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Executive Summary 

TWEI has been retained to develop a series of anchorage design details and calculations for 
seismic restraint of a series of freezer products by ThermoFisher Scientific. These anchor details 
are designed using an off-the-shelf system provided by QuakeHOLD! Industrial for use with 
systems in California or other seismic regions. 
 
A total of 15 different freezers (as defined by cut sheets in Appendix A) were covered by this 
study. For each freezer, a kit for seismic restraint (per TWEI drawing 2015-0932-DD-001) will be 
provided, including the following essential components: 
 

• A frame of unistrut installed against the freezer’s base on all four sides to resist seismic 
shear. 

• A strap with pretension force wrapping around the freezer from side to side, which is 
tied down to the unistrut frame to resist the unit overturning due to seismic force. 

• Post-installed anchors (Powers Power-Stud+ SD2 & SD4 anchors per ICC-ES ESR 2502) 
for the connection of the unistrut frame to supporting concrete slab by others, to resist 
seismic shear and uplift force due to overturning.  

 
A systematical check of each system was performed to ensure a complete load path can be 
established to provide the expected seismic restraint mechanism.  The detailed calculations are 
documented in this report and the main design considerations are summarized below: 
 

• Code standards: IBC 2012 and ASCE 7-10. 

• Design seismic force for each freezer is developed per ASCE 7-10 Chapter 13 for 
nonstructural components, with the following seismic parameters: 

o Component amplification factor, ap = 2.5 
o Component response modification factor, Rp = 6 
o Component important factor, Ip = 1.0 or 1.5 
o Component attachment height within building, z/h = 0 or 1 

• Consideration of Center Gravity (C.G.): 
o Maximum height of C.G. is 2/3 of overall unit height. 
o Maximum 10% eccentricity of C.G. each horizontal direction. 

• The supporting structure provided by others is a normal weight concrete slab of 
minimum 6in thickness and minimum compression strength, fc’=4000psi. 

• Maximum site demands (in terms of short period spectral acceleration, SDS) considered 
for each freezer of different installation heights are summarized in the table on next 
page. 

 
Please note that this study is only limited to ensure structural adequacy of the seismic restraint 
system provided for each freezer, which does not include structural integrity check of freezer 
itself. 
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Section 1. Seismic Restraint Design of Freezers for 

Ip =1 & z/h=0 
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Section 5. Check of Middle Anchor 



1/5Page:Project number:2.2.5543.30490Version:

7/14/2015Date:Project:

Company name:

Subject/Topic:

Project name:

Project engineer:

Company name:

PROJECT DATA:

Description:

Notes/Remarks:

www.powers.com - Powers Fasteners (see website for regional contact information).

 Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines and must be checked for plausibility.
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Middle Anchor Capacity Check



2/5Page:Project number:2.2.5543.30490Version:

7/14/2015Date:Project:

Company name:

LOAD ACTIONS: [lb], [ft-lb]

GEOMETRY:

ft-lb0Muz

ft-lb0Muy

ft-lb0Mux

lb0Vuy

lb0Vux

lb4310Nu

Design loads / actions

Y-direction

%100Load reversal

X-direction

%100Load reversal

ex = 0.00 inch; ey = 0.00 inch

Eccentric profile

www.powers.com - Powers Fasteners (see website for regional contact information).

 Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines and must be checked for plausibility.
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3/5Page:Project number:2.2.5543.30490Version:

7/14/2015Date:Project:

Company name:

Issued: 5/1/2014

ESR-2502Approval:

hef = 3.250 inchEffective embedment depth:

1/2" Ø; hnom 3-3/4" (95mm), Grade 2

Power-Stud+ SD2Selected anchor:

SUMMARY:

Yes (D.3.3.5.3(c))Shear load

Yes (D.3.3.4.3(d))Tension load

YesSeismic Loads:

not existentStand-off:

Condition BShear:Condition BTension:

none edge reinforcement or < #4 barReinforcement:

YesAnchor Ductility:inch9.75scr =inch10.00cac =

inch5.75hmin =inch4.00smin =inch2.75cmin =Anchor Parameters:

User enters loadΩ =

Factored loads

taken from Section 9.2Load combination:

psi= 4000f 'ccracked concreteNormal weight concreteConcrete:

ACI 318-11 (Appendix D)Design method:

Basic principles of Design:

Resulting anchor forces / load distribution::

lb0lb2155Maximum

lb0lb2155#2

lb0lb2155#1

Shear loadTension loadAnchor No.

lb0Resulting compression force:

lb4310Resulting tension force:

psi0Max. concrete compression stress:

‰0.00Max. concrete compression strain:

-----Interaction

OK-----Shear load

1.00 ≤ 1.0lb4331lb4310Tension load

StatusCapacityDemandDesign proof:Calculations:

none selectedProfile:

not calculatedinch-Calculated plate thickness:

inch0.000Actual plate thickness:

inch6.00xinch3.00Length x width:

fyk = 36000 psiMaterial:Anchor plate:

www.powers.com - Powers Fasteners (see website for regional contact information).

 Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines and must be checked for plausibility.
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4/5Page:Project number:2.2.5543.30490Version:

7/14/2015Date:Project:

Company name:

ReferenceDESIGN PROOF TENSION LOADING:

Nua / (Φ * Nsa) = 2155 lb / 7834 lb = 0.28 ≤ 1.00Design proof:

= 2155 lbNua

= 0.75 * 10445 lb = 7834 lb

D.5.1.2= Φ * NsaΦ * Nsa

D.5.1= 10445 lbNsa

Steel strength:

Nua / (Φ * Ncbg) = 4310 lb / 4331 lb = 1.00 ≤ 1.00Design proof:

lb= 4310Nua

lb= 4331

= 0.75 * 0.65 * (134.06 / 95.06) * 1.000 * 1.000 * 1.000 * 1.00 * 1.000 * 6299 lb

D.5.2.1= Φseis * Φ * (ANc / ANc0) * ψec,N,x * ψec,N,y * ψed,N * ψc,N * ψcp,N * NbΦ * Ncbg

D.5.2.7= 1.000ψcp,N

inch= 10.00cac

D.5.2.6= 1.00ψc,N

D.5.2.5= 1.000ψed,N

D.5.2.4= 1.000ψec,N,y

D.5.2.4= 1.000ψec,N,x

inch²= 134.06ANc

inch²= 95.06ANc0

= 17.0 * 63.25 * 1.00 * 5.859 = 6299 lb

D.5.2.2= kc * f 'c0.5 * λa * hef1.5Nb

= 17.0kc

inch= 3.250hef

Concrete Breakout Strength:

Nua / (Φ * Npn) = 2155 lb / 2698 lb = 0.80 ≤ 1.00Design proof:

lb= 2155Nua

= 0.75 * 0.65 * (4000 / 2500) ^ 0.50 * 4375 = 2698 lb

= Φseis * Φ * (f 'c / 2500) ^ n * Np,eqΦ * Npn

D.5.3.2lb= 4375Np,eq

Pullout / Bond strength:

Fastening ok!

www.powers.com - Powers Fasteners (see website for regional contact information).

 Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines and must be checked for plausibility.
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5/5Page:Project number:2.2.5543.30490Version:

7/14/2015Date:Project:

Company name:

Calculations including seismic design requirements in accordance with ACI 318 D.3.3 are required for anchors in
structures assigned to seismic design categories C, D, E and F. Under these seismic conditions, the direction of shear
may not be predictable. As default and in accordance with ACI 318 D.3.3 the full shear force is assumed also in reverse
direction for a safe design. This may influence the direction of the controlling concrete breakout strength.

D.3.3.4.3 (c) Selected:
Anchor or anchor group shall be designed for the max design load combinations that include E, with E increased by Ωo.
The anchor design tensile strength shall satisfy the tensile strength requirements of D.3.3.4.4.

Per ACI 318-11, Part D.3.3.4.3(b) the anchor or group of anchors shall be designed fo the maximum tension that can be
transmitted to the anchor or group of anchors based on the development of a ductile yield mechanism in the attachment
in flexure, shear, or bearing, or a combination of those conditions, and considering both material overstrength and strain
hardening effects for the attachement. The anchor desgn tensile strength shall be calculated from D.3.3.4.4. Per ACI
318-11, Part D.3.3.4.3(c) the anchor or group of anchors shall be designed for the maximum tension that can be
transmitted to the anchors by a non-yielding attachment. The anchor desgn tensile strength shall be calculated from
D.3.3.4.4. Per ACI 318-11, Part D.3.3.4.3(d) The anchor or group of anchors shall be designed for the maximum
tension obtained from design load combinations that include E, with E increased by Ωo. The anchor design tensile
strength shall satisfy the tensile strength requirements of D.4.1.1.

WARNINGS / REMARKS:

www.powers.com - Powers Fasteners (see website for regional contact information).

 Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines and must be checked for plausibility.
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Section 6. Check of End Anchors & Angle Brackets 

 

  



1/6Page:Project number:2.2.5543.30490Version:

7/14/2015Date:Project:

Company name:

Subject/Topic:

Project name:

Project engineer:

Company name:

PROJECT DATA:

Description:

Notes/Remarks:

www.powers.com - Powers Fasteners (see website for regional contact information).

 Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines and must be checked for plausibility.
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End Anchor Capacity Check



2/6Page:Project number:2.2.5543.30490Version:

7/14/2015Date:Project:

Company name:

LOAD ACTIONS: [lb], [ft-lb]

GEOMETRY:

ft-lb0Muz

ft-lb0Muy

ft-lb0Mux

lb1036Vuy

lb0Vux

lb4622Nu

Design loads / actions

Y-direction

%100Load reversal

X-direction

%100Load reversal

www.powers.com - Powers Fasteners (see website for regional contact information).

 Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines and must be checked for plausibility.
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3/6Page:Project number:2.2.5543.30490Version:

7/14/2015Date:Project:

Company name:

Issued: 5/1/2014

ESR-2502Approval:

hef = 3.750 inchEffective embedment depth:

3/4" Ø; hnom 4-1/2" (114mm), Grade 304 (stainless)

Power-Stud+ SD4Selected anchor:

SUMMARY:

Yes (D.3.3.5.3(c))Shear load

Yes (D.3.3.4.3(d))Tension load

YesSeismic Loads:

not existentStand-off:

Condition BShear:Condition BTension:

none edge reinforcement or < #4 barReinforcement:

YesAnchor Ductility:inch11.25scr =inch9.00cac =

inch6.00hmin =inch9.00smin =inch5.00cmin =Anchor Parameters:

User enters loadΩ =

Factored loads

taken from Section 9.2Load combination:

psi= 4000f 'ccracked concreteNormal weight concreteConcrete:

ACI 318-11 (Appendix D)Design method:

Basic principles of Design:

Resulting anchor forces / load distribution::

lb1036lb4622Maximum

lb1036lb4622#1

Shear loadTension loadAnchor No.

lb0Resulting compression force:

lb4622Resulting tension force:

psi0Max. concrete compression stress:

‰0.00Max. concrete compression strain:

0.99 ≤ 1.0----Interaction

OK0.21 ≤ 1.0lb5034lb1036Shear load

0.98 ≤ 1.0lb4702lb4622Tension load

StatusCapacityDemandDesign proof:Calculations:

www.powers.com - Powers Fasteners (see website for regional contact information).

 Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines and must be checked for plausibility.
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4/6Page:Project number:2.2.5543.30490Version:

7/14/2015Date:Project:

Company name:

ReferenceDESIGN PROOF TENSION LOADING:

Nua / (Φ * Nsa) = 4622 lb / 16035 lb = 0.29 ≤ 1.00Design proof:

= 4622 lbNua

= 0.75 * 21380 lb = 16035 lb

D.5.1.2= Φ * NsaΦ * Nsa

D.5.1= 21380 lbNsa

Steel strength:

Nua / (Φ * Ncb) = 4622 lb / 4702 lb = 0.98 ≤ 1.00Design proof:

lb= 4622Nua

lb= 4702

= 0.75 * 0.65 * (126.56 / 126.56) * 1.000 * 1.00 * 1.000 * 9645 lb

D.5.2.1= Φseis * Φ * (ANc / ANc0) * ψed,N * ψc,N * ψcp,N * NbΦ * Ncb

D.5.2.7= 1.000ψcp,N

inch= 9.00cac

D.5.2.6= 1.00ψc,N

D.5.2.5= 1.000ψed,N

inch²= 126.56ANc

inch²= 126.56ANc0

= 21.0 * 63.25 * 1.00 * 7.262 = 9645 lb

D.5.2.2= kc * f 'c0.5 * λa * hef1.5Nb

= 21.0kc

inch= 3.750hef

Concrete Breakout Strength:

Vua / (Φ * Vsa,eq) = 1036 lb / 5034 lb = 0.21 ≤ 1.00Design proof:

lb= 1036Vua

= 0.65 * 7745 lb = 5034 lb

D.6.1.2= Φ * Vsa,eqΦ * Vsa,eq

D.6.1lb= 7745Vsa,eq

Steel strength (without lever arm):

ReferenceDESIGN PROOF SHEAR LOADING:

www.powers.com - Powers Fasteners (see website for regional contact information).

 Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines and must be checked for plausibility.
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5/6Page:Project number:2.2.5543.30490Version:

7/14/2015Date:Project:

Company name:

Pryout strength:

Vua / (Φ * Vcp) = 1036 lb / 13503 lb = 0.08 ≤ 1.00Design proof:

lb= 1036Vua

lb= 13503

= 1.0 * 0.70 * (126.56 / 126.56) * 1.000 * 1.000 * 1.000 * 9645 lb * 2.0

= Φseis * Φ * (ANc / ANc0) * ψed,N * ψcp,N * ψc,N * Nb * kcpΦ * Vcp

D.6.3.1= 2.0kcp

D.5.2.6= 1.000ψc,N

D.5.2.7= 1.000ψcp,N

D.5.2.5= 1.000ψed,N

inch²= 126.56ANc0

inch²= 126.56ANc

= 21.0 * 4000 0.5 * 1.00 * 3.750 1.5 = 9645 lb

D.5.2.2= kc * f 'c0.5 * λa * hef1.5Nb

= 21.0kc

inch= 3.750hef

= ( 0.98 + 0.21 ) / 1.2 = 0.99 ≤ 1.0

D.7.3= Nu / (Φ * Nn) + Vu / (Φ * Vn) / 1.2Design proof:

Interaction:

ReferenceCOMBINATION TENSION / SHEAR LOAD:

Fastening ok!

www.powers.com - Powers Fasteners (see website for regional contact information).

 Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines and must be checked for plausibility.
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6/6Page:Project number:2.2.5543.30490Version:

7/14/2015Date:Project:

Company name:

Calculations including seismic design requirements in accordance with ACI 318 D.3.3 are required for anchors in
structures assigned to seismic design categories C, D, E and F. Under these seismic conditions, the direction of shear
may not be predictable. As default and in accordance with ACI 318 D.3.3 the full shear force is assumed also in reverse
direction for a safe design. This may influence the direction of the controlling concrete breakout strength.

D.3.3.4.3 (c) Selected:
Anchor or anchor group shall be designed for the max design load combinations that include E, with E increased by Ωo.
The anchor design tensile strength shall satisfy the tensile strength requirements of D.3.3.4.4.

Per ACI 318-11, Part D.3.3.4.3(b) the anchor or group of anchors shall be designed fo the maximum tension that can be
transmitted to the anchor or group of anchors based on the development of a ductile yield mechanism in the attachment
in flexure, shear, or bearing, or a combination of those conditions, and considering both material overstrength and strain
hardening effects for the attachement. The anchor desgn tensile strength shall be calculated from D.3.3.4.4. Per ACI
318-11, Part D.3.3.4.3(c) the anchor or group of anchors shall be designed for the maximum tension that can be
transmitted to the anchors by a non-yielding attachment. The anchor desgn tensile strength shall be calculated from
D.3.3.4.4. Per ACI 318-11, Part D.3.3.4.3(d) The anchor or group of anchors shall be designed for the maximum
tension obtained from design load combinations that include E, with E increased by Ωo. The anchor design tensile
strength shall satisfy the tensile strength requirements of D.4.1.1.

Per ACI 318-11, Part D.3.3.5.3(a) the anchor or group of anchors shall be designed fo the maximum shear that can be
transmitted to the anchor or group of anchors based on the development of a ductile yield mechanism in the attachment
in flexure, shear, or bearing, or a combination of those conditions, and considering both material overstrength and strain
hardening effects for the attachement. Per ACI 318-11, Part D.3.3.5.3(b) the anchor or group of anchors shall be
designed for the maximum shear that can be transmitted to the anchors by a non-yielding attachment. Per ACI 318-11,
Part D.3.3.5.3(c) the anchor or group of anchors shall be designed for the maximum shear obtained from design load
combinations that include E, with E increased by Ωo. The anchor design shear strength shall satisfy the shear strength
requirements of D.4.1.1.

WARNINGS / REMARKS:

www.powers.com - Powers Fasteners (see website for regional contact information).

 Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines and must be checked for plausibility.
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Project: Lab Freezer Restraints (Thermo Fisher)
Project No.: 0932
Subject: Angle Bracket for Shear Stop

Designer: JY
Date: 7/14/2015

 Check of Angle Bracket

Max shear force to single L2-1/2x2x1/4 Vmax 1036lbf:=

For L2-1/2x2x1/4 k 0.5in:=

Assumnig height of bearing area to be 0.75 in h 0.75in:=

Mu Vmax 2in k−
h

2
−








⋅ 1.165 kip in⋅⋅=:=

ϕMn 0.9 36⋅ ksi 2.5⋅ in
0.25in( )

2

4
⋅ 1.266 kip in⋅⋅=:=

DCR
Mu

ϕMn

0.921=:=

Check if DCR 1< "O.K.", "N.G.", ( ) "O.K."=:=
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Appendix A. Cut Sheets of ThermoFisher Scientific 

Freezers 
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