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ARTICLE INFO  ABSTRACT 

Article history :  The polypropylene-based honeycomb core is one of the most 

common hybrid materials currently used to reinforce the structure 

of sandwich composites. This material is widely used in various 

science, technology, and engineering fields, including aerospace 

applications, due to its high strength properties. Therefore, this 

research evaluated the mechanical properties of the well-known 

hybrid composites of carbon fiber (CF) and glass fiber (GF) 

under reinforced sandwich composites. The different curing-

pressure values of each material were analyzed to determine the 

pressure responsible for the superior performances and 

properties. The specimens were moulded using the hand lay-up or 

cloth laying angle technique of the carbon fiber. Furthermore, by 

changing direction, the greatest load-bearing direction based on 

the bending test was determined. According to the ASTM 

standard on strength determination, an increase in curing 

pressure leads to a rise in flexural stress. By placing the material 

orientation in the right order (i.e., [CF90/CF0/GF0/Core/GF0/ 

CF0/GF0]) the highest strength is obtained. However, when the 

strain reaches its maximum value, the fracture of the specimen, 

followed by the fiber orientation of the fabric. The experimental 

results showed that the lower the curing pressure, the thicker the 

workpiece decreased fiber volume fraction. The results also 

showed that changes in the curing pressure and laying angle 

affect the mechanical properties of the sandwich composites. 
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INTRODUCTION 

Composite materials are the combination of two materials, such as fiber and matrix with 

varying physical and chemical properties. According to Bhagwan et al. (0891), Salernitano et al. 

(2003), and Cho et al. (2007), composite materials are increasingly used in different 

applications such as aerospace components, automotive, construction, etc. The mechanical and 

thermal properties of composite materials are strengthened by matrix epoxy reinforcement (Cho 

et al. 2007, Gary et al. 1993, Jagannatha et al. 2015, James et al. 1989, Shang Han et al. 2001, 
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Mohd Zulfli et al. 2013). The most popular type of fibers used in this type of material is carbon 

because it is strong, lightweight, heat resistant, with high mechanical properties (Cho et al., 

2007; Gary et al., 1993; Jagannatha et al., 2015; James, 1989). The other popular type is glass 

fiber, which comprises strong materials in terms of ductility and toughness (Shang Han et al. 

2001, Mohd Zulfli et al. 2013, Masahiro et al. 2013). The strength of composite materials is 

dependent on multiple parameters, such as the number of layers of fabrics, ply orientation, fiber 

and matrix types, which also affect the mechanical properties (Masahiro et al. 2013, Hossein et 

al. 2014). Woven fabric is made by interlacing fibers at right angles, and this works by 

overlapping pieces of material work together. Therefore, the fiber placement characteristics 

affect the mechanical properties (Neumeister et al. 1996). 

Sandwich composite materials indicate a specific material with high mechanical 

properties. Therefore, to provide a wide range of potential applications, hybrid composite and 

core are embedded. Sezgin et al. (2010) and Riccio et al. (2016) stated that sandwich 

plates/panels with polypropylene cores lead to higher load subjection, which also affects the 

mechanical properties of the composite material. According to preliminary studies, many 

variables affect the pressure, temperature, and forming methods (Fuda et al., 2017; Ghasemi et 

al., 2016; Hoda et al., 2015; Sungho et al. 2011). 

Therefore, this laboratory/experimental study examined the use of epoxy resin as the link 

between carbon and glass fibers, matrix, and core. Each specimen applied different pressure and 

curing processes with the bending test used to determine the mechanical properties of the 

materials. The curing pressure variations are set at the constant heat in all experiments to 

analyze the changes in mechanical properties properly. 

 

RESEARCH METHOD 

Material Preparation 

Carbon Fiber (CF) fabric 3K, 1 x 1 plain weave with 200 g/m3 was used for the 

fabrication of sandwich composite materials. Meanwhile, the glass fiber (GF) 1 x 1 plain weave 

with 80 g/m3, Epoxy resin (manufactured number: ER550) shown in Figure 1(a), and 

polypropylene-based honeycomb core (PP-core) were used to prepare the sandwich panels. The 

internal structure in Figure 1(a) is the fiber orientation in the fabric orientation at an angle of 00 

before it is laid as a laminate, as illustrated in Figure 1(b). The mechanical properties of carbon 

and glass fiber are shown in Table 1. 
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(a)     (b) 

 

Figure 1: (a) The actual structure of carbon fiber and glass fiber with a 1 x 1 plain weave 

and b) an idealized structure at angle 00 
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Table 1: Mechanical properties of carbon fiber and glass fiber 

Fiber type Density (g/cm3) Tensile strength (GPa) 

Carbon fibera 1.8 3.4 

Glass fiberb 1.2 0.795 

a. (Torayca Innovation by Chemistry, 1999) 

b. (Compositesplaza, 2013) 

 

 

Figure 2: Stacking sequence of symmetric composite laminates (a) [45o/0o/0o/0o/0o/0o/45o] and 

(b) [90o/0o/0o/0o/0o/0o/90o]. 

 

Experimental Preparation  
The experimental process used to prepare carbon fiber is properly cut into 2 pieces at 450 

and 00 (20 x 20 cm2). Meanwhile, the prepared glass fiber and PP-based honeycomb core are cut 

into 2 and 1 pieces (size: 20 x 20 cm2). In addition, the epoxy resin is produced by mixing 

substances PP-based honeycomb core, carbon, and glass fibers using a mixing ratio (MR) of 

100:35, as shown in Figure 2. This process is known as the hand lay-up process. Sandwich 

structures are impregnated and laminated by the hand lay-up technique based on the aluminum 

mold for different materials stack sequence of [CF/CF/GF/PP-core/GF/CF/CF] by different ply 

orientation patterns between [45/0/0/0/0/0/45] and [90/0/0/0/0/0/90]. The ply 

orientation of 00 and 450 are shown in Figure 3. After the hand lay-up process, the sandwich 

panels are placed in an oven under the curing condition, as shown in Table 2. During the curing 

process, the sandwich panels are connected to a vacuum pump to eliminate air bubbles. The 

mechanical properties are investigated under the variation of the curing pressure with a 

temperature profile under constant pressure, as shown in Figure 4.  
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Figure 3: An actual ply orientation of (a) 0o and (b) 45o 
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Table 2: Designed cure cycle for experimental study 

Number 

of 

specimens 

Temperature 

(℃) 

Cure vacuum 

pressure  

(bar) 

Ply orientation in sandwich 

composites by hand lay-up 

[CF/CF/GF/PP-

core/GF/CF/CF] 

1 100 -0.8 [45/0/0/0/0/0/45] 

2 100 -0.4 [45/0/0/0/0/0/45] 

3 100 0 [45/0/0/0/0/0/45] 

4 100 -0.8 [90/0/0/0/0/0/90] 

5 100 -0.4 [90/0/0/0/0/0/90] 

6 100 0 [90/0/0/0/0/0/90] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Temperature profile under constant vacuum pressure.  

 

Bending Testing   
The bending testing technique is used to investigate the change in curing conditions, 

which led to specimen failure. The flexural test is performed under three-point bending mode 

with the specimen dimension of 191 x 20 x 7.2 mm3 shown in Figure 5. This is in accordance 

with the standard of ASTM D790M-03 with the crosshead speed of 1.2 mm/min and supported 

span length of 100 mm by using the universal testing machine (UTM) - 100 kN. 

 

 

 

 

 

 

(a)      (b) 

 

Figure 5: The bending test specimen; (a) dimension of a specimen and (b) right side of the 

specimen.  
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RESULTS AND DISCUSSION 

Specimens 1 to 6 showed varying deflections when subjected to bending loads. This 

was observed under the consideration of the vacuum pressure process and directions of angle-

ply lamination. Furthermore, the lower the vacuum pressure, the better the flexural strength and 

capability of materials subjected to the flexural deformation. However, the materials seem to be 

more conserved from the deflection because the lower the vacuum pressure, the greater the 

bonds between the fiber, matrix, and PP-core with a less porous matrix. Moreover, the 

composite laminated ply orientations played a significant role in the flexural stress and load 

applied to the materials. The composite laminated in the ply orientation of 

[90/0/0/0/0/0/90] showed better results than [45/0/0/0/0/0/45] in Figures 6 and 7. 

Furthermore, the ply is subjected to the axial load along the length of the fiber when the force is 

applied at 90 of ply orientations, in which the advantage of the reinforcement fiber to subjected 

to the axial load. 

In the laboratory study, it was noticed that the lower the vacuum pressure, the thinner 

the layer of the composite laminates in accordance with the curing pressure. The specimen is 

compressed when it is subjected to pressure, thereby leading to a decrease in the air gap and 

thickness. It is a perfect bonding between layers and also enables proper lamination when the 

vacuum pump is set at higher pressure during the curing process. The increased vacuum 

pressure leads to increased matrix because vacuum pressure affects thickness and flexural 

strength, such as fiber, coordination, and epoxy resin adsorption. The specimen strength lowers 

the deformation and is more difficult to fracture, as shown in Figure 8. The ply-orientation 

laminated affects the flexural stress performed on the specimen by 450 less than the 90-0 as 

shown in Figure 9.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: The relationship between applied loads and deflections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Effect of vacuum pressure and ply orientations of sandwich composites subjected 

to loads. 
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Figure 8: The flexural stress and flexural strain curve of the sandwich composites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Effect of vacuum pressure and ply orientations of sandwich composites on the flexural 

stress. 

 

According to the bending test, the force acting on the specimen causes fracture failure, 

and the characteristics of each type of ply orientation are shown in Figure 10. The results 

obtained from 2 types of ply orientation showed that the crack propagation is generally followed 

the fabric’s fiber orientation. 

 

 

 

 

 

 

 

 

 

(a)     (b) 

 

Figure 10: Schematic illustrations of bending fracture model for (a) 0o/90o and (b) 45o/-45o 
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CONCLUSIONS 

 The variation of curing pressure plays a crucial role in the mechanical property and the 

ply orientation of sandwich panels. Meanwhile, the vacuum pressure and ply-orientation affect 

the mechanical properties of the manufacturing process. An increase in the load and flexural 

stress leads to a decrease in vacuum pressure by -0.8 bar, which is the strongest determinant of 

the thickness of the specimen. Furthermore, when the thickness of the specimen is lower, the 

strength and bonding between the fiber and the matrix are improved. The stacking sequence and 

ply-orientation of composite laminates show a significant role in the mechanical property and 

the manufacturing process. A change in orientation subjects the capability of the sandwich 

composites to load and flexural stress. It also affects the fracture characteristics of the laminate. 

The laminations at 900 subject the specimen to better axial loads compared to 450. 
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