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Mechanical Characterization of Glass
Fiber Aluminium Reinforced Riveted
Joints

The airframe of any flying vehicle comprises structural members such as
stringers and stiffeners made of sheet metal members, joined by riveted lap
joints. Although different joining techniques exist, the rivet type of
fastening still stands efficient. Numerous such rivets are required to join
the skin completely. The mechanical loading due to the pressurization and
depressurization of the fuselage, which occurs once in every flight and the
air loads during the cruising flight causes the concentrated stress at the
rivet joints which results in the failure of joints . The main objective of this
research paper is to improve the strength of the riveted joints using Fiber
Metal Laminate (FML) as the reinforcing material between the riveted
Jjoints. The tensile testing of the specimens with and without reinforcement
are carried out and from the results it is concluded that due to the presence
of reinforcement between the riveted joints the overall mechanical strength
of the riveted joints is improved.

Keywords: Riveted Joints, Fiber Metal Laminate (FML), GLARE
Reinforcemen, Tensile Testing, Damage Tolerant Design

1. INTRODUCTION

The Joint is combining two or more components for an
application. Riveting is a method of joining two
components in real world using the friction between
them. Present-day, the rivet joints are most commonly
used in automotive sector due to the efficient clam-up,
less weight and resistance to corrosion. The rivet in the
rivet joint fills the hole completely arresting the relative
motion between the plates. Riveting is a process of
joining two or more plates with the help of a rivet. A
good amount of mechanical force is to be provided to
make the strong and leak proof joint. [1], [2]
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Figure 1. Important Design Parameters of the Riveted Joint

Few parameters, which are required to specify
arrangement of rivets in a riveted joint, are as follows:
e  Pitch (p) is the distance between two centers of
the consecutive rivets in a single row.
e Back Pitch (py) is the shortest distance between
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two successive rows in a multiple riveted joint.
e Diagonal pitch (pg) is the distance between the
centers of rivets in adjacent rows of zigzag
riveted joint.
e Margin (m) is the distance between the centers
of the rivet hole to the nearest edge of the plate.

The main purpose of the riveted joints is to hold the
two or more components together by using the friction
between the joints. These kinds of joints find extensive
applications in the automotive sector. The main focus in
the design of the riveted joints is such that they have
very good mechanical strength and durability to the
wide range of loads applied. The present trend in the
automotive industry is the application of Fiber Metal
Laminate (FML). Fibre Metal Laminates (FML) is a
kind of hybrid materials and it can be fabricated from an
alternating laminate of thin metal sheets and thin
composite layers. [3]

Glass Laminate Aluminum Reinforced Epoxy
(GLARE) composite one of the known member of the
Fiber Metal Laminate Family. GLARE is made from
Aluminum layers in the range of 0.3-0.5 mm thick, and
glass fiber reinforced composite layers in the range of
0.25-0.5 mm thick. One of the wide usages of GLARE
composite is in the aircraft applications. FML (Glare)
material with the combination of Aluminum wire mesh
and Glass fiber provide very good bonding and this
reduces the delamination effect. [4] In this research
paper the mechanical strength of aluminum blind rivet
pop with the Al8081 and AIl8081 reinforced with
GLARE composite is investigated.

2. LITERATURE REVIEW

R. O. Ritchie explains the susceptibility of ductile and
brittle materials subjected to varying loads due to the

FME Transactions (2017) 45, 89-92 89



usage of the riveted joints. It is summarized that the
mechanical properties of a riveted joint can be improved
by composite sandwiching between the aluminum
plates. Because the glass glare composite is made up of
glass fiber, aluminum mesh and epoxy. Epoxy is a
brittle material with high strain absorbing property.
Composite provide more fatigue life and improved
strength to weight ratio which is necessary for aircraft
applications nowadays. [5] Kesavamurthy Y C et. al.
explains the tensile properties of different composites
materials, using these results the strain energy absorbed
can be calculated. These values are used for comparing
of normal aluminum riveted joints with composite
sandwiched aluminum riveted joints. [6] A. Skorupa
and M. Skorupa have experimentally investigated the
crack path and fatigue behavior of riveted lap joints in
aircraft fuselage. Effects of variables related to design
and production of riveted lap joints representative of
longitudinal sheet connections. The nature of cracks on
a riveted plate is well explained through this document.
[7] K. Madhan Muthu Ganesh explains the basics of
damage tolerant design and investigated the fatigue life
of aluminum plates theoretically and numerically. [8]
Arumulla. Suresh and Tippa Bhimasankara Rao
elaborates the rivets as permanent fasteners and the
Joints are classified into two categories such as, non-
permanent and permanent joints. Indian standard has
provided a common size for each rivet head generally
less than 12 mm up to 48 mm. It also explains about
rivet techniques and rivet materials. The rivet material
should have tensile strength more than 350 N/mmZ2and
the elongation should be less than 20%. [2] From the
detailed literature review on the riveted joints, it can be
concluded that the maximum failure of the riveted joints
occurs due to the crack initiation and propagation
through the jointed plates. According to the Griffith
Criterion the important parameter which is responsible
for the crack propagation is the strain energy generated
in the material due to the applied load. This research
paper aims in improving the strength of the riveted
joints by absorbing the strain energy using Fiber Metal
Laminate (FML) as the reinforcing material between the
riveted joints.

3. RIVETED JOINT SPECIMEN PREPARATION
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Figure 2. Riveted Lap Joint specimen

The above Figure 2, shows the dimensions of the riveted
joint specimen used for the testing, the above design is
based of the theoretical calculations with the sheet
thickness of 1 mm. In this section the clear description of
the method followed to make the test specimens as
explained. After the riveted joint calculations have been
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done Al8081 sheet with 1mm thickness is cut by using
shear cutter for given dimensions. The dimensions of
the sheet are calculated. The aluminium sheets are made
to cut using the shear cutter as shown below in the
Figure 3.

Figure 3. Aluminum plates cut using the shear cutter

The cut aluminium plates are drilled at the accurate
position and the riveted joint specimens for the tensile
testing are prepared. Figure 4 shows the specimen prepared
for the tensile testing without and reinforcement.

Figure 4. Riveted specimens for tensile testing

Then the fiber metal laminate GLARE composite is
prepared using the compression moulding with two layers
of glass fibers first layer at 0° orientation and the second
layer is at 90° orientation and the aluminium wire mesh is
used instead of the aluminium plate to reduce the
delamination effect. The mould is allowed to cure for 48
hours under pressure to get better bonding between the
fibers and epoxy matrix.

Figure 5. GLARE Composite Preparation

The Figure 5, shows the mould used for composite
preparation and the pieces of GLARE composite cut with
40 x 40 mm dimensions and these are placed as the
reinforcement between the aluminium plates. The prepared
GLARE composite is placed as the reinforcement material
between the aluminium plates and the riveted joint is mage
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using rivet gun. The Figure 6, shows the schematic
representation of the GLARE reinforced riveted joints.

Aluninim Plate

(LARE Reinforcement
Aloniniinn Rivets
Figure 6. GLARE Reinforced Riveted Joint

4. RESULTS AND DISCUSSION

Figure 6. Testing in universal Testing Machine

To study the effect of the reinforcement in the riveted
joints 6 specimens were prepared (3 without reinforcement
and 3 with reinforcement) these specimens were subjected
to the tensile testing in Universal Testing Machine (UTM),
Figure 6 shows the specimen loaded in the UTM. The
results obtained from the testing are discussed in this
section.

Table 1. Ultimate Load Results

. Average
Sl Specimen No [Htlrpate Ultimate Load
No Load in (N) .
in (N)

1 TA1 4399

2 TA2 2441 3401

3 TA3 3365

4 TGl 4259

5 TG2 4034 4060

6 TG3 3887

The Table 1 shows the Ultimate Load results obtained
from the universal testing machine. It is observed that for
all the three specimens there is a variation on the ultimate
load. This is due to the craftsmanship of the riveted joints.
Thus the average ultimate load is calculated for the purpose
of comparison and it is found that for the Riveted joints
without any reinforcement the average ultimate load is
3401 N, and for the riveted joints with GLARE
reinforcement the average ultimate load is 4060 N, with the
percentage improvement of 19.37.

Table 2. Ultimate Tensile Stress Results

Sl Ultimate Average
N(; Specimen No Stress Ultimate Stress
(N/mm?’) (N/mm?)
1 TAl 109
2 TA2 61 84
3 TA3 34
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4 TGI1 106

5 TG2 100 100

6 TG3 97
The Table 2 shows the Ultimate Tensile Stress results
obtained from the universal testing machine for the 6
specimens, 3 specimens without the GLARE reinforce—
ment and 3 specimens with the GLARE reinforcement.
The average ultimate tensile stress is calculated for the
purpose of comparison and it is found that for the Riveted
joints without any reinforcement the average ultimate
tensile stress is 84 N/mm?2, and for the riveted joints with
GLARE reinforcement the average ultimate tensile stress is
100 N/mm?2, with the percentage improvement of 19.04.

5. CONCLUSION

The tensile testing of the riveted joints with and without
the GLARE reinforced riveted joints was carried out for
three specimens each. From the results obtained from
the Universal Testing Machine it is observed that when
the GLARE material is reinforced in between the plate’s
of the riveted joints, the Ultimate Load of the riveted
joints is improved by 19.37%, and the Ultimate Tensile
Stress is improved by 19.04 %. This is because the
reinforced GLARE composite material absorbs the
strain energy responsible for crack propagation along
the plates leading to failure of riveted joints.
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MEXAHHNYKE KAPAKTEPUCTHUKE
3AKOBAHHUX CIIOJEBA Ol AIYMHUHHUJYMA
OJAYAHUX CTAKJIEHUM BJIAKHUMA

P. Ilpanew, M. Xemanaran, K. baOy,
C. Cenaxuakymap
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KoHcTpyknuja cBake jeTwiuie oOyxBara CTPYKTYpHE
eJIEMEHTEe Kao IITO Cy Y3AYXKHHUIIE M Ojadama KOjH Cy
HAIPaBJLCHH O]l METATHHX JIMMOBA CII0jCHUX 3aKOBAHHM
METaJHUM TPEKIONHUM crojeBuMa. Mako mocroje
pazInMuNTe TEXHHWKE CIajamba, 3aKHBamke je HIaK
HajepukacHHja TexXHUKA. BpojHY 3aKMBIM Cy HEOXOIHU
Ia OM ce HampaBHO IMOTIYHH CIIOj MOBPIIMHCKE OIUIATE.
Mexaandko onrepeheme y3pOKOBAaHO KOMIIPECHjOM U
JICKOMIIPECHjOM y TPyIly, Koje ce moraha jemaHmyT mpu
CBakoM JieTy u onrtepeheme Ba3qyxa 3a BpeMme Jieta Ha
PEeKHMY KpCTapema, 10BOJIE IO KOHLIEHTpallKje HalloHa y
3aKUBIIMMA, IITO JIOBOJIM JI0 OTKAa3a CIOjeBa.

I'maBHM tmsb oBOr paja je ma ce mobosblua 4BpcToha
3aKHBaKa MPHUMEHOM MEeTaJTHOT KOMITO3UTa
(amymMUHHjyMa) OjayaHOT CTAKICHUM BJIAKHMMa Kao
MaTepjaia 3a ojavame m3Mely 3aKOBaHHX CIIOjeBa.
V3BpieHo je HCMTHBabE y30paka Ha 3aTe3ame ca 1 0e3
Ojadarka W Ha OCHOBY pe3yJiTaTa ce 3ak/bydyje Ia ce
YKyITHa MEXaHHYKa uBpcToha 3aKkMBaka I00O0JbIIAaBa
3axBaJbyjyhu MpHUCYCTBY oOjadama u3Mel)y 3aKOBaHHX
CIiojeBa.
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