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Provide alternative approach to APl 625 Tanks

Background and Objective

In the 2018 revision, provisions related to anchor straps were added, and the requirement
specified in 5.11.2.4 e) stipulates that the design slope of the anchor strap from vertical must
be kept within 5° (hereafter referred to as the “slope rule”).

For API 625 (Refrigerated Liquefied Gas Storage) tanks, due to characteristics such as the
thickness of the bottom insulation and the thermal contraction of the primary container
and/or secondary container, it is often necessary to significantly extend the anchor straps
(resulting in a higher installation point) or partially cut the bottom insulation to comply with
the slope rule.

As a result, there are numerous constraints in the design and construction process
compared to conventional structures.

Therefore, this agenda proposes adding an alternative rule for anchor straps design to
exempt APl 625 Tanks from the slope requirement.

Alternative rules for anchor strap design

It is assumed that the slope rule was specified to simplify the design of anchor straps, by
minimizing the out-of-plane force acting on the anchor strap and allowing the anchor strap to
be subjected to pure tensile forces.

Therefore, when a detailed structural design is properly conducted through analysis or other
methods, and structural soundness of the anchor strap and related component is assured, it
is considered that the slope rule requirement may be exempted.

A detailed analysis allows the slope to exceed 5 degrees, provided that the new
requirements described in the proposal (proposed sections Q.3.7.1.10 and R.3.7.1.9 below)
are met.

API 620 does not specify the methodology for detail analysis such as FEA. Therefore,
“Design by Analysis” in ASME BPVC Section VIII Division 2 (2023 edition) is used as the
basis for this type of analysis, as it is the most widely recognized and adopted standard
worldwide. However, to incorporate this method, difference in design condition between
ASME BPVC VIII.2 and API 620 must be appropriately considered as stated below.

- If an elastic analysis is performed, the safety factor shall be adjusted to comply with
Sections Q.3.3.3, R.3.3.1 and L.3.3.1 of API 620 for Primary Containers and Sections
Q.3.3.4, R 3.3.2 and L.3.3.1 for Secondary Containers (Factor of safety 2.4 in ASME
BPVC VIII.2 is lower than API 620).

- If an elastic-plastic analysis is performed, the load combinations shall be taken from
sources other than API 620. Specifically, Table 2D.4 in Annex 2D of API 579-1/ASME
FFS-1 (2026) shall be used, as it is specifically designated for evaluating Protection
Against Plastic Collapse, Local Failure, and Buckling. Note that ASME BPVC Section
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VIl Division 2 does not provide a dedicated table for load combinations applicable to
aboveground storage tanks. Further, this method is applicable only to SSE design and
shall not be used for OBE design. For OBE, in accordance with the design philosophy,
an elastic seismic analysis approach shall be adopted.

Proposal: Q.3.7.1.7
Anchor straps shall provide sufficient flexibility, without being overstressed, to accommodate
thermal contraction and deformation caused by liquid level changes of the container
structures storing cryogenic product.
The container thermal contraction shall be considered when meeting the anchor strap slope
requirements of 5.11.2.4. The anchor strap design and maximum allowable slope shall use
an eccentricity equivalent to the sum of the following:
- strap offset from the outside surface of the shell;
- liquid container shell radius tolerance specified in Table Q-6;
- half the strap thickness; and
- thermal contraction of the shell at the attachment.
The design slope may exceed 5 degrees provided the design requirement from Q.3.7.1.10
are met.

R.3.7.1.6

Anchor straps shall provide sufficient flexibility, to accommodate thermal contraction and
deformation caused by liquid level changes of the container structures storing cryogenic
product without being overstressed. The container thermal contraction shall be considered
when meeting the anchor strap slope requirements of 5.11.2.4. The anchor strap design and
maximum allowable slope shall use an eccentricity equivalent to the sum of the following:
- strap offset from the outside surface of the shell;

- liquid container shell radius tolerance specified in Table 6-1;

- half the strap thickness; and

- thermal contraction of the shell at the attachment.

The design slope may exceed 5 degrees provided the design requirement from R.3.7.1.9
are met.

(New)

Q.3.7.1.10 The design slope requirements of the anchor strap per Section 5.11.2.4 can be
exempted if the following requirements are met, and subject to the approval of the
purchaser:

a) A stress analysis is performed on the structure, including the anchor strap as well
as the secondary bottom plate, thermal protection system, and thermal corner
protection, if applicable.

b) The stress analysis shall be conducted in accordance with ASME BPVC Section
VIII Division 2, Design by Analysis Requirements. The following conditions shall be
evaluated,

- Protection Against Plastic Collapse

- Protection Against Local Failure

- Protection Against Collapse From Buckling

- Protection Against Failure From Cyclic Loading

The selection of the analysis methodology, such as elastic or elastic-plastic analysis
as specified therein, shall be determined by the tank system contractor. However,
elastic-plastic analysis shall be applicable only to SSE conditions, whereas elastic
analysis shall be applicable to Normal operating, OBE and SSE conditions.

c¢) The anchor strap membrane stress generated in the analysis shall not exceed the
allowable stress specified in Q.3.3 and L.3.3.1.

d) Locations of structural discontinuities at anchor strap welds, or where constrained to
the shell plates for primary and secondary liquid containers, bottom plates for
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(New)

secondary liquid container, thermal protection system, base slab, etc., shall be
designed to withstand the repeated cyclic loads, including thermal loads assumed
during the service life. The surface stress/strain shall be in accordance with ASME
BPVC Section VIl Division 2.

Load conditions such as leakage from the primary liquid container, OBE, SSE and
ALE during the service life, shall be considered in the evaluation.

When performing an elastic analysis, allowable stress for appropriate container
type, S shall be based on API 620 Sections Q.3.3.3, Q.3.3.4 and L.3.3.1. The
surface stress/strain shall be in accordance with ASME BPVC Section VIII Division
2. The load affecting the anchor strap shall be appropriately selected and combined
in accordance with API 625 Section 6.

When elastic-plastic analysis is used, factored load combinations and design
margin, M for Protection Against Plastic Collapse, Local Failure, and Buckling shall
be determined in accordance with APl 579-1/ASME FFS-1 using RSFa = 1 for new
design. Force Reduction Factor for SSE analysis, R shall be 1.0. This analysis is
restricted to SSE load combinations.

When nonlinear analysis is performed, the stress analysis shall be peer reviewed
for technical adequacy by an independent party/engineer knowledgeable in the
design and behavior of tanks built to annexure Q.

R.3.7.1.9 The design slope requirements of the anchor strap per Section 5.11.2.4 can be
exempted if the following requirements are met, and subject to the approval of the
purchaser:

a)

A stress analysis is performed on the structure, including the anchor strap as well
as the secondary bottom plate, thermal protection system, and thermal corner
protection, if applicable.

The stress analysis shall be conducted in accordance with ASME BPVC Section
VIII Division 2, Design by Analysis Requirements. The following conditions shall be
evaluated,

- Protection Against Plastic Collapse

- Protection Against Local Failure

- Protection Against Collapse From Buckling

- Protection Against Failure From Cyclic Loading

The selection of the analysis methodology, such as elastic or elastic-plastic analysis
as specified therein, shall be determined by the tank system contractor. However,
elastic-plastic analysis shall be applicable only to SSE conditions, whereas elastic
analysis shall be applicable to Normal operating, OBE and SSE conditions.

The anchor strap membrane stress generated in the analysis shall not exceed the
allowable stress specified in R.3.3 and L.3.3.1.

Locations of structural discontinuities at anchor strap welds, or where constrained to
the shell plates for primary and secondary liquid containers, bottom plates for
secondary liquid container, thermal protection system, base slab, etc., shall be
designed to withstand the repeated cyclic loads, including thermal loads assumed
during the service life. The surface stress/strain shall be in accordance with ASME
BPVC Section VIII Division 2.

Load conditions such as leakage from the primary liquid container, OBE, SSE and
ALE during the service life, shall be considered in the evaluation.

When performing an elastic analysis, allowable stress for appropriate container
type, S shall be based on API 620 Sections R.3.3.1, R.3.3.2 and L.3.3.1. The
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surface stress/strain shall be in accordance with ASME BPVC Section VIl Division
2. The load affecting the anchor strap shall be appropriately selected and combined
in accordance with API 625 Section 6.

g) When elastic-plastic analysis is used, factored load combinations and design
margin, M for Protection Against Plastic Collapse, Local Failure, and Buckling shall
be determined in accordance with API 579-1/ASME FFS-1 using RSFa = 1 for new
design. Force Reduction Factor for SSE analysis, R shall be 1.0. This analysis is
restricted to SSE load combinations.

h) When nonlinear analysis is performed, the stress analysis shall be peer reviewed
for technical adequacy by an independent party/engineer knowledgeable in the
design and behavior of tanks built to annexure R.

Reference
1. API1620 5.11.2.4 Anchor Strap Design

}e) The design slope of the anchor strap from vertical shall not exceed 5 degrees.

2. Allowable stress in Annex L of AP1620

L.3.3 Resistance to Design Loads
L.3.3.1 Allowable Stresses

For Annex R tanks, design allowable stresses shall be per APl 620, Section R.3.3, increased by 33 % for load
combinations, including earthquake |oads. The load combination in 5.4.2 f) is applicable.

For Annex Q tanks, design allowable stresses shall be per APl 620, Section Q.3.3, increased by 33 % for load
combinations, including earthquake |oads. The load combination in 5.4 .2 f) is applicable.
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3. Load case combination and load factor for an Elastic-Plastic Analysis of Aboveground Storage Tank in API
579 Part 2D.

| API 579-1/ASME FFS-1 2021 2026 Fitness-For-Service

Table 2D.4~ Load Case Combinations and Load Factors for an Elastic-Plastic Analysis of
Aboveground Storage Tanks
Dezign Conditions
Criteria Required Factored Load Combinations
Load - b
Case Load Compbananon
1 PE+R+D)
Glchal Critrria 5 .
2 0.868|D+F,F or F P )+0.715%
3 0.86f(D+P.+F,P|+0.715E, +0.718E, +0.1155,
1 0.864, (D+P)+(0365,L or 0.214,5)
2 0868, (D+F_P)+{115L or 0.TIS,)
Buckiing Critesia
086/, (D+(F, B or FB))+0.TIAW
1 0.868,{D+P.+F,P|+0TIAE ~0TIAE, +0.1155,
Loca Crilesia 1.7(P+ P +D) RSF,
Spzdody Pe Tank Design Bass
Hydrostatic or Hydrostatic-pneumatic Test Conditions
Gilchal and L ocal A
Crteria 1 (R+£+D)
Speceanaly Per Tank Design Basis
totes
L. _Jh:mxm:m: ysed in the Requared Factored Load Combination colume are defined in Tatke
2 lo Loads Tl fends Sl be consiierid 1 aci i e conbigiin: deaThidl shove wiidievet [~~~
produces the mpst untavorable etfect in e component being considered, Efiects of one or mone
loads nol acting shak be considered
LJmmassa«srn&Mm.mLmﬁ:m sspended mtmmal f w_lvw;.m'_mnmmamm
o
pt_!: Sure, S D o)
intermal floasng root loads 1 ;ma Case 2 c‘l') ln- ukrml oot & lcmds xr~ Lu.;-: .&se g
4 The magmtude 'm.: drection of .yr; X m_nL_mh o restrant appked o the tank shall or shall
NECtans | i ]

2015
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API 579/ASME FFS-1 2021 2026 Fitness-For-Service

Table 20,4 5 ~ Values of M and £ for an FFS Assessment Based on Elastic-Plastic Analysis
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Construction Code Design Margin, M (1) R -2)
PD 5500 235 M . RSF,
EN 3334613345 24 M . RSF,
ASWE Saction Vill Divson 2 2027 Eaition and e Mgk ) -{F ok Nt Hghgh
lates- Class 1 Vessal Ao M ﬂSI‘;-
ABME-Saction Vil Diveson 2. 2037 Edition and )
laler, Clase 2 Vesssl as M-RSF;
ASME Sacson Vi, Division 2, K7 up o e 3
2647 Editon a0 M-RSF;
ASME Saction Vill, Division 2, 2007 Ihvough
2017 Eamon ang ASME Section VI, Divigicn 2, 24 M RSF,
ggz 5 §gngn and lales i
ASME Sectipn VIII, Division 2, 2017 Edition .
theough 2023 Edition, Class 2 Vesse| 4 v RSF’
ME Seciiog VIl Divison 2 2037€qiten | _ . D S PR MRSE .. _ . Formatted: Not Hohigte
tvough 2023 Edilice, Ctass 1 Vessel - = C - { &: Mot rsotiiat
ASME Section VIIl, Dvision 2, prior to the 2007 ag M .RSF,
ASME Section VI, Division 1, 1599 Addenda of .
the 1998 Edition and later S M :RSF,
ASME Section VI, Division 1, 1868 Edion up )
10 1he 1699 Addenda of the 1598 Edition 40 M+ &SF,
ASME Section VI, 1850 Editica up 10 the 1968 :
st 40 M . RSF,
ASME Section VIII, prior 10 the 1950 Edition (3) 50 M - RSF,
APLASME Code 1834-1854 (3) 40 M\ RSF,
API 650 25 M . BSF,
AP| 620 a3 M . RSF,
ASME B31.1 2007 Edition and later 35 M RSF,
20-16



AP1 579-1/ASME FFS5-1 2021 2026 Fitness-For-Service

calculation snould be the minimum thickness less any future corresion aliowance unless another thickness
can be justied.

205 Supplemental Requirements for Stress Classification In Nozzle Necks
Classification of stressas for nozzie necks shall be in accordance with VIR2, Parl 5, paragraph 5.6,

206 Nomenclaturo

il koad mulliplier used n an clastic-plastic analysis that is based on a design margn in a
constructicn code

B load mutipiler usad i an analysis for collapse from buckling

B. [ C | f G.445) or pratio test oad factor (0 8]

F casign factor used in tho ASME B31.4. B31.8 and B31 .12 Piping Codes.

Fr inturnal_prossise combination faclor freen AP| 850 or AP 820 sboveground storage tank
Standards

e exlernal pressure combination facter fom APE 850 ar AP| #20 aboveground storage Lank

y i)

Standards.

H, matedals performance tactor for pipeines used In the ASME 831.12 Piping Code.

M a gesign margin of the construction code,

M, materials performance tactor for industrial piping used in the ASME B31.12 Piping Code,

iy, curve fith | for the siress-siran curve egual to the tuo n at the tr timata
slress trom Toble 2E7.

RSF, allowable remaining strangt factor (see Pan 2).

s sllowable siress basad on the material of construction, deaign temperature, and construction
coda,

S, yiedd strength based an the material of construction, design temp , and Lruction code.

5, allowable lest stress based on the materind of construction, pressureslest temperature, and
construction code.

3. sllowable kit on the local primary membrane and local primary mambrane plus bencing siress
catogories (ses VIII-2, Part 5),

- yleid strength to be used in a limil-lad analysis.

7 dasign load p tar 10 reps the sell.restraining load case of the lemparature darating

factor used n the ASME 831.8 and B31.12 Piping Codes.
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