187

 Issued I Valid:  5/1/2021 | 3/1/2022

 Proof:  Design Method ACI 318-19 / Chem

 Stand-off installation:

 Profile:

 Base material:  cracked concrete, 4000, fc' = 4,000 psi; h = 34.000 in., Temp. short/long: 32/32 °F

 Installation:  hammer drilled hole, Installation condition: Dry

 Reinforcement:  tension: not present, shear: not present; no supplemental splitting reinforcement present

 edge reinforcement: none or < No. 4 bar
 Seismic loads (cat. C, D, E, or F)  Tension load: yes (17.10.5.3 (d))

 Shear load: yes (17.10.6.3 (c))

Geometry [in.] & Loading [lb, in.lb]
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1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 3,850; Vx = 0; Vy = 0;
Mx = 0; My = 0; Mz = 0;

yes 99

2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 3,850 0 0 0

max. concrete compressive strain: - [‰]
max. concrete compressive stress: - [psi]
resulting tension force in (x/y)=(0.000/0.000): 0 [lb]
resulting compression force in (x/y)=(0.000/0.000): 0 [lb]

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 3,850 5,720 68 OK

 Bond Strength** 3,850 3,901 99 OK

 Sustained Tension Load Bond Strength* N/A N/A N/A N/A

 Concrete Breakout Failure** 3,850 6,456 60 OK

 * highest loaded anchor    **anchor group (anchors in tension)
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3.1 Steel Strength

Nsa = ESR value            refer to ICC-ES ESR-3187
f  Nsa ³ Nua            ACI 318-19 Table 17.5.2

Variables

Ase,N [in.2] futa [psi]
0.11 80,026

Calculations

Nsa [lb]
8,800

Results

Nsa [lb] f steel f  Nsa [lb] Nua [lb]
8,800 0.650 5,720 3,850
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3.2 Bond Strength

Na = (ANa
ANa0

) y ed,Na y cp,Na Nba            ACI 318-19 Eq. (17.6.5.1a)

f  Na ³ Nua            ACI 318-19 Table 17.5.2
ANa see ACI 318-19, Section 17.6.5.1, Fig. R 17.6.5.1(b)

ANa0 = (2 cNa)
2            ACI 318-19 Eq. (17.6.5.1.2a)

cNa = 10 da √t uncr
1100            ACI 318-19 Eq. (17.6.5.1.2b)

y ed,Na = 0.7 + 0.3 (ca,min
cNa

) £ 1.0            ACI 318-19 Eq. (17.6.5.4.1b)

y cp,Na = MAX(ca,min
cac

, 
cNa
cac

) £ 1.0            ACI 318-19 Eq. (17.6.5.5.1b)

Nba = l a · t k,c · aN,seis · p · da · hef            ACI 318-19 Eq. (17.6.5.2.1)

Variables

t k,c,uncr [psi] da [in.] hef [in.] ca,min [in.] aoverhead t k,c [psi]
1,636 0.375 7.500 8.000 1.000 1,132

cac [in.] l a aN,seis

12.047 1.000 0.800

Calculations

cNa [in.] ANa [in.2] ANa0 [in.2] y ed,Na

4.552 82.89 82.89 1.000

y cp,Na Nba [lb]
1.000 8,001

Results

Na [lb] f bond f seismic f nonductile f  Na [lb] Nua [lb]
8,001 0.650 0.750 1.000 3,901 3,850
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3.3 Concrete Breakout Failure

Ncb = (ANc
ANc0

) y ed,N y c,N y cp,N Nb            ACI 318-19 Eq. (17.6.2.1a)

f  Ncb ³ Nua            ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef            ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-19 Eq. (17.6.2.2.1)

Variables

hef [in.] ca,min [in.] y c,N cac [in.] kc l a f'c [psi]
5.333 8.000 1.000 12.047 17 1.000 4,000

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
256.00 256.00 1.000 1.000 13,243

Results

Ncb [lb] f concrete f seismic f nonductile f  Ncb [lb] Nua [lb]
13,243 0.650 0.750 1.000 6,456 3,850
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4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* N/A N/A N/A N/A

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength (Bond Strength controls)* N/A N/A N/A N/A

 Concrete edge failure in direction ** N/A N/A N/A N/A

 * highest loaded anchor    **anchor group (relevant anchors)

5 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (AS 5216:2018, ETAG 001/Annex C,

 EOTA TR029 etc.). This means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the
 anchor plate is assumed to be sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates
 the minimum required anchor plate thickness with CBFEM to limit the stress of the anchor plate based on the assumptions explained above. The
 proof if the rigid anchor plate assumption is valid is not carried out by PROFIS Engineering.  Input data and results must be checked for
 agreement with the existing conditions and for plausibility!

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  Design Strengths of adhesive anchor systems are influenced by the cleaning method. Refer to the INSTRUCTIONS FOR USE given in the
 Evaluation Service Report for cleaning and installation instructions.

•  For additional information about ACI 318 strength design provisions, please go to  https://submittals.us.hilti.com/PROFISAnchorDesignGuide/

•  "An anchor design approach for structures assigned to Seismic Design Category C, D,  E or F is given in ACI 318-19, Chapter 17, Section
 17.10.5.3 (a) that requires the governing design strength of an anchor or group of anchors be limited by ductile steel failure. If this is NOT the
 case, the connection design (tension) shall satisfy the provisions of Section 17.10.5.3 (b), Section 17.10.5.3 (c), or Section 17.10.5.3 (d). The
 connection design (shear) shall satisfy the provisions of Section 17.10.6.3 (a), Section 17.10.6.3 (b), or Section 17.10.6.3 (c)."

•  Section 17.10.5.3 (b) / Section 17.10.6.3 (a) require the attachment the anchors are connecting to the structure be designed to undergo ductile
 yielding at a load level corresponding to anchor forces no greater than the controlling design strength. Section 17.10.5.3 (c) / Section 17.10.6.3
 (b) waive the ductility requirements and require the anchors to be designed for the maximum tension / shear that can be transmitted to the
 anchors by a non-yielding attachment. Section 17.10.5.3 (d) / Section 17.10.6.3 (c) waive the ductility requirements and require the design
 strength of the anchors to equal or exceed the maximum tension / shear obtained from design load combinations that include E, with E increased
 by w0.

•  Installation of Hilti adhesive anchor systems shall be performed by personnel trained to install Hilti adhesive anchors. Reference ACI 318-19,
 Section 26.7.

Fastening meets the design criteria!
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Specifier's comments: 

1 Input data

 Anchor type and diameter:  HIT-HY 200 + Rebar A 615 Gr.60 #4

 Item number:  not available  (element) / 2022793 HIT-HY 200-R
 (adhesive)

 Effective embedment depth:  hef,act = 9.000 in. (hef,limit = - in.)

 Material:  ASTM A 615 GR.60

 Evaluation Service Report:  ESR-3187

 Issued I Valid:  5/1/2021 | 3/1/2022

 Proof:  Design Method ACI 318-19 / Chem

 Stand-off installation:

 Profile:

 Base material:  cracked concrete, 4000, fc' = 4,000 psi; h = 34.000 in., Temp. short/long: 32/32 °F

 Installation:  hammer drilled hole, Installation condition: Dry

 Reinforcement:  tension: not present, shear: not present; no supplemental splitting reinforcement present

 edge reinforcement: none or < No. 4 bar
 Seismic loads (cat. C, D, E, or F)  Tension load: yes (17.10.5.3 (d))

 Shear load: yes (17.10.6.3 (c))

Geometry [in.] & Loading [lb, in.lb]
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1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 6,200; Vx = 0; Vy = 0;
Mx = 0; My = 0; Mz = 0;

yes 100

2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 6,200 0 0 0

max. concrete compressive strain: - [‰]
max. concrete compressive stress: - [psi]
resulting tension force in (x/y)=(0.000/0.000): 0 [lb]
resulting compression force in (x/y)=(0.000/0.000): 0 [lb]

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 6,200 10,399 60 OK

 Bond Strength** 6,200 6,241 100 OK

 Sustained Tension Load Bond Strength* N/A N/A N/A N/A

 Concrete Breakout Failure** 6,200 6,456 97 OK

 * highest loaded anchor    **anchor group (anchors in tension)
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3.1 Steel Strength

Nsa = ESR value            refer to ICC-ES ESR-3187
f  Nsa ³ Nua            ACI 318-19 Table 17.5.2

Variables

Ase,N [in.2] futa [psi]
0.20 80,026

Calculations

Nsa [lb]
15,999

Results

Nsa [lb] f steel f  Nsa [lb] Nua [lb]
15,999 0.650 10,399 6,200
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3.2 Bond Strength

Na = (ANa
ANa0

) y ed,Na y cp,Na Nba            ACI 318-19 Eq. (17.6.5.1a)

f  Na ³ Nua            ACI 318-19 Table 17.5.2
ANa see ACI 318-19, Section 17.6.5.1, Fig. R 17.6.5.1(b)

ANa0 = (2 cNa)
2            ACI 318-19 Eq. (17.6.5.1.2a)

cNa = 10 da √t uncr
1100            ACI 318-19 Eq. (17.6.5.1.2b)

y ed,Na = 0.7 + 0.3 (ca,min
cNa

) £ 1.0            ACI 318-19 Eq. (17.6.5.4.1b)

y cp,Na = MAX(ca,min
cac

, 
cNa
cac

) £ 1.0            ACI 318-19 Eq. (17.6.5.5.1b)

Nba = l a · t k,c · aN,seis · p · da · hef            ACI 318-19 Eq. (17.6.5.2.1)

Variables

t k,c,uncr [psi] da [in.] hef [in.] ca,min [in.] aoverhead t k,c [psi]
1,636 0.500 9.000 8.000 1.000 1,132

cac [in.] l a aN,seis

14.456 1.000 0.800

Calculations

cNa [in.] ANa [in.2] ANa0 [in.2] y ed,Na

6.069 147.35 147.35 1.000

y cp,Na Nba [lb]
1.000 12,802

Results

Na [lb] f bond f seismic f nonductile f  Na [lb] Nua [lb]
12,802 0.650 0.750 1.000 6,241 6,200
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3.3 Concrete Breakout Failure

Ncb = (ANc
ANc0

) y ed,N y c,N y cp,N Nb            ACI 318-19 Eq. (17.6.2.1a)

f  Ncb ³ Nua            ACI 318-19 Table 17.5.2
ANc see ACI 318-19, Section 17.6.2.1, Fig. R 17.6.2.1(b)
ANc0 = 9 h2

ef            ACI 318-19 Eq. (17.6.2.1.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-19 Eq. (17.6.2.4.1b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-19 Eq. (17.6.2.6.1b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-19 Eq. (17.6.2.2.1)

Variables

hef [in.] ca,min [in.] y c,N cac [in.] kc l a f'c [psi]
5.333 8.000 1.000 14.456 17 1.000 4,000

Calculations

ANc [in.2] ANc0 [in.2] y ed,N y cp,N Nb [lb]
256.00 256.00 1.000 1.000 13,243

Results

Ncb [lb] f concrete f seismic f nonductile f  Ncb [lb] Nua [lb]
13,243 0.650 0.750 1.000 6,456 6,200
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4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* N/A N/A N/A N/A

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength (Bond Strength controls)* N/A N/A N/A N/A

 Concrete edge failure in direction ** N/A N/A N/A N/A

 * highest loaded anchor    **anchor group (relevant anchors)

5 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (AS 5216:2018, ETAG 001/Annex C,

 EOTA TR029 etc.). This means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the
 anchor plate is assumed to be sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates
 the minimum required anchor plate thickness with CBFEM to limit the stress of the anchor plate based on the assumptions explained above. The
 proof if the rigid anchor plate assumption is valid is not carried out by PROFIS Engineering.  Input data and results must be checked for
 agreement with the existing conditions and for plausibility!

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  Design Strengths of adhesive anchor systems are influenced by the cleaning method. Refer to the INSTRUCTIONS FOR USE given in the
 Evaluation Service Report for cleaning and installation instructions.

•  For additional information about ACI 318 strength design provisions, please go to  https://submittals.us.hilti.com/PROFISAnchorDesignGuide/

•  "An anchor design approach for structures assigned to Seismic Design Category C, D,  E or F is given in ACI 318-19, Chapter 17, Section
 17.10.5.3 (a) that requires the governing design strength of an anchor or group of anchors be limited by ductile steel failure. If this is NOT the
 case, the connection design (tension) shall satisfy the provisions of Section 17.10.5.3 (b), Section 17.10.5.3 (c), or Section 17.10.5.3 (d). The
 connection design (shear) shall satisfy the provisions of Section 17.10.6.3 (a), Section 17.10.6.3 (b), or Section 17.10.6.3 (c)."

•  Section 17.10.5.3 (b) / Section 17.10.6.3 (a) require the attachment the anchors are connecting to the structure be designed to undergo ductile
 yielding at a load level corresponding to anchor forces no greater than the controlling design strength. Section 17.10.5.3 (c) / Section 17.10.6.3
 (b) waive the ductility requirements and require the anchors to be designed for the maximum tension / shear that can be transmitted to the
 anchors by a non-yielding attachment. Section 17.10.5.3 (d) / Section 17.10.6.3 (c) waive the ductility requirements and require the design
 strength of the anchors to equal or exceed the maximum tension / shear obtained from design load combinations that include E, with E increased
 by w0.

•  Installation of Hilti adhesive anchor systems shall be performed by personnel trained to install Hilti adhesive anchors. Reference ACI 318-19,
 Section 26.7.

Fastening meets the design criteria!
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Equipment Housekeeping Pads Cont. 
 
(Shear Connection of Pad) 
 

Shear Friction – φVn = Avffyц 
 

(φVn)#3 = (3.56kips)(ц = 1.0) = 3.56k/dowel 
 

(φVn)#4 = (4.84kips)(ц = 1.0) = 4.84k/dowel 
 

∴ (1) #3 or #4 dowel is adequate to resist all shear from all proposed equipment 
 

 
(Tension Connection of Pad) 
 

 Check horizontal reinforcing in pad to transfer anchor tension forces to adjacent dowels. 
 Note that the embedment for  Nitrogen tank epoxy anchors shall start in the existing 

foundation, therefore, are not applicable in the calculation below. 
 

 
Mu = (TΩ = 1033#)(8” – 2.25”) = 5940#‐in 

 
As = #4 at 12” o.c. = 0.2in2/ft,  b=12,  fy = 60 ksi, f’c = 3000 PSI,  d=2.25” 

 
a = 0.40”  φMn = 22140 #‐in > Mu  ∴  OK 

 
∴ (1) #4 at 12” o.c. Each Way with 2” clear cover is adequate 

Page 73


	Cooling Tower Switch Gear Structure Improv
	PALOMAR ENERGY CENTER
	SAN DIEGO GAS & ELECTRIC COMPANY
	Submitted to:
	CALIFORNIA ENERGY COMMISSION
	PALOMAR ENERGY CENTER
	Table 1

	Plot Plan
	South Switchgear Photo Simulation_111018
	7396 PEC NITROGEN GENERATOR EQUIPMENT_2021-10-14.pdf
	7396 PEC NITROGEN ENERATOR EQUIPMENT T-1 (1)
	7396 PEC NITROGEN ENERATOR EQUIPMENT S-1 (1)
	7396 PEC NITROGEN ENERATOR EQUIPMENT S-2 (1)
	7396 PEC NITROGEN ENERATOR EQUIPMENT S-3 (1)

	7396_ CALCS_2021-10-14.pdf
	7396 PEC N2 Gen Set_Air Compressor Anchorage.pdf
	1 Input data
	1.1 Design results

	2 Load case/Resulting anchor forces
	3 Tension load
	3.1 Steel Strength
	3.2 Concrete Breakout Failure

	4 Shear load
	4.1 Steel Strength
	4.2 Pryout Strength
	4.3 Concrete edge failure in direction x+

	5 Combined tension and shear loads, per ACI 318-19 section 17.8
	6 Warnings
	7 Installation data
	7.1 Recommended accessories

	8 Remarks; Your Cooperation Duties

	7396 PEC N2 Gen Set_Refrigerated Air Dryer Anchorage.pdf
	1 Input data
	1.1 Design results

	2 Load case/Resulting anchor forces
	3 Tension load
	3.1 Steel Strength
	3.2 Pullout Strength
	3.3 Concrete Breakout Failure

	4 Shear load
	4.1 Steel Strength
	4.2 Pryout Strength
	4.3 Concrete edge failure in direction x+

	5 Combined tension and shear loads, per ACI 318-19 section 17.8
	6 Warnings
	7 Installation data
	7.1 Recommended accessories

	8 Remarks; Your Cooperation Duties

	7396 PEC N2 Gen Set_Air Tank Anchorage.pdf
	1 Input data
	1.1 Design results

	2 Load case/Resulting anchor forces
	3 Tension load
	3.1 Steel Strength
	3.2 Concrete Breakout Failure

	4 Shear load
	4.1 Steel Strength
	4.2 Pryout Strength
	4.3 Concrete edge failure in direction x+

	5 Combined tension and shear loads, per ACI 318-19 section 17.8
	6 Warnings
	7 Installation data
	7.1 Recommended accessories

	8 Remarks; Your Cooperation Duties

	7396 PEC N2 Gen Set_Nitrogen Generator Anchorage.pdf
	1 Input data
	1.1 Design results

	2 Load case/Resulting anchor forces
	3 Tension load
	3.1 Steel Strength
	3.2 Concrete Breakout Failure

	4 Shear load
	4.1 Steel Strength
	4.2 Pryout Strength
	4.3 Concrete edge failure in direction x+

	5 Combined tension and shear loads, per ACI 318-19 section 17.8
	6 Warnings
	7 Installation data
	7.1 Recommended accessories

	8 Remarks; Your Cooperation Duties

	7396 PEC N2 Gen Set_Nitrogen Tank Anchorage.pdf
	1 Input data
	1.1 Design results

	2 Load case/Resulting anchor forces
	3 Tension load
	3.1 Steel Strength
	3.2 Bond Strength
	3.3 Concrete Breakout Failure

	4 Shear load
	4.1 Steel Strength
	4.2 Pryout Strength
	4.3 Concrete edge failure in direction x+

	5 Combined tension and shear loads, per ACI 318-19 section 17.8
	6 Warnings
	7 Installation data
	7.1 Recommended accessories

	8 Remarks; Your Cooperation Duties

	7396 PEC N2 Gen Set_Air Compressor Anchorage (1).pdf
	1 Input data
	1.1 Design results

	2 Load case/Resulting anchor forces
	3 Tension load
	3.1 Steel Strength
	3.2 Concrete Breakout Failure

	4 Shear load
	4.1 Steel Strength
	4.2 Pryout Strength
	4.3 Concrete edge failure in direction x+

	5 Combined tension and shear loads, per ACI 318-19 section 17.8
	6 Warnings
	7 Installation data
	7.1 Recommended accessories

	8 Remarks; Your Cooperation Duties

	7396 PEC N2 Gen Set_Refrigerated Air Dryer Anchorage (1).pdf
	1 Input data
	1.1 Design results

	2 Load case/Resulting anchor forces
	3 Tension load
	3.1 Steel Strength
	3.2 Pullout Strength
	3.3 Concrete Breakout Failure

	4 Shear load
	4.1 Steel Strength
	4.2 Pryout Strength
	4.3 Concrete edge failure in direction x+

	5 Combined tension and shear loads, per ACI 318-19 section 17.8
	6 Warnings
	7 Installation data
	7.1 Recommended accessories

	8 Remarks; Your Cooperation Duties

	7396 PEC N2 Gen Set_Air Tank Anchorage (1).pdf
	1 Input data
	1.1 Design results

	2 Load case/Resulting anchor forces
	3 Tension load
	3.1 Steel Strength
	3.2 Concrete Breakout Failure

	4 Shear load
	4.1 Steel Strength
	4.2 Pryout Strength
	4.3 Concrete edge failure in direction x+

	5 Combined tension and shear loads, per ACI 318-19 section 17.8
	6 Warnings
	7 Installation data
	7.1 Recommended accessories

	8 Remarks; Your Cooperation Duties

	7396 PEC N2 Gen Set_Nitrogen Generator Anchorage (1).pdf
	1 Input data
	1.1 Design results

	2 Load case/Resulting anchor forces
	3 Tension load
	3.1 Steel Strength
	3.2 Concrete Breakout Failure

	4 Shear load
	4.1 Steel Strength
	4.2 Pryout Strength
	4.3 Concrete edge failure in direction x+

	5 Combined tension and shear loads, per ACI 318-19 section 17.8
	6 Warnings
	7 Installation data
	7.1 Recommended accessories

	8 Remarks; Your Cooperation Duties

	7396 PEC N2 Gen Set_Epoxy Dowel at Pad (1).pdf
	1 Input data
	1.1 Design results

	2 Load case/Resulting anchor forces
	3 Tension load
	3.1 Steel Strength
	3.2 Bond Strength
	3.3 Concrete Breakout Failure

	4 Shear load
	5 Warnings
	6 Installation data
	6.1 Recommended accessories

	7 Remarks; Your Cooperation Duties

	7396 PEC N2 Gen Set_Epoxy Dowel at Pad.pdf
	1 Input data
	1.1 Design results

	2 Load case/Resulting anchor forces
	3 Tension load
	3.1 Steel Strength
	3.2 Bond Strength
	3.3 Concrete Breakout Failure

	4 Shear load
	5 Warnings
	6 Installation data
	6.1 Recommended accessories

	7 Remarks; Your Cooperation Duties

	7396 PEC N2 Gen Set_Epoxy Dowel at Pad.pdf
	1 Input data
	1.1 Design results

	2 Load case/Resulting anchor forces
	3 Tension load
	3.1 Steel Strength
	3.2 Bond Strength
	3.3 Concrete Breakout Failure

	4 Shear load
	5 Warnings
	6 Installation data
	6.1 Recommended accessories

	7 Remarks; Your Cooperation Duties

	7396 PEC N2 Gen Set_Epoxy Dowel at Pad (1).pdf
	1 Input data
	1.1 Design results

	2 Load case/Resulting anchor forces
	3 Tension load
	3.1 Steel Strength
	3.2 Bond Strength
	3.3 Concrete Breakout Failure

	4 Shear load
	5 Warnings
	6 Installation data
	6.1 Recommended accessories

	7 Remarks; Your Cooperation Duties





