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Marine Composites Non-Destructive Evaluation 

 
Eric Greene, (M) 

 
An increasing number of marine structures are utilizing composite materials. Major structure and components can be 

built lighter and corrosion-resistant using composite construction.  The recreational boating industry has long 

recognized this and now commercial ferries are increasingly realizing fuel savings through weight reduction.  The 

US Navy’s DDG-1000 topside structure and LPD-17 advanced enclosed mast are built with composites.  

Additionally, the offshore oil industry is starting to build composite risers and habitability modules.  Nondestructive 

Evaluation (NDE) techniques developed for composite aerospace structures are not viable for large marine 

structures.  Therefore, a state-of-the-art assessment of available NDE techniques for marine composite structures is 

presented in this paper based on the research performed for SSC report 463, “Inspection Techniques for Marine 

Composite Construction and NDE.” 
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INTRODUCTION 

A marine surveyor may want to assess the structural integrity of 

a composite vessel as a new build, when exchanging ownership, 

or after an accident.  The physical properties of composites are a 

function of material selection and building process.  The 

strength and stiffness of composite laminates can be determined 

by mechanical testing but this requires cutting up the boat for 

test specimens.  Alternatively, the process of non-destructive 

evaluation (NDE) encompasses methods used to determine the 

integrity of the laminate without destroying the structure.  NDE 

methods can’t determine laminate strength but they can quantify 

the extent of defects in the laminate, which combined with 

previous laminate testing can provide a reasonable indication of 

mechanical properties. 

 

With the exception of visual inspection, NDE typically requires 

a mechanical, thermal or ultrasonic excitation of the structure, 

where defects will produce an anomalous response.  The ability 

to detect small defects is inversely proportional to the rate of 

inspection, i.e. high-resolution probes typically survey a small 

area.  This is why NDE methodologies developed for the 

aerospace industry may not always be suitable for marine 

composite construction with much larger structures. 

 

Composite laminates by definition are made up of different 

materials with unique response characteristics to external 

stimulus.  This is especially true for sandwich laminates.  The 

consistency of the laminate will vary with the manufacturing 

method and the diligence of the builder.  All these factors 

combine to place a premium on NDE operator skill and 

experience to correctly interpret inspection data. 

 

Defects 

As a precursor to evaluating the efficacy of NDE techniques, 

this section describes the defects that may be found in marine 

composite construction. 

Air Bubbles 

Air bubbles in a laminate are defined as air entrapped within and 

between the plies of reinforcement and are usually spherical in 

shape.  Air bubbles in laminates are always an artifact of the 

manufacturing process.  Ribbed rollers called “bubble busters” 

are used during hand lay-up to eliminate air bubbles in 

laminates.  Vacuum bag leaks can cause air bubbles in resin-

infused laminates. 

 

Blisters 

This defect manifests itself as a localized raised swelling of the 

laminate in an apparently random fashion after a hull has been 

immersed in water for some period of time. [Clegg, 2009]  

When blisters are ruptured, a viscous acidic liquid is expelled. 

Entrapped liquids during fabrication may be a source of blister 

formation. [Greene, 1999] 

 

Bonded Joint Failure 

Adhesively bonded joints can suffer from a number of defects, 

as illustrated in the Figure 1. Particularly of concern are 

disbonds that may not be evident from surface examination.  

This is especially problematic with kissing bonds, where the 

bond is intact but there is a lower level of adhesion and little 

separation of the faces.  [NetComposites, 2004] 

Core Crushing 

Core crushing is caused as a result of impact, local indentation 

and/or excessive through-thickness loading of a sandwich 

construction. This type of defect can occur in all types of core 

Figure 1. Bonded joint failure modes [NetComposites, 2004] 
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material and can result in localized debonding and a lack of 

support to the sandwich skin laminates, leading to potential 

failure of the sandwich panel. [Gower et al., 2005] Examples of 

core crushing are shown in Figure 2. Figure 3 shows a detail of 

out-of-plane foam core crushing. 

 

Core Shear Failure 

In a sandwich laminate, the core resists bending forces via shear 

loading, which is maximum at the neutral axis.  Figure 4 

illustrates a classic core shear failure where the crack extends 

between both face-skins.  Note also that the core shear failure is 

also accompanied by skin-to-core separation. 

Delamination 

Delaminations occur at the interface between the layers in the 

laminate, along the bondline between two elements, and 

between the skins and the core of sandwich structures. 

Delaminations can form due to stress concentrations at laminate-

free edges, matrix cracks, or at areas of stress concentrations.  

Delaminations may also be the result of poor processing or from 

low-energy impact.  Delaminations break the laminate into 

multiple sub-laminates, which reduces the effective stiffness and 

ultimate strength of structural assemblies. [Ilcewicz, 2009]  The 

terms debond and disbond are sometimes used interchangeably 

with delamination but usually refer to more localized defects. 

Figure 5 shows scanning electron microscope (SEM) images of 

delamination in composite laminates. 

Fiber Failure 

Broken fibers can be critical because loads in composite 

structures are typically designed to be carried by the fibers. 

However, unlike cracking in metallic structures, fiber failure 

does not tend to propagate.  Figure 6 shows instances of fiber 

fracture and pullout. 

Kissing Bond 

A kissing bond refers to the situation where two surfaces are 

only partially bonded or are disbonded but touching or in very 

close proximity.  This may be the consequence of poor 

adhesion, in-service loading or impact damage.  The disbond 

may not be visible externally and because of its tightness may 

be more difficult than a conventional disbond to detect using 

NDE methods. 

 

Local Impact Damage 

The diagrams shown in Figure 7 illustrate potential types of 

damage from various types of impact events. What is not shown 

Figure 2.  Illustrations of core crushing [Gdoutos and 

Daniel, 2004] 

Figure 3.  Schematic of indentation damage [Zenkert et al., 

2005] 

 

Figure 4.  Fatigue fracture of PMI 51 S foam core, 

P/Pcrit = 65%, n = 1.1 x 10
6
 cycles [Roosen, 2002] 

Figure 5.  SEM micrographs of delaminated specimens after 

interlaminar shear tests of carbon/epoxy laminates [Paiva et 

al., 2005] 

 

Figure 6.  Micrograph of fiber fracture in a multidirectional 

CFRP laminate (left) and micrograph showing fiber pullout 

in a woven GRP material (right) [Gower et al., 2005] 
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in the diagrams is the additional effect of velocity associated 

with impacts. For example, low-speed, high-energy impacts can 

leave large-area delaminations and substructure damage without 

much exterior damage. On the other hand, high-speed impacts 

(such as bullets) penetrate without leaving wide-area 

delaminations. [Ilcewicz et al., 2009]  It is also possible for 

sandwich laminates to exhibit damage on the inside skin without 

any noticeable damage on the impacted side.  [Miller, 2011] 

 

Matrix Cracking 

A crack is distinct from a delamination or disbond, which refer 

to interlaminar separation of material or decohesion of a bond.  

Matrix cracking or transverse cracking refers to the finer scale 

types of multiple cracking normally occurring in the matrix 

(resin) of a laminate.  [NetComposites, 2004] 

 

Matrix cracks are caused by stresses that are generated by either 

mechanical and/or thermal loading. 

 

Moisture Ingress 

This type of defect usually requires another source of damage to 

be present that creates a leak path into the sandwich core. Some 

design details, such as porous fabric weave styles used for skins 

or sharp discontinuities may also allow fluids to enter the core 

through leaks. Once the fluid gets into a sandwich laminate it 

can degrade the core or its bond with the skins. Damage growth 

can be caused by freeze-thaw cycles, a pressure differential 

through the skins or fluid degradation of the bond. [Ilcewicz et 

al., 2009] 

 

Ply Waviness 

Out-of-plane ply waviness in laminated composite material is 

characterized by undulations in a layer or group of layers within 

a multilayer laminate. Ply waviness can be caused by improper 

vacuum bagging, uneven curing, resin shrinkage or ply buckling 

caused by bending the composite lay-up into its final shape prior 

to curing. Ply waviness causes degradation of strength and 

fatigue life in structural applications, particularly under 

compressive loads.  [Anastasi, 2008] 

 

 

Resin Rich Areas 

Resin rich areas are caused by the displacement of fibers or fiber 

preforms during processing. Resin rich defects are most 

commonly found with hand lay-up construction, especially in 

keel sump areas of yachts.  These regions can have severely 

degraded mechanical properties. 

 

Resin Starved Area 

Regions of resin starvation are areas in a laminate where the 

reinforcement fibers are still bare and dry.  This may be caused 

by inadequate wetting of fibers, poor consolidation during 

laying-up or problems with resin delivery. 

 

Skin-to-Core Disbond 

A skin-to-core disbond (or debond) refers to the situation in 

composite sandwich structures where the skin of the composite 

has separated from the core.  This may be the consequence of 

poor adhesion, in-service loading or impact damage.  It is also 

possible that the core was never bonded to the outside skin in 

areas with a lot of curvature, which can occur with production 

manufacturing using female molds. 

 

Thermal (and Lightning) Damage 

Thermal damage is possible near sources of high temperature, 

such as engines and other machinery.  There are usually visual 

indications of heat damage caused by exhaust or charring of the 

part surface but it may be difficult to determine how deep into 

the laminate the heat damage extends. Lightning damage is 

usually constrained to surface layers of the laminate. 

 

Voids 

Voids and porosity can occur during fabrication due to volatile 

resin components or air not properly controlled during cure. 

Single or isolated large air bubbles are referred to as voids. 

These can be of structural significance depending upon the 

quantity, size, and distribution within the laminate. 

 
 

Non-Destructive Evaluation Techniques 

This section presents NDE techniques that are used to inspect 

composite laminates in various industries that are suitable for 

marine structures.  NDE techniques are either passive or excite 

the structure with an external energy source.  Typically, defects 

are found when anomalies in recorded responses are noted. 

 

Visual Inspection 

Visual inspection is the most common form of inspection for 

composites and other structural systems. This is sometimes 

called “enhanced” or “close visual” inspection if assisted by 

magnifying glasses, special lighting or other tools.  Still or video 

cameras are commonly used to provide a permanent record of 

the inspection. 

 

The best quality visual inspection for transparent/translucent 

composite materials, such as uncoated E-glass laminates, is 

when access is possible from both sides with backlighting. 

Figure 7.  Impact damage types [Abaris, 2009] 
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However, for sandwich construction and laminates that contain 

carbon fiber, backlit visual inspection is not possible. 

 

Tap Testing 

There are many different tap-testing devices ranging from a 

simple coin tap, where the human ear is used to audibly sense 

damaged structure, to automated methods that make a recording 

of changes in the sound frequency and amplitude.  Tap testing is 

used for damage inspection of both composites and bonded 

metallic structures.  In general, the tap test works well for 

inspection of damages in thin skins of any type. The method is 

especially useful on sandwich structure with thin skins and 

honeycomb core. It can work on solid composite laminate 

structure if the first few plies are delaminated but it cannot 

reliably detect defects or anomalies deeper in the laminate. 

 

The tap test is often performed with a medium-sized coin, a steel 

washer approximately 25 mm (1 inch) in diameter, a small tap 

hammer (shown in Figure 8), or an electronic device. With tap 

testing, anomalies in the part are recognized by an experienced 

tester based on the differences in the characteristic ringing 

sound obtained. A trained inspector will be able to identify 

regions of debonding, delamination, and poor cure that are not 

necessarily identifiable by visual inspection. 

Ultrasonic Inspection 

Ultrasonic testing (UT) technology has been around for more 

than 50 years and is the predominant non-destructive testing 

method for composites in the aviation and aerospace industries.  

It evolved from sound navigation ranging (SONAR) after World 

War II. [Gardiner, 2010]  UT uses high frequency sound energy 

to locate structural anomalies in composite laminates. A typical 

UT inspection system consists of a pulser/receiver, a transducer 

and a display device. The pulser/receiver is an electronic device 

that can produce a high voltage electrical pulse. Driven by the 

pulser, the transducer generates high frequency ultrasonic 

energy. Typical frequencies are in the range of 0.5 MHz to 15 

MHz.  Sound energy then travels through the structure. A 

couplant, such as water or a gel applied to the inspection 

surface, effectively transmits sound through the interface with 

the composite and is needed because sound is not transmitted 

well through air at frequencies usually employed for non-

destructive testing.  Discontinuities, such as cracks or 

delaminations, reflect the energy back from the location of the 

flaw surface. The reflected wave signal is then transformed into 

an electrical signal by the transducer and is displayed on a 

screen.  [Ji et al., 1996]  Figure 9 shows a transducer sweeping 

over defects and the resulting “A-scan” image. 

 

Transducer frequencies influence the trade-off between 

penetrating power and defect detection resolution.  Higher 

frequencies tend to provide better resolutions but they also 

reduce the ability to detect deep flaws.  Thick composites 

require very low frequencies, on the order of 0.5 to 1 MHz, 

while higher frequencies (10 to 15 MHz) are needed to detect 

small defects in thin composites.  Table 1 provides an overview 

on the applicability of UT transducers. [Gardiner, 2010] 

 

Table 1.  Effect of transducer frequency on UT inspection of 

composites [Gardiner, 2010] 

An inspector using ultrasonic methods must interpret any 

differences found and, therefore, needs a thorough knowledge of 

the structure being inspected. There are generally two types of 

ultrasonic inspection: 

 

 Through-transmission ultrasonics (TTU), which uses 

two transducers (one to send the ultrasonic wave and 

one to receive it after traveling through the part), is 

typically limited to the factory because access to both 

sides of the part is required. 

 

Figure 8.  Picture of a military specification tap hammer 

[Abaris, 2009] 

Figure 9. Single-element contact ultrasonic transducer (left) 

and A-scan image (right) [Nelligan and Kaas, 2007] 



SSC Ship Structure Symposium 2014                                                   Greene  5 

 Pulse-echo (P/E) ultrasonics uses a single transducer 

and requires access to only one side of the part.  This 

method is used more for inspections in the field. 

 

Both TTU and P/E inspection can detect small defects through 

the thickness of a laminate and debonds between elements or 

skins and core material.  A detailed understanding of the part 

design features, such as local fiber architecture and internally 

bonded elements, is essential for determining the extent of 

damage.  The use of calibration samples with both good 

laminate and defects is required to interpreting signal traces. 

 

Infrared Thermography 

Infrared thermography measures the variations in heat emitted 

by an object and displays them as visible images, usually by 

monitoring infrared emissions using a thermal imaging camera.  

It is a rapidly developing technology for NDE in many 

applications.  The imaging equipment used for thermography 

has improved a lot recently, which enables more rapid data 

acquisition and higher spatial resolution.  

 

Thermography is used to isolate structural anomalies based on 

very small differences in thermal properties.  The component 

being inspected is typically heated from one side and viewed 

from either the same side or the opposite side depending on 

access to the structure and the laminate schedule (marine 

sandwich laminates have very low through-thickness heat 

conduction). The heat application must be relatively uniform 

throughout the area being inspected.  Uniform heating is 

achieved by using hot air guns, heat lamps or flash lamps in a 

controlled fashion. 

 

The external application of heat creates a thermal gradient 

within the laminate.  The movement of heat energy from the 

heated surface into the cooler component is a function of the 

material’s thermal diffusivity. Thermal diffusivity is defined as 

the ratio of a material’s thermal conductivity to its thermal 

capacitance.   Heat will diffuse uniformly throughout a laminate 

until it encounters a discontinuity.  

 

Most flaws are discontinuities having thermal properties that 

differ from the base material in the composite structure. A 

delamination, disbond or void will typically have a lower rate of 

thermal conductivity, resulting in heat being locally trapped in 

the area containing the discontinuity.  The heat buildup transfers 

to the surface of the laminate, showing the location and 

approximate size of the discontinuity. High capacitance flaws, 

such as the ingress of water into the composite structure, result 

in a cooler surface over the flaw area soon after heat is applied 

to the surface. [Snell et al., 2007] With pulsed thermography, 

the laminate is heated for few seconds and the thermal decay 

response at the surface is measured by an infrared camera. 

[Sheppard et al., 2009] 

 

Laser Shearography 

Laser shearography is an emerging NDE technology for 

detection of delaminations, debonding, poor adhesion and other 

flaws in composite materials systems.  Recent development is a 

result of portable lasers and innovation in data processing, 

including phase analysis. The method can also indicate areas of 

reduced or increased adhesion, not simply the presence of a 

delamination. The main limitation of the technique is 

accessibility to the surface being inspected and equipment cost. 

Laser shearography uses a scanning laser system to determine 

the surface strain fields from the difference in displacements 

between unloaded and loaded structure.  Because laser 

shearography systems can detect surface changes on the order of 

one nanometer, the applied load does not have to be very large.  

It can be applied to the sample by mechanical loading, vacuum 

loading, heating or internal pressurization. 

 

The principle of shearography employs a single expanded beam 

of laser light, which is reflected back from the inspected 

structure. The camera includes an image-shearing device. The 

effect of shearing is to bring two separate areas on the object 

surface to meet at the image plane of the camera.  The two 

overlapped areas of the sheared images interfere and produce 

what is called a speckle pattern.  When the surface of the object 

is deformed, the speckle pattern is modified.  Comparing the 

stressed and unstressed speckle patterns produces a fringe 

pattern, which depicts the relative displacement of the surface. 

Since the magnitude of shearing is small, the fringe pattern 

approximately represents the derivative of displacement, which 

is the strain of the surface. [Gower et al., 2005] Figure 10 shows 

the shearography principal and a portable shearography device. 

Moisture Meters 
These devices are often used to survey yacht hulls during surveys.  

This can be problematic with boats recently hauled out of the 

water for the purposes of a survey.  Indeed, some surveyors will 

limit their use to topside structure only.  

 

Most moisture meters rely on radio frequency dielectric power 

loss to detect moisture, which manifests as an increase in the 

conductivity of the composite due to moisture absorption. 

However, these devices won’t work with carbon fiber laminates, 

as the carbon fibers are electrically conductive. Therefore, contact 

type moisture meters can only be used on structural components 

that do not contain carbon fibers.  Caution must also be exercised 

with panels that contain buried metallic doublers or bottom paints 

that have a high metallic content.   

Figure 10.  Shearography principal [Collrep, 2006] and 

portable shearography device [Newman, 2009] 
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NDE Case Studies 

This section provides some illustrative case studies of NDE 

techniques used to evaluate marine composites. 

 

Ultrasonic Inspection 

Ultrasonic inspection of marine laminates is often not 

appropriate unless there is prior knowledge of suspected 

damage.  That is because survey probes measure about one inch, 

which would make survey of an entire hull very time 

consuming.  Ultrasonic inspection also requires a good 

calibration block as a reference, so laminates that vary in 

thickness can be difficult to diagnose.  However, carbon fiber 

masts built with autoclave-cured prepregs are very high-value 

components that may warrant ultrasonic inspection.  They 

typically have uniform wall thickness (except in reinforcement 

areas), which facilitates instrument calibration.  Ultrasonic NDE 

inspection of masts is particularly appropriate after a lightening 

strike, as this case history will illustrate. 

 

A 70-foot racing sailboat was struck by lightening, as evidenced 

by charring noticed around the VHF antenna, at the chainplate 

grounding strap and in an area at the keel. An ultrasonic 

inspection was conducted on 100% of the mast except where 

fittings or attachments precluded placement of the transducer on 

the composite tube. An ultrasonic flaw detector in conjunction 

with a 0.5 MHz, 1-inch diameter probe was utilized to 

accomplish the inspection.  A secondary probe (2.25 MHz. ½ 

inch diameter zero interface probe) was also utilized to inspect 

the masthead spinnaker halyard sheave box.  Velocity 

calibration was accomplished on a free edge at the base of the 

mast where there was an inspection/access port the measure 

thickness.   

 

Two areas were determined to contain delaminations.  The first 

area was located at the attachment point of the second spreader 

bar on the starboard side.  It was determined that delamination 

occurred between the mast and the internal sleeve directly below 

the external reinforcement, as shown in Figure 11. [Bandos, 

2002] 

 

Infrared Thermography 

Infrared thermography is often used to inspect composite vessels 

for moisture ingress, delamination, disbonding, fractures and 

other defects from vessel construction or in-service damage.  As 

the cost of infrared cameras has come down, a number of marine 

surveyors across the country have adopted this NDE tool.  

Racing boats that use lightweight, sandwich construction are 

good candidates for IR inspection to determine the extent of 

moisture ingress, which can compromise structural integrity or 

at a minimum, reduce the competitiveness of the hull because of 

weight gain. 

 

Thermography can also be used as part of a Quality Control 

program to quickly and effectively locate and document voids in 

composite laminates.  In this example, the surface temperature 

of the hull was artificially raised in discrete sections with a 

gentle stream of warm air (approximately 45°C) supplied by an 

electric hot air heat gun, while the surface was simultaneously 

scanned with an infrared camera that is capable of capturing 

radiometric images either as single images or in burst recording 

mode. As each section of the hull surface was “painted” with a 

gentle, rhythmic sweeping motion of warm air, the “real time” 

differences in the surface temperature of the laminate was 

visually observed on the infrared camera’s LCD screen. Areas 

where voids were present in the FRP laminate warmed quickly 

while the homogeneous and “void free” laminate surrounding 

the void remained cooler due to its ability to act as a more 

effective heat sink. [Allinson, 2007]  Figure 12 shows the 

thermographic image flaw found in a newly constructed yacht.  

In this case, the void had less conductivity than the surrounding 

laminate and therefore cooled at a slower rate. 

 

Figure 11.  The top reinforcement layer in this area is 

delaminated (left), which precluded NDE of the underlying 

laminate. The second UT scan (right) showed full 

penetration through the reinforcement and primary mast 

with no detected anomalies. [Bandos, 2002] 

Figure 12. Thermographic image of void in gel coat confirmed 

by percussion sounding followed by grinding it out for repair 

[Allinson, 2007] 
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Laser Shearography 

Laser Technology, Inc. claims that it has performed laser 

shearography inspection surveys on 70 boats under 250 feet and 

12 boats over 250 feet.  Shearography NDE during construction 

serves to validate or correct process control, reduces risk of loss 

and lowers builder’s liability and warranty costs.  Shearography 

has also been used to determine the extent of damage after an 

accident.  

 

Where possible a vacuum hood is used to induce stress into the 

test surface, as shown in Figure 13. This is because the hood 

anchors firmly to the test surface and prevents de-correlation of 

the image caused by any movement of the test subject relative to 

the inspection head. A free-standing camera and stressing by 

heat is used on the smaller hulls and where the highly curved 

geometry limits the use of a vacuum hood. 

 

The builder of the RNLI Severn class lifeboat, Green Marine, 

has found that it is cost effective to find and repair faults 

immediately after joining of the hull sides before internal 

bulkheads and equipment are fitted.  They surveyed hulls using 

laser shearography over a four-year period and were able to 

correlate incidences with a high number of defects to leaks in 

the mold or a vacuum system failure. 

 

Evaluation of NDE Techniques 

The goal of the Ship Structure Committee sponsored project was 

to conduct an assessment of current Non-Destructive Evaluation 

(NDE) methods for large, marine composite structures. The 

assessment surveyed the military, commercial and recreational 

maritime industries.  Informational sources included marine 

surveyors, NDE equipment manufacturers, shipbuilders, 

platform owners and academia.  An operational overview of 

NDE techniques was developed. 

 

The defect characterization exercise highlighted marine 

composite damage that is not always visible with the naked eye 

and can thus be best detected with advanced NDE methods.  

Test panels were built or damaged to represent delaminations, 

voids, water ingress, core shear and impact damage. The test 

panel size was standardized to 24 by 24 inches in order to 

embed a number of defects in a single panel and still maintain 

easy transportability.  To evaluate a range of marine composite 

construction, we built a “low-tech” sandwich laminate with E-

glass and foam core and a “high tech” panel with carbon fiber 

and balsa core.  Dr. Paul Miller of the US Naval Academy also 

provided solid E-glass laminates to use in our research.  A 1 by 

1 inch reference grid was placed on the inspection side of each 

panel.  These panels were then evaluated using the most 

promising marine composite NDE methods, which were laser 

shearography, infrared thermography, ultrasonic testing and 

digital tap hammer sounding. 

 

Typical limits on flaw detection in marine composites and the 

most appropriate NDE method are presented here. 

 

Air bubbles 
Air bubbles are not easily detected by any of the NDE methods 

evaluated, unless the bubbles are ¼ inch in diameter or greater.  

Thermography may be effective if bubbles are near the surface.  

Air bubbles directly at the surface are best detected using visual 

inspection methods. 

 

Blisters 
By definition, blisters are a surface phenomenon, which can best 

be detected with visual inspection.  However, infrared 

thermography may be effective for determining the extent of 

blister damage in situations where incomplete repairs and 

coatings hide the underlying defects.  Again, expect ¼ inch to be 

the smallest sub-surface blister that can be detected, while 

smaller defects on the surface can be identified with visual 

inspection. 

 

Bond Failure 
Laser shearography is the best NDE technique for detecting  

bonded joint failure, especially with kissing bonds that have 

very little void space.  The minimum practical size that can be 

detected is about one square inch.  If the failure area is larger 

and there is a sufficient distance between the bonded plies, all of 

the NDE methods considered should be able to detect the defect. 

 

Core crushing 
Core crushing is usually accompanied by surface damage that is 

detectable with visual inspection.  If the surface shows no sign 

of indentation (i.e. has recovered) then some skin-to-core 

debond will be associated with core crushing and laser 

shearography will be the most effective NDE tool that should 

detect crushing of 1/8 inch or more. 

 

Core shear failure 
Core shear failure was easily detected by laser shearography, 

especially with PVC core.  Shear failures down to ½ inch in 

length were detected. 

 

Delaminations 
Delaminations down to 1/8 inch in length are easily detected 

with laser shearography if the defect is near the surface of a thin 

laminate.  Ultrasonic testing is also useful if the general area of 

suspected damage is known first. 

 

Figure 13.  Vacuum hood used to test flat panel portions of 

RNLI lifeboat hulls [Newman, 2006]  
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Fiber failure 
Unless fiber failure is accompanied by surface damage, laser 

shearography would be the only NDE method suitable for 

detecting damage down to about ¼ inch.   

 

Kissing bonds 
Laser shearography can detect kissing bonds, perhaps as small 

as ¼ inch diameter provided they are near the surface of the 

laminate.  The resolution of the system diminishes by the depth 

of the defect to the second power.  All other NDE methods 

surveyed have trouble detecting this type of failure. 

 

Local impact damage 
Laser shearography and infrared thermography both worked 

well to detect impact damage down to about one inch in 

diameter, with the former a bit more sensitive to damage from 

lower impact energies. 

 

Matrix cracking 
Laser shearography will offer the highest resolution for 

detecting matrix cracking, as this is the only NDE method 

evaluated that stresses the part.  Surface cracks are still best 

detected with visual inspection.  Cracks down to 1/8 inch should 

be detectable with laser shearography and larger cracks can be 

detected with infrared thermography. 

 

Moisture ingress 
Infrared thermography is the most effective NDE technique for 

detecting moisture in laminates.  It is especially useful for water 

that has migrated into scored core material.  Detection threshold 

is about one cell length (one inch) by the width of the kerf cut 

(1/8 inch).  Tests on honeycomb material have detected moisture 

on a single 3/8-inch cell.  Of course, moisture meters are also 

effective. 

 

Ply waviness 
None of the NDE techniques evaluated is suitable for detecting 

ply waviness except in extreme cases where the structural 

response of the part was degraded.  In this case, laser 

shearography would detect anomalies when the part was 

stressed. 

 

Resin rich areas 
Infrared thermography would be effective for detecting resin 

rich areas and was used by the author with early thermography 

equipment to monitor exotherm during construction, where resin 

rich areas were quite noticeable.  Expect detection threshold to 

be around two inches in diameter. 

 

Resin starved areas 
Laser shearography and infrared thermography would both be 

effective NDE techniques for detecting resin-starved areas 

where structural adequacy is compromised. Expect detection 

threshold to be around two inches in diameter. 

 

 

Skin-to-core disbond 
All of the NDE techniques evaluated were able to detect large 

skin-to-core disbonds.  Laser shearography worked well with 

thinner skin laminates and one could expect detectable defects 

down to ½ inch diameter.  Thermography would be preferred for 

sandwich laminates with thicker skins, although resolution may 

only be to one-inch diameter. 

 

Thermal damage (including lightning) 
Thermal damage from lightning is often difficult to detect if the 

path of the strike is not visually apparent on the surface of the 

laminate.  Ultrasonic inspection has been useful to survey 

carbon fiber masts that have relatively uniform skin thicknesses 

and can be 100% inspected with a one-inch probe in a 

reasonable period of time.  Defects as small as ¼ inch should be 

detectable provided they are not too far beneath the surface. 

 

Voids 
Voids are detectable using any of the NDE techniques surveyed 

in this report.  However, laser shearography will detect the 

smallest voids (down to ¼ inch, if they are near the surface) and 

ultrasonic inspection will require that the surrounding laminate 

be uniform. 

 

 

Conclusions 

By far and away, the best NDE tool for marine composites is 

still the human eye.  Coupled with an experienced surveyor who 

understands how composite structures resist loads in a marine 

environment, damage is most often first detected through visual 

inspection.  However, visual inspection cannot reveal the extent 

of damage with certainty.  Defects or damage can exist deep 

within layers of a laminate, which may not be detected by 

looking at the surface.  Sandwich laminates have additional 

failure modes, such as core failures and bondline deficiencies, 

that require advanced NDE methods. 

 

The initial assessment of NDE technologies revealed laser 

shearography, thermography, ultrasonic testing and digital tap 

hammers to be the most promising for marine composites 

inspection. 

 

Laser shearography proved to be the most effective NDE 

technique for discovering the widest variety and smallest 

defects, perhaps because this is the only NDE method evaluated 

that stresses the part during inspection.  It is also the most 

recently developed technology, and thus the most expensive.  

Defects very deep in solid laminates were more difficult to 

detect. 

 

Thermography worked very well to detect water ingress and 

irregularities in sandwich construction, especially with cores 

that have kerfs.  Voids, even ¾ of an inch deep in solid 

laminates were readily detected.  “Kissing bonds” were not 

readily identified and internal impact damage was hard to 

distinguish.  
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Ultrasonic inspection worked well to document the location and 

depth of delaminations but small survey probes limit the 

effectiveness to instances where damage sites are known or 

suspected.  It is also critical to know the thickness of the “skin” 

being measured to recognize good back wall return signals. 

 

The digital tap hammer proved to be effective only for larger 

delamination sites.  However, it was more accurate than 

traditional percussion sounding methods that rely on the 

subjectivity of the operator. 

 

Using marine composites to build lighter ships is an attractive 

approach to minimize fuel consumption and reduce life-cycle 

costs.  This field represents a tremendous opportunity for U.S. 

manufacturing.  To fully optimize composite construction we 

need to be able to inspect composite ships while the vessel is in 

service in order to avoid failures or “overbuilt” designs.  Ideally, 

vessels would be fully characterized using appropriate NDE 

methods immediately after construction and then inspected on a 

regular basis.  One exciting concept for proposed research 

would combine an automated tracking system with NDE 

equipment so data could be immediately mapped on a 3-D 

model of the vessel for trending analysis. 

 

Advanced integrated circuit development and digital signal 

processing have made IR cameras and ultrasonic testers smaller 

and more affordable for a wide variety of applications.  

Development of a low-cost, lightweight laser shearography 

system would make this technology affordable for a wider range 

of structures. 
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Appendix A.  Summary of Results from SSC Test Panel NDE 

 
 

 

Defect 

Laser 

Shearography 

Ultrasonic 

Inspection 

Infrared 

Thermography 

Digital Tap 

Hammer 
D

el
a
m

in
a
ti

o
n

 Min. Size 

Detected 
2 inches 2 inches 3 inches 3 inches 

Max. Depth 

Detected 
1- 2 plies 1 ply 2 – 3 plies 2 – 3 plies 

Overall 

Effectiveness 

good esp. for 

kissing bonds 

can’t detect 

kissing bonds 

can’t detect 

kissing bonds 

can’t detect 

kissing bonds 

W
a
te

r 
In

g
re

ss
 

Min. Size 

Detected 
2 inches 4 inches 2 inches 4 inches 

Max. Depth 

Detected 

skin/core 

interface 

skin/core 

interface 

skin/core 

interface 

skin/core 

interface 

Overall 

Effectiveness 

 

good 

use higher 

frequency 

transducer 

 

very good 

 

fair 

Im
p

a
ct

 D
a
m

a
g
e
 Min. Size 

Detected 
1 inch 2 inches 1 inch 3 inches 

Max. Depth 

Detected 

skin/core 

interface 
1- 2 plies 

skin/core 

interface 

skin/core 

interface 

Overall 

Effectiveness 

 

very good 

 

good 

 

good 

only edge 

delaminations 

found 

V
o
id

 

Min. Size 

Detected 
2 inches 2 inches 1 inch 

 

defect not 

detected Max. Depth 

Detected 
¼ inch ½ inch ¾ inch 

Overall 

Effectiveness 

fair with thick 

laminates 

good for 

uniform 

laminates 

 

very good 

 

not effective 

System limitations: Requires good 

reflective surface – 

not good with matt 

finish black parts 

or clear gel coat; 

not good with thick 

or highly curved 

parts 

Requires good 

calibration 

sample and 

uniform 

laminate; small 

probe area 

Known good 

laminate required 

for baseline data; 

defect must 

produce a thermal 

gradient 

Only effective 

with larger 

defects 

Equipment cost:    $100,000  $40,000  $10,000  $1,500 
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Appendix B.   NDE Technique Effectiveness

 


