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Delamination is a mode of failure where a material fractures into layers. A variety of materials, including
laminate composites and concrete, can fail - Delamination is a mode of failure where a material fractures into
layers. A variety of materials, including laminate composites and concrete, can fail by delamination.
Processing can create layers in materials, such as steel formed by rolling and plastics and metals from 3D
printing which can fail from layer separation. Also, surface coatings, such as paints and films, can delaminate
from the coated substrate.

In laminated composites, the adhesion between layers often fails first, causing the layers to separate. For
example, in fiber-reinforced plastics, sheets of high strength reinforcement (e.g., carbon fiber, fiberglass) are
bound together by a much weaker polymer matrix (e.g., epoxy). In particular, loads applied perpendicular to
the high strength layers, and shear loads can cause the polymer matrix to fracture or the fiber reinforcement
to debond from the polymer.

Delamination also occurs in reinforced concrete when metal reinforcements near the surface corrode. The
oxidized metal has a larger volume causing stresses when confined by the concrete. When the stresses exceed
the strength of the concrete, cracks can form and spread to join with neighboring cracks caused by corroded
rebar creating a fracture plane that runs parallel to the surface. Once the fracture plane has developed, the
concrete at the surface can separate from the substrate.

Processing can create layers in materials which can fail by delamination. In concrete, surfaces can flake off
from improper finishing. If the surface is finished and densified by troweling while the underlying concrete is
bleeding water and air, the dense top layer may separate from the water and air pushing upwards. In steels,
rolling can create a microstructure when the microscopic grains are oriented in flat sheets which can fracture
into layers. Also, certain 3D printing methods (e.g., fused deposition) builds parts in layers that can
delaminate during printing or use. When printing thermoplastics with fused deposition, cooling a hot layer of
plastic applied to a cold substrate layer can cause bending due to differential thermal contraction and layer
separation.

Composite material

content of the matrix. Composites can also use metal fibres reinforcing other metals, as in metal matrix
composites (MMC) or ceramic matrix composites (CMC) - A composite or composite material (also
composition material) is a material which is produced from two or more constituent materials. These
constituent materials have notably dissimilar chemical or physical properties and are merged to create a
material with properties unlike the individual elements. Within the finished structure, the individual elements
remain separate and distinct, distinguishing composites from mixtures and solid solutions. Composite
materials with more than one distinct layer are called composite laminates.

Typical engineered composite materials are made up of a binding agent forming the matrix and a filler
material (particulates or fibres) giving substance, e.g.:

Concrete, reinforced concrete and masonry with cement, lime or mortar (which is itself a composite material)
as a binder



Composite wood such as glulam and plywood with wood glue as a binder

Reinforced plastics, such as fiberglass and fibre-reinforced polymer with resin or thermoplastics as a binder

Ceramic matrix composites (composite ceramic and metal matrices)

Metal matrix composites

advanced composite materials, often first developed for spacecraft and aircraft applications.

Composite materials can be less expensive, lighter, stronger or more durable than common materials. Some
are inspired by biological structures found in plants and animals.

Robotic materials are composites that include sensing, actuation, computation, and communication
components.

Composite materials are used for construction and technical structures such as boat hulls, swimming pool
panels, racing car bodies, shower stalls, bathtubs, storage tanks, imitation granite, and cultured marble sinks
and countertops. They are also being increasingly used in general automotive applications.

Carbon-fiber reinforced polymer

Yiu-Wing (1 January 1994). &quot;Improving the delamination resistance of CFRP by stitching—a
review&quot;. Composites Science and Technology. 50 (3): 305–317. doi:10 - Carbon fiber-reinforced
polymers (American English), carbon-fibre-reinforced polymers (Commonwealth English), carbon-fiber-
reinforced plastics, carbon-fiber reinforced-thermoplastic (CFRP, CRP, CFRTP), also known as carbon fiber,
carbon composite, or just carbon, are extremely strong and light fiber-reinforced plastics that contain carbon
fibers. CFRPs can be expensive to produce, but are commonly used wherever high strength-to-weight ratio
and stiffness (rigidity) are required, such as aerospace, superstructures of ships, automotive, civil
engineering, sports equipment, and an increasing number of consumer and technical applications.

The binding polymer is often a thermoset resin such as epoxy, but other thermoset or thermoplastic polymers,
such as polyester, vinyl ester, or nylon, are sometimes used. The properties of the final CFRP product can be
affected by the type of additives introduced to the binding matrix (resin). The most common additive is silica,
but other additives such as rubber and carbon nanotubes can be used.

Carbon fiber is sometimes referred to as graphite-reinforced polymer or graphite fiber-reinforced polymer
(GFRP is less common, as it clashes with glass-(fiber)-reinforced polymer).

Metal matrix composite

Agrawal, Parul; Sun, C.T. (July 2004). &quot;Fracture in metal–ceramic composites&quot;. Composites
Science and Technology. 64 (9): 1167–1178. doi:10.1016/j.compscitech - In materials science, a metal
matrix composite (MMC) is a composite material with fibers or particles dispersed in a metallic matrix, such
as copper, aluminum, or steel. The secondary phase is typically a ceramic (such as alumina or silicon carbide)
or another metal (such as steel). They are typically classified according to the type of reinforcement: short
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discontinuous fibers (whiskers), continuous fibers, or particulates. There is some overlap between MMCs and
cermets, with the latter typically consisting of less than 20% metal by volume. When at least three materials
are present, it is called a hybrid composite. MMCs can have much higher strength-to-weight ratios, stiffness,
and ductility than traditional materials, so they are often used in demanding applications. MMCs typically
have lower thermal and electrical conductivity and poor resistance to radiation, limiting their use in the very
harshest environments.

Fibre-reinforced plastic

(28 April 2012). &quot;The role of delamination in failure of fibre-reinforced composites&quot;.
Philosophical Transactions of the Royal Society A: Mathematical - Fibre-reinforced plastic (FRP; also called
fibre-reinforced polymer, or in American English fiber) is a composite material made of a polymer matrix
reinforced with fibres. The fibres are usually glass (in fibreglass), carbon (in carbon-fibre-reinforced
polymer), aramid, or basalt. Rarely, other fibres such as paper, wood, boron, or asbestos have been used. The
polymer is usually an epoxy, vinyl ester, or polyester thermosetting plastic, though phenol formaldehyde
resins are still in use.

FRPs are commonly used in the aerospace, automotive, marine, and construction industries. They are
commonly found in ballistic armour and cylinders for self-contained breathing apparatuses.

3D composites

composite materials composed of single direction tows, or 2D woven composites, sandwich composites or
stacked laminate materials. Three dimensional woven fabrics - Three-dimensional composites use fiber
preforms constructed from yarns or tows arranged into complex three-dimensional structures. These can be
created from a 3D weaving process, a 3D knitting process, a 3D braiding process, or a 3D lay of short fibers.
A resin is applied to the 3D preform to create the composite material. Three-dimensional composites are used
in highly engineered and highly technical applications in order to achieve complex mechanical properties.
Three-dimensional composites are engineered to react to stresses and strains in ways that are not possible
with traditional composite materials composed of single direction tows, or 2D woven composites, sandwich
composites or stacked laminate materials.

Fiber-reinforced composite

resin-based composites. Composites with fibers length less than l c {\displaystyle l_{c}} contribute little to
strength. However, during composite fracture - A fiber-reinforced composite (FRC) is a composite building
material that consists of three components:

the fibers as the discontinuous or dispersed phase,

the matrix as the continuous phase, and

the fine interphase region, also known as the interface.

This is a type of advanced composite group, which makes use of rice husk, rice hull, rice shell, and plastic as
ingredients. This technology involves a method of refining, blending, and compounding natural fibers from
cellulosic waste streams to form a high-strength fiber composite material in a polymer matrix. The
designated waste or base raw materials used in this instance are those of waste thermoplastics and various
categories of cellulosic waste including rice husk and saw dust.
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MXenes

electrical conductivities of the composites can be controlled from 4×10?4 to 220 S/cm (MXene weight
content from 40% to 90%). The composites have tensile strength - In materials science, MXenes (pronounced
"max-enes") are a class of two-dimensional inorganic compounds along with MBorenes, that consist of
atomically thin layers of transition metal carbides, nitrides, or carbonitrides. MXenes accept a variety of
hydrophilic terminations. The first MXene was reported in 2011 at Drexel University's College of
Engineering, and were named by combining the prefix "MAX" or "MX" (for MAX phases), with "ene" by
analogy to graphene.

Titan submersible implosion

He stated that it was long known that composite hulls were vulnerable to microscopic water ingress,
delamination, and progressive failure over time. He - On 18 June 2023, Titan, a submersible operated by the
American tourism and expeditions company OceanGate, imploded during an expedition to view the wreck of
the Titanic in the North Atlantic Ocean off the coast of Newfoundland, Canada. Aboard the submersible were
Stockton Rush, the American chief executive officer of OceanGate; Paul-Henri Nargeolet, a French deep-sea
explorer and Titanic expert; Hamish Harding, a British businessman; Shahzada Dawood, a Pakistani-British
businessman; and Dawood's son, Suleman.

Communication between Titan and its mother ship, MV Polar Prince, was lost 1 hour and 33 minutes into the
dive. Authorities were alerted when it failed to resurface at the scheduled time later that day. After the
submersible had been missing for four days, a remotely operated underwater vehicle (ROV) discovered a
debris field containing parts of Titan, about 500 metres (1,600 ft) from the bow of the Titanic. The search
area was informed by the United States Navy's (USN) sonar detection of an acoustic signature consistent
with an implosion around the time communications with the submersible ceased, suggesting the pressure hull
had imploded while Titan was descending, resulting in the instantaneous deaths of all five occupants.

The search and rescue operation was performed by an international team organized by the United States
Coast Guard (USCG), USN, and Canadian Coast Guard. Support was provided by aircraft from the Royal
Canadian Air Force and United States Air National Guard, a Royal Canadian Navy ship, as well as several
commercial and research vessels and ROVs.

Numerous industry experts, friends of Rush, and OceanGate employees had stated concerns about the safety
of the vessel. The United States Coast Guard investigation concluded that the implosion was preventable, and
that the primary cause had been "OceanGate’s failure to follow established engineering protocols for safety,
testing, and maintenance of their submersible." The report also noted that "For several years preceding the
incident, OceanGate leveraged intimidation tactics, allowances for scientific operations, and the company’s
favorable reputation to evade regulatory scrutiny."

Ceramic matrix composite

materials science ceramic matrix composites (CMCs) are a subgroup of composite materials and a subgroup
of ceramics. They consist of ceramic fibers embedded in - In materials science ceramic matrix composites
(CMCs) are a subgroup of composite materials and a subgroup of ceramics. They consist of ceramic fibers
embedded in a ceramic matrix. The fibers and the matrix both can consist of any ceramic material, including
carbon and carbon fibers.
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