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Design Notes

LN =

otherwise.

No ok

Material Selections and corrosion barrier requirements are by others.
Details in design may not be to scale.
FRP thicknesses are Type Il and include non-structural FRP corrosion barriers, unless noted

Anchorage requirements are by others.
Cast-in-place anchors are not recommended.
See installation requirements in support lug and lift lug designs.

Components are not designed for loads resulting from excessive process conditions, unless noted

otherwise (e.g., impact loads, significant turbulence, vortexing). Vessels should be filled and
emptied in a steady flow state that does not resultin significant loads on components.
8. ltis the end user's responsibility to ensure the vessel does not experience conditions more

extreme than what is summarized in the Design Conditions section.

9. Liftlugs are not allowed to be used with intemals installed (e.g., Demister, Packing, Brick).

Material Selections

Thermoplastic Liner: None
FRP Corrosion Barrier

-Resin: Derakane 470

- Cure: CoNap/MEKP or CHP
FRP Structural

-Resin: Derakane 470

- Cure: CoNap /MEKP or CHP
Support System: FRP
Lift Lugs: FRP
Gaskets: Full Face, EPDM
Nomenclature
Veils

Chopped Fibers

Woven/Stitched Fibers

Ve=0.010-in-C-\eil ; Cv =0.010-in-Carbon \eil

Mat = 0.040-in- 1.50z/sqftMat ;

Z = 0.020-in- 3/4 oz /sqftMat ;

WR = 0.032-in- 24 0z /sq.yrd Woven Roving

; Ne = 0.015-in- Synthetic Veil (Nexus)

CS = 0.001-in- 1mil Chopped Roving (Chopper Gun)

FRP corrosion barrier
fhickness....
tebf = 2-Ve + 3-Mat = 0.14in

Sample-DTFB_PT.xmcd
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tcbn = tebf = 0.141n

Portion of FRP corrosion barrier thickness
NOT included in structural calculations:

Exterior FRP corrosion barrier thickness
NOT included in structural calculations:

tcbe= Ve=0.011in
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Design Conditions

Unit definition for

Design Factors

Density of water.... )

ty inches of water column.... Operating Temporary Elastic
pw = 62.4-pcf 1inWC = 0.0361-psi loads.... loads.... stability..

fo =10 fi=5 fy=5
Vessel Contents ° t v
Contents . Packing maximum
specific gravty... Density of contents.... density...
sgpr= 1.25 Ppr= pwsgpr = 78-pcf ppk = 25-pef
Design Pressure Design Temperature
Minimum design Maximum design
Internel.... Bdomal... temperature.... temperature....
Pj = 0.0001-psi Pe = 25-inWC = 0.903 psi
Tmin = °F(10) = 10-°F Tmax = °F(180) = 180-°F

Top Head Loads
Operating
Localized Radius of Uniform
vertical Load.... vertical load.... Live Load.... Moment attp... Torque....
Fy, = 0-Ibf Iy, = 6in Pl = 10-psf Mg = 0-ft-1Ibf T, = 0-in-Ibf
Temporary
Localized Radius of
vertical Load.... vertical load.... Moment attp...
Fy, = 500-Ibf ry, = 6in My = 0-ft-Ibf

Environmental Loads per ASCE 7-16, Chapter 15 - Nonbuilding Structures

Risk Category....
(Table 1.5-1)

RC = "TV"
Wind

Basic wind speed....
(Figure 26.5-1)

Wind direction factor....
(Table 26.6-1)

Gustfactor....
(Section 26.11.1)

Topographical factor....
(Section 26.8.2)

Exposure category....
(Section 26.7.3)

vy = 120-mph Ce="C" Kq=0.95 Kzt=1.0 Gf=0.85
Seismic

0.2 second spectral
response acceleration....

(Figure 22-1)

1.0 second spectral
response acceleration....
(Figure 22-2)

Long-period
transition period....
(Figure 22-14)

Site Class....
(Section 11.4.2)
Sg = 0.065 S1=10.039

SC="D" TL = 12-sec

Snow

Ground snow load....
(Fig. 7-1)

Thermal factor....
(Table 7-3)

Exposure factor....
(Table 7-2)

Pg = 0-psf Cg=09 Ct=12
Extemal Flooding

Height above

supportline....

hp = 0-in
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Geometry

[Top total FRP thickness

tif = 2-Ve + 3-Mat + 2-(Mat + WR) + Mat ... = 0.446in

+Mat + WR + Mat + Ve

"

MmO = "Demister

Lin,, = 10-in

|de0 = 390-in|

Mm = "Packing"

Lin, = 240-in

dgsb,, = 240-in

Rn,, = "Shell Rib" @

dgj = 216in

IShell Joint Elevation:

dms | = 132-iﬂ

M, = "Brick”

Lm

Sample-DTFB_PT.xmcd
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Sn="Shell 0":  Lg

0

= 440.875-in @

tsfo =2-Ve + 3-Mat + 2:[2:(Mat + WR) + Mat] ... = 0.63in
+ Mat + WR + Mat + Ve

Quantity of Support Lugs: Nj = 8
Anchor Diameter: dapc = 1-in, min.

Bottom total FRP thickness....
thf = 2-Ve + 3-Mat + 3-[2-(Mat + WR) + Mat] + Mat + Ve = 0.742in
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Fabrication Detai Is Taper ratio.... Head Shapes

TPR; =4:1 Top: Tt = "ASME F&D"
ntemal Conrosion Barier Overlay: (Length : Thickness) Bottom: T}, = "Flat"
teho = 0.14in X wepf = 6-in wide (centered atjoint) [Faper angle with component....

TPR, = 14.036-deg

Top Head to Shell Internal Support Ledge

=3

~—_Fill with continuous

Rik = 3.6in = roving or Type |l
tpsl = 3~ia

— — Start with:
tpss = 2-Ve + 3-Mat ... =0.324in
+2:(Mat + WR) + Mat

S

] Vessel |.D. ——m=1

o =09 1=
: L Shell to Shell
als )
Taper

tsfo =0.631in -

Flat Bottom to Shell -+ ts0 = 0.491n |

IShell Joint Elevation:
dsj = 216-in ‘ ]
tsf. = 0.63in | —=
1
tsf,) = 0.63in é_

Mpkr = 4in

-

T Taper

Shell Rib

- Q_ tho = 0.48in Lpkr = 12in

| [tbkr = 0.602in |
JOINT

|
Quantity

Rpk = 1.5in | l l Lssoo = 3.ﬂ ofrribs....

L >
thf = 0.742in ]

tsso = 2-(Mat + WR) + 2-Mat = 0.224in |
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Nozzle Installations & Cutout Reinforcements

oD Nomenclature
BCDTJ_{ T Mk: Designation
BH Dn: Chord length of cutout in the hoop direction

( | ' | | and accounting for offset installations
| | | EL: Installation elevation from bottom tangent
DN —— Tn: Neck thickness
{ \ Tf TS: Attachment overlay thickness
DR TH: Extemal Installation length
Tn— ?7—_ GR IS: Intemal installation thickness
TH IH: Intemal installation length
T Yh—1s TH R TR Reinforcement pad thickness
H _[?TX TIS } g)é Ee?n;orcemen: ba(sjeI thictI;ness
A : einforcement pad leng
13— -_(/V = ’{:’/] ’’’’’ GR: Gusset requirement

i N/R: Not required
F—1H—] |

*Units: inches

e Dy B T TS T TR TX DR IS I OR"
A" 36 9 069 07 6 094 047 18 069 3 "8 HD Plates" Heavy Duty Plate Gussets (HDX
Btart with:
"Bl 10 120 038 033 3 069 0345 5 014 3 "SHDPlates" | [tps = 2-[2:(Mat + WR) + Mat] = 0.368in
"Dr 6 16 038 033 3 049 0245 3  0.14 3  "Required" | fHachwith:
tpo = 2:[2-(Mat + WR) + Mat] = 0.368 in
"H1" 30 60 0375 0385 4 049 0245 15 0375 3 "None"
X Wpo = 3-in, eachway.
K" 4 120 031 027 3 033 0165 3 014 3  "Required"
v 4 120 031 027 3 033 0165 3 014 3  "Required"
NS=| "p 6 115 038 033 3 049 0245 3 014 3  "Required"
"R 4 90 031 027 3 033 0165 3 014 3  "Required"
"T(new)" 4 90 031 027 3 033 0165 3 014 3  "Required"
"B 10 3085 038 033 3 051 0255 5 0.4 3 "8HD Plates"
e 24 4225 069 037 3 051 0255 12 014 3 "8 HD Plates"
"H2" 24 174 0375 032 3 049 0245 12 014 3 "None"
"H3" 24 288 0375 032 3 049 0245 12 014 3 "None"
"H5" 24 411 0375 032 3 049 0245 12 014 3 "None"
Sample-DTFB_PT.xmcd 7 Copyright © all rights reserved
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Weights & Capacities

Empty weight....

FEmpty weight does not include the demister, packing, and brick.

Lift lugs are not allowed to be used after items are installed.

Operating Design

Contents height above Contents height above
bottom tangent.... bottom tangent....

Hpo = 96-in Hpd = ZLS = 440.875in
Capacity.... Capacity....

Vvo = 1165.955 gal Vyd = 5387.215 gal

Weight of vessel with product + miscellaneous
items supported by vessel....

Wyo = 44431.457-1bf] Wyd = 60629.411-1bf

Weight of vessel with water....

Weight of vessel with product....

Miscellaneous items....

"Demister" 1000 Wyw = 49394.823-1bf

Miscl = | "Packing" 9817.477 |-1bf
"Brick" 17000

Sample-DTFB_PT.xmcd 8 Copyright © all rights reserved
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Loads Acting on Support System

1. Units are in pounds ( ur = Ibf), and foot-pounds ( uy, = ft-1bf), unless noted otherwise.

Unfactored Loads
"Load" "Shear" "Moment" "Uplift"
"Dead (Min.)" 0 0 —-4309
"Dead (Max.)" 0 0 -32126
"Dead (Operating)" 0 0 -15126
SSL =
"Live" 0 0 1
"Wind" 4812 86935 878
"Seismic" 1467 15209 394
"Flooding" 0 0 0

Load Combinations (Factored)

1. Load combinations are provided as a courtesy and may not be properly factored to design items outside of the
scope of this design. Load combinations used to design structures, foundations, anchorage and other items
associated with this equipment should be detemmined by the engineer responsible for the respective design.

N

Loads have been factored and combined per ASCE 7.

3. Loads do not include seismic overstrength factor.

for Strength Design (LRFD)

Combined Loads on Support System

"Load Case" "Shear" "Moment" "Uplift"
"Live" 0 0 0
ANp 3 = "Wind" 4812 86935 0
"Seismic" 1467 15209 0
"Flooding" 0 0 0

for Allowable Stress Design (ASD)
Combined Loads on Support System

"Load Case" "Shear" "Moment" "Uplift"
"Live" 0 0 0
ANp 4 = "Wind" 2887 52161 0
"Seismic" 1027 10646 0
"Flooding" 0 0 0

Sample-DTFB_PT.xmcd
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Governing Loads Resisted by One Lug

Lugy 3 =

"Load Case"
"Live"
"Wind"

"Seismic"

"Flooding"

"Shear" "Uplift"

0
602
184

0

0
8109
0
0

Governing Loads Resisted by One Lug

"Load Case" "Shear" "Uplift"
"Live" 0 0
Lugp4=| "Wind" 361 4833
"Seismic" 129 0
"Flooding" 0 0
9 Copyright © all rights reserved
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Base Hold Down - Single Ring

Notes:

1. Anchors & foundation designs by others.

2. Fill with grout under baseplate after vessel is filled.
3. Hand tighten nut + 1/4 turn after installation.

- Nuts may need re-tightening after vessel is putinto senvice.

4. Thicknesses are Type Il unless noted otherwise

Nomenclature

Mat = 0.040-in- 1.5 0z /sq.ft Mat
WR = 0.035-in- 24 0z /sq.yrd Woven Roving

A
i
_ hy = 12in
tgo =0.57in I o
tho = 0.76in i §-—
)( ! o . r s o \.
Dy, = 70in —tpe = 0.57in A goe Wy = 6in

D 75in D, = 1.25in Holes

b e - 057

SECTION A-A ==

. w, = 6in
Number of Lugs: g
Njyg =8
. . Ring total

Base thickness.... Base outside overlay.... thickness....
|tbr = 3-[2-(Mat + WR) + Mat] = 0.57in | |tb0 = 4.[2-(Mat + WR) + Mat] = 0.76in | t, = 133in
Gusset starter Gussetoverlay Gusset total Gussetoverlay
plate thickness.... thickness.... thickness.... width....
|th = 2.[2-(Mat + WR) + Mat] = 0.38in | |th = 3-[2-(Mat + WR) + Mat] = 0.57in | ty=1.52in Wy = 6-in
Boltcircle . . Anchor hole Washer
diameter.. Base OD.... Gusset height.... Gussetwidth.... diameter... diameter...
Dy, = 70-in (max) D,q = Dy + 5-in = 75in hy = 12:in W, = 6in Dy, = 1.25:in D, = 2-in

Sample-HDL_FRP_1Ring_FB.xmcd
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Design for FRP Lift Lugs

Notes:
1. Thicknesses are Type Il, unless noted otherwise.

a—|tlls = 0.368in

—
max. I llo = 707 m
—fu = 1720 DR U 7y
~ |t = 0.552in ﬁ Ju— _ Ju— w\
Tangent j Jl-:- ‘
_iIT hyp = 8in | e
I ]
: ]
| Wllo = 4in I
. '
Nomenclature
Mat = 0.040-in- 1.5 0z /sq.ft Mat
WR = 0.032-in- 24 0z /sq.yrd Woven Roving
Quantity of lugs.... Starter plate thickness.... Overlay thickness (each side)....

[t11s = 2:[2-(Mat + WR) + Mat] = 0.368n | [0 =

3.[2-(Mat + WR) + Mat] = 0.552in

) Length above vessel Length of lug attached
Width of lug.... to center of hole... to vessel wall....
w]] = 6-in dps = 4-in (Max) hj = 8-in

Design Conditions

Shell thickness at

Inside diameter.... attachment...

Dj = 60-in tst = 1-in Wye = 4500-1bf

Sample-LL_FRP.xmcd 57
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Empty vessel weight....

Diameter of Overlay width

shackle hole.... from lug....

Dih = 1-in Wllo = 4-in
Shock factor for .
dynamic loads.... Design factor....
Cg=2 ft=5

Copyright © all rights reserved
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Design & Fabrication Notes:

FRP Body Flange Design

1. Thicknesses include non-structural FRP corrosion barriers.

Nomenclature

Ve=0.01-in- C-Veil
Ne = 0.015-in- Synthetic Veil (Nexus)
Mat = 0.040-in- 1.5 0z /sq.ft Mat

Flange
«——  FubHH) - - (TF)g
Bolts (BS)
Holes (BH) ! .
Quantity (NB) — 7 ThiELI:gss
_ ‘ (B)

eck (TN ub (TH - -
T —
(D)
Units Bolt Circle Diameter
Dimensions: inches (BCD)
[Torque (Tmin / Tmax): ftdbf _ _
Outside Diameter
(OD)
o "ID" "Rating (psi)’ "OD" "BCD" "BH" "BS" "NB" "TN" '"TF" "TH" "HH" "Const" "Tmin" "Tmax"
- 60 0.5 66 64.5 0.625 0.5 52 0.63 1.5 1.31  4.08 "TypeII" 9 15
Gasket Bolts
Gasket factor.... Gasket seating stress.... Allowable bolt Nutor friction factor for
tensile stress.... well lubricated studs....
m, = 1.0 = 100-psi
& e P oy, = 18.8-ksi Cgp=0.15

Sample-Body Flange.xmcd
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Design for Nozzles Supporting External Loads

Geometry

1.
2.

Nz

Units are in inches (ug = in ).
Thicknesses are total FRP.

"Mark"
AN
"B1"
"D
g
L
npr
"R
"T (new)"
"B
nen

"Size"

36
0

O N N . N

(=]

24

"Gusseting"
"8 HD Plates"
"8 HD Plates"

"Required"

"Required"

"Required"

"Required"

"Required"

"Required"
"8 HD Plates"
"8 HD Plates"

External Loads

Ne

"Elevation"

96.

308.5
422.5

"Neck Length"
24.

A S S

Loads are reported at the: R; = "Nozzle Attachment".
Loads are assumed to be static, combined, and temporary (Design factor: f4 = 5)
Units are in pounds ( uf = Ibf), and foot-pounds ( up, = in-1bf), unless noted otherwise.

"Mark"
AN
"B1"
"D
g

= "L"
np
"R

"T (new)"

"B
nen

"Size (in)" "Radial Out" "Radial In" "Tan. Shear"
36 1124 1124 1376
10 544 544 665
6 339 339 416
4 193 193 236
4 193 193 236
6 339 339 416
4 193 193 236
4 193 193 236
10 544 544 665
24 1124 1124 1376

Design Conditions

Portion of FRP corrosion barrier thickness
NOT included in structural calculations:
tcbn = 2-Ve + 3-Mat = 0.14in

Material Properties

Sidewall axial
strength....

Oatc

= 15-ksi

Sidewall hoop
strength....

Ghte = 25-ksi

Sample-Nozzles_ExtLds.xmcd
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Internal design
pressure....

Pj = 0-psi

Sidewall shear
strength....

OLTc = 10-ksi

"Neck th'’k"
0.69
0.38
0.38
0.31
0.31
0.38
0.31
0.31
0.38
0.69

Nomenclature

Ve=0.010-in- C-Veil

Ne = 0.015-in- Synthetic Veil (Nexus)
Mat = 0.04-in- 1.5 oz./sq.ft Mat

"Shell Curvature" "Shell th'’k" "Reinf. Pad th'k"
30. 0.63 0.93
30. 0.63 0.68
30. 0.63 0.38
30. 0.63 0.25
30. 0.63 0.25
30. 0.63 0.38
30. 0.63 0.25
30. 0.63 0.25
30. 0.63 0.5
30. 0.63 0.5

"Long. Shear" "Torque" "Tan. Moment" "Long. Moment"
1376 135239 95676 95676
665 33810 23897 23897
416 14427 10178 10178
236 5399 3806 3806
236 5399 3806 3806
416 14427 10178 10178
236 5399 3806 3806
236 5399 3806 3806
665 33810 23897 23897
1376 135239 95676 95676
Specific gravity Sidewall Operating liquid
of product.... length.... level....
sgp=1.0 Lit = 300-in Hpo = 288:-in
End ulimate End shear Secondary bond
strength.... strength.... peel strength....
Tate = 17-ksi OLTe = 9-ksi Op = 500»%
69 Copyright © all rights reserved
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Steve Wagner, PE

248.808.3283
F I N I I E COMPOSITES Steve@F}n%teCC.com
CONSULTING FiniteCC.com

Executive Profile

I am a Professional Engineer, licensed in 40 States and have over
17 years of experience focused in the design and manufacturing
of composite industrial equipment (e.g. Storage Tanks, Scrubbers,
Pressure Vessels, Pressure Pipe, & Duct). My expertise includes
the design of fiberglass and thermoplastic lined fiberglass "dual
laminate" containment systems.

Design Capabilities

I am proficient in the following industry preferred platforms for
design and stress analysis:
» Finite Element Analysis (FEA) powered by
Autodesk Inventor
» Laminate design analysis powered Trilam II
» Pipe Stress Analysis powered by Caesar II
» Customized calculation-based designs using Mathcad 15

Active Memberships

» ASME BPV Section X Subcommittee

» ASME RTP-1 Subgroup on Fabrication

» ASME NPPS SC-FRP Subgroup on Design
» Dual Laminate Fabrication Association

Compliance with Leading Industry Standards

e ASME RTP-1 Fiber Reinforced Plastic Corrosion-Resistant Equipment
e ASME Section X Fiber Reinforced Plastic Pressure Vessels

e ASTM D3299 Filament-Wound Corrosion Resistant Tanks

e ASTM D4097 Contact-Molded Corrosion Resistant Tanks

e API 12P Fiberglass Reinforced Plastic Tanks

e ASME B31.3 Nonmetallic Pressure Piping Systems (NPPS)

e ASME NM.2 Glass-Fiber-Reinforced Thermosetting-Resin Piping Systems
e AWWA M45 Fiberglass Pipe Design

e ASCE/SEI7 Minimum Design Loads for Buildings & Other Structures

*I am a recognized Qualified Designer where required by a given Standard.

Active State Licenses

Find out more at: www.FiniteCC.com
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