
Supplemental Information 

Preliminary Modeling of Single Pulp Fiber Using an Improved 

Mass–Spring Method 

Yin Liu 1,2, Wenhao Shen 2,*, Douglas W. Coffin 3, Tao Song 2, Jean-Francis Bloch 4 and Jean-Pierre Corriou 5 

1 School of Art and Media, Guangzhou Vocational University of Science and Technology, Guangzhou 510555, 

China; liuyin2@gkd.edu.cn 
2 State Key Laboratory of Advanced Papermaking & Paper-based Materials, South China University of Tech-

nology, Guangzhou 510641, China; songt@scut.edu.cn  
3 Department of Chemical, Paper, and Biomedical Engineering, Miami University, Oxford, OH 45056, USA; 

coffindw@miamioh.edu 
4 3SR, Grenoble INP, CNRS, University Grenoble Alpes, 38000 Grenoble, France; 

jean-francis.bloch@3sr-grenoble.fr 
5 Laboratoire Réactions et Génie des Procédés, UMR 7274-CNRS, ENSIC, Lorraine University, 54001 Nancy 

Cedex, France; jean-pierre.corriou@univ-lorraine.fr 

* Correspondence: ppwhshen@scut.edu.cn

Measurement of the Elastic Modulus of Single Paper Fiber 

Based on the theory of beam bending under transverse load [S1], a method has been 

proposed to calculate the elastic modulus of paper fibers, which is briefly summarized by 

the following steps [S2,S3]: 

Use fluorescence to dye different types of fibers separately and dilute the fibers to 

the concentration of 0.03%. 

Drain the pulp onto a piece of filter paper and place the filter paper on two pieces of 

dry blotting paper. 

Press the filter paper on a glass slide with some glass fibers. When hanging on the 

glass fiber, the paper fiber will bend under the action of a transverse load q and the 

support of glass fiber.  

Use a confocal laser scanning microscope (CLSM) to find single paper fiber hanging 

perfectly on single glass fiber, which means that the single paper fiber and the glass fiber 

should come into contact vertically. The experimental schematic is drawn in Figure S1. 

Figure S1. Experimental schematic of bending beams under transverse load for single paper fiber 

Measure the free span length L of paper fiber hanging on the glass fiber and calcu-

late the flexibility Flex of paper fiber as: 
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where dg is the diameter of the glass fiber, and q is the transverse loads actuating on 

the paper fiber. 
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By operating in the YZ scanning mode of CLSM, the image of the cross-section of 

paper fiber is obtained (Figure S2). 

Figure S2. Illustration of single paper fiber cross-section with bending beams under transverse load 

According to the definition of cross-sectional moment of inertia in material me-

chanics [S4] and the experimental schematic in Figure S2, the cross-sectional moment of 

in-ertia I can be calculated as: 
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where Ii and Ai are the moment of inertia and the area of the ith pixel of paper fiber 

cross-section in the image, respectively; ai and bi are the width and height of the ith pixel; xi 

is the distance of the ith pixel to the neutral bending plane. 

Calculate the elastic modulus E of paper fiber by the definition of E as: 
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