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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:
0 Component amplification factor, ap, = 2.5
0 Component response modification factor, R, = 6
0 Component important factor, I, =1.0 or 1.5
0 Component attachment height within building, z/h=0or 1
» Consideration of Center Gravity (C.G.):
0 Maximum height of C.G. is 2/3 of overall unit height.
0 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, f.’=4000psi.
* Maximum site demands (in terms of short period spectral acceleration, Sps) 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.

2015-0932-DC-001, revision 0 TOBOLSKI|WATKING
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UNIT BASE CASTER MAX. S,
CONFIGURATION| UNIT |HEIGHT| WIDTH | DEPTH Ouggg“'?‘” m“o;g:.?m &M&RH&%%F"Y lp=1 lp=1.5 REFERENCED
No. NME| W | B | D De 2he0 | zn=1 | zh=0 | zm=1 | ORAWING
in in in in Iof in 9 9 9 9
1 LRF12 | 7362 | 24.00 | 26.20 21.30 550 49.08 250 [ 250 | 250 | 200 S101
LRF23 | 79.23 | 28.00 | 33.00 26.50 800 5282 250 [ 205 | 230 | 135 S102
LRF30 | 79.23 | 34.00 | 33.00 26,50 1000 52.82 250 | 185 | 180 | 1.10 $103
A LRF45 | 79.23 | 56.50 | 31.50 2320 1100 52.82 250 [ 150 | 165 | 1.00 S104A
48 LRFS0 | 79.23 | 56.50 | 33.00 26.50 1250 5282 220 [ 130 | 145 | 085 S1048
5 LRF75 | 79.23 | 85.00 | 33.00 26.50 1600 5282 170 | 1.00 | 115 | 065 | S105A8B
6 ULT13 | 77.90 | 33.30 | 29.50 2430 1350 5193 200 | 120 | 1.35 | 080 $106
7 ULT300 | 78.00 | 23.00 | 35.90 30.30 1300 52.00 210 | 125 | 140 | 085 s1o7
8 ULT400 | 78.00 | 28.40 | 35.80 30.30 1800 52.00 170 | 1.00 | 115 | 065 $108
9A ULTS00 | 78.00 | 34.00 | 35.90 30.30 1850 52.00 145 | 085 | 095 | 055 S109A
98 ULT17 | 77.90 | 3330 | 3575 30.50 1500 5193 180 | 110 | 120 | 070 51098
10A ULT600 | 78.00 | 39.60 | 35.90 30.30 2100 52.00 130 (075 | 085 | 050 S110A
108 ULT23 | 77.90 | 40.70 | 3575 30.50 1850 51.93 185 | 1.00 | 110 | 085 S1108
1A ULT700 | 78.00 | 45.30 | 35.90 30.30 2500 52.00 110 | 085 | 070 | 040 S111A
118 ULT28 | 77.90 | 46.70 | 3575 30.50 1800 51.93 150 | 080 | 100 | 0860 S111B
S s SHORT PERIOD SPECTRAL ACCELERATION.
2. HEIGHT IN BUILDING OF UNIT INSTALLATION WITH RESPECT TO THE BUILDING BASE.
h : AVERAGE ROOF HEIGHT OF BUILDING WITH RESPECT TO THE BUILDING BASE.
le= 1,5, SHOWN IN THIS TABLE FOR ANCHORAGE DESIGN ONLY, NOT FOR CONSIDERATION OF SPECIAL SEISMIC CERTIFICATION.
2015-0932-DC-001, revision 0 TOBOLSKIIWATKING
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Section 5. Check of Middle Anchor

2015-0932-DC-001, revision 0 TOBOLSKIIWATKING
7/13/2015 ENGINEERING



Page 10.1

rs Design Ass

Company name:
Project:

\ersion: 2.2.5543.30490 Project number:

Date: 7/14/2015
Page: 1/5

PROJECT DATA:

Company name:

Project engineer:

Project name:

Subject/Topic: Middle Anchor Capacity Check

Description:

Notes/Remarks:

2" STRAP BY QuakeHOLD ——
Industrial, Inc., INCLUDING DELTA
QUICK-LINK, CONNECTOR TO
EYE BOLT AND RATCHET
(PART# QHI44627-11) W/
PRETENSION FORCE OF 500 Ib

P1010 CHANNEL NUT W/
SPRING FOR }4"@ EYE BOLT

END ANCHOR
POWER-STUD-SD4 ¥;" @
ANCHOR W/ 3%" EFFECTIVE

EMBED. & %" STAND HOLE,
TYP.

MIDDLE ANCHOR
POWER-STUD-SD2 /" @
ANCHOR W/ 3"

EFFECTIVE EMBED. & '¥%¢"
OVERSIZE HOLES TYP.

FREEZER UNIT

SUPPORTING NORMAL

WEIGHT CONC. SLAB W/
MIN. fc=4000psi & MIN. 6"
THICKNESS BY OTHERS

@ SIDE ELEVATION VIEW

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

www.powers.com - Powers Fasteners (see website for regional contact information).
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Company name:
Project: Date: 7/14/2015
Version: 2.2.5543.30490 Project number: Page: 2/5

GEOMETRY:

431

o
P

LOAD ACTIONS: [Ib]. [ft-Ib]

VA Design loads / actions
Ny 4310 Ib
T Ny Y Vix 0 Ib
: Vuy 0 Ib
@ M. Viy Mux 0 ft-Ib
S @ Muy 0 ft-Ib
P My My 0 ft-lb
e .' ______ _@ ,,,,, —_— x
Vix .
My Eccentric profile
d ex = 0.00 inch; e, = 0.00 inch
Load reversal 100 %
X-direction
Load reversal 100 %
Y-direction
Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines and must be checked for plausibility.
www.powers.com - Powers Fasteners (see website for regional contact information).
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Company name:
Project: Date: 7/14/2015
\ersion: 2.2.5543.30490 Project number: Page: 3/5
SUMMARY:

Power-Stud+ SD2
1/2" @; hnom 3-3/4" (95mm), Grade 2
her = 3.250 inch

Selected anchor:

Effective embedment depth:

Approval: ESR-2502
Issued: 5/1/2014
Basic principles of Design:
Design method: ACI 318-11 (Appendix D)
Concrete: Normal weight concrete cracked concrete f'c =4000 psi
Load combination: taken from Section 9.2
Factored loads
Q= User enters load
Anchor Parameters: Cmin = 2.75 inch Smin = 4.00 inch Nmin = 5.75 inch
Cac = 10.00 inch Ser = 9.75 inch Anchor Ductility: Yes
Reinforcement: none edge reinforcement or < #4 bar
Tension: Condition B Shear: Condition B
Stand-off: not existent
Seismic Loads: Yes
Tension load Yes (D.3.3.4.3(d))
Shear load Yes (D.3.3.5.3(c))
Resulting anchor forces / load distribution::
Anchor No. Tension load Shear load
#1 2155 Ib 01lb
Y #2 2155 Ib 01lb
On Oz Maximum 2155 Ib 0lb
X
Max. concrete compression strain: 0.00 %0
Max. concrete compression stress: 0 psi
Resulting tension force: 4310 b
Resulting compression force: 0 Ib
Calculations: Design proof: Demand Capacity Status
Tension load 4310 Ib 4331 b 1.00<1.0
Shear load - - - - - OK
Interaction - - - - -
Anchor plate: Material: fyk = 36000 psi
Length x width: 3.00 inch  x6.00 inch
Actual plate thickness: 0.000 inch
Calculated plate thickness: - inch not calculated

Profile:

none selected

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

www.powers.com - Powers Fasteners (see website for regional contact information).
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Company name:
Project: Date: 7/14/2015
\ersion: 2.2.5543.30490 Project number: Page: 4/5
DESIGN PROOF TENSION LOADING: Reference
Steel strength:
Nsa =104451b D.5.1
® * Nga =®* Ng D.5.1.2

=0.75* 10445 Ib = 7834 Ib
Nua =21551b

Design proof:  Nyg / (@ * Ngg) = 21551b / 7834 Ib = 0.28 < 1.00

Concrete Breakout Strength:

hef =3.250 inch
k¢ =17.0
Np = kg * /005 % Ag * hef!5 D.5.2.2

17.0 * 63.25 * 1.00 * 5.859 = 6299 Ib

Anco = 95.06 inch?
Anc = 134.06 inch?
WeoNx = 1.000 D.5.2.4
ooy = 1.000 D.5.2.4
WedN = 1.000 D.52.5
Won =1.00 D.5.2.6
Cac =10.00 inch
WYep = 1.000 D.5.2.7
® * Nobg = Ogeis * @ * (ANc / ANco) * WecNx * WecNy * WedN * WoN * WepN * Np D.5.21
=0.75*0.65 * (134.06 / 95.06) * 1.000 * 1.000 * 1.000 * 1.00 * 1.000 * 6299 Ib
=4331 Ib
Nya = 4310 Ib

Design proof:  Nyg / (® * Ngpg) = 4310 Ib / 4331 Ib = 1.00 < 1.00

Pullout / Bond strength:

Np.eq = 4375 Ib D.5.3.2
® * Npp = Pgeis * D * (F ' /2500) *1 * Ny eq

= 0.75* 0.65 * (4000 / 2500) " 0.50 * 4375 = 2698 Ib
Nya = 2155 Ib

Design proof: Nua / (® * Npp) = 2155 b / 2698 Ib = 0.80 < 1.00

Fastening ok!

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

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




Page 10.5

Company name:
Project: Date: 7/14/2015
\ersion: 2.2.5543.30490 Project number: Page: 5/5

ors Design Assist

WARNINGS / REMARKS:

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 Qo.
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 Qo. The anchor design tensile
strength shall satisfy the tensile strength requirements of D.4.1.1.

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

www.powers.com - Powers Fasteners (see website for regional contact information).
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Section 6. Check of End Anchors & Angle Brackets

2015-0932-DC-001, revision 0 TOBOLSKIIWATKING
7/13/2015 ENGINEERING



Page 11.1

Company name:
Project: Date: 7/14/2015

\ersion: 2.2.5543.30490 Project number: Page: 1/6

PROJECT DATA:

Company name:

Project engineer:

Project name:

Subject/Topic: End Anchor Capacity Check

Description:

Notes/Remarks:

2" STRAP BY QuakeHOLD —— MIDDLE ANCHOR
Industrial, Inc., INCLUDING DELTA Y
+ Inc, POWER-STUD-SD2
QUICK-LINK, CONNECTOR TO ANCHOR Wi 3 15 2o
EYE BOLT AND RATCHET D, & 190
EFFECTIVE EMBED. & %
(PARTH QHI44627-11) W/ OVERSIZE HOLES TYP.
PRETENSION FORCE OF 500 Ib
FREEZER UNIT
P1010 CHANNEL NUT W/ ——— SUPPORTING NORMAL

1/
SPRING FOR /,"@ EYE BOLT WEIGHT CONC. SLAB W/

MIN. f'c=4000psi & MIN. 6"

END ANCHOR THICKNESS BY OTHERS

POWER-STUD-SD4 %" @
ANCHOR W/ 3 %" EFFECTIVE

EMBED. & '¥¢" STAND HOLE,
TYP.

{2 —
N A
N
>
b
|
I —

@ SIDE ELEVATION VIEW

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

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

Project: Date: 7/14/2015
Version: 2.2.5543.30490 Project number: Page: 2/6

GEOMETRY:

4627

VA Design loads / actions
Ny 4622 b
T N,y Vux 0 Ib
. Y
. Vuy 1036 Ib
@Muz Vi Mo 0 ft-lb
: : ;:@ Muy 0 ft-Ib
T M My 0 ft-lb
R e U o —_— X o
A7
M. Load reversal 100 %
s - X-direction
Load reversal 100 %
Y-direction

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

www.powers.com - Powers Fasteners (see website for regional contact information).
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Company name:
Project: Date: 7/14/2015
\ersion: 2.2.5543.30490 Project number: Page: 3/6
SUMMARY:
Selected anchor: Power-Stud+ SD4
" - _1/om i { o { ]
3/4" &; hnom 4-1/2" (114mm), Grade 304 (stainless) ) Fﬁ =

Effective embedment depth:
Approval:

hes = 3.750 inch
ESR-2502

Issued: 5/1/2014

Basic principles of Design:
Design method:
Concrete:
Load combination:

ACI 318-11 (Appendix D)

Normal weight concrete cracked concrete

taken from Section 9.2
Factored loads

f'c =4000 psi

Q= User enters load
Anchor Parameters: Cmin = 5.00 inch Smin =  9.00 inch Nmin = 6.00 inch
Cac = 9.00 inch Ser = 11.25 inch Anchor Ductility: Yes
Reinforcement: none edge reinforcement or < #4 bar
Tension: Condition B Shear: Condition B
Stand-off: not existent
Seismic Loads: Yes
Tension load Yes (D.3.3.4.3(d))
Shear load Yes (D.3.3.5.3(c))
Resulting anchor forces / load distribution::
Anchor No. Tension load Shear load
#1 4622 Ib 1036 Ib
Maximum 4622 Ib 1036 Ib
Max. concrete compression strain: 0.00 %0
Max. concrete compression stress: 0 psi
Resulting tension force: 4622 b
Resulting compression force: 0 Ib
Calculations: Design proof: Demand Capacity Status
Tension load 4622 Ib 4702 Ib 0.98<1.0
Shear load 1036 Ib 5034 Ib 0.21<1.0 OK
Interaction - - - - 0.99=<1.0

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

www.powers.com - Powers Fasteners (see website for regional contact information).
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Company name:
Project: Date: 7/14/2015
\ersion: 2.2.5543.30490 Project number: Page: 4/6
DESIGN PROOF TENSION LOADING: Reference
Steel strength:
Nsa =21380 Ib D.5.1
® * Nga =®* Ng D.5.1.2
=0.75*213801b = 16035 Ib
Nua = 4622 b
Design proof: Ny, / (@ * Ngg) = 4622 Ib / 16035 Ib = 0.29 < 1.00
Concrete Breakout Strength:
hef =3.750 inch
ke =21.0
Np =Ko * £'008 % g * hetl 5 D.5.2.2
=21.0*63.25* 1.00 * 7.262 = 9645 Ib
ANco = 126.56 inch?
Ane = 126.56 inch?
Wed N =1.000 D.5.25
WeN =1.00 D.5.2.6
Cac =9.00 inch
WepN =1.000 D.5.2.7
® * Ngp = Dgeis * P * (AN / ANco) * Wed N * WeN * WepN * Nb D.5.2.1
=0.75*0.65* (126.56 / 126.56) * 1.000 * 1.00 * 1.000 * 9645 Ib
=4702 Ib
Nua = 4622 Ib
Design proof: Nua / (@ * Ngp) = 4622 Ib / 4702 Ib = 0.98 < 1.00
DESIGN PROOF SHEAR LOADING.: Reference
Steel strength (without lever arm):
Veaeq = 7745 Ib D.6.1
®*Veaeq =" Veaeq D.6.1.2
=0.65*77451b=5034 Ib
Via = 1036 Ib

Design proof:

Viya ! (® * Vsaeq) = 1036 Ib / 5034 Ib = 0.21 < 1.00

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

www.powers.com - Powers Fasteners (see website for regional contact information).
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rs Design Ass Company na.me:
i Project: Date: 7/14/2015

\ersion: 2.2.5543.30490 Project number: Page: 5/6
Pryout strength:
hef =3.750 inch
ke =21.0
Np = kg * £'005* Ay * hef! 5 D.5.22

=21.0 * 40000-5* 1.00 * 3.750 1.5 = 9645 Ib
Ane = 126.56 inch?
ANco = 126.56 inch?
Wed N =1.000 D.5.25
WepN =1.000 D.5.2.7
WeN =1.000 D.5.2.6
Kep =20 D.6.3.1
®* Vg = Ogeis * © * (Anc / ANcD) * Wed,N ™ Wep,N * WeN ™ Np * Kep

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

= 13503 Ib
Via = 1036 Ib

Design proof: V5 / (® * V¢p) = 1036 b / 13503 Ib = 0.08 < 1.00

COMBINATION TENSION / SHEAR LOAD: Reference
Interaction:
Design proof: = Ny / (®* Np) + Vy / (®* V) /1.2 D.7.3

=(098+0.21)/12=0.99<1.0

Fastening ok!

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

www.powers.com - Powers Fasteners (see website for regional contact information).
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Company name:
Project: Date: 7/14/2015
\ersion: 2.2.5543.30490 Project number: Page: 6/6

ors Design Assist

WARNINGS / REMARKS:

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 Qo.
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 Qo. 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 Qo. The anchor design shear strength shall satisfy the shear strength
requirements of D.4.1.1.

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

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




Project: Lab Freezer Restraints (Thermo Fisher)
Project No.: 0932
Subject: Angle Bracket for Shear Stop
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Designer: JY
Date: 7/14/2015

Check of Angle Bracket

Max shear force to single L2-1/2x2x1/4

For L2-1/2x2x1/4

Assumnig height of bearing area to be 0.75 in

u

.2
0.25
oM, = 0.9B6ksim.51néT‘m = 1.266MRiplin

M,

DCR := —— =0.921
oM,

Check := if(DCR < 1,"0.K." ,"N.G.") ="O.K."

FREEZER UNIT

/

i

CASTER BEYOND

MAX. 4" GAP, ADD
BENT PL. PER DET3
ASREQDTO

MINIMIZE GAP

L2 1i2x2 2 o
LG. (LLH}, A36

REQ'D FOR END
ANCHORS ONLY

O

. h .
M, = Vmaxtézm -k- 5) = 1.165kiplin

Viax = 10361bf

k:= 0.5in

h := 0.75in

F_—

e

[

P
[S————

R

v 3
4 B
2 <7
d T
| —
=
4 a
~F
EXPANSION ANGHOR

PER FLAN
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Appendix A. Cut Sheets of ThermoFisher Scientific
Freezers
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