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2.0  
SIMULATION FOR 
ADHESIVES SELECTION

At Huntsman, all of our adhesives are 
tested in our ISO-accredited labs to 
ensure they deliver the desired properties 
and answer the specific needs of our 
customers. 

By carrying out a wide range of thermo-
mechanical characterization, we are also 
able to provide engineers with the required 
data for accurate numerical simulation of 
adhesive bonding. 
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2.1 INTRODUCTION

BEYOND THE LAB:  
APPLICATION OF BONDING  
AND SIMULATION DATA 
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A COMMITMENT TO GLOBAL QUALITY 

STANDARDS 

Determining the specific needs of an application to 

enable selection of an appropriate adhesive requires 

strict adherence to international testing standards. Our 

accredited testing facilities and technical experts can 

measure and interpret detailed test data, providing 

customers with tailored guidance according to the 

desired performance and specification requirements.

THE VALUE OF PHYSICAL AND MECHANICAL 

SIMULATION DATA  

In-depth application knowledge through testing enables 

a greater understanding of the behavioral properties of 

adhesives and how they are likely to perform in real-

world conditions. Putting our adhesives through a wide 

range of tests and lab simulations provides a wealth of 

data that can be used in many applications. 

In-depth application knowledge 
through testing enables 
a greater understanding 
of the behavioral properties 
of adhesives.

Understanding bond performance through mechanical 

and physical testing as well as numerical simulation 

provides our technical experts with fast and accurate 

process and performance data. Applying this knowledge 

in development and manufacturing offers invaluable 

insight to select the correct product for an application 

and achieving optimum bond performance.

ADHESIVE INNOVATION THROUGH CONTINOUS 
EXPLORATION

At Huntsman, we pride ourselves on our ability to 

explore what is possible beyond our business today. 

Our curiosity and commitment to delivering unrivaled 

quality standards and exceptional product performance 

drive our passion to advance the application of available 

chemistries.  With state-of-the-art testing facilities 

and greater access to complex data, our testing and 

simulation capabilities remain an important differentiator 

in designing and delivering adhesives that will address 

the current and future challenges of our customers.

   Discover our Material Models
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  Watch the video

ISO  

527-7
Tensile properties are determined  
by applying the ISO 527-7 test standard.

2.2 TENSILE PROPERTIES

ASSESS  
A MATERIAL'S  
STRENGTH  
AND RIGIDITY

Testing and simulation  
of tensile properties

Behavioral properties of adhesives exposed to variable 

stresses and their ability to withstand strain without 

breaking are vital when determining the most suitable 

adhesive for an application.

Tensile testing is designed to asses the strength of a 

material under load, as well as the strain (elongation) 

that occurs in the material as it is loaded.

The results obtained from tensile testing provide 

information on the strength, stiffness and deformation at 

rupture of a material under a longitudinal stress.

Assess the resistance of  
a material under tensile testing 
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TESTING PROCEDURE

At Huntsman the tensile properties of an adhesive 

are principally determined using the ISO 527-2 test 

standard. The test is conducted by placing cast or 

machined adhesive specimens in the grips of a universal 

testing machine and applying increasing load at a 

constant rate until specimen failure.

A relatively slow rate is used to determine the overall 

material stiffness, known as Young’s modulus, followed 

by a more rapid rate to obtain ultimate tensile strength 

(UTS) and fracture elongation. An extensometer is used 

to determine elongation and tensile modulus.

TEST PARAMETERS

Specimens are either molded to the chosen dimensions 

or machined from cured products, such as moldings or 

cast sheets.

The test specimens are so-called dog-bone geometries: 

either Type 1B (4 mm thick) or Type 5A (2 mm thick). 

Selection depends on the specimen preparation 

method and flexibility of the material. A minimum of five 

specimens are tested for each required orientation.

The speed of testing of the specimens will influence  

the results.  

For ISO 527-2, recommended test speeds are: 

•  5 mm/min for elongation < 100%  

•  20 mm/min for elongation > 100%

DATA PROVIDED

Measuring tensile properties provides the following 

parameters:

•   Tensile strength - the amount of force that 

can be applied to a specimen before stretches 

irreversibly or breaks (in MPa).

•   Tensile (Young's) modulus - the amount that a 

specimen stretches in response to an applied 

stress (in MPa). 

Young’s modulus is a measurement of the 

material’s stiffness.

•   Elongation - the increase in specimen 

length at the point of yield or failure divided by 

the original length (in %). 

Greater elongation indicates a more flexible 

material.

Tips for modeling and simulation

The following points should be 
considered when using tensile test 
results in numerical modeling

•  The model should take into account the temperature 

dependence of both elastic and plastic parameters.

•  For simulation of elasto-plastic behavior the entire 

stress-strain curve at the given temperature should 

be employed. When modeling, note that the total 

elongation at break in tensile test reports includes both 

elastic and plastic components.

•  For calculation of stress-based failure criteria, the 

tensile strength parameter should be extracted from 

the tensile test at the corresponding temperature. 

•  Potential strain rate effects on the loading response 

should be considered in the stress analysis.
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ISO  

527-2
Poisson’s ratio is determined  
by applying the ISO 527-2 test standard.

2.3 POISSON'S RATIO

MEASURE 
DIMENSIONAL 
CHANGE  
UNDER LOAD

Testing and simulation  
of Poisson's ratio

When an adhesive specimen is stretched in a 

longitudinal direction, it tends to get thinner laterally. 

The measurement of the relationship between how 

far a material is stretched and how thin it gets during 

stretching is an invaluable metric that helps product 

development teams.

The Poisson’s ratio is primarily used by engineers to 

identify exactly how much material can be stretched or 

compressed before it fails. This is commonly used in 

designing new structures because it allows engineers to 

consider the expected dimensional changes of a given 

material when under load.

The Poisson’s ratio measures  
the degree of change in length and 
width of a material as it is stretched in  
a longitudinal direction.
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TESTING PROCEDURE

Poisson’s ratio measurements are made according to 

the ISO 527-2 tensile test method. The tensile test is 

performed by placing adhesive specimens in a universal 

testing machine loading until failure, or until irreversible 

strain occurs (plastic deformation). For practical 

purposes, strain is defined as deformation of a solid due 

to an applied stress.

A test speed between 5 and 10 mm/min is applied for 

determining the Poisson’s ratio value using a special bi-

axial extensometer.

TEST PARAMETERS

Specimens are either molded to the chosen dimensions 

or machined from cured products, such as moldings or 

cast sheets.

The test specimens are so-called dog-bone geometries: 

either Type 1B (4 mm thick) or Type 5A (2 mm thick). 

Selection depends on the specimen preparation 

method and flexibility of the material. A minimum of five 

specimens are tested for each of the required direction. 

DATA PROVIDED

The Poisson’s ratio is a measurement of transverse 

strain divided by axial strain, expressed as: 

ѵ = - εt / εl

where ѵ is the Poisson’s ratio, εt is the transverse 

strain and εl is the longitudinal or axial strain.

It is defined as the negative ratio of the relative 

contraction strain (transverse, lateral or radial strain) 

normal to the applied load - to the relative extension 

strain (or axial strain) in the direction of the applied load 

(dimensionless ratio).

A high Poisson’s ratio means that the material exhibits 

large elastic deformation, even when exposed to low 

strain, while a material with a low Poisson’s ratio  

shows little deformation regardless of the magnitude  

of applied strain.

Tips for modeling and simulation

When the simulated loading case 
involves a temperature variation 
below and above the glass transition 
temperature of the material, the 
model should be calibrated with 
the Poisson's ratio as a function of 
temperature.

•  Poisson's ratio is almost constant in the glassy state 

and gradually increases to a plateau in the rubbery 

state. The theoretical asymptotic limit for an 

unfilled thermoset in the rubbery state is 0.5.

•  Smoothstep functions (sigmoid-like interpolation) are 

typically recommended to model the transition zone 

between the values in the glassy and rubbery states. 

•  The transition zone is defined as the temperature 

range between Tg onset and Peak tan delta when 

characterized using a DMA measurement.
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  Watch the video

2.4 FRACTURE TOUGHNESS

ASSESS  
RESISTANCE 
TO CRACKS 
AND FLAWS

Testing and simulation  
of fracture toughness

Adhesives in bonded parts are commonly exposed to 

various degrees of direct and indirect strain. The ability 

of adhesives to withstand these strains is key to reliable 

and durable bonding.

The fracture toughness test is a measure of how well a 

material will resist loads if cracks or flaws form, e.g. from 

fatigue cycling. 

Resistance to crack initiation is expressed as the 

critical-stress-intensity factor (K1C ). Additionally the test 

measures the energy needed to propagate a crack, 

expressed as the critical strain energy release rate (G1C ).

The two values give a good indication of how tough 

or damage tolerant the material is - with higher values 

indicating higher toughness.

Measurements determine the overall 
resistance of a material to a load when 
a fatigue pre-crack is present; the load 
causes crack extension and crack 
growth.

ISO  

13586 
ASTM  

D5045
Our internal testing method is based on 
ISO 13586 and ASTM D5045 standards.

Assess resistance to a fatigue
pre-crack with the Fracture
Toughness test
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TESTING PROCEDURE

Testing according to ISO 13586 and ASTM D5045 may 

be sufficient to give an indication of a material's fracture 

resistance. However, Huntsman employs an extended 

method which maps crack propagation during testing. 

This offers greater insight into material behavior.

Our internal test method is based on the ASTM D5045 

and ISO 13586 standards. The fracture toughness 

test is performed by placing specially pre-cracked test 

specimens in a universal testing machine and loading 

until failure, generally at 1 mm/min.

In addition to the standard method, optical crack 

tracing (OCT) is conducted using a camera to monitor 

crack length via digital image analysis. This information 

is combined with the classical stress data to give a 

complete resitance curve (R-curve).

The OCT method was developed by Fraunhofer IAP, 

PYCO Research Institution and LaVision GmbH.

TEST PARAMETERS

The fracture toughness test employs compact tensile 

(CT) specimens, which are milled with a CNC-milling 

machine according to the ISO 13586 standard. 

A special pre-crack is then generated using a fine blade 

prior to testing.

At least three specimens are tested; specimen sizes are 

35 mm x 35 mm x 4-6 mm (width x length x thickness). 

DATA PROVIDED

Conventional tests methods provide only single values 

for the critical stress intensity factor (K1C ) and critical 

strain energy release rate (G1C ). 

Our internal method means that full curves can 

be plotted for K1 and G1 values over the course 

of the test (R-curve).

A complete R-curve is considered a more robust 

way to determine crack propagation, offering 

a reliable insight into the material behavior.

Tips for modeling and simulation

In this type of simulation, cohesive
crack growth is modeled by
implementing the so-called traction-
separation relation, which is defined
by relating the traction (stress)
in the adhesive to the separation
(displacement) of the adhesive joint
in the area where a crack initiates 
and grows.

•  In cohesive damage models, crack initiation is related 

to the cohesive strength. The area under the traction-

separation curve represents the critical energy release 

rate as new crack surfaces form. The results of OCT 

test can be used to calibrate the energy dissipation 

parameters, including the R-curve effects in the CZM 

simulation. 

•  For application of OCT test results in cohesive zone 

modeling (CZM), the potential influence of parameters 

such as temperature, load rate and loading mode 

(opening / shearing of crack faces in the adhesive 

layer) should be considered.
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2.5 COEFFICIENT OF THERMAL EXPANSION

PREVENT 
FAILURE FROM 
THERMAL 
STRESSES

Testing and simulation  
of thermal expansion

Most materials expand with increasing temperature, 

leading to changes in dimensions. When two materials 

with different thermal expansion behavior are in contact, 

such as an adhesive and adherend, warping or internal 

stress can occur, even leading to joint failure.

Coefficient of Linear Thermal Expansion (CLTE) testing 

is designed to measure the rate at which a material 

expands or contracts over a temperature range. CLTE is 

commonly used for design purposes and can determine 

if failure by thermal stress is likely to occur. 

This is of particular interest to application areas such 

as the automotive and aerospace sectors where the 

thermal environment experiences constant change. 

Understanding the relative 
expansion / contraction characteristics 
of two materials in contact is critical to 
understand potential failures.

ISO 

11359-2
Thermal expansion is determined  
by applying the ISO 11359-2 test 
standard.
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TESTING PROCEDURE

At Huntsman, thermal expansion properties are 

measured using the ISO 11359-2 test standard. 

The test is performed by placing the material into a 

holder with one end in contact with a push-rod.

The sample and holder are enclosed within a precision 

temperature chamber and the sample subjected to a 

program of heating, cooling or isothermal conditions. 

Linear dimensional change: expansion or contraction 

of the sample, is measured using a very accurate 

displacement sensor.

Measuring thermal expansion in this way provides the 

Coefficient of Linear Thermal Expansion (CLTE) over 

a range of temperatures and can give insight to key 

material changes such as glass transition.

TEST PARAMETERS

The standard sample is a milled rectangular specimen 

with dimensions of 50 mm x 4 mm x 4 mm (Length x 

Width x Thickness).

The ends of test specimens must be precisely milled 

to ensure that they are parallel. A minimum of two test 

specimens are required for testing from each sample. 

DATA PROVIDED

The Coefficient of Linear Thermal Expansion is 

the fractional linear change per degree change in 

temperature. It describes how the size of an object 

changes with a change in temperature. Lower 

coefficients describe lower propensity for change  

in size. 

CLTE is calculated using the following equation:

CLTE = (L1 - L0) / (L0*ΔT)

where L0 is the initial length of the sample at room 

temperature, L1 is the length of the sample at 

temperature T and T is in kelvin.

Tips for modeling and simulation

Coefficient of Linear Thermal 
Expansion (CLTE) is an essential data 
input for simulation of thermal cycle 
as well as residual stress effects. 

•  Such a simulation inherently involves a coupled 

analysis of heat transfer together with solid mechanics 

and requires definition of a reference temperature 

(stress free state) where the structure is at the 

equilibrium. 

•  The CLTE data can be imported in a finite element 

software by assigning the different CLTE values below 

and above the glass transition temperature (secant 

method) or alternatively by introducing the pointwise 

CLTE values as a function of temperature in tabular 

manner (tangent method).
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2.6 GLASS TRANSITION TEMPERATURE

PREDICT THERMAL  
PROPERTIES  
OF AN ADHESIVE  
MATERIAL

Testing and simulation of glass 
transition temperature

Glass transition temperature (Tg) is often measured in 

terms of material stiffness, or modulus, and may also be 

referred to as the primary relaxation.

The glass transition temperature of a thermoset polymer 

material may vary widely, depending on factors such as 

state of cure, thermal history and moisture content.

Testing the Tg of an adhesive material helps ensure 

that is is suitable for a given application and that it 

is correctly cured. Some adhesives are designed to 

operate below their glass transition temperature, i.e. in 

a rigid state, while others are used above their Tg, in an 

elastomeric or rubbery state. 

Glass transition temperature (Tg) is
a measurement of the temperature
range where a material changes from a 
hard glassy state to a soft flexible state.

ISO 

6721-7
Glass transition temperature
is measured with DMA
using the ISO 6721-7 standard.
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TESTING PROCEDURE

The glass transition temperature is measured with 

various techniques, but Dynamic Mechanical Analysis 

(DMA), e.g. by the ISO 6721-7 method, is a sensitive 

and reliable technique.

A specimen of known geometry is subjected to torsional 

oscillation with a constant frequency (usually 1 Hz) whilst 

being heated at a constant rate. The instrument applies 

a constant stress and the resulting strain is recorded.

A DMA graph shows the variation in response of the 

adhesive with changing temperature. The storage 

modulus (G') and loss modulus (G") are indicated.

The Tg values commonly reported from DMA 

measurement are:

•   Tg onset - from the inflection of the storage modulus 

curve

•  Tg - from the peak of the tan-delta (tanδ) curve

TEST PARAMETERS

Test specimens are in the form of rectangular bars or 

cylindrical rods. The width and thickness of the bars 

and the diameter of the rods must not vary along the 

specimen length by more than 2% of a mean value. 

At Huntsman, standard test specimens are milled 

rectangular bars measuring 50 mm x 10 mm x 2 mm. 

DATA PROVIDED

As polymers are heated, molecules begin to move in 

the material, leading to a number of transition points. 

Below the Tg, the amorphous polymer has a lower heat 

capacity as molecules are relatively static. Above the Tg, 

the rubbery, flexible polymer has a higher heat capacity 

as molecules become mobile.

DMA is effective in separating and measuring the elastic 

and viscous components of a polymer material's behavior:

•   Storage modulus G’ - shows the elastic behavior 

of the material (in Pa)

•   Loss modulus G” - shows the viscous behavior 

of the polymer (in Pa)

•   Loss factor - tanδ is the ratio between the loss 

and storage moduli (dimensionless number).

Tips for modeling and simulation

DMA measurement is a robust 
method to capture the continuous 
temperature dependence of a 
material's elastic behavior for 
finite element simulations, serving 
as a shape function for elastic 
components over temperature. 

•  The measurements of dynamic shear modulus 

by DMA can be linked to the elastic modulus and 

Poisson's ratio as follows: G = E / 2(1+ѵ)
•  Note that the measured Tg values depend on the 

timescale of the deformation. While DMA is typically 

performed at 1 Hz, Tg values at higher frequencies 

could shift to higher temperatures. 

•  Investigation of such sensitivity can be performed by 

performing frequency sweep experiments by DMA and 

application of WLF type analysis.
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  Watch the video

2.7 LAP SHEAR STRENGTH

EVALUATE  
PERFORMANCE  
& DURABILITY

Testing and simulation  
of lap shear strength

Shear force remains one of the most common stresses 

that a bonded joint can face during service, especially in 

structural bonding applications. Long-term performance 

is a critical characteristic of any adhesive and measuring 

shear strength is a favored method for many industries 

to monitor this.

Lap shear strength is influenced by adhesive strength, 

but also by surface preparation of the joint and 

environmental conditions. Lap shear testing may be 

used to give an indication of:

•   Strength of an adhesive

•   Surface preparation of the bond area

•   Influence of bonding conditions such as 

cleaning, humidity and cure temperature

•   External factors such as chemical contamination 

or incorrect storage of the adhesive

Understanding the amount of shear
force that can be exerted on a lap joint
before failure occurs is an important
parameter for product selection and 
qualification.

ISO  

4587
Lap shear strength is measured  
according to the ISO 4587 test standard.

Predict durability of bonded 
joints with the Lap Shear test
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TESTING PROCEDURE

Huntsman testing adheres to the ISO 4587 standard. 

This international standard requires that the lap shear 

test is performed by stressing a single-overlap

joint between two rigid adherends in shear mode by the 

application of a tensile force parallel to the bond line.

The specimen is installed symmetrically in the grips of a 

tensile testing machine. A shim may be used in the grips 

to ensure that the applied force is perfectly aligned with 

the adhesive bond.

Specimens are subjected to a tensile stress and the 

applied force versus axial displacement is measured. 

The machine operates at a constant test speed, which 

ensures that the bonded joint fails in a defined period. 

The resulting (lap shear) strength is then determined.

TEST PARAMETERS

For testing of structural adhesives, Huntsman commonly 

employs sandblasted aluminum 5754 substrates 

(adherends). Two 25 mm x 100 mm substrates are 

bonded together with a 12.5 mm adhesive overlap.

The ISO 4587 standard recommends that at least 

5 bonded specimens are tested.

DATA PROVIDED

Tested substrates are examined to determine if failure 

was adhesive, whereby the adhesive material separates 

from the adherend, or cohesive, where the adhesive 

ruptures within itself. In some cases, both failure modes 

are present and the area of each mode is estimated. 

Test data is reported as:

•  Load at failure (in N)

•  Shear strength at failure (in MPa)

•  Type of failure (cohesive or adhesive)

•   Percentage of failure mode (cohesive vs 

adhesive)

Tips for modeling and simulation

Lap shear test results can serve 
as input for structural joint analysis 
in different manners depending 
on the type of failure.  

•  In case of cohesive failure, representing the cohesive 

shear strength parameter and in case of adhesive 

failure, serving as an input parameter for failure 

criterion of the interface.
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2.8 T-PEEL STRENGTH

MEASURE 
ADHESIVE 
BONDING 
STRENGTH

Testing and simulation  
of T-peel strength

Understanding how much force is required to 

progressively separate two bonded, flexible adherends 

provides engineers with a direct measure of the adhesive 

bond strength in a bonded joint.

Quantifying the peel resistance of an adhesive provides 

insights for product and process optimization and may 

form part of a product qualification or specification.

The T-peel strength test determines precisely the degree 

of stress that must be applied in a peeling mode to 

initiate and maintain a specified rate of adhesive failure.

ISO  

11339
T-peel is determined by applying 
the ISO 11339 test standard.
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TESTING PROCEDURE

The test method determines relative peel resistance of 

adhesive bonds between flexible substrates by means 

of a T-type specimen. The term T-peel refers to shape 

formed when the ends of the two flexible substrates are 

placed into the testing machine grips prior to testing.

When measuring the average force required to separate 

two bonded materials, strength is calculated at a 

constant speed and rate. This is then divided by the 

average force required during the test per unit width of 

the bonded samples. 

When carrying out the T-peel test on a bonded flexible-

to-flexible substrate assembly, force is applied to the 

unbonded ends of substrates. The angle between 

the bond line and the direction of applied force is not 

fixed. Each unbonded end of the T-shaped specimen 

is clamped in the grips of the test machine, taking care 

that care that it is correctly aligned to distribute force 

evenly across the width of the bondline.

Adherends are separated at a steady rate so that 

separation occurs progressively along the bond line. 

For aluminum adherends, the test standard stipulates 

a separation rate of 100 mm/min. The force applied is 

recorded versus the distance of separation. The test is 

continued until at least 150 mm of the adhesive bond 

line is separated.

TEST PARAMETERS

Specimens are prepared either individually or cut 

from bonded panels. Test specimens consist of two 

flexible sandblasted aluminum adherends, prepared 

and bonded together. The preferred width is 25 mm 

according to ISO 11339 standard. 

A minimum of 5 specimens is recommended.

DATA PROVIDED

The T-peel strength provides the average peel force, as 

well as maximum and minimum peeling forces during 

testing of an adhesive assembly.

Tips for modeling and simulation

While T-peel test results do not 
typically serve as a direct input for 
finite element simulation of adhesive 
joints, this test can indirectly 
serve simulations like cohesive 
zone modeling (CZM), either as a 
measure for model validation or as 
an experimental target value for an 
inverse calibration method.

An inverse calibration method 
involves parametric simulation of the 
experiment and iterating the CZM 
parameters until the simulated results 
match the measured data.
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2.9 CURED DENSITY

ASSESS 
THE EFFECT OF 
CURING

Testing and simulation  
of cured density

Density is the measure of a material's mass per unit 

volume. Cured density is measured on an adhesive after 

the hardening (curing) process.

Density measurements can be used to evaluate 

uniformity of material quality or to indicate issues such as 

the presence of voids in bonded parts.

Characterizing density of an adhesive after the curing 

process offers key information which may be used in 

further evaluations, such as volumetric shrinkage.

Product engineers must consider 
adhesive density in overall part design.
Cured density is also further used 
in shrinkage calculations for reactive 
adhesives.

ISO  

1183-3
Cured density is determined  
by applying the ISO 1183-3 
test standard.
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TESTING PROCEDURE

Huntsman follows the ISO 1183-3 test standard for 

density measurement of solids. This method employs a 

gas pycnometer instrument for determination of density 

by measuring the change of gas pressure within the 

instrument upon introducing a specimen at a given 

temperature.

The precise volume of the specimen is calculated using 

the change of gas pressure within the pycnometer, and 

this together with the mass of the specimen enables 

the density to be calculated. This method of volume 

measurement removes the effect of any large voids or 

irregularities in the specimen.

TEST PARAMETERS

Test specimens are based on the ISO 1183-3 standard 

and may consist of powder, granules, pellets or flakes. 

Other materials may be cut to any shape convenient for 

the size of the pycnometer cell used.

Huntsman testing commonly employs a 4mm cubed 

specimen. It is important to avoid changes in density 

resulting from compressive stresses on the material 

during cutting or specimen preparation.

A minimum of two specimens are tested using this 

method and temperature is precisely controlled.

DATA PROVIDED

Density (g/cm3) is calculated using the following 

equation:

ρT = mapp/ V

where ρT is the mass per unit volume of a material 

at a given temperature T, mapp is the mass of a 

body obtained by measuring its weight using a 

balance and V is the volume of a body in three-

dimensional space without pores.
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2.10 VOLUMETRIC SHRINKAGE

PREDICT 
THE IMPACT 
OF VOLUME 
CONTRACTION

Testing and simulation  
of volumetric shrinkage

Optimization of the curing process is paramount for the 

strength of high quality adhesives. Reactive adhesives 

typically shrink (contract) during the curing process 

as chemical bonds are formed. The extent to which a 

reactive adhesive shrinks will depend on the chemical 

composition, the cure temperature and the cure speed.

Measurement of an adhesive's density before and after 

the curing process enables the volumetric shrinkage to 

be calculated.

This enables engineers to predict the change in bond 

line thickness for an adhesive with a given set of cure 

conditions, offering key information regarding internal 

stress and deformation (warping) in bonded parts.

Volumetric shrinkage testing is an
important characteristic that enables 
engineers to understand and prevent 
part deformation and internal stresses 
that can lead to cracks and long term 
failure of a bonded assembly.

ISO  

1183-3 
ISO  

3521
Our testing method is based on 
the ISO 1183-3 and ISO 3521 
standards.
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TESTING PROCEDURE

Huntsman's internal standard for determining volumetric 

shrinkage relies on accurate measurement of an 

adhesive's density before and after the curing process. 

•   Step 1 assesses the density of the uncured system in 

liquid or paste form

•   Step 2 assesses the density of the cured system after 

the curing process and conditioning

Huntsman follows the ISO 1183-3 test standard for 

density measurement of solids, but additionally applies 

the method to liquid and paste materials. This uses a 

gas pycnometer instrument for determination of density 

by measuring the change of gas pressure when a 

specimen is introduced.

The cure conditions of an adhesive will greatly influence 

the resulting shrinkage, so it is key that measurements 

of the cured density are carried after applying the cure 

schedule for the intended application or according to 

specific customer requirements.

TEST PARAMETERS

For the uncured state, the liquid adhesive components 

are conditioned at the measurement temperature 

before being mixed and measured immediately to avoid 

advancement of the curing reaction. For the cured state, 

a cured plate is prepared in a mold and 4mm cubes cut 

for testing. A minimum of two specimens are measured 

for each state.

DATA PROVIDED

The overall volume shrinkage is calculated as a 

percentage of the change in the density before and after 

curing. A positive value represents volume shrinkage 

while a negative value represents volume expansion.

Volume shrinkage is calculated using the following 

relationship:

Shrinkage % = (D2 - D1) x 100 / D1

where D1 is density when uncured and D2 is 

density after curing. 

Tips for modeling and simulation

Volumetric shrinkage is an essential 
data input for the simulation of 
process induced stresses and 
deformation.

Volumetric shrinkage due to adhesive 
contraction (shrinkage) during 
the curing process can lead to 
residual stresses and deformation in 
assembled parts.

Simulation of residual stresses 
involves concurrent cure kinetics, 
heat transfer and mechanical 
analysis. Robustness of such a 
model relies primarily on the accuracy 
of the input data describing the 
volumetric contraction and evolution 
of elastic modulus as a function of 
the degree of adhesive cure during 
the curing process.
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2.11 SHORE HARDNESS

MEASURE 
A MATERIAL'S 
HARDNESS

Testing and simulation  
of Shore hardness

Shore testing is an accurate way to measure the 

hardness of elastomeric and plastic materials like 

adhesives. 

The two Shore hardness scales commonly used when 

comparing adhesive materials and other plastics are 

Shore-A for very soft to soft (elastomeric) materials and 

Shore-D for semi-rigid and hard plastics.

Shore hardness is measured with an instrument that 

presses a specially shaped metal rod or cone into the 

material being tested. Higher numbers on the scale 

indicate a greater resistance to indentation and thus a 

harder material.

Shore hardness testing is a useful 
measure to quickly compare flexibility of 
different materials.

ISO  

868
Shore hardness is determined in 
accordance with the ISO 868 standard.
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TESTING PROCEDURE

Huntsman adheres to the Shore hardness test standard 

ISO 868. The measurement is achieved through use 

of a durometer; an instrument which presses a special 

hardened indenter directly into the cured adhesive with 

a set force and measures the depth indented.

The shape of the indenter, the force applied to it and the 

duration of its application influence the results and must 

all be kept constant for accurate measures.

The Shore hardness method measures the indentation 

resistance of adhesives based on the depth of 

penetration of a conical indenter.

Two types of durometer are commonly applied:

•   Shore durometer type A (for softer adhesives) 

are used when type D results are less than 20 

Press force: 12.5 ± 0.5 N 

Max. spring load: 8.065 N 

Indenter: diameter 0.79 ± 0.03 mm

•   Shore durometer type D (for harder adhesives) 

are used when type A results are greater than 90 

Press force: 50.0 ± 0.5 N 

Max. spring load: 44.500 N 

Indenter: radius 0.10 ± 0.01mm

TEST PARAMETERS

Huntsman testing requires test specimens based 

on cast plates of 50 mm x 50 mm x 6 mm of cured 

adhesive. A minimum of 5 specimens are tested.

DATA PROVIDED

Two types of Shore measurement results are used: 

instantaneous hardness is when there is no delay 

between applying the indentor and measurement, while 

delayed hardness employs a specified time between 

indentor application and the reading (the time delay 

must be stated, typically around 5-10 seconds).

The hardness of an adhesive is stated in units 

of the Shore scale being employed (Shore A 

or Shore D). Values are based on the penetration 

depth of the indenter, ranging from 

0 (full penetration) to 100 (no penetration).
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Huntsman Advanced Materials

At Huntsman Advanced Materials, we make things 

possible. Serving many of the world’s leading businesses 

across virtually every industry, we enable greater 

innovation, performance and sustainability to address 

global engineering challenges and contribute towards 

a better quality of life. 

Our capabilities in high-performance adhesives and 

composites, delivered by more than 1600 associates, 

support over 2000 global customers with innovative, 

tailor-made solutions and more than 1500 pioneering epoxy, 

acrylic, phenolic and polyurethane-based polymer products.

We operate synthesis, 
formulating and production 
facilities around the world
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For more information 
www.huntsman.com/advanced_materials 
advanced_materials@huntsman.com 

Europe, Middle East & Africa
Huntsman Advanced Materials (Switzerland) GmbH 
Klybeckstrasse 200 
P.O. Box 
4002 Basel 
Switzerland 
Tel: +41 61 299 1111 
Fax:  +41 61 299 1112 

Asia Pacific & India 
Huntsman Advanced Materials
(Guangdong) Co., Ltd,
Shanghai Branch Office
455 Wenjing Road, Minhang District
Shanghai 200245, P.R. China
Tel:  +86 21 3357 6588
Fax:  +86 21 3357 6547 

Americas 
Huntsman Advanced Materials Americas Inc. 
10003 Woodloch Forest Drive 
The Woodlands 
Texas 77380 
USA 
Tel: +1 888 564 9318 
Fax:  +1 281 719 4047

Legal information 
All trademarks mentioned are either property of or licensed to Huntsman 
Corporation or an affiliate thereof in one or more, but not all, countries.

Sales of the product described herein (“Product”) are subject to the 
general terms and conditions of sale of either Huntsman Advanced 
Materials LLC, or its appro priate affiliate including without limitation 
Huntsman Advanced Materials (Europe) BVBA, Huntsman Advanced 
Materials Americas Inc., or Huntsman Advanced Materials (Hong Kong) 
Ltd. or Huntsman Advanced Materials (Guangdong) Ltd. (“Huntsman”). 
The following supercedes Buyer’s documents. While the information 
and re com mendations included in this publication are, to the best of 
Huntsman’s knowledge, accurate as of the date of publication, NOTHING 
CONTAINED HEREIN IS TO BE CONSTRUED AS A REPRESENTATION 
OR WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING BUT 
NOT LIMITED TO ANY WARRANTY OF MERCHANTABILITY OR FITNESS 
FOR A PARTICULAR PURPOSE, NONINFRINGEMENT OF ANY INTELLEC
TUAL PROPERTY RIGHTS, OR WARRANTIES AS TO QUALITY OR 
CORRESPONDENCE WITH PRIOR DESCRIPTION OR SAMPLE, AND THE 
BUYER ASSUMES ALL RISK AND LIABILITY WHATSOEVER RESULTING 
FROM THE USE OF SUCH PRODUCT, WHETHER USED SINGLY OR 
IN COMBINATION WITH OTHER SUBSTANCES. No statements or 
recommendations made herein are to be construed as a representa tion 
about the suitability of any Product for the particular application of Buyer 
or user or as an inducement to infringe any patent or other intellectual 
property right. Data and results are based on controlled conditions and/
or lab work. Buyer is responsible to determine the applicability of such 
information and recommendations and the suitability of any Product for 
its own particular purpose, and to ensure that its intended use of the 
Product does not infringe any intellectual property rights.

The Product may be or become hazardous. Buyer should (i) obtain 
Material Safety Data Sheets and Technical Data Sheets from Huntsman 
containing detailed information on Product hazards and toxicity, together 
with proper shipping, handling and storage procedures for the Prod uct, 
(ii) take all steps necessary to adequately inform, warn and familiarize its 
employees, agents, direct and in direct customers and contractors who 
may handle or be exposed to the Product of all hazards pertaining to and 
proper procedures for safe handling, use, storage, transportation and 
disposal of and exposure to the Product and (iii) comply with and ensure 
that its employees, agents, direct and indirect customers and contractors 
who may handle or be exposed to the Product comply with all safety 
information contained in the applicable Material Safety Data Sheets, 
Technical Data Sheets or other instructions provided by Huntsman and 
all applicable laws, regulations and standards relating to the handling, 
use, storage, distribution and disposal of and exposure to the Product. 
Please note that products may differ from country to country. If you have 
any queries, kindly contact your local Huntsman representative.
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