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1. Introduction
iber reinforced polymer (FRP) composite laminates are commonly used as light-weight materials in a wide variety of marine applications including sporting equipment as well as military structures. Low-velocity impacts in these applications cannot be avoided via falling tools and equipment, floating ice, struck submerged objects, grounding and collisions. Low-velocity impacts on composite structures can yield degradation of the composite material, which is sometimes hard to detect by external inspection. Impact damage is highly dependent upon the nature of the threat and conditions associated with the impact event. The impacted composite structures have 50%-75% less strength than undamaged structures [1].
Impact behavior of FRP composite structures have special attention by many researches [2][3][4][5][6][7][8][9][10]. However, few of them characterized the impact performance under water environments [8][9][10], which is the subject of the present study. FRP composites generally absorb energy through fracture mechanisms such as delamination, shear cracking, and fiber breakage; however some portion of the energy may be absorbed through elastic-plastic deformation of the fiber and matrix. The mode of fracture and thus the energy absorbed are influenced by various test and material variables such as: fiber orientation, interface strength, specimen geometry, velocity of impact, and environmental conditions. Aymerich et al. [2][3] studied the impact-induced damage on stitched and unstitched graphite/epoxy laminates. Dau et al. [4] dealt with 3Dinterlock composite materials. Kursun et al. [5] investigated the influence of the impactor shape on the post-impact strength of composite sandwich plates. Iqbal et al. [6] were interested in the impact damage resistance in nanoclay-filled CFRE. Arun et al. [8] investigated the effect of sea water on the impact properties of glass/textile fabric polymer hybrid composites using a pendulum type impact testing machine. The specimens were immersed in sea water for 8, 16 and 24 days.
Water absorption can exit in two distinct forms: free water that fills the microcavities of the network and bound water in strong interactions with polar segments [11]. The degradation of the impact strength of glass/polyester composites in water may be due to physical degradation such as matrix "swelling", degradation of matrix resin due to chemical reaction with water and degradation of interfaces bonding between fibers and matrix resin [9].
The present work is a continuation of a previous study [7] on the effect of temperature on the impact behaviors of CFRE composites. The impact tests were carried out using falling weight impact tester at room temperature (RT), 50°C and 75°C. Khashaba and Othman [7] reported that the reduction of stiffness and strength at room temperature and 50°C is comparable. The highest reduction in the stiffness and strength is observed at 75°C owing to softening of the epoxy matrix, plasticization of the matrix at the impacted zone, interfacial fiber/matrix debonding, degradation of the matrix properties and increases of the interfacial stress concentration of the re-solidified matrix.
Automotive and aircraft structures are always exposed to water from rains and condensation of atmospheric humidity. Applications, such as boats and marine industries, water pipes and tanks required more data about the effect of water as the main environment on their mechanical properties. Therefore, the main subjected to water environments. The experimental results of Gude et al. [11] showed that the saturation of epoxy (with and without carbon nanotubes) with water absorption is reached after about 265h. Therefore, in the present work the specimens were immersed in distilled water up to 386 h. Subsequently, they are subjected to impact tests using drop-weight machine in accordance with ASTM D 7136.
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Figure 7. Table 1 :
1	Tensile [12-13]	In-plane shear [121-13]	Compressive [14]
	Strength ? t (MPa)	Modulus E t (GPa)	Poisson's ratio??	Strength ? (MPa)	Modulus G (GPa)	Strength ? c (MPa)	Modulus E c (GPa)
	895.28 81.66	0.052	145.41 6.94	633.30 80.90




Figure 8. Table 2 :
2	Impact	Total	Impact	Impact
	Energy (J)	Mass (kg)	Height (m)	Velocity (m/s)
	1.88	3.632	0.053	1.02
	30.13	7.632	0.402	2.81
	50.00	12.632	0.403	2.81
	60.00	12.632	0.484	3.08
	75.00	7.632	1.002	4.43
	100.05	12.632	0.807	3.98




Figure 9. Table 3 :
3	Constants	Water-immersed CFRE	Dry CFRE
	?? 0 (N/m) ?? (N/(??/??) ?? )	0.2049 4866.9	0.141 6493.1
	??	0.3803	0.294
	RMSE error (%)	6.4	1.7
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3. Experimental Work a) Materials
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Carbon fiber reinforced epoxy (CFRE) composite laminates were manufacture dusing 25 layers of T300-3k plain woven carbon fiber fabrics (200g/m 2 ) and YPH-120-23A/B epoxy matrix by applying the prepreg method. The laminates are fabricated in 500x500x5 mm. The tensile and in-plane shear properties of CFRE composite were determined in some previous works, Khashaba et al. [12][13]. Moreover, the compressive properties are studied in Ref. [14] for nonimpacted specimens. The tensile, compression and shear properties are illustrated in Table 1. 
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The tested specimens were cut from the fabricated composite laminates to the standard dimensions of the falling mass impact tests according to ASTM D 7136. Three specimens were cut for each experimental condition using abrasive waterjet machine to dimensions of 101.6x152.4x5 ± 0.1 mm. The main advantage of this cutting technique is the elimination of heat generation, which is associated with the conventional machining processes. Heat generation is a main drawback as it can soften the fabricated materials that re-solidified after cooling. In the worst case, the heat generation can burn the matrix. Softening and solidifying of polymer composites is frequently associated with high stress concentration along the cutting path. In addition, the induced stress concentration can lead to premature failure of the specimens when subjected to the mechanical loads of the testing machines. A second advantage of abrasive waterjet machine is that it is dustless cutting technique. This is highly advantages mainly when cutting polymers and fiber-reinforced polymer composites (FRP).Consequently, this technique is environmentally friend and not hazardous.
To evaluate the effect of moisture environments on the impact response of CFRE composites, the specimens were immersed in a tank containing distilled water up to saturation, which is observed after about 368 h. The water in the tank was renewed every 3 days [9]. The moisture weight was measured at different time intervals using high sensitivity (0.0001 g) digital balance of model A & D HR-200. The experimental results of Gude et al. [11] showed that the saturation of epoxy (with and without carbon nanotubes) with water absorption is reached after about 265h.Therefore, the selected immersion time (368 h ? 16 days) is enough for saturation of CFRE specimens with distilled water. Year 2017 A behavior of carbon fiber reinforced epoxy composites objective of the present work is to investigate the impact Six energy levels of 1.88J, 30J, 50J, 60J, 75J and 100J were selected to perform impact testes on CFRE composites. Three specimens were tested for each energy level and the average values are considered to evaluate the effect of water immersion on the impact behavior of CFRE composites at different impact energies.
The values of the falling height and impact velocity are automatically evaluated by the machine software. However, they can be determined from Eqs.
(1) and ( 2), respectively, as follows:
?? = ?? ?? ???? (1)and
?? ?? = ? 2?? ?? ?? = ?2????(2)where ?? ?? is the impact energy, ?? ?? is the impact velocity, ?? is the drop-height of the impactor, ?? is the total mass of the impactor and ?? is the gravity acceleration (?? = 9.81 m/s 2 ). Table 2 depicts the impact test parameters related to the investigated impact energies. The specimens were subjected to transverse impacts at low-velocities (1.02 -4,43 m/s) with a hemispheric impactor of 16 mm in diameter. The impact testing machine is equipped with a pneumatic antirebound device to prevent a second impact on the tested specimen. Knowing the contact force and the impact velocity, the impactor acceleration ??(??), velocity ??(??), displacement/deformation ??(??), and energy ??(??),respectively, are calculated in terms of time, as follows [15]: 
??(??) = ? ??(??) ?? ,(3)??(??) = ?? ?? ? ? ??(??)???? ?? 0 = ?? ?? ? ? ??(??) ?? ???? ?? 0 ,(4)The absorbed energy (?? ?? ) is evaluated by subtracting the residual or rebound energy (?? ?? ) from the impact energy ??? ?? = 
In addition, the peak force (?? ?????? = max ???? isevaluated for each test.
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The total moisture content (G) in composite materials that following Fickian behavior or Fick's diffusion laws can be described as follows [18]:
?? = ?? ? ?? ?? ?? ?? ? ?? ?? = 1 ? 8 ?? 2 ? 1 (2?? ? 1) 2 ?????? ? ?(2?? ? 1) 2 ?? 2 ???? ? 2 ? ? ?? =1 (8)where M is the moisture content at time t, M i is the initial weight of moisture in the specimen, M m is the maximum (saturated) moisture content, h is the specimen thickness, and D is the mass diffusivity in the composite (diffusion coefficient). The diffusion coefficient is an important parameter in Fick's law, which can be determined by solving the diffusion Eq. ( 8) for the weight of moisture, and rearranging in terms of the percent moisture content, the following relationship is obtained [18][19]:
?? = ?? ? ??? 4?? ?? ? 2 (9)where, k is the initial slope of a plot of M(t) versus t 1/2 as shown in Fig. 2.This figure indicates that the difference between the last two subsequent weight readings approaches zero, which means that the maximum (saturated) moisture content of CFRE specimens is (M m = 0.066 g) reached after 336 h immersion time. The estimated diffusion coefficient using the above equation is 4.145x10 -6 mm 2 /s. Since the sample was initially dry, the weight of moisture in the materials is M i = 0. Thus, the Eq. ( 8) is reduced to the ratio G = M/M m . Fig. 3 shows comparison between the predicted, Eq. ( 8), and the measured moisture absorption of T300-3k plain woven carbon fiber/epoxy composite. Because of the series of Eq. ( 8) is rapid convergence, the first four terms are enough for prediction the ratio (G) of the weight of moisture (M) at time t to the moisture in the fully saturated equilibrium condition (M m ) [20]. It is obvious from Fig. 3 that water absorption of T300-3k plain woven carbon fiber/epoxy composite has good agreement with Fick's law. Fig. 4 shows a typical force-time curve of the water-immersed CFRE composite plates at impact energy of 30J. First, the force increases almost linearly till about 600 micro-seconds. The sharp increase in the force is interpreted in terms of the composite's undamaged elastic behavior. Second, the elastic deformation is followed by sharp drop in the force due to damage initiation. The peak force observed in this elastic range defines the thres hold force that initiates a change in the material stiffness it is also named delamination threshold [21]. Third, the sharp drop in the force is followed by a second nonlinear increase, which describes the damaged elastic behavior of the composite material. This occurs after redistribution of the load on the undamaged composite layers. Fourth, a peak force associated with non-linear plastic behavior was observed due to collapse of CFRE specimen. Finally, the force drops gradually to zero as the impactor rebounds off the composite plate.
The energy transferred from the impactor to the composite specimen of Fig. 4 is indicated in terms of displacement as shown in Fig. 5. It increases almost in a parabolic way till a maximum value corresponding to the kinetic energy of the impactor or the impact energy. Thus decreases as the impactor goes upwards. The impactor loses contact with the composite plate as the displacement decreases back to zero. The value of the energy at this time is absorbed energy by CFRE plate. Fig. 6 shows the absorbed energy for the waterimmersed plates at different values of impact energy. At impact energies higher than 60J, the absorbed energy matches the equality line (y=x), which means that the composite plates absorb the total impact energy. On the other hand, at lower impact energies, the absorbed energy comes lies below the equality line (y=x), which means that the composite plates absorb, in this range, only a part of the impact energy. Fig. 7 shows the absorbed energy-to-impact energy ratio for waterimmersed and dry plates. The absorbed energies of the saturated CFRE specimens with distilled water have insignificant differences compared with those corresponding to the dry samples, as shown in Figs. 6  and 7. Similar behavior was observed by Imieli?ska and Guillaumat [22]. They reported that the absorbed energy of woven aramid-glass fiber/epoxy composite was not affected with water immersion ageing. The maximum force was calculated for different impact energies of dry as well as moist CFRE specimens and the results are illustrated in Fig. 8. The results in this figure showed that the maximum forces of both dry and moist specimens were sharply increases at low impact energies. In this range no perforation of the plates is observed. The maximum force recorded with the water-saturated CFRE plates is comparable to the maximum force measured with the dry CFRE plates in the low impact energy range. Only cross-shaped surface cracks are noticed. On the opposite, the maximum force is almost constant at high impact energy (higher than 50 J).At these impact energies, the composite plates are completely perforated as shown in Fig. 9. In the front side, the impactor leaves a larger printed circular shape, Fig. 9a, on the CFRE specimens with a diameter that is directly proportional with the impact energy. The excessive delaminations on the back side accompanied with long cross-cracks have constructed a 3-D pyramidal shape as shown in Fig. 9b.
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The four ends of the cross-crack of the back side were connected together to form the base of the pyramids, while the specimen center represent its vertex.
The maximum forces recorded for the saturated CFRE specimens with distilled water are in the range of 15 to 20% lower than those corresponding to the dry ones. This can be explained be the fact that water absorption degrades the mechanical strength of composite materials in general [23][24] and more particularly CFRE composite materials [25]. Imieli?ska and Guillaumat [22] attributes this behavior to chemical degradation of resin matrix and fiber matrix interphase region. Water degradation will cause swelling and plasticization of the polyester matrix and debonding at the fiber/matrix interface that may reduce the impact force.
The maximum/peak force measured with the water-immersed or the dry composite plates can be interpolated using the following equation [7,[26][27]: where ?? ???????? , ?? 0 , ?? and ?? are the maximum force, global plate stiffness, the damping coefficient and a constant to include non-linear effects. The constants obtained by curve fitting and root mean squared error (RMSE) are reported in Table 3. IV.
?? ???????? = ? ?? 2 ? 2?? ?? ?? ? ?? 2 + ? 2?? 0 ?? ?? + 2 ???2 ?? 2 ? ?? ?? ?? ? ??(
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In this work, the effect of water absorption on the low-velocity impact behavior of CFRE composite plates was investigated. To this aim, falling weight testing machine was used to impact water-saturated CFRE plates at different values of impact energies. Several conclusions can be drawn:
? For impact energies higher than 60J, 100% of the impact energy is absorbed by the CFRE plate and a perforation is observed. ? The maximum force increases rapidly at low impact energies and tends to an asymptotic/constant value at high impact energies. ? The absorbed energies of the saturated CFRE specimens with distilled water have insignificant differences compared with those corresponding to the dry samples ? The maximum force recorded with the watersaturated CFRE plates is comparable to the maximum force measured with the dry CFRE plates in the low impact energy range. ? The maximum force recorded with the watersaturated plates is 15 to 20% lower than the maximum force measured with the dry plates in the high impact energy range. This is explained in terms of the chemical degradation of resin matrix and fiber matrix interphase region owing to water absorption.

 Up: Home Previous: 7. b) Low-velocity impact tests Next: Appendix A §

Appendix A §
 Up: Home Next: Appendix B §
Appendix A §

Appendix A.1 §


			
 Up: Home Next: Appendix B §

Appendix B §
 Up: Home Previous: Appendix A §
Appendix B §


					
	
		Effect of impactor shapes on the low velocity impact damage of sandwich composite plate: Experimental study and modeling
		
			A Kursun
		, 
		
			M Senel
		, 
		
			H M Enginsoy
		, 
		
			E Bayraktar
		. 
	
	
		Compos B 
		2016. 86 p. . 
	

	
	
		Effect of longterm water exposure on properties of carbon and graphite fiber reinforced epoxies
		
			A Mazor
		, 
		
			L J Broutman
		, 
		
			B H Eckstein
		. 
	
	
		Polym Eng Sci 
		1978. 18 p. . 
	

	
	
		Experimental investigation of the crash energy absorption of 2.5D-braided thermoplastic composite tubes
		
			C Priem
		, 
		
			R Othman
		, 
		
			P Rozycki
		, 
		
			D Guillon
		. 
	
	
		Compos Struct 
		2014. 116 p. . 
	

	
	
		Water Absorption Behaviour and Its Effect on the Mechanical Properties of Flax Fibre Reinforced Bioepoxy Composites
		
			E Muñoz
		, 
		
			A García-Manrique
		. 
		 10.1155/2015/390275. 
	
	
		Int J Polym Sci 
		2015. p. 390275. 
	

	
	
		Influence of moisture absorption on the flexural properties of composites made of epoxy resin reinforced with low-content iron particles
		
			E Sideridis
		, 
		
			J Venetis
		, 
		
			E Kyriazi
		, 
		
			Kytopoulos
		. 
	
	
		Bull Mater Res 
		2017. 40 p. . 
	

	
	
		Damage response of stitched cross-ply laminates under impact loadings
		
			F Aymerich
		, 
		
			C Pani
		, 
		
			P Priolo
		. 
	
	
		Eng Fract Mech 
		2007. 74 p. . 
	

	
	
		Effect of stitching on the low-velocity impact response of [03/903]s graphite/epoxy laminates
		
			F Aymerich
		, 
		
			C Pani
		, 
		
			P Priolo
		. 
	
	
		Compos Part A 
		2007. 38 p. . 
	

	
	
		Experimental investigations and variability considerations on 3D interlock textile composites used in low velocity soft impact loading
		
			F Dau
		, 
		
			M L Dano
		, 
		
			Y Duplessis-Kergomard
		. 
	
	
		Compos Struct 
		2016. 153 p. . 
	

	
	
		Effect of water absorption on the mechanical properties of hemp fibre reinforced unsaturated polyester composites
		
			H N Dhakal
		, 
		
			Z Y Zhang
		, 
		
			Mow Richardson
		. 
	
	
		Compos Sci Technol 
		2007. 67 p. . 
	

	
	
		The effect of water immersion ageing on low-velocity impact behaviour of woven aramid-glass fibre/epoxy composites
		
			K Imieli?ska
		, 
		
			L Guillaumat
		. 
	
	
		Compos Sci Technol 
		2004. 64 p. . 
	

	
	
		The effect of water immersion ageing on low-velocity impact behaviour of woven aramid-glass fibre/epoxy composites
		
			K Imieli?ska
		, 
		
			L Guillaumat
		. 
	
	
		Compos Sci Technol 
		2004. 64 p. . 
	

	
	
		Impact damage resistance of CFRP with nanoclay-filled epoxy matrix
		
			K Iqbal
		, 
		
			S U Khan
		, 
		
			A Munir
		, 
		
			J K Kim
		. 
	
	
		Compos Sci Technol 
		2009. 69 p. . 
	

	
	
		Damage characterisation of glass/textile fabric polymer hybrid composites in sea water environment
		
			K V Arun
		, 
		
			S Basavarajappa
		, 
		
			B S Sherigara
		. 
	
	
		Materials and Design 
		2010. 31 p. . 
	

	
	
		Hygrothermal ageing of adhesive joints with nanore in forced adhesives and different surface treatments of carbon fibre/epoxy substrates
		
			M R Gude
		, 
		
			S G Prolongo
		, 
		
			A Ureña
		. 
	
	
		International Journal of Adhesion & Adhesives 
		2013. 40 p. . 
	

	
	
		A new composite structure impact performance assessment program
		
			P Feraboli
		, 
		
			K T Kedward
		. 
	
	
		Compos Sci Technol 
		2006. 66 p. . 
	

	
	
		Metallic energy-absorbing inserts for Formula One tyre barriers
		
			P Guégan
		, 
		
			D Lebreton
		, 
		
			F Pasco
		, 
		
			R Othman
		, 
		
			Le Corre
		, 
		
			S Poitou
		, 
		
			A
		. 
	
	
		Proc. IMechE Part D: J. Automobile Engineering 
		2008. 222 p. . 
	

	
	
		Experimental investigation of rubber ball impacts on aluminium plates
		
			P Guégan
		, 
		
			R Othman
		, 
		
			D Lebreton
		, 
		
			F Pasco
		, 
		
			N Swiergiel
		, 
		
			P Thevenet
		. 
	
	
		Int J Crash 
		2010. 15 p. . 
	

	
	
		Principles of Composite Material Mechanics
		
			R F Gibson
		, 
		
			Inc Mcgraw-Hill
		. 
	
	
		A Effect of Water Absorption on the Impact Behaviors of CFRE Composites 21, 
				1994. 2017. 
	

	
	
		Effect of humidity and temperature on physical properties of matrix resins and carbon fiber composites
		
			R Schmidt
		. 
		1986. Mater Sci Monographs. p. . 
	

	
	
		Effect of water and temperature environments on the impact behavior of woven GFR thermoset composites
		
			U A Khashaba
		. 
	
	
		Proc. of the Fifth Int. Conf. On Prod. Eng. and Design for Development, 
				 (of the Fifth Int. Conf. On Prod. Eng. and Design for DevelopmentEgypt
) 
		1998. p. . 
		
			Ain Shams University
		
	

	
	
		Analysis of Adhesively Bonded CFRE Composite Scarf Joints Modified with MWCNTs
		
			U A Khashaba
		, 
		
			A A Aljinaidi
		, 
		
			M A Hamed
		. 
	
	
		Compos Part A-Appl S 
		2015. 71 p. . 
	

	
	
		Development of CFRE composite scarf adhesive joints with SiC and Al2O3 nanoparticle
		
			U A Khashaba
		, 
		
			A A Aljinaidi
		, 
		
			M A Hamed
		. 
	
	
		Compos Struct 
		2015. 128 p. . 
	

	
	
		Low-velocity impact of woven CFRE composites under different temperature levels
		
			U A Khashaba
		, 
		
			R Othman
		. 
	
	
		Int J Impact Eng 
		2017. 108 p. . 
	

	
	
		Open hole compressive elastic and strength analysis of CFRE composites for aerospace applications
		
			U A Khashaba
		, 
		
			A I Khdair
		. 
	
	
		Aerosp Sci Technol 
		2017. 60 p. . 
	

	
	
		Impact and after-impact properties of carbon fibre reinforced composites enhanced with multi-wall carbon nanotubes
		
			V Kostopoulos
		, 
		
			A Baltopoulos
		, 
		
			P Karapappas
		, 
		
			A Vavouliotis
		, 
		
			A Paipetis
		. 
	
	
		Compos Sci Technol 
		2010. 70 p. . 
	

	
	
		Ultrasonic approach of Rayleigh pitchcatch contact ultrasound waves on CFRP laminated composites
		
			Yang I-Y Im
		, 
		
			K-H Heo
		, 
		
			U Hsu
		, 
		
			D K Park
		, 
		
			J-W Kim
		, 
		
			H-J Song
		, 
		
			S-J
		. 
	
	
		J Mater Sci Technol 
		2008. 24 p. . 
	



			
 Up: Home Previous: Appendix A §

Information about this book

			Title statement

				Effect of Water Absorption on the Impact Behaviors of CFRE Composites
			
			Publication

					Publisher
	Global Journals Organisation

					Availability
	
This is an open access work licensed under a Creative Commons Attribution 4.0 International license. Please email us for details and permissions.


				Place of publication
	Cambridge, United States
	Date
	15 January 2017


			Source

				
					
					
					 42FC91DCDEA41DF0284B40811FC6B864. 
				U. A. Khashaba, 
King Abdulaziz University. Global Journal of Researches in EngineeringGJRE  2249-4596.  0975-5861.  10.34257/gjre. Cambridge, United States: Global Journals Organisation. 17  (6)  41 48. 

			
		
			
				
					By Softinator Dynamics Pvt. Ltd.
					
				
			

		
OPS/toc.html
Contents

		2. II.

		3. Experimental Work a) Materials

		4. b) Specimens Preparation

		5. III.

		6. Results And Discussions a) Water absorption and diffusion coefficient

		7. b) Low-velocity impact tests

		8. Conclusions

		Appendix A ยง

		Appendix B ยง

		[About this book]



Guide

		[Title page]

		[The book]

		[About this book]





OPS/media/resource1.png





OPS/media/resource6.png





OPS/media/resource3.png





OPS/media/resource2.png





OPS/media/resource5.png





OPS/media/resource4.png





