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ABSTRACT 

This work is concerned with the investigation of the effects of adherend materials, adhesive 

thickness, surface roughness and joint types on the impact strength for adhesive butt joints. Single 

and double butt strap joints were used. The bar materials were mild steel or aluminum, while the 

strap materials were mild steel and aluminum coated or uncoated with polyester laminates. 

The long term durability of adhesive joints had been assessed as a function of the 

environment to which the joint was exposed. The tests were, tensile test and wedge test. In 

comparison, the torsir n test was used to provide more data about the performance of the joints in 

hostile conditions. The specimens were made from mild steel. These specimens were left a certain 

time in oil of lubricant or coolant fluid. Other groups were treated and subjected simultaneously to 

an applied stress. 

On the other hand, an impact vibration technique was used for the measurements of global 

bonding joint characteristics utillizing modal analysis. 

The results show that the impact and static strengths depend on bar, strap materials and 

joint types. The dispersion of the strength of bonded joints is large specially when the lap length is 

short. Thus, it is necessary to pay attension in comparing the static strength with the impact one for 

bonded joints having short lap length. 

The effect of strap materials and surface roughness (C.L.A.) on the strengths varies with the 

type of.joint. The polyester laminates give good results in static strength as compared with the 

MAMISCRIPT RECEIWD FROM DR: A. M. EASA AT:ZU4/1996, 
ACCEPTED AR2UYl996, PPlJS - IS6 
ENGINEERING REXURCH BYLLEnN, VOL,19,NO. 2,1996 
MENOUFIYA ErMVERTITx FACULTY OF ENGINEERING, 
SHEBZNE EGKOM, EGYPT. ZSSN 1110 - 1180 

- 135 - 



other materials of straps. The range of surface roughness w-hich gives maximum joint strengths are - J 

15 to 30 pm for (SB) joints and from 20 to 30 pm for (DB) joints. The strengths of joinls increase 

with the increase in adhesive thickness until 150 pm. The simple short-term test allows prediction 

of the time to failure of the joint, provides an assessment of the effects of the environment and 

stress level on joint durability. The double torsion test can provide valuable informations 

concerning the strength and durability of adhesive joints. The double straps joint gives good results 

in all types of tests and in the different hostile environments. 

From the modal analysis, there is a frequency dependance on the elastic modulus, damping, 

complex elastic modulus and wave velocity of the bonding which depends on the adhesive ratios 

and joint dimensions. 

NOMENCLATURE 
A : Vibration acceleration, arbitary units, 

d : Joint diameter, m, 

E : Elastic modulus, ~ l m ~ ,  

E' : Elastic modulus, real part, 

I? : Elastic modulus, imaginary part, 

Ea : Elastic Modulus of adhesive, 

F : Exciting force, arbi'ary units, 

fn : Resonant frequency, of n th mode, Hz, 

A/F : Vibration accelerance, dB, 

K : End condition depends on fixing method and mode number, 

L : Joint length, m, 

Pf : Final load, N. 

n : Mode number, 

t : Adhesive thickness, pm, 

tn : Sample thickness in the plane of the crack,m, 

V : Wave velocity mlsec, 

f : Mass density, Kg/cm3, 

: Materal dernping factor, (%), 

w : Sample width, m, 

Af : -3dJ3, bandwidth, 

1- INTRODUCTION 
The adhesive bonded structure has advantages over mechanical fasting. However, the 

adhesive bonding is not used so frequently as a mechanical fasting because of less realibility [I]. 

Hence revealing characteristics of strength of adhesive bonding is very important. In addition, the 

studies about impact strength of adhesive, especially impact tension strength of the bonded joints 
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are necessary which have been neglected in most of the previous work /2,3,4 a d  51. A co*tiking 

problem with this from of joining is that the joint strength can be significantly reduced with time 

when the joint is subjected to certain hostile environments. In particular; water ingress into the 

adhesive often results in rapid debonding 111. This fact severely restricts the use of structural 
adhesives in many applications such as coolant and lubricant systems in machine tools. The 

problem with these remedies is that the particular surface treatment must be tailored for the 

adhesive-substrate surface 12, 3, 4, 6 & 71. The considerable testing is required to optimize the 

durability of the adhesive joint. 

The behaviour of adhesively-bonded joints depends on various factors, such as a cohesive 

strength of the adhesive and/or the interfacial bonding strength between the adhesives and the 

adherends 181. The physical forces at the interface depend mainly on the surface structure, its 

morphology, the composition of the adherends and their affinity to the adhesive 191. Generally, a 

failure of an adhesively-bonded joint is defined as a cohesive of the adhesive layer 191. Failure of 

adhesive bonded joint could be also attributed to inadequate understanding of the adhesion failure 

mechanics 1101. There are many investigations which concerned with the failure modes I111 

and/l2/. Most of them considered the behaviour under static conditions. 

In the present work a study of static and impact strengths of butt joints was made. Test 

specimens were single and double butt strap joints of mild steel (MS) or aluminum bars.The straps 

were made from thrce different materials laminates. The problem of predicting long term 

durability of bonded joints is investigated by using short-term strength tests. Different shapes of 

mild steel joints were used. Various mechanical tests were used in terms of their ability to assess 

the durability of adhesive joints in hostile environments. Traditional tests such as tensile and 

wedge tests were used to be compared with a relatively complicated ones of the double torsion 

test. .- 
Also, a modified technique is utilized for investigating the dynamic behaviour of bonded 

joint under impact vibration force. Type of fixation and adhesive thicknesses will be considered in 

the present work. 

2- EXPERIMENTAL WORK 
1.2- Types of Specimens 

The specimens which used in this investigation are shown in Fig (1). The adherends were 

selected according to appropriate surface roughness (CLA)  values for each adherend. The two 

parts of boned specimens were made from the same material (MS/MS and AUAL) or combination 

of three materials. Preparation of surface to be bonded and mixing of adhesive was made 

according to the recommendations of the adhesive manufacture in each case I8 and 91. 

The mechanical properties and chemical composition of the two bars are given in Appendix 

A and B. The mechanical properties of adherend polyester laminates are given in Appendix C. The 

length of straps were 20,30 and 40mm. 
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2.2- Surface Roughness Measurement And Bonding 
- 

The surface to be bonded for each specimen was cleaned and and foreign matter was 

removed , the measurement of the surface roughness was performed by using Talysurf 5-M 60 

instrument. 

The type of adhesive used in this investigation was supper-bonder 415. It has high impact 

strength, excellent solvent resistance, cures completely and leaves no residue on surface. The 

specifications of this type of adhesive are presented in Appendix D. After preparing the mixture of 

adhesive and selecting the adherends, the bonded joints were manufactured by applying the 

bonding agent to the cleaned surfaces. Then the joint was assembled in simple jig, which pressed 

the sections together. After the joint was fully assembled, the adhesive thickness was measured by 

using dial gauge. The bonded joint was removed from the simple jig after about three hours 

(setting time), then it was left 18 hours (curing time) in order to be fully cured before the 

treatment.The adhesive thickness was 200 pm. After curing time a group of different joints was 

treated in oil of lubricant and the others in coolant fluid for a certain time; 240,480 and 720 hours 

Fig. (1-b). Other groups were treated and subjected simultaheously to an applied stress. 

The oil of lubricant was (Delvac 1340 CD-Mobil G.M.C. 40). The coolant fluid was a distilled 

water with 5% Na OI< solution. 

In the case of impact vibration techniques, the two parts of bonded specimens were made from the 

same metal or a combination of the two metals Fig. (l-c). 

3-2- Testing 

The tensile machine was used in the static tensile tests, on the other hand, impact tensile 

tests were performed with an drop-weight type testing machine. All bonded joints were tested at 

room temperature to indicate the influence of surface roughness, type of adherend materials and 

adhesive thickness on the characteristics of these joints. The experimental tests were repeated five 

times for each joint shapes at different surface roughness (C.L.A). 

In the case of hostile environments, three different techniques were used in these 

investigations as shown in Fig. (2). The simplest method for assessing the durability of adhesive 

joints in hostile environments is to conduct simple tensile tests before and after treatment. The 

breaking stress was recorded in the two previous cases. The second method of testing was wedge 

test. This method is very rapid and very simple to perform. The joint was treated in the hostile 

environment and the rate of crack growth is determined. The comparison test in these investigation 

was the double tbrsion test. This technique aims to combine the advantages of the wedge test with 

a more quantitive analysis based on the principles of fracture mechanics. The results were recorded 



before and after treating the different shapes of joints. 

The impact vibration testing, technique is shown in Fig. (3-a) and described as follows; It is 

based on impact excitation testing technique, which is chosen,since it gives quick results, the 

impluse contains energy at all frequencies and will excite all modes simu1taneously.The vibration 

signal is picked up using very light piezo electric accelerometer. The input and output signals 

(force & vibration) are connected with dual channel signal analyzer which was equipped with 

personal computer as shown in Fig. (3-a). On the basis of the experimental results of the 

eigenfrequencies, Fig (3-b), the flexability of damping criteria of both continuous and bonded 

joints are computed and plotted. 

3- RESULTS AND DISCUSSION 
13- Comparison Between Static and Impact Strengths 

1.13- Strength of adhesive joint specimens 

The results indicate that the variations of both impact and static shear strengths is 

significant. It seems that the reason of this result is the dispersion of the mechanical properties of 

the adherend and the quality of adhesive bonding. For decreasing this variation, impact and static 

test specimens were cut from one wide adhesive joint. Accordingly, the influence of the dispersion 

of the test specimen I is small when comparing impact and static strengths of the same lot. Figs. 

(4a-f) show the mean value of impact and static shear strengths of each single butt (SB) joint. Figs. 

(5a-f) show the results of double butt (DB) joint. From these figures it is clear that, (in the case of 

d-20 mm) the dispersion of the mean value of strength of each lot is large having higher static 

strength than impact one for (SB) joints. In the same lot, the variation is not clear in comparison 

between strengths of different lots. It cannot be always described that, the lot having the higher 

static strength has the higher impact one. The double butt specimens show the same trend of the 

relation between impact and static strengths, the lot having higher impact strength has the less 

static one. This may be due to the increase of material and adhesive thicknesses. 

23- Effect of Straps Types : 

Types of straps used in this investigation are shown in Table (1) 

TABLE (1) 
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1.23- In the case of single strap joint : 

Static and impact shear strengths of ( S B - U ) ,  (SB-MS/MS), (SB-AUPOL) and 

(SB-AUPOL) joints are shown in Figs. (6a-b). Static strength of SB (MS) specimen with straps of 

(POL) laminates is higher than static strength of other types of joints. Impact strength of SB 

same trend of (MS/MS) joint is higher than that of SB (AL) and SB (POL). All joints give the 

decreasing shear strength as (L) increases. In the case of G-20 mm, SB (MS) joint has higher 

strength than the other joints. The strength of SB (POL) is near that of SB (MS) joint as Q 

becomes larger up to 30 mm and 40 mm. Consequently the (POL) laminates have considerable 

effects on the strength of joint. 

2.23- In the case of (DB) joints 

Static and impact shear strengths of (DB-AWAL), (DB-MS/MS), (DB-MS/POL) and 

(DB-AUPOL) joints are shown in Figs. (5a-c). Static strength of (DB-MSIPOL) is slightly higher 

than that for the other joints for all values of (L). However, there is no much difference in the 

resultant strengths. Figs. (6a-b) show that, the change of adherend material plays an important role 

on the strengths of joints. When used ( D B - W ) ,  the strength ofjoint decreased for all values of 

(L) as compared with (DB-MSPOL). The strength of the joint decreased for all values of (L) in 

the case of (DB-AL MS) compared with the (DB-MSPOL) joints. This is may be due to the 

mechanical properties of the type of adherend 

33- Effect of surface roughness 

The surface roughness (C.L.A) values of the two parts of (SB) or (DB) is the same. Five 

values of (C.L.A) for three joints of (SB) and (DB) were used in these investigations. From Fig. 

(7) it is clear that the static and impact shear strengths of (SB-MSIMS) increase with the increase 

of surface roughness (C.L.A) in the range of machining proceses until it reaches to 25vm. Thus, 

the resultant value of static and impact shear strengths starts to decrease continuously with the 

increase of (C.L.A) value. The ranges of surface roughness which gives maximum joint strengths 

are 15 to 30 ym. Fig. (8) presents the behaviour of (DB-MS/MS) joint under different surface 

roughness (C.L.A) values. The results have the same trend as the previous results of (SB-MSM) 

joints. 'However, the surface roughness which gives highest value of strength is from 20 to 30 pm. 

The values of strengths of this type of joint are larger than the (SB-MS/MS) one by about 5%. 

43-  Effect of adhesive thickness 

Four adhesive thicknesses were used in present work, namely (100,150,200 and 250pm). 

From Fig (9) it is shown that the adhesive thickness plays a vital role in the characteristics of (SB) 



and (DB) joints. The coefficient of variation of (static and impact shear strengths) for the adhesive 

thicknesses is large which is clear in the result of (DB) joint. The reason of this deviation is due to 

the damping coefficient of the adhesive material. Increasing of the adhesive thicknes leads to an 

increase in the strengths of the joint in certain limit. The shear strength increases by about 8% as 

compared with the result of the first one. 

53- Hostile environments 

53.1- In the case of tensile tests. 

The breaking stress was recorded before and after treatment. The time of treatment was 

recorded. The rate of decrease in strength with treating time was taken as indicative of bond 

durability in that environment. Fig. (10) shows that there is a small change in joint strength when 

the time of treatment equal 240 hours. At 480 and 720 hours the strength of joint decreases with 

the increasing in the time of hostile environments. This is may be due to the chemical interaction 

between the adhesive material and the hostile environments. 

On the other hand, group of joints were loaded during the hostile environments. In this case, 

the deviation between the results of time to failure under different conditions is very large 

specially when using oil of lubricant as shown in Fig. (11). This effect can be at ributed to the 

fatigue during the tre- ':merit . 

53.2- In the case of wedge tests 

In the wedge test, it is clear that, the slower the crack growth the more durable is the joint. 

Wedge tests on joints give similar trends to the creep cases. The oil of lubricant was effective than 

coolant fluid and this was more obvious than dry air as shown in Fig. (12). The main difficulty 

with the wedge test is that it is not quantitative. The data provided are only semi-quantitative.and 

are useful only for comparing the same adhesive on the same substrate with varying environments, 

or with varying surface pre-treatments. It is clear that there is no relationship between the 

durability as measured by the wedge test and the actual time to-failure of the adhesive joint in 

service. 

533- In  the case of double torsion test 

This type of test aims to combine the advantages of the wedge test with more quantitative 

analysis principles of fracture mechanics. Fracture mechariics involves characterizing the fracture 

resistance of a material by measuring the rate of crack growth through the material as a function of 

loading conditions, or the stress intensity factor. The crack speed can be considered as a function 

of the sress intensity factor. Fig (13) shows the load versus time trace obtained during a load 

relaxation test for the joint. The test was conducted in air, oil of lubricant and coolant fluid It is 



clear that, the time to-failure in air environment gives a long time comparing with the others. In the 

case of ,lubricant oil, there is a drop of life time of joint. This may be due to the chemical 

interaction between the oil of lubricant and adhesive material. From the same figure it is found 

that, the double torsion testing configuration is a linear compliance geometry, it means that the 

crack propagates in a stable manner along the length of the bond. 

On the basis of these results, it is possible to estimate the life time of the joint in three 

hostile environments. Using this method, it is possible to determine the induction time for 

environmental attack. The time from the first immersion of the joint in hostile environment to the 

decrease in load resulting from accelerated crack growth can be obtained from the load versus time 

trace as shown in Fig. (14). Now it is clear that, the double torsion method is able to measure the 

induction time comparing with other types of tests. On the other hand, the time of failure in these 

types of test varies with the type of hostile environment. The air enviroment gives good results as 

compared with the others. The oil of lubricant has a large effect on the time to failure for the 

various shapes of joints. The joint durability in the previous case is very short as compared with 

the others. The double strap joints gives better results compared with the other types of joints. The 

butt joints give lower values of results in all the previous tests. This is may be due to the decrease 

of bonding area compared with the other types of joints. 

63- Modal model method 

The elastic Young's modulus, dampig, complex elastic modulus, dynamic stiffness and 

wave velocity are determined experimentally using modal model method, by performing modal 

test of the joints. The modulus of elasticity "E" in the absence of damping can be found from the 

resonant frequency, mechanical dimensions of the joint, density of material and boundary 

conditions 1201. Fig. (15) presents the frequency dependance on elastic modulus for fixed-free case 

with two values of adhesive thickness (200 and 300 pm). This figure indicates that, when the 

frequency increases the elastic modulus decreases in the range of 250 to 950 Hz. This may be due 

to the mutual effects of the mechanical properties of the adhesive material and mild steel in the 

intereface region. The frequencies decrease in the region adjacent to the bonded joints. The region 

is mainly affected by the adhesive thicknesses.The elastic modulus values are large comparing 

with the results of continuous joint. The increase of the adhesive thickness increases the elastic 

modulus of the joint. In the case of (300 pm) thickness, the deviation between E values comparing 

with continuous joint is very clear, it is about 10%. Fig. (16) presents the frequency dependance on 

elastic modulus for fixed case of the same metal under the same conditions. This figure indicates 

that, the values. of elastic modulus are less than the values which shown in Fig. (15) and the high 

modes are very sensitive to adhesive thickness. The results of elastic modulus when using (t=300 

pm) are large comparing with continuous joint for (t=200-pm). Now, the adhesive thickness and 
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type of clamping play an effective role in the behaviour of the joint for the same dimensions. 

Figs. (17 and 18) present the frequency dependance on elastic modulus under the same 

conditions of Figs. (15 and 16). In this case the diameter of the joint is changing from 30 mm to 40 

mm. From these figures, the amplitudes are large than the previous case specially for Fix-Fix 

condition. This may be due to the increase of joint diameter and adhesive thicknesses. From the 

same figures the effect of adhesive thickness is very clear a i  shown in the previous figures. 

Figs. (19 - 22) present the frequency dependance on the damping ratios under the same 

conditions of the previous figures. This is expected, since as the frequency increases the damping 

ratio decreases. From the same figures, when the adhesive thickness increases comparing with the 

continuous joint, using diameter of joint equal 40 mm, the damping ratio increases as compared 

with fixed-fixed case which are represented in Figs. (21 and 22). Increasing damping ratio depends 

on many factors such as, the adhesive thickness, type of fixation and joint diameter. 

Due to the demands of high speed operation and the use of light structures in modern 

machinery, static measurements of stresslstrain properties are not sufficient. The static 

determination of the elastic modulus does not take into account the frequency or internal friction 

(damping). It is clear from the results of the elastic modulus and damping that there is a frequency 

dependance of these ?ammeters. In the case of adhesive joint the internal damping is to be 

considered and the modulus of elasticity becomes a complex value. The complex value is the 

vectorial sum of the elastic and damping moduli which calculated as follows 1201. 

.E = E'+ i  and ; E = 2 6 2  while the damping factor is; 5 = . 
2 f" 

From the modal test (frequency response), the complex elastic modulus can be determined. 

It is obvious that the results depend mainly on the constituent ratios of the adhesive and joint 

conditions. 

Figs. (23 - 26) present the frequency dependance of accelerance (AF) for the various 

boundary conditions. This relation (Am can be taken as a measure of the dynamic stiffness. The 

use of accelerance of vibration as a preferred parameter because it covers a wide range of 

frequency and gives flatest spectrum. Since the displacement, velocity and acceleration signals are 

directly related, thus, vibration accelerance ( A m  as a measure of inverse of the dynamic stiffness 

is used. 

From Figs. (23 - 26), the dynamic stiffness which is proportional with (AIF) decreases with 

anincrease in frequency , adhesive thickness, diameter of specimen, and type of fixation.These 

results may be due to the greater deflections produced from the vibrating force comparing with the 

elastic conditions and due to the behaviour of adhesive material under dynamic force. From the 



previous figures, it is clear that, the Fix-Fix case gives higher results comparing with the Fix-Free 

case since the first one increases the stiffness of the joint. The increase of (Am with the increase 

of frequency is either due to the decrease of damping with frequency or as a result of the decrease 

of dynamic stiffness. 

The equation of the compressional vibrations has the same form as so-called wave 

equation which governs various types of wave phenomenon in theoretical physics. 

Compressional vibrations are referred to as mechanical waves with a wave velocity V = 

This parameter is very important because the actual vibrations measured on a complicated 

structure may be widely different from point to point, and from space direction to another. The 

wave solution is most duration, while for practical engineering analysis, the vibration solution is 

most useful. Figs. (27 - 30) present the frequency dependance on wave velocity. The wave velocity 

is directly related to the elastic modulus and inversely related to the density roots. From these 

figures, the decreases of sound velocity with the increase of the frequency is clear. The drop in 

elastic modulus for a certain frequency makes the wave velocity increases with the decrease of 

adhesive thickness because the adhesive thickness transmits the vibration signals or waves more 

difficult than the metal. 

4- CONCLUSIONS 

The results lead to the following: 

1) The dispersion of the strength of bonded joints is large specially when the lap length is short. 

Thus it is necessary to pay attension in comparing the static strength with the impact one for 

bonded joints having the short lap length. 

2) Effects of strap materials on the strength are varied by the type of joint. 

3) Effect of the surface roughness (C.L.A)on the strengths of joint is varied by the type of joint. 

4) The range of surface roughness (C.L.A) which gives maximum joint strengths is 15 to 30 pm 

for (SB) joints and from 20 to 30 pm for @B) joints. 

5),The strengths ~f joints increase with the increase of adhesive thickness until 150 pm. 

6) The joint which has fiber contents gives good reuslts as compared with other one specially 

when the joint is under tension. Obviously, the use of polyester fibers in bonding joint is more 

economical as compared with other straps laminates. 

7) The simple short-term test allows the prediction of the time to failure of the adhesive joint. It 

represenis an assessment of the effects of the environment and stress level on joint durability. 
I 



8) The double torsion test provides valuable informations for the strength and durability of 

adhesive joints. 

9) The oil of Lubricant (Delvac 1340 CD-Mobil-G.M.C. 40) has a large effect on the durability of 

adhesive joint. 

10) The double straps joint gives good results in all types of hostile environments and in all types 

of tests. 

11) There is a frequency dependance on the damping, complex elastic modulus and wave velocity. 

12) The dynamic behaviour of bonded joint depends on the adhesive ratios and joint dimensions. 

5- REFERENCES 

1- A. M. Easa, " The behaviour of four types of bonded joints under static and dynamic stresses" 

Eng. Res. Bull., Faculty of Eng. & Tech., Menoufia University Vol. XV, Part 11,1992. 

2- Cooper, P.A., Sawyer, J.W., "A critical examination of stresses in an elastic single lap joint". 

NASA TP-1507,1979. 

3- V.J. Parks, Fu-pen Chiang and A. J. Durelli, "Maximum stress at angular corners of long straps 

bonded on one side and shrunk" J. of Exp. Mechanics, Vol. 8, pp. 278-281, June 1989. 

4- L.J. Hart-Smith, "Adhesive bonded single lap joints" NASA CR-112236, January, 1973. 

5- G.M. Zhang, S.G. Kapoor " Dynamic generation of machined surfaces, Part I, "Description of 

random excitation system" J. of Eng. for Industry,Vol. 113, pp. 137-144, May, 1991. 

6- Nadle, M.A., and Yoshino S.Y. " Adhesive joint strength as function of geometry and material 

parameters", Society of automative Eng., Report No. 670856. 

7- A,M. Easa and M. Sadek, "Effect of surface roughness and type of adhesive on the performance 

of bonded joint", PEDAC 1983. 

8- British Standard Methods, Bs 50, Part C9-1978, C7-1980. 

9- American Standard Test Methods, D 1781-76-1978, D-1876-72-1978. 

10- D.M.Brewis, "In Durability of Structural Adhesives", ed. A.J. Kinloch, Applied Science 

Publishers. London, 1983. 

11- A.M. Easa,"Behaviour of Single Lap Adhesive Joints under Different Bond Thicknesses". Port 

Said, Sc. Eng. Bull., V2, pp. 223-237, 1993. 

12- L.J. Hart-Smith, "Adhesive Bond stress and Strains at Discontinuities and Cracks in Bonded 



Structures: ASME;.J.* of Eng. Materials and ~ e c h n o l o g ~ .  January, 1978, Vol. 100, pp. 16-24. 

13- Mostovoy, S., Ripling,E.J., and Bersch, C.F., "Fracure Toughness of Adhesive Joints". J. of 

Adhesion, VOl: 3,01973 pp. 125-144. 

14- Malyshev, B.M., and Salganik, R.L., "The Strength of Adhesive Joints Using The Theory of 

Cracks", Int. J. of Fracture Mechanics, Voi.1, No.2,1965, pp. 114-128. 

15- D.E.W. Stone, "Nondestructive methods of Characteristing The Strength of Adhesive Bonded 

Joints". A Review Royal Aircraft Establishment, Technical Report 86058, Presented at 2 & 

Adhesive En capsulants and Sealants Conf., Kensington, London, U.K., Nov. 4-6,1986. 

16- MA., Nasser, "Evaluating Global Change In Composite Materials Characteristics Using 

Modal Function"., Port-Said Sci. Eng. Bull., Vo1.4, Part 1, 1992, Egypt. 

17- G. M. Light and H. Kwan, "Nondestructive evaluation of adhesive bond quality" A static of art 

review, NTICA-89-1, June, 1989. 

18- C.C.H. Guyott and P. Cawlcy, "Evaluation of the cohesive properties of adhesive joints using 

ultrasonic spectroscopy, NDT Int. 21 (4), pp. 233-240, 1988. 

19- R.G. Ni and R .9 .  Adams, " The damping and dynamic moduli of symnetric laminated 

composite beams theoretical and experimental results ", J. of Composite Materials, Vol. 18, 

March 1984, pp. 104-121. 

20- Jens T.B., " Mechanical vibration and shock measurements ", B & K, 1984. 



Appendix (A) 

The mechanical propertiesof the bar materials are as 
follows : 

Mechanical 
Properties 

Appendix (B) 

The chemical composition of the two bars materials are 
as follows : 

Appendix (C)  
- - 

The mechanical peoperties of polyester materials are as 
follows : 

Appendix @) 
The specifications of "Super bonder 415" are as 

follows : 

Specification 

at20'C 

Fiber contents 
Vol. % 

30.5 

Mechanical 
Properties 

Polyster 

Chemical 1 C*lour I Viscosity 1 Typical I Typical 1 G?p 1 Temp. I p:i 1 
Handling Ult~mate Rlllng Range 

ength Life 

E 
G Pa 

10.6 

u 
M Pa 

170 
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