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Standard Practice for Sandwich Plate
Repair of Steel Structures

This AMPP standard represents a consensus of those individual members who have reviewed this document, its scope,
and provisions. Its acceptance does not in any respect preclude anyone, whether he or she has adopted the standard
or not, from manufacturing, marketing, purchasing, or using products, processes, or procedures not in conformance with
this standard. Nothing contained in this AMPP standard is to be construed as granting any right, by implication or other-
wise, to manufacture, sell, or use in connection with any method, apparatus, or product covered by Letters Patent, or as
indemnifying or protecting anyone against liability for infringement of Letters Patent. This standard represents minimum
requirements and should in no way be interpreted as a restriction on the use of better procedures or materials. Neither
is this standard intended to apply in all cases relating to the subject. Unpredictable circumstances may negate the use-
fulness of this standard in specific instances. AMPP assumes no responsibility for the interpretation or use of this stan-
dard by other parties and accepts responsibility for only those official AMPP interpretations issued by AMPP in accor-
dance with its governing procedures and policies which preclude the issuance of interpretations by individual volunteers.

Users of this AMPP standard are responsible for reviewing appropriate health, safety, environmental, and regulatory
documents and for determining their applicability in relation to this standard prior to its use. This AMPP standard may
not necessarily address all potential health and safety problems or environmental hazards associated with the use of
materials, equipment, and/or operations detailed or referred to within this standard. Users of this AMPP standard are
also responsible for establishing appropriate health, safety, and environmental protection practices, in consultation with
appropriate regulatory authorities, if necessary, to achieve compliance with any existing applicable regulatory require-
ments prior to the use of this standard.

CAUTIONARY NOTICE: AMPP standards are subject to periodic review and may be revised or withdrawn at any time
in accordance with AMPP technical committee procedures. AMPP requires that action be taken to reaffirm, revise, or
withdraw this standard no later than five years from the date of initial publication and subsequently from the date of each
reaffirmation or revision. The user is cautioned to obtain the latest edition. Purchasers of AMPP standards may receive
current information on all standards and other AMPP/NACE/SSPC publications by contacting AMPP Customer Support,
15835 Park Ten Place, Houston, Texas 77084-5145 (Tel: +1 281-228-6200, email: customersupport@ampp.org).
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Foreword

Oil and gas industry onshore and offshore drilling, production, storage, and transportation generally experience very cor-
rosive environments. Even though corrosion prevention systems, such as cathodic protection, protective coatings, and lig-
uid/vapor phase inhibitors are usually used for corrosion protection, severe corrosion of the structures is still unavoidable
without effective corrosion protection and appropriate corrosion management. The repair of degraded structural members
having substantial corrosion damage is critical for maintaining structural integrity for safe and continuous operations.

The “crop-and-replace” repair method (by cutting and welding) is normally used in the oil and gas industry. However,
such repairs are considered as hot-work, which creates a considerable safety concern for continuous oil and gas oper-
ations (drilling, production, and storage). When hot work repair of a tank is planned, safety regulations require the tank
to be repaired, as well as adjacent tanks, to be in a “gas-free” condition. Due to significant impact on the continuous
operation of the units, preparing for these repairs is very costly.

Safety and cost-effective solutions are the driving forces for consideration of non-hot-work repair methods. Thus, sand-
wich plate repairs without cutting and welding, using a new steel plate bonded to the existing steel structure, are gen-
erally preferred. With the increased use of sandwich plate repairs, more performance data and better repair practices
make it possible to develop better industry standards. This repair method is preferable for applications on site-specific
onshore and offshore structures which require immediate repair of severe corrosion and/or mechanical damage. It can
also be applicable to other structures, vessels, or tanks, where permitted.

This standard practice formalizes a methodology of steel sandwich plate repair technology. This methodology uses a
new steel plate or prefabricated structural component laid on top of the existing steel plate to be repaired. An elastomer
core is used to bond the new plate/component and the existing steel plate to form a steel sandwich plate structure,
thereby repairing the existing steel substrate without it being cut and replaced. This method is intended to restore the
strength of the damaged structural members, or to reinforce existing structures.

Several classification societies, such as the American Bureau of Shipping (ABS)," Lloyds Register (LR)®, Det Norske
Veritas (DNV)®, and the China Classification Society (CCS)® have set out their own rules, guidelines, or provisions
for sandwich plate construction and/or repairs for steel structures, which serve for classifications for specific marine
and offshore vessels. This standard practice covers only steel sandwich plate repairs for more general applications,
including use on non-classed structures, civil structures, onshore storage tanks, as well as in refineries. This standard
practice may serve as a unified standard of steel sandwich plate repairs for all industry applications, where permitted.

Scope

This standard covers the methodology and guidelines for accomplishing structural repairs by using steel sandwich
plate technology. It is mainly applied to steel structure repairs for damages from corrosion deterioration and mechanical
damages. It can also be applied to repairs of aluminum structures.

This standard includes assessment, design, qualification, installation, and inspection of the repairs using steel sand-
wich plate technology.

This standard does not cover use of fiber reinforced plastics (FRP). The repair materials used include steel plates as
face plates and elastomer as a core material.

Rationale

The steel sandwich plate repair technology provides an alternative to traditional hot work renewal repairs, especially where
hot work is considered risky to the unit’s operation. The steel sandwich plate repair technology can be used to reinstate
the integrity of the structure by utilizing a new steel plate bonded to the degraded existing steel structure using a core elas-
tomer material. Figure 1 provides a schematic representation of a damaged structure repaired using sandwich plate. This
sandwich plate repair method can also be used for modification or upgrading of the existing structures for reinforcement.

™ American Bureau of Shipping (ABS), 1701 City Plaza Drive, Spring, TX 77389, https://ww2.eagle.org/

@ Lloyds Register (LR),71 Fenchurch Street, London, EC3M 4BS, UK, https://www.Ir.org

© Det Norske Veritas (DNV), Thormghlensgt. 49A, 5006 Bergen, Norway, https://www.dnv.com

@ China Classification Society (CCS), CCS Mansion,9 Dongzhimen Nan Da Jie, Beijing, PRC, https://www.ccs.org.cn/ccswzen/
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Referenced Standards

The latest edition, revision, or amendment of the referenced standards in effect shall govern unless otherwise dated.

AMPP, www ampp.org
NACE/ASTM G193 Standard Terminology and Acronyms Relating to Corrosion

ASTM, www.astm.org

ASTM D429 Standard Test Methods for Rubber Property—Adhesion to Rigid Substrates

ASTM D638 Standard Test Methods for the Tensile Properties of Plastics

ASTM D2240 Standard Test Method for Rubber Property — Durometer Hardness

ASTM E1356 Standard Test Method for Assignment of the Glass Transition Temperatures by Differential

Scanning Calorimetry

ISO, www.iso.org

ISO 48-4 Rubber, vulcanized or thermoplastic — Determination of hardness — Part 4: Indentation
hardness by durometer method (Shore hardness)

ISO 527-2 Plastics—Determination of tensile properties — Part 2: Test conditions for moulding and
extrusion plastics

ISO 845 Cellular plastics and rubbers — Determination of apparent density

ISO 6721-2 Plastics — Determination of dynamic mechanical properties — Part 2: Torsion-pendulum
method

ISO 14692-2 Petroleum and natural gas industries — Glass-reinforced plastics (GRP) piping — Part 2:

Qualification and manufacture. Section 6.6 (Electrical conductivity and electrostatic dissi-
pative properties

In AMPP standards, the terms shall and must are used to state requirements and are considered mandatory. The
term should is used to state something that is recommended, but is not considered mandatory. The term may is used
to state something considered optional.

Section 1: General

This standard provides the methodology and guidelines for accomplishing structural repairs using steel sandwich plate
technology. It is mainly applied to steel structural repairs of damages caused by corrosion deterioration and mechanical
damages. It can also be applied to repairs of aluminum structures.

The steel sandwich plate repair technology provides an alternative to traditional hot work renewal repairs, especially
where hot work is considered risky to the unit’s operation. The steel sandwich plate repair technology can be used to
reinstate the integrity of the structure by utilizing a new steel plate bonded to the degraded existing steel structure using
a core elastomer material. Figure 1 provides a schematic representation of a damaged structure repaired using sand-
wich plate. This sandwich plate repair method can also be used for modification or upgrading of the existing structures
for reinforcement and strengthening for increased loads.

This repair method is preferable for applications on site-specific onshore and offshore structures such as floating
offshore installations and aboveground storage tanks which require immediate repair due to severe corrosion and/or
mechanical damage. It can also be applied to other structures or vessels/tanks, where permitted.

This standard assumes that the top and bottom face plates of the sandwich plate are of steel or aluminum, and that the
core material is solid elastomer; it does not cover use of fiber reinforced plastics (FRP).

This standard includes assessment, design, qualification, installation, and inspection of the repairs using steel sand-
wich plate technology.
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Figure 1: Schematic Representation of a Damaged Structure
Repaired Using Sandwich Plate

Section 2: Definitions

The definitions of many of the corrosion-related terms used in this standard may be found in NACE/ASTM G193. Other
terms not included therein that have been used in this standard are defined as follows:

Critical class elements: Structural elements subject to significant loads, and failure of these structural elements would
result in the rapid loss of structural integrity and could result in failure of the entire structure.

Debonding/ Delamination: Separation along the bond layer between the steel plate surface and the core.

Elastomer: A polymer with viscoelasticity (i.e., both viscosity and elasticity) and with weak intermolecular forces, has
generally low Young’s modulus and high failure strain.

Floating Offshore Installation: A buoyant offshore facility designed to provide hydrocarbon processing and/or hydro-
carbon storage, and to off-load hydrocarbons. The installation is securely and substantially moored so that it cannot be
moved without a special effort. These installations may be ship-shaped or barge-shaped, column-stabilized, tension leg
platform, or spar platform installations.

Glass Transition Temperature (T ): A temperature below which the polymer turns from a ductile material to a hard
and brittle material. Tg of a material characterizes the range of temperatures over which this glass transition occurs.

Localized Corrosion: Relatively concentrated or spot-wise corrosion attacks on surface (typically pitting, corrosion in
way of welds, crevice corrosion, stress corrosion cracking, etc.). Localized corrosion can proceed rapidly and can be
dangerous.

Non-class elements: Structural elements not subject to significant loads and not to be classified by class/regulatory.
Their complete failure would not compromise the structural integrity of the structure. Typically, a non-class structural
element is not critical.

Non-critical class elements: Structural elements. Failure of those elements would not lead to rapid loss of structural
integrity or cause a significant reduction in the remaining fatigue life.

Pot Life: The maximum elapsed time during which a coating can be effectively applied after all components of the
coating have been thoroughly mixed.

Scantling: In shipbuilding, the scantling refers to the collective dimensions of the framing (apart from the keel) to which
planks or plates are attached to form the hull.
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Section 3: Repair Decision

31 An assessment of the structural deterioration from corrosion or mechanical damage should be carried out
to determine if a bonded sandwich plate repair is feasible. The determination on the feasibility is based on
applicable industrial structural member renewal criteria, such as class requirements and American Petroleum
Institute (AP1)® requirements. The decision-making process for selecting the sandwich plate repair method is
summarized in Figure 2.

3.2 The decision making should begin with a damage survey and assessment (Section 4 below). The survey
report should be available for assessment with the locations of damage identified. Section 4 discusses typical
damage types usually encountered. Type and severity of damage are to be assessed as damage criticality.

3.3 The structural element can be critical or non-critical. Element criticality categorizes structural elements into
non-class elements (non-critical), non-critical class elements (non-critical) and critical class elements (critical).

3.4 The repair is to be designed based on the structural element criticality and the structural deterioration or damage:
3.41 If the degraded element is a non-class element, it may be repaired using the sandwich plate with-
out review and approval from class/regulatory. Such element repairs are considered as non-critical
repairs.
3.4.2 If the degraded element is a non-critical class element, it may be repaired using the sandwich plate

without the structural strength evaluation of the repair. However, review from class/regulatory may
be needed. Such element repairs are also considered as non-critical repairs.

343 If the degraded element is a class element and the extent of the degradation and material dete-
rioration due to corrosion are within the allowable limits from class/regulatory requirements, the
repair of the degraded element is considered a non-critical repair. However, the repair of such a
critical element needs the structural strength evaluation and review/approval from class/regulatory
since the repair may affect the load transfer.

3.4.4 If the degraded element is a class element and the corrosion of a critical class element is beyond
the allowable limits (e.g., thickness diminution over an area large enough to affect the unit’s integ-
rity), steel renewal may be required. The repair of such a critical element is considered a critical
repair and needs the structural strength evaluation before and after the repair, and review/approval
from class/regulatory.

3.4.5 Cracks may often be considered critical. The steel sandwich plate repairs may be designed to
provide a significant reduction of the stress level after repair. For fatigue cracks, the sandwich
plate repairs may be used to stop or slow down fatigue crack propagation. However, monitoring
and documentation may be needed to ensure the crack growth is under control, or further repair
may be needed.

©® American Petroleum Institute (AP1), 200 Massachusetts Ave. NW, Suite 1100, Washington DC 20001-5571, www.api.org.
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