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This study examined the mechanical characteristics of 3D printed concrete 
utilized in sculpture materials, with an emphasis on the incorporation of 
wood fibers. A series of experiments were conducted to probe into the 
wood fiber-reinforced 3D printed concrete sculpture materials. Through 
mechanical and microscopic examinations, the role of flexible fibers in 
enhancing the bearing capacity of concrete 3D printed components was 
investigated. The results indicated that an optimal amount of wood fiber 
addition significantly improved the mechanical properties of the concrete 
sculpture materials. At the interlayer interface, wood fibers exhibited 
elongation, thereby mitigating the specimen damage. However, beyond a 
certain threshold, the mechanical properties tended to decline due to either 
the agglomeration or direct dislodgment of wood fibers at the interlayer 
interface, which resulted in an absence of notable deformation. This 
scenario thereby failed to impede crack propagation. Hydrophobic 
performance assays revealed an elevation in surface hydrophobicity of 3D 
printed concrete sculpture materials with the inclusion of wood fibers. Yet, 
an excessive amount of wood fibers caused a gradual reduction in the 
contact angle, implying a decrease in the hydrophobicity of the material 
surface. 
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INTRODUCTION 
 

The advent of 3D printed concrete materials has brought about a technological shift 

within the sculpture industry. Concrete 3D printing offers various advantages, including 

expedited manufacturing, labor reduction, and enhanced safety, garnering extensive 

attention for its application development. Nonetheless, it presents certain challenges 

necessitating resolution, such as low bonding strength between layers, insufficient 

reinforcement, and the requirement for rheological property optimization. Traditional rebar 

reinforcement methods are incompatible with concrete 3D printing technology, thus paving 

the way for wood fiber reinforcement as an alternative strategy to augment tensile strength 

and ductility, to mitigate shrinkage cracking susceptibility, and to boost constructability. 

Such composites are composed of directional fiber in combination with epoxy resin, which 

can achieve excellent mechanical properties (Compton and Lewis 2014). A review of 

pertinent literature revealed substantial scholarly engagement in optimizing the mechanical 

properties and workability of printable concrete sculpture materials, predominantly via 

wood fiber utilization. 
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Zhang et al. (2019) and Kruger et al. (2019) posited that the extrusion and stacking 

processes inherent in 3D printing necessitate high toughness for engineering applications. 

Wood fiber reinforcement has emerged as a prevalent technique to enhance the ductility 

and toughness of concrete sculpture materials. Zhu et al. (2021) performed a feasibility 

study assessing the working performance and mechanical properties of concrete sculpture 

materials utilizing polypropylene (PP) fibers of 6 mm length with varying added amounts. 

Liu et al. (2022) acquired printable polyvinyl alcohol (PVOH) fiber-reinforced concrete 

sculpture materials, which were evaluated with the slump test, permeability test, and 

printability test. Subsequently, the fiber reinforcement mechanism within fiber concrete 

sculpture materials was scrutinized via non-destructive ultrasonic pulse test, mechanical 

property test, and electron microscope scanning test. Sun et al. (2022) employed PVOH 

fibers to ameliorate the brittle damage mode of cement-based materials, optimizing the mix 

ratio based on material properties, and investigating the effect of print path on durability 

alongside defect distribution in printed components through computerized tomography 

(CT), thereby analyzing the mechanisms influencing durability. Zhang et al. (2022) utilized 

carbon fibers to formulate printable concrete sculpture composites, where effective 

impregnation of carbon fibers yielded continuous carbon fiber-reinforced polymer 

composites with a relatively low void ratio. The excellent fiber–matrix bonding quality 

made it possible for GF to increase the concrete’s strength qualities and reduce water 

absorption (Ahmad et al. 2022). The study explored the impact of extrusion force on void 

distribution of 3D printed composites by modulating ply thickness, further optimizing 

printing process parameters predicated on printing strength. Fang et al. (2018) probed into 

the compressive, flexural strength, and water resistance of fiber-glass-reinforced 

magnesium phosphate cement mortar with fiber volume fractions of 1.5, 2.5, 3, and 3.5%. 

The outcomes showed that an optimal volume fraction of glass fibers at 2.5% manifested 

a more pronounced effect on flexural strength as compared to compressive strength. 

Mahmood et al. (2021) considered the influence of fiber reinforcement on the properties 

of geopolymer concrete composites, noting that fibrous material inclusion transitioned the 

brittle behavior of concrete alongside significant enhancements in mechanical properties 

such as toughness, strain, and flexural strength. There have been many quantitative 

analyses on the material properties of concrete reinforced with wood fiber-based 

substances through indoor tests (Wang et al. 2019; Wang et al. 2020; Afroughsabet et al. 

2015; Bhutta et al. 2017; Fu et al. 2021; Rashid et al. 2020; Wang, J. et al. 2021a; Sun, W 

et al. 2002; Zhong, H. et al. 2020). The cited research included investigation of the effects 

of chloride salts, freeze-thaw cycles, and applied loads on concrete properties, illustrating 

that fibrous substance incorporation could significantly improve the flexural properties, 

compressive strength, impact properties, splitting tensile strength, durability, and 

microstructural properties of concrete. 

In the present study, 3D printing technology was explored as a burgeoning 

construction technology that is being used for concrete sculpture material. However, the 

approach embodies certain drawbacks such as suboptimal molding quality, weak inter-

layer forces of molded components, and inadequate bearing capacity of molded 

components in three dimensions, which impede the advancement of concrete 3D printing 

technology. Consequently, this paper endeavors to spotlight the mechanical properties of 

concrete 3D printed sculpture materials, probing into potential enhancement 

methodologies. 
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EXPERIMENTAL 
 
Materials  

 The specified amount of residue in the sifted cement was 1.8%. The P▪O 42. 5R 

ordinary silicate cement (Ordinary Portland cement, OPC, 42.5 R, Hua Dye Chemical Co., 

Ltd., Shanghai, China) had a fineness of 1.8%. The chemical composition of this cement 

is presented in Table 1. The fumed silica (Hua Dye Chemical Co., Ltd., Shanghai, China) 

had a SiO2 content of 94%, and an apparent density of 1649 kg/m³. In the study, poplar 

wood fiber was used as reinforcement material and the waste was mainly in the form of 

sawdust. 

 
Table 1. Major Chemical Constituents of Cement (wt%) 

Component CaO SiO2 AL2O3 Fe2O3 MgO SO3 K2O TiO2 

Percentage 69.59 21.61 3.57 2.78 2.21 1.13 0.79 0.32 

 

 Poplar residues were extracted using a wood fiber pulverizer (Model 60, Fuyang 

Energy Technology Co., Ltd., Xuzhou, Jiangsu, China). The poplar microfibers were 

placed in an impulse-cyclone dryer (Model MQG-50, Jianda Drying Equipment Co., Ltd., 

Changzhou, China) to prepare well-dispersed poplar fibers. Table 1 lists the fiber 

morphology of poplar fibers prior to and after drying. The physical index of wood fiber is 

illustrated in Table 2, and its morphological characteristics are depicted in Fig. 1. 

 

 
 

Fig. 1. Wood fiber 
 
Table 2. Performance Indicators of Poplar Fibers Before and After Drying 
Treatment 

Performance Indicator Before Drying After Drying 

Fiber morphology (mesh)* 60-80 60-80 

Fiber length (mm) 1.36(0.20) 1.34(0.11) 

Fiber diameter (μm) 223(31) 211(21) 

Length–diameter ratio 6.1(1.87) 6.3(0.67) 

Moisture content (%) 10.6(0.19) 2.3(0.09) 

Note:  Particles passed through a 60-mesh screen and were retained on an 80-mesh screen. 
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Fiber morphology values are usually obtained by microscopic examination. This 

method enables detailed observation of the diameter, length, shape and surface 

characteristics of the fiber, thereby quantifying the physical properties of the fiber.  

The water repellent agent (P800, Shanghai Kaiin Chemical Co., LTD., Shanghai, 

China) had the following properties: pH 7 ± 1; viscosity, mPa·s 2500±500 (SS-02, 02A 

type), and storage stability, 12 to 13 months. To clean the fibers, a hydrophobic agent was 

sprayed onto the surface of the fibers, which were then irradiated with ultraviolet light for 

5 to 20 min. The fibers were fumigated in the saturated steam of the hydrophobic agent for 

10 to 30 min. The fumigated fibers were removed and sealed. After ultrasonic reaction at 

80 to 140 ℃ for 2 to 3.5 h, they were removed and air dried. 

 The river sand had a maximum particle size of 2.5 mm (Hua Dye Chemical Co., 

Ltd., Shanghai, China). Its chemical composition is detailed in Table 3. 

 
Table 3. Chemical Composition of Ordinary River Sand 

Materials 
Chemical Composition (%) 

SiO2 CaO Mgo AL2O3 Fe2O3 

Ordinary river sand 68.9 15.7 2.4 9.4 2.7 

  

The water reducing agent (Hua Dye Chemical Co., Ltd., Shanghai, China) was a 

polycarboxylic acid high-efficiency water reducing agent, exhibiting a water reduction rate 

of 35% and a solid content of 42%. 

Wood fibers were incorporated based on the specified mixing ratios. The length of 

the wood fibers was 3 mm. The variations in the addition were 0, 0.2, 0.3, 0.4, 0.5, and 

0.6%. The detailed proportions of wood fiber are presented in Table 4. 

 

Table 4. Fiber Reinforced Concrete Sculpture Materials with Specified Ratios 

Sample 
No. 

Clinker Sand 
Fly 
Ash 

Silica 
Fume 

Superplasticizer Retarder Water 
Wood 
Fibers 

1 1 1.09 0.09 0.03 0.04 0.06 0.32 0% 

2 1 1.09 0.09 0.03 0.04 0.06 0.32 1% 

3 1 1.09 0.09 0.03 0.04 0.06 0.32 2% 

4 1 1.09 0.09 0.03 0.04 0.06 0.32 3% 

5 1 1.09 0.09 0.03 0.04 0.06 0.32 4% 

6 1 1.09 0.09 0.03 0.04 0.06 0.32 5% 

7 1 1.09 0.09 0.03 0.04 0.06 0.32 6% 

 

Mechanical Sample Preparation and Performance Test 
     Wood fiber concrete sculpture materials with varying additions were mixed using 

a concrete mixer (JS1000, Tiande Packaging Machinery Co., Ltd., Weifang, China). The 

specimens were fabricated via Contour Crafting using a 3D building printer (Zhejiang 

Xunshi Technology Co., Ltd., Shaoxing, China). Optimal results were achieved at a 

printing speed of 50 mm/s, extrusion speed of 140 mm/s, layer height of 20 mm, and a 

printer nozzle diameter of 10 mm. The printed cubes had dimensions exceeding 100 mm x 

100 mm x 100 mm, as illustrated in Fig. 2(a). Following a 7-day curing period, the 

specimens were cut into cubes measuring 100 mm×100 mm × 100 mm with a concrete 

cutter (PLC/Smart-600, Wanlong Times Technology Co., Ltd., Quanzhou, China), as 

depicted in Fig. 2(b). A microcomputer-controlled cement pressure testing machine 
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(YAW-S300, Jilin Province Jinli Test Technology Co., Ltd., Changchun, China) was 

utilized to conduct mechanical tests, as per the GB/T 50081-2002 standard (Cong et al. 

2019; Singh et al. 2019; Song et al. 2019; Pan et al. 2019). The reported results are the 

mean values derived from five experimental data points. 

 

 
 

Fig. 2. 3D printed wood fiber concrete sculpture material: (a) printed part (b) cut part 

 

Micromorphological Analysis 
For scanning electron microscopy (SEM), the material was fragmented into smaller 

pieces, and the upward-facing section was flattened. Depending on the purpose of the 

study, a representative area was selected for cutting to ensure that the sample reflected the 

overall properties of the material. According to SEM requirements, the sample was cut to 

the appropriate size, usually between 1 and 3 cm. The sample was positioned in a holder, 

and a conductive carbon adhesive was applied to both sides. A gold film was evaporated 

and plated using a vacuum coating process. The morphology and characteristics were 

observed using a scanning electron microscope (FEI QUANTA200, FEI Company, 

Netherlands) at an accelerated voltage of 15 kV (Li et al. 2022, 2023).  

 

Surface Tension Test 
A surface tension meter was employed to measure the contact angle of a specimen 

at a room temperature of 25 °C. A droplet of liquid was placed on the horizontal surface of 

the test piece, forming solid-liquid-vapor interface and solid-liquid interface tangents at the 

solid-liquid-vapor interface junction. The tangents of its gas-liquid interface and solid-

liquid interface encapsulated the liquid phase between them at the defined angle. Upon 

contact with the pigments, the free energy of the system decreased, allowing the 

experimental liquid to diffuse automatically on the paint surface and form a specific contact 

angle with the pigment surface. In a state of equilibrium on the pigment plane, the sum of 

these interfacial tensions in the horizontal direction equals zero, as described by the Young-

Laplace equation, 

γSG - γSL = γLG·cosθ                                                 (1)  

where γSG is the solid-gas interfacial tension, γLG is the liquid-gas interfacial tension, and 

γSL is the solid-liquid interfacial tension. The angle θ is located at the junction of solid, gas 

and liquid phases. The angle at which θ passes from the pigment interface through the 

interior of the experimental liquid reagent to the gas-liquid interface is called the contact 

angle. The contact angle can have values between 0o and 180o. The contact angle is a 

reaction to the wettability relationship between the pigments and the experimental liquid 

reagent. The experimental process is tested according to the “Surface and Interfacial 

Tension Determination Method” SY/T 5370-1999 national standard (Li et al. 2017a,b, 

2020). 
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RESULTS AND DISCUSSION 
 
Anisotropy 

The rippled edges and local defects formed during the 3D printing process were 

observed and showed effects in tests of the material’s mechanical properties. In the three-

way compression test, the results of crack patterns and strength in different directions 

showed the anisotropy of the sample. The uneven bonding between the middle layers and 

the gaps caused by the printing path resulted in uneven stress distribution in different 

loading directions, which led to different damage modes. The 3D printed wood fiber 

concrete sculpture material was anisotropic in the spatial X, Y, and Z directions. Its loading 

direction is shown in Fig. 3.  

The construction process of concrete 3D printing exhibited unique characteristics. 

During the printing process, the specimen edges had a corrugated morphology, and the 

nozzle walkback resulted in localized defects. A locally heterogeneous sample is one in 

which physical properties (such as density, strength, and porosity) differ significantly in 

different regions of the material. This non-uniformity is mainly caused by the 3D printing 

process, including uneven material deposition, temperature changes, and differences in 

bond strength between layers. During 3D printing, the speed at which the nozzle moves, 

the fluidity of the material, and the bonding between layers all affect the uniformity of the 

final structure. During the curing process, the material may have different degrees of 

shrinkage in different regions due to uneven cooling, resulting in stress concentration and 

cracks. The distribution and mixing of wood fibers can be uneven, affecting the bonding 

between the layers and the overall strength. In a three-way compression test, the 3D printed 

specimen manifests cracking along the vertical strip, underscoring the anisotropic behavior 

in the X, Y, and Z dimensions. The genesis of anisotropy can be ascribed to localized 

unevenness within the specimen and disparate forces culminating in member damage 

(Wang et al. 2020). The weak interlayer surfaces, coupled with the print path’s influence, 

result in multiple voids within the specimen, leading to stress concentration and subsequent 

specimen damage. To prepare the specimen for mechanical analysis, a methodical 

trimming process was employed. The 3D printed specimen was trimmed to yield a cube 

with dimensions 100 mm x 100 mm x 100 mm, thereby excising the specimen edges and 

localized defects. 

 

 
 

Fig. 3. Schematic of loading direction of 3D typed wood fiber concrete sculpture material 

 

Effect of Wood Fiber on Compressive Strength of Concrete Sculpture 
Materials 

The processed specimens were subjected to mechanical testing using a pressure 

testing machine; the compressive strengths are shown in Fig. 4. The compressive strength 

of the material improves with the addition of wood fiber, in the range of 0% to 0.4%. The 

apex of compressive strength was observed at a 0.4% fiber addition. This value was 
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attributable to the low modulus of elasticity, large diameter, and effective amalgamation of 

wood fibers with the concrete sculpture materials. With the addition of wood fiber, the 

compressive strength of concrete gradually increased in the range of 0% to 0.4%. When 

the addition of wood fiber reached 0.4%, the compressive strength of concrete reached a 

peak. This improvement was mainly attributed to the low elastic modulus and large 

diameter of the wood fiber, which allows it to be effectively integrated into the concrete, 

improving the toughness and cracking resistance of the overall structure. The tensile 

strength of wood fiber is a key factor. The tensile strength of wood fibers is a contributing 

factor. Upon the application of an external force, the fibers deform initially, facilitating 

partial stress relief. The wood fibers, strategically distributed on the weak interlayer 

surface, enhance the interlayer bonding, thereby significantly improving the compressive 

strength of the printed member.  

 

 
 

Fig. 4. Compressive strength of wood fiber concrete sculpture material 

 

In the range of 0.5% to 0.6% wood fiber addition, the compressive strength 

decreased in X, Y, and Z directions. The decrease was obvious in the X direction. The 

distribution of wood fibers may be uneven, resulting in more defects or voids inside the 

material, which causes stress concentration. Thus, the compressive strength was 

significantly reduced. The decrease in the Y direction was relatively mild. In the Y 

direction, the distribution of wood fibers was more uniform, and the interlayer bonding was 

better. Therefore, the decrease in compressive strength was small. SEM can directly show 

the combination of wood fiber and concrete, the propagation path of cracks and the 

microscopic defects of materials. Thus, it can help account for the change of compressive 

strength in different directions. Consequently, the interlayer bonding at the weak surface 

of the layers was diminished. These collective factors contributed to the reduction in 

compressive strength of the concrete sculpture materials. Therefore, an initial augment 

followed by a decrement in compressive strength was observed with the increment in wood 

fiber addition. This is to enhance interlayer bonding, stress dispersion, and toughness. 

Remarkably, at a 0.4% wood fiber addition, the compressive strength in the Z direction 

rose to 26.9 MPa, marking the optimum enhancement in mechanical properties. The 

investigation underscored the pronounced anisotropy in the compressive strength of 3D 

printed concrete sculpture materials. The superior force direction was identified as the Z 
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direction, followed by the Y direction. A wood fiber addition of 0.4% resulted in an 

increase in compressive strength across the X, Y, and Z directions. Conversely, a wood 

fiber addition range of 0.5% to 0.6% led to a decrement in compressive strength across all 

three directions, with the most significant decrease observed in the X direction. 

 

Effect of Wood Fiber on Splitting Tensile Strength of Concrete Sculpture 
Materials 

The evaluation of splitting tensile strength was conducted on 3D printed concrete 

specimens with varying additions of wood fibers. Figure 5 encapsulates the results of the 

investigation. The figure illustrates the variation in splitting tensile strength of 3D printed 

concrete as influenced by different additions of wood fibers. The splitting tensile strength 

in both X and Y directions exhibited an initial increase followed by a decline with 

escalating quantities of wood fiber addition. Conversely, in the Z direction, a consistent 

upward trend in splitting tensile strength was noted with the augmentation of wood fiber. 

The wood fiber can disperse the applied stress in the concrete, reducing stress concentration 

and thus increasing tensile strength, especially in the Z splitting test. Due to the anisotropy 

caused by the 3D printing process, the performance in the Z direction was more dependent 

on the reinforcement of the fibers than in the X and Y directions. The apex of splitting 

tensile strength in the X direction was realized with 0% wood fiber addition, recording a 

peak value of 2.4 MPa.  

 

Fig. 5. Effect of wood fiber addition on split tensile strength 

 

On the other end of the spectrum, the Z direction registered the nadir of splitting 

tensile strength, with a trough value of 2.0 MPa. A comparative analysis with normal 

concrete revealed that at a 6% wood fiber addition, the splitting tensile strength in the X 

and Y directions was lower by 21.7% and 23.5% respectively. In stark contrast, the Z 

direction showcased a robust escalation of 55.0% in splitting tensile strength when 

juxtaposed with normal concrete. 

 

Effect of Wood Fibers on Flexural Strength of Concrete Sculpture Materials 
Figure 6 considers the modulation of flexural strength observed in 3D printed 

concrete with varying proportions of wood fiber inclusions. The trajectory of flexural 

strength in the X direction initially rose, then it subsequently fell with increased wood fiber 

infusion. Conversely, a steady rise in flexural strength was noted in both Y and Z directions. 
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At a null wood fiber inclusion, the Z direction showed the highest flexural strength, 

registering a top value of 3.4 MPa, while the X direction showed a trough value of 2.3 

MPa. A stark amplification in flexural strength across X, Y, and Z directions by 43.5%, 

35.7%, and 41.2% respectively, was observed at a 3% wood fiber infusion, in comparison 

to normal concrete. 

 

 
 

Fig. 6. Effect of wood fiber addition on flexural strength 
 

The degraded bond strength among 3D printed strata appears to play a pivotal role. 

During the printing process, wood fiber concrete specimens appeared as an array of slender, 

protracted strips in the horizontal plane. The layer-by-layer printing in the Z direction 

meant a lesser printing time in the Y-direction, thereby attenuating bond stresses parallel 

to the X and Y planes. The subsequent rung of bond stresses manifested itself in parallel to 

the X and Z planes. Upon the exertion of load in the X or Y direction, an expansion 

perpendicular to the interlayer plane was observed in the wood fiber concrete specimens. 

However, a Z-direction load induced expansion perpendicular to the plane among adjacent 

strips. Hence, a diminished compressive strength in the X and Y directions as compared to 

the Z direction was observed. The splitting tensile strength in the X and Y directions 

overshadowed that in the Z direction, with the highest point of splitting tensile strength in 

the Z direction being 3.2 MPa upon escalated wood fiber infusion, surpassing the values in 

the X and Y directions. The crux of flexural strength was localized at the bottom center of 

wood fiber concrete specimens, where the tensile stress was highest. The lowest flexural 

resistance was encountered when loaded in the X direction due to tensile stress acting 

perpendicular to the adjacent layer exhibiting the feeblest bond strength, resulting in the 

lowest flexural strength in the X-direction and the highest in the Z direction. 

 

Microscopic Analysis of the Effect of Wood Fibers on the Mechanical 
Properties of 3D Printed Concrete Specimens 

Figure 7 elucidates the interlayer interface dynamics of wood fiber-reinforced 

concrete sculpture materials, portraying an enhancement in mechanical properties that is 

attributed to the flexible fibers at these interfaces. In SEM, the material was first cut into 

small pieces for easy observation. The part facing up was then selected for correction to 

ensure that the observed interface structure is clear and representative. As delineated in 
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Fig. 7(d), upon the infliction of pressure-induced damage, the wood fibers at the interlayer 

interface exhibited elongation, a deformation which in turn dissipated a portion of the 

energy, thereby mitigating external damage and concurrently retarding the progression of 

crack development. 

A pervasive presence of cracks between adjacent printed layers was noted, 

undermining the interfacial bonding integrity. After the advent of interlayer interface 

cracks, the wood fiber located between these cracks was prone to direct pull-out during 

interlayer slippage, as illustrated in Figs. 7(b) and 7(c). The wood fiber remained relatively 

undeformed, hence failing to significantly impede the crack propagation. A noteworthy 

observation was the adhesion of a profusion of hydration products onto the wood fibers 

traversing through the interlayer interface, which was a consequence of the ongoing cement 

hydration reaction. The surface of the flexible fiber has a large specific surface area and 

specific chemical properties, which can effectively adsorb hydration products, such as 

calcium silicate hydrate (C-S-H). These products are deposited on the fiber surface to form 

a dense interface. In the process of cement hydration, hydration products accumulate at the 

interface between fiber and cement matrix, forming enhanced interfacial bond. The release 

of heat from the hydration reaction and the resulting hydration products promote the 

reaction process around the fiber. The microstructural visage of these hydration products 

was predominantly gelatinous. These gels filled the internal structure of the interlayer 

cracks, reducing the porosity and thereby positively affecting the mechanical properties, as 

depicted in Fig. 7(e). 

With rising proportions of wood fiber inclusion, a fiber agglomeration phenomenon 

was apparent within the concrete sculpture material, leading to a modification in the 

internal structure of the specimen and a subsequent augmentation in local porosity. The 

interlayer bonding at the frail surface interfaces between layers was compromised, as 

indicated in Fig. 7(f). These intricacies cumulatively precipitated a decline in the 

compressive strength of the concrete sculpture material. Thus, the increased addition of 

wood fibers gave a compressive strength trajectory in 3D printed concrete sculpture 

materials characterized by an initial ascent followed by a descent. 

 
 

Fig. 7. Scanning electron microscope images of the interlayer interface of wood fiber reinforced 
concrete sculpture materials 
 

Effect of Wood Fiber on Hydrophobicity of Concrete Sculpture Materials 
Inherently, materials such as cement and concrete exhibit hydrophilic tendencies, 

owing to their molecular structures that have numerous polar groups. They have a 

pronounced affinity towards water, either attracting water molecules or dissolving therein. 

The surfaces covered by such molecules are readily wet by water. Some resistance to the 

initial spreading of water can be attributed to the roughness of the specimen surface. The 

ingress of air molecules into the fiber network on the specimen surface contributes to 

surface roughness. In the presence of a sufficient degree of hydrophobic treatment of 

cellulosic surfaces, such roughness will tend to increase the value of the advancing contact 

angle of water droplets (Hubbe et al. 2015).  
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Wood fiber showed strong hydrophobicity after high temperature modification. The 

addition of wood fibers can effectively enhance the hydrophobicity of concrete sculpture 

materials. The enhancement of hydrophobicity is shown in the change of contact angle as 

shown in Fig. 8. The droplets were separately applied to each material (0%, 1%, 2% ... 6% 

wood fiber) to measure contact angle. The incorporation of wood fibers creates a textured 

surface morphology that facilitates the trapping of air molecules. This morphology in turn 

amplifies the surface roughness and further enhances hydrophobicity. Through this 

mechanism, wood fibers can enhance the hydrophobic properties of concrete sculpture 

materials, thus providing a practical way to regulate the material’s interaction with water. 

 

 
Fig. 8. Change in contact angle(a) Contact angle of newly configured pigment, (b) Contact angle 
of original pigment 

 

 

CONCLUSION 
 
1. The addition of wood fiber was found to enhance the compressive strength of the 

concrete sculpture material, peaking at a 0.4% inclusion rate with a compressive 

strength of 26.9 MPa and a flexural strength of 4.8 MPa.  At 0.5% inclusion, the 

splitting tensile strength reached 3.2 MPa in the Z direction, but compressive strength 

declined above 0.4% content of wood fiber. 

2. Microscopic analysis revealed weak bonding at the interlayer interface with 

microcracks. Elongation of the wood fibers at this interface dissipated energy, delaying 

crack propagation.  These fibers also collect hydration products during cement 

hydration, partially filling interlayer cracks and enhancing compactness.  However, 

increased wood fiber concentration leads to clumping, raising local porosity and 

reducing interlayer bonding, ultimately decreasing compressive strength. 

3. The hydrophobic performance assessment showed that the contact angle of the 3D 

printed concrete sculpture material increased with wood fiber inclusion, exceeding 90° 

and indicating enhanced hydrophobicity. However, at wood fiber concentrations of 5 

to 6%, the contact angle gradually decreased, suggesting reduced hydrophobicity. This 

may be due to clustered fibers increasing water permeability, allowing water molecules 

to access the fiber surface more easily. Additionally, interactions with the cement 

matrix and hydration products, such as C-S-H gel, can form a film on the fibers, further 

reducing the contact angle despite the fibers' inherent hydrophobicity. 
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