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Abstract. The purpose of this work is to investigate the influence of surface roughness of mild steel substrates on
fatigue crack propagation in adhesively bonded joints. In order to verify this effect samples with different roughness
surfaces of ASTM A36 steel were prepared as substrates that were used for manufacturing the joints, with a thin epoxy
adhesive layer. The bonded joints were tested under standard fatigue loading conditions in end-notched flexure format,
widely used to fracture characterization under mode Il loading. The experimental data are presented and compared.
Experimental tests demonstrated significant influence of different roughness on fatigue life.
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1. INTRODUCTION

For many adhesively bonded joins used incatral components the alternating loading defitesérvice life. In a
fatigue loading regime, a structure may fail everlastic regime. Consequently, it is importanestimate the fatigue
strength of bonded joints through the utilizatiohome of the several methods that have been deséldpr that
purpose. A reasonable estimation of fatigue Bfstill a quite complex issue due to the multivialeanature of fatigue
crack initiation. Some researchers have alreadyechout studies in fatigue behavior of bondedtmii hus, authors as
(Katnam,et al., 2010) investigated the influence of load paramsebn fatigue behavior. The fatigue endurancetdimi
obtained, for a number of adhesives, were insidel8t35% range of the monotonic strength of thetjgidditionally,
it was found that increasing the mean load hasletet®us effect on fatigue life for a given fategload range. The
effect of frequency on fatigue damage was investydy (Underhill and DeQuesnay, 2006). It was olkes® no
dependence between the load application frequemdytree fatigue behavior in the range from 10 H8@dHz. Fatigue
tests were conducted by (Bernascaial., 2010) on thick composite adhesively bonded jointsrder to define a
fatigue strength criterion. The result of this studas a suggestion for using the maximum elastiesstas an
engineering tool for fatigue assessment of compdsinded joints. The model was based on fracturchamécs and
divided the joint lifetime into crack initiation drcrack propagation phases. They found that afsignt fraction of the
fatigue life was spent in crack initiation.
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Surface preparation plays a very important iolthe quality of the interface between adhesive substrate and,
consequently, it has a great effect on the joitigfie performance. Thus, authors as (Bermajal., 2008) pointed the
significant influence of any minimal surface treatthof adherends on fatigue life of adhesive gtapts. Authors as
(Azari and Papini, 2010) showed a significant dffecsurface roughness of aluminum substrates aokcinitiation
under mixed-mode fatigue loading. Besides, forgfati and quasi-static loading under mode | cradiation energy
release rate showed no dependency on surface resghn

An extensive study was carried out by (Da Silstaal., 2009) in order to investigate effect of matergdpometry,
surface treatment, environment on the shear stienfjitsingle lap steel joints under quasi-staticdlog. It was
concluded that the parameters as overlap sizesa@thickness, adherend thickness have a signifieffect on joints.
In an experimental study (Hadavingt, al., 2003) investigated the crack growth in epoxpdex aluminum single lap
joint under fatigue loading in different environni@nThey concluded that the join lifetime was cold by crack
propagation and the surface treatment has a proedueffect in wet environment. Also, authors asrf@mam and
Sancaktar, 2005) investigated the effect of varisulsstrate surface treatments on the fatigue ahddaehaviors of
single lap joints. They employed various chemigal anechanical modification technics, under a spectof fatigue
and environmental conditions. They founded a sigguift effect of surface treatment on fatigue betwagf these joints.

Although the studying of the fatigue strength ahne lifetime analysis of the bonded joints have bstanted some
decades ago and a large number of works were ctratexh on this issue, the lifetime prediction ohbted joints
remains a relatively unexplored issue. As state(Mdghab, 2012), the research in crack initiatioadiesively bonded
joints has not yet been well developed and coulddmsidered in its early stage.

The objective of this experimental study is to stigate, quantify and compare the effect of différmechanical
treatment of low carbon steel substrates on fatigaeof epoxy bonded joints, under mode Il loadiingstatic and
dynamic regimes. Three different substrate mechairieatments are used: bristle blasting, the mostmon treatment
in industry, grit blasting and sand blasting. Alilgh some studies related that static strengthtagsie of steel joints
have already been carried out and was found théacgutreatment has a little effect, the influelméaoughness on
fatigue life was not yet extensively evaluated. Tian goal of this work is to extend the previousiges and evaluate
if the previous results are valid when the fatitpeding is involved.

2. MATERIALS AND EQUIPMENTS

The adhesive joints were made using the substoditASTM A36 steel and structural intermediate epagihesive
NVT, fabricated by Novatec S.A., Rio de Janeircg®BiIt The distinct roughnesses were implementethersteel plates
surfaces, before they were cut in specimen size.jdints were manufactured individually in a mottlghe adhesive
thickness was controlled by the utilization of spdisitive especially developed for this functiomisT dispositive
guarantees the specimen’s dimensions repeatalility.bonded joints were tested statically and gh-siycle fatigue
loading in a 100kN servo-hydraulic testing machi@pecimen installation in servo-hydraulic machisgiliesented in
Fig.1.

Figure 1. lllustration of specimen installations@rvo-hydraulic testing machine.

Two blasting machines were used to obtain necessathanical roughness in bonding surface: a maslaating
machine IBIX 25 (IBIX), that uses different type$ ldast material and a bristle blasting machine MBXONTI
Tools), which uses high-carbon steel wire bristlBao blast materials were used for roughening tbedbsurface:
garnet sand 20/40 mesh and grit steel G-25 (Jatofer
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3. STATIC TEST

Quasi-static end-notched flexure (ENF) testsenperformed in order to determine maximum loadige in the
dynamic test program. The distance between theirmpecsupports wasl2= 160mm. The length of pre-crack was
stablished a®y, = 25 mm. The substrate dimensions can be resuméddngth,| = 190 mm, width of 25 mm and
thickness oh = 6 mm. The adhesive thickness stablished wasr@,amd the length of the bonded area was stablished
as 150 mm. The illustration of the specimen’s geoyrzan be seen at Fig.2.
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Figure?2. lllustration of end-notched flexure joint dim@sand configuration.

End-notched flexure format was used as one the myostopriate test for mode |l fracture charactéidzaof
bonded joints. Under this type of loading the stist is exposed to bending moment while the addésisubmitted
to pure shear loading. Quasi-static tests wereuwt@dat a crosshead speed of 3 mm/min. The logudadsment curve
was registered during the test.

4. FATIGUE TEST

Fatigue tests were performed in four diffédeading conditions, in the range of 50-80% of maxm load (f %),
obtained from static test. Sinusoidal loading wawvef with a frequency of 20Hz and loading raos Pyy/Prax = 0.1
were used for fatigue tests. Thus the maximum datigad, R.« for each level is proportional to this maximumtista
load. The load amplitude &, and average load.Pwere calculated using classic fatigue expressibhe.specimens
have been tested until failure occurred or ungl lumber of load cycles reaches$,Mhich is considered infinite life.
The load-displacement and load-time graphics haesn becorded during the test in order to contmltést proceeding.

It was used 36 specimens in the experimetitofAthem were tested in the same environment itimmd: room
temperature of 2% and relative humidity of 55%. The crack lengtherevmeasured after testing using a stereoscopic
microscope.

5. RESULTS AND DISCUSSION

Firstly, quasi-static tests were performed witht dniasted specimens. Three tested specimens peesemhilar
behavior during the tests. Bristle blasting andddallasting specimens tested in static regime chaitige geometry up
to ultimate substrate material yielding. The adhedailure didn't occur, thus there wasn't any &rgropagation
during the test. Therefore, these tests weren'sidened, and the reference load for fatigue tesis ealculated using
the quasi-static test data of grit blasting speoisnelhe load-displacement curve obtained from gsi@sic test is
presented in Fig.3.
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Figure3. Load-displacement curve of quasi-static test dftdasting specimen
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Analyzing the load-displacement curve it is possilh see that the failure occurs after the sigamificplastic
deformation of the specimen. The values of yielthpwere used as the maximum reference load tormete the
dynamic test program. The average yield point walsutated as P(yF 6293N. Then, the fatigue test program was
determined, see Table 1.

Table 1. The fatigue test program.

Level f(%) Pmax(kN) Prmin (kN) Pamp (kN) Pavr (kN) R

1 50 3.15 0.315 1.416 1.7317 01

2 60 3.78 0.378 1.699 2077 0.1

3 70 4.41 0.441 1.982 2423 0.1

4 80 5.03 0.503 2.265 2769 0.1

The quantitative results of fatigue testsesented in Table 2. The dynamic tests performéoua loading levels
showed significant influence of surface mechartietment for fatigue life.

Table 2. Results of fatigue test for the specimitis different mechanical treatment.

Level| f (%) | Pmax (kN) | Pmin (kN) Numbers of cycles to fail with different mechanicatreatments (N)
Grit blasting Sand blasting Bristle blasting
1 50 3.15 0.315 10° 10 10
2 60 3.78 0.378 10 10° 10*
3 70 4.41 0.441 10 10 108
4 80 5.03 0.503 108 10 108

Although all the tested specimens had a good fatimghavior, as expected, the joints that had wasdt in quasi-
static tests had the best results in fatigue t@sis.best performance in fatigue tests was obtdiyetie specimens that
have grit blasting and sand blasting mechanicatrtnent. They have a fatigue life, overcoming dgxles with 50% of
reference load. The specimens with bristle blasting treated substrates lasted only 18 cycles.

6. CONCLUSIONS

In this work high-cycle fatigue tests of adively bonded joints with three different substnatechanical treatments
were performed under mode Il loading. It was obsérhat substrate surface mechanical treatmens @laignificant
role in fatigue behavior of adhesive joints. Thé btasting mechanical treatment demonstrated thestwesistance
under quasi-static loading, but had the best @&t to fatigue loading. Furthermore, grit blasted sand blasted
joints have fatigue life, of FOcycles, with 50% of reference load. Bristle blasted joints, widely used in industry
demonstrated the worst result, reaching on{yci@les under fatigue loading.

7. REFERENCES

M.M. Abdel Wahab, 2012. “Fatigue in adhesively beddoints: a review”.International Scholarly Research
Network Materials Science, Vol. 2012, p. 5402.

S. Azari, M. Papini, 2010. “Effect of surface rongiss on the performance of adhesive joints undéc stnd cyclic
loading”. Journal of Adhesion, Vol. 86, p.742.

R. Bermejo, J.Onoro, R. Garcia-Ledesma, 2008. datibehavior of dingle lap joints on steel and paiting
steel with epoxy adhasiveRevista de Metalurgia, Vol. 44, p. 310.

A. Bernasconi, S. Beretta, A. Pirondi, et. al.,201®ad stress analysis of fatigue behaviour ofesively bonded
thick composite laminatesJournal of Adhesion, Vol. 86, 480.

K.B. Katnam, A.D. Crocombe, H. Khoramishad, |.A.h&soft, 2010. “Load ratio effect on the fatigue beior of
adhesively bonded joints: an enhanced damage mddethal of Adhesion, Vol. 86, p. 257.



23rd ABCM International Congress of Mechanical Engineering
December 6-11, 2015, Rio de Janeiro, RJ, Brazil

L.F.M. Da Silva, R.J.C. Carbas, G.W. Gritchlow, MVA Figueredo, 2009. “Effect of material, geometsyrface
treatment and environment on shear strength ofesiag joints”. International Journal of Adhesion & Adhesives, Vol.
29, p. 621.

R.R. Gomatam, E. Sancaktar, 2005. “Effects of wawiadherend surface treatment on fatigue beha¥iirds
bonded with a silver-filled electronically condwaiadhesive”Journal of Adhesion Science and Technology, Vol. 19,
p. 659.

H. Hadavinia, A.J. Kinloch, M.S.G. Little, A.C.Tayl, 2003. “The prediction of crack growth in bondeéhts
under cyclic-fatigue loading. |I. Experimental segli International Journal of Adhesion & Adhesives, Vol. 23, p. 449.

P. R. Underhill, D.L. DeQuesnay, 2006. “The depeweeof fatigue life of adhesive joints on surfaceparation”.
International Journal of Adhesion & Adhesives, Vol. 26, p. 62.

8. RESPONSIBILITY NOTICE
The authors are the only responsible for the pdimaterial included in this paper.



