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Adhesive bonding technology present a perspective method of various materials bonding and replacing conven-

tional bonding e.g. welding. A geometric shape modification of bonding material and an adhesive reinforcing by 

glass fibres to increase tensile strength of adhesive bond was subject of this research. The bonding material was 

modified into preformed angles 5°, 10°, 15°, 20° and adhesive bond with 0° was set as the etalon. The adhesive was 

modified by glass fibre with weight 80, 110 and 160 g.m-2. The research proved tensile strength increase from 4 to 

48% by various preformed adherent angles. The research also proved tensile strength increase from 4,8 to 93,7% 

by adhesive reinforcing with glass fibres with various weight. Statistical analyse proved significant difference be-

tween measured values on significance level 0.05 (p < 0.05) i.e. influence of adhesive bond modification on mechan-

ical properties was proved. 
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 Introduction 

Adhesive bonding technology replace a conventional 

material bonding in practical application in world indus-

try [1], [2]. This technology provides various advantages 

against conventional technologies which includes: 

• lower construction weight, 

• better damage resistance, 

• flexibility of entire construction element [3], [4]. 

 

Single side overlap adhesive bond is most used adhe-

sive bond in current industry for its simply assembly and 

low manufactory cost. The tensile stress is converted 

through an adhesive layer from one side to other side of 

bond. This problematic is researched by several authors 

from all world [5]–[10]. A constructional shape of adhe-

sive bond deals with a mutual position of bonded parts in 

such way to gain a given contact area. The constructional 

shape of the adhesive bond finds a practical application at 

connecting of plain areas that means sheets of metal 

above all [11]. 

However, there is several researches into improving 

the adhesive bond strength. Increase of the adhesive bond 

strength is possible by special constructional adjustments, 

by a choice of a material, by an increase of a length and a 

width of the overlapping [11]. 

A overlap length change is on of possibilities. The 

problem is that overlap does not increase bond strength 

from certain length. This fact is given by stress concen-

tration at peaks on the begin to the end of bond where the 

highest force is there. The middle part is stressed by sub-

stantially lower force [12]. An interesting modification 

method is a notch in adherent to increase adhesive bond 

strength [13]. Other authors dealt with adherent modifi-

cation into wavy shape in their researches and proved 

strength increase of an adhesive bond [11], [15]–[18]. In-

crease of adhesive bond strength ranged in interval from 

27 to 560 % by galvanized adherent [11]. A peeling at the 

shear-tensile stress in edges of the adhesive layer was de-

creased [11], [15]–[17]. 

Next possibility is a geometric shape modification of 

overlap bond. Author You at al. [15] calculated an opti-

mal preformed angle of adherent based on adherent thick-

ness, adhesive layer thickness and loading force F [9], 

[19]. The optimal angle is 9.98° for overlap length 12.5 
mm and adherent thickness 2 mm according to the calcu-

lation. The preformed angle optimalization is calculated 

from formula (1). An adhesive bond increase was proved 

by this modification [18]. 

 

 𝜷 = 𝒂𝒓𝒄𝒕𝒂𝒏 (𝒕+𝒏𝒍 ) (1) 

 

Where: 

β – preformed angle (°),  
t – adherent thickness (mm),  

n – adhesive layer thickness (mm),  

l – overlap length (mm). 

 

Different deformation occurs by adhesive bonds with 

uneven adhesive layer. An uneven adhesive layer occurs 

at single lap bonds. The deformation is more progressive 

in the edges of overlap bond where stress peaks arise [19], 

[20]. The stress concentration on overlap bond edges is 

increased by bending moment which initiates adhesive 

bond fraction. The reason is uneven stress distribution in 

adhesive layer caused by flexibility and deformation of 

adherend [19], [20]. This negative status caused the initi-

ation of cracks and their subsequent distribution which 

leads to adhesive bond destruction. [11], [19], [20]. This 

caused decrease of adhesive bond strength [9], [19]. 

A reinforcing layer in fabric form is significant benefit 

for adhesive bonds. Researches about fabric based on 

synthetic and biologic fibres show positive influence on 

adhesive bond strength increase [9], [21], [22]. Use of a 

reinforcing fabric in adhesive layer leads to increase of 

adhesive layer uniformity [11], [22]. 
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Geometric shape modification and reinforcing of ad-

hesive layer by glass fabric to increase adhesive strength 

is the primary aim of the research. The secondary aim is 

single lap bonds application improvement in practice. 

 Material and methods 

Adhesive bonds were manufactured by two parts 

epoxy resin CHS-Epoxy 324 (Epoxy 1200). Polyamide 

hardener CHS P11 was use for cure the epoxy resin in 

ratio 100 (epoxy) : 7 (hardener) according to technical 

list.  Impregnated glass fabric (E-sklo) treated by a wax 

was used for adhesive modification with weight 80, 110 

(Fig. 1 A) and 160 g.m-2 as reinforcing phase. A structure 

of adhesive bond reinforced by glass fabric is evident 

from Fig. 1 B. Figure 1 B shows disposition of glass fab-

ric in adhesive layer i.e. weft and warp. The warp is a car-

rier element of the fabric.  The weft bonds fibres together. 

From Fig. 1 C is evident a circular cross-section of glass 

fibre warp. From Fig. 1 B and C is evident good wettabil-

ity of reinforcing phase in adhesive which is a primary 

assumption for quality adhesive bond.  

Parameters of warp and weft at used fabrics were fol-

lowing: 80 g.m-2 12 x 12 cm, 110 g.m-2 16 x 15 cm, 160 

g.m-2 12 x 12 cm. An adherent for adhesive bond was 

sheet of aluminium alloy EN AW 2024 T3 (AlCu4Mg1) 

with thickness 1.6 mm and size of semi-product 1000 x 

2000 mm. 

Adherents were preformed into angle  (Fig. 2) with 

size 0° (no modification), 5°, 10°, 15° and 20°. Adherents 
were surface treated before adhesive layer application i.e. 

mechanical blasting by abrasive GARNET MESH 80 in 

blasting chamber and chemically cleaned in acetone bath. 

This preparation process of adhesive surface was optimal 

proved [23]. 

Then was adhesive layer applied on both part of ad-

herents to improve wettability of reinforcing layer from 

glass fabric. Standard ČSN EN 1465 establish overlap 
length on 12.5 mm. The overlap length was extended on 

25 ± 0.41 mm (Fig. 1) for easily application of fabric and 

more significant results. The adhesive bonds were loaded 

by 750 g and left to cure of adhesive for 48 hours with 

temperature 21 ± 1 °C and relative humidity 53 ± 3 %. 
Testing series contained 7 samples. Characteristic and 

designation of adhesive bonds is evident from Tab. 1. A 

cross section of adhesive bond with reinforcing fabric is 

evident from Fig. 1 B, C. 

Universal testing machine LABTest 5.50ST with 

measuring unit AST KAF 50 kN and evaluation software 

Test&Motion was used for establishing the strength of 

adhesive bond according to ČSN EN 1465. Loading 
speed was set on 2 mm.min-1 to keep time standard (65 ± 
25 s) for the adhesive bond tensile test. Type of bonding 

failure is described according to ISO 10365. An electron 

microscopy (SEM) was used for better understanding of 

mechanical properties by MIRA 3 TESCAN GMX. The 

testing samples were dusted by gold with device Quorum 

Q150R ES.  

 

Fig. 1 Testing sample: A: SEM images of reinforcing phase – glass fabric 110 g.m-2, (MAG 100 x): B: Cross-section of 

adhesive bond with reinforcing phase in form glass fabric, C: detailed view on reinforcing phase and its disposition – 

Warp and Weft. 

Tab. 1 Basic characteristics of tested adhesive bonds 

Adhesive bond characteristics Designation 

Resin R 

Resin - reinforcement in form of E glass fabrics 80 g.m-2 RRGF80 

Resin - reinforcement in form of E glass fabrics 110 g.m-2 RRGF110 

Resin - reinforcement in form of E glass fabrics 160 g.m-2 PRGF160 
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Fig. 2 Adhesive bond – 1. overlap bond, 2. clamping surface in testing machine jaws, - preformed angle of adher-

ent. 

 

Anova F-test was used to evaluation of measured val-

ues by program STATISTICA. An F-test is any statistical 

test in which the test statistic has an F distribution under 

the null hypothesis (H0). It is most often used when com-

paring statistical models that have been fitted to a meas-

ured data set, in order to identify the model that best fits 

the population from which the measured data were sam-

pled. A difference between values was evaluated by p pa-

rameter. A significant level was established on 0.05. Hy-

pothesis H0 marks statistically nonsignificant difference 

between measured values i.e. p > 0.05. Hypothesis H1 re-

jects hypothesis H0 and marks statistically significant dif-

ference i.e. p < 0.05. 

 Results and discussion 

The strength of no modification adhesive bond “R” 
8.82 ± 0.54 MPa is shown on fig 3. The highest adhesive 

bond strength 13.1 ± 0.25 MPa was achieved when using 
fabric 80 g.m-2 and adherent modified angle 5°. The 
strength was therefore increased up to 23.2 % compared 

to angle 0° with the identical fabric.  Strength increase 
was achieved up to 48.45 % in comparation with no mod-

ification adhesive bonds. The highest average strength 

12.54 ± 0.50 MPa was achieved with angle 5° regardless 
of fabric application which is increase up to 17.86 % 

against angle 0°. The lowest adhesive bond strength 9.55 
± 2.59 MPa was achieved with adherent angle 20° (Fig. 

3).  The strength of adherent modified angle 20° decrease 
up to 28.69 % on 6.29 ± 1.51 MPa against the adherent 
with no modification.  

Author You et al. [18] modified adherents into various 

preformed angles in his research and achieved the 

strength increase up to 64 % with modified angle 7°. 

Modified angle 10° increased the strength up to 34 % 
which respond to results of this research for no fabric 

modification adhesive bonds [18]. The optimal preformed 

angle  was calculated with measured values by formula 

(1) for adhesive bonds mark R and RRGF in interval from 

3°40´ (adhesive bonds – R) to 3°59´ (adhesive bonds – 

RRGF160). The adhesive thickness was changed in inter-

val from 0.1 to 0.24 mm for adhesive bonds. 

An influence of preformed adherent angle is inhomo-

geneous group in view of statistical testing i.e. there is a 

statistically significant difference between measured val-

ues. The values of parameter p are lower than established 

significance level 0.05 (Tab. 2). It is proven that pre-

formed adherent angle significantly influence the strength 

and elongation at break of the adhesive bond.   

 

Fig. 3 The influence of preformed adherent angle and 

reinforcing glass fabric on adhesive bond strength 
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Tab. 2 The statistical testing values of p paramter on 

influence of preformed angle on adhesive bond strength 

Preformed 

adherent angle (°) 
p parametr 

(strength)  

p parametr 

(elongation at 

break) 

0 0.0000 0.0000 

5 0.0002 0.0013 

10 0.0144 0.0007 

15 0.0002 0.0001 

20 0.0000 0.0002 

 

Weight of used reinforcing glass fabric is inhomoge-

neous group in view of statistically testing i.e. there is a 

statistically significant difference between measured val-

ues. The values of parameter p are lower than established 

significance level 0.05 (Tab. 3). It is proven that weight 

of fabric significantly influence adhesive bond strength. 

Tab. 3 The statistical testing values of p paramter on 

influence of reinforcing fabric weight on adhesive bond 

strength 

Glass fabric weight (g.m-2) p parametr (strength) 

0 0.00000 

80 0.00020 

110 0.00000 

160 0.00020 

 
Fig. 4 The influence of preformed adherent angle and 

reinforcing glass fabric on elngation at break od 

adhesive bond 

The results of elongation at break of adhesive bonds 

with various preformed adherent angles and used rein-

forcing glass fabric presents Fig. 4. The results show an 

increase of elongation at break influenced by preformed 

adherent angle and used reinforcing fabric. 

SEM images (Fig. 5) shows fracture surface of adhe-

sive bonds. The adhesive bond R (no reinforcing fabric) 

showed significant representation of adhesive failure i.e. 

adhesive layer delamination from adherent (Fig. 5 A). On 

Fig. 5 A are evident tracks and abrasive particles on ad-

herent after mechanical surface treatment. This micropar-

ticles Garnet MESH 80 penetrated into adherent surface 

and was not removed even chemically cleaning in Ace-

tone bath. Fig. 5 B and C presents fracture surface of ad-

hesive bonds RRGF160 reinforced by glass fabric. The 

glass fabric in adhesive layer increased adhesive bonds 

strength in interval from 4.8 to 93.7 % (related to adhe-

sive bond R with no reinforcing) and changed facture sur-

face. The fracture surface was adhesively cohesion with 

prevailing cohesion fracture i.e. a failure inside of adhe-

sive layer. The fracture surface change was caused also 

by preformed angle. The same results achieve You at al. 

[15] and Santana et al. [24]. A significant increase of ad-

hesive bond strength reported all three testing fabric 

where the weight 80 g.m-2 was the lowest significance. 

The adhesive bond strength increase depends on good 

wettability of reinforcing phase in adhesive which is evi-

dent from Fig. 5 B and C. 

SEM analyses Fig. 5 B, C and 6 A, B, C showed that 

epoxy resin “R” was on glass fibre surface and between 
the fibres. This penetration of adhesive in fabric means 

good wettability between each fibre which cross them-

selves in angle 90°. The same conclusion had Santana et 
al. [24].  Especially, fibres oriented at 90°relative to the 
direction of the strain may function as a barrier during the 

matrix phase deformation when hybrid joints are consid-

ered [24]–[26]. From Fig. 6 A and B is evident special 

failure type combinate adhesion and cohesion failure of 

bond.  

 

Fig. 5 SEM images of fracture surface (detector SE): A: fracture surface of adhesive bond “R” with no reinforcing fab-
ric (MAG 1.78 kx), B: fracture surface of adhesive bond with reinforcing fabric 160 g.m-2 “RRGF160” (MAG 4:00 kx), 

C: fracture surface of adhesive bond with reinforcing fabric 160 g.m-2 “RRGF160” (MAG 1.78 kx). 
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Fig. 6 SEM images of fracture surface (detector SE): A: special type of adhesive bond failure with reinforcing fabric 

160 g.m-2 “RRGF160” (MAG1.15 kx), B: special type of adhesive bond failure with reinforcing fabric 110 g.m-2 

“RRGF110” (MAG 450 x), C: detailed view on interaction between fibre of fabric 110 g.m-2 and the adhesive (MAG 

5.92 kx

 Conclusions 

This research describes influence of adherent modifi-

cation and reinforcing of adhesive for a purpose to in-

crease the strength of adhesive bond on hybrid base. The 

following point summarize all results of the research:  

• Statistical testing proved significant difference 

on influence of the adhesive bond strength by 

preformed adherent angle on significance level 

0.05 i.e. the preformed adherent angle signifi-

cantly influence the adhesive bond strength. 

• Statistical testing proved significant difference 

on influence of the adhesive bond strength by 

glass fabric on significance level 0.05 i.e. the 

glass fabric significantly influence the adhesive 

bond strength. 

• The adhesive bond strength with no modifica-

tion is 8.82 ± 0.54 MPa. 
• The highest strength 13.1 ± 0.25 MPa was achie-

ved with modification of adherent by angle 5° 
and fabric 80 g.m-2. The strength increase up to 

48.50 % against the adhesive bond with no mo-

dification. 

• The lowest strength 6.29 ± 1.51 MPa was achie-
ved with modification of adherent by angle 20° 
with no adhesive reinforcing. The strength 

decrease up to 28.69 % against the adhesive 

bond with no modification. 

• The reinforcing fabric and preformed angle of 

adherent had a positive impact on mechanical 

properties and changed the type failure of adhe-

sive bond. 
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