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Test and Analysis on Axial Compressive Mechanics of
Ramie Stalk
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Abstract—With the application of elastic parameter test
method of composite material mechanics, UTM6503
PC-controlled universal testing machine was adopted to study
the characteristics of axial compressive mechanics on the xylem
and the whole stalk in the paper. The test result showed that the
average axial compressive elastic modulus of the ramie xylem of
first crop of “Zhongzhu No.1” was 374.70 MPa and the average
maximum compressive strength was 13.71 MPa, while the
average axial compressive elastic modulus of whole stalk was
336.40 MPa, and its average maximum compressive strength
was 13.19 MPa; there was no significant difference between the
elastic modulus and the compressive strength of the ramie xylem
and the whole stalk. In the stalk composition, xylem and phloem
bond on the surface depending on their own adhesion strength
which was not able to prevent the phloem slipping away along
the surface of xylem. In the compressive test, it showed the
load-bearing function of xylem more.

Index Terms—Ramie, stalk, compression, mechanics.

I. INTRODUCTION

Ramie, originating from China, is an ancient special
economic crop in China with a long history of cultivation and
fiber using [1]-[3]. Westerners name it as “Chinese grass”
while Japanese call it “Nanking grass” [4]. Ramie has a high
utilization value in fiber textile, mushroom substrate, forage,
water and soil conservation and environmental governance
[5]-[9] so that silk, cashmere and ramie fiber were praised as
the three fiber treasure of China by foreigners. For a long time,
China has been the world’s largest producer of ramie whose
planting area and production of ramie accounts for more than
90% of the total worldwide [10] and [11]. In recent years,
some Chinese scientific research institutions have started the
research and design of ramie harvester and ramie
decortication machinery [12] and [13], however, their focus is
mainly on the mechanical structure design and local
optimization rather than research on mechanical
characteristics of processed material, the ramie stalk, which
leads to the result that the developed machines cannot reach
the requirements of high-quality, high-effectiveness and low
energy consumption [14].
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With reference to documents about research on mechanical
characteristics of stalk crops, a large quantity of previous
experimental research results [15]-[21] of stalk crops like
sugar canes, bamboo reed, maize and so on indicate that
through  mechanical test methods like performing
compression or stretching on crop’s stalk, the test parameters
of the stalk can be worked out and the elastic parameters and
destruction forms of the stalk under different loading load of
testing machines can be analyzed so as to have a clearer
understanding towards crop’s stalk and provide fundamental
parameter for the research and production of crop machines.

Based on it, elastic parameter test method of composite
material mechanics adopted in this paper performs research
on the axial compression mechanics characteristics of ramie
xylem and the whole stalk of the entire stalk to provide basic
theoretical data for subsequent research and design of sample
machines.

Il. MATERIALS AND METHODS

A. Materials and Samples for Tests

The first crop ramie of “Zhongzhu No.l1” planted in
Xianning Ramie Comprehensive Test Station of China
Agriculture Research System for Bast and Leaf Fiber Crops
was selected as the test material, and collected on May 31,
2016. The collection site was located in Yangfan Village,
Xian’an District, Xianning City, Hubei Province. The average
moisture content was 70.15%. (rate of water content on the
wet basis). The materials’ geometry structure is a hollow
circular tube consisting of xylem and phloem, shown as Fig.

Bast fiber layer
(Phloem)

Xylem
Fig. 1. The geometrical model of ramie stalk.

Materials within 30 cm of the bottom of the stalk or tested
materials were selected to produce xylem samples and
phloem samples. Xylem samples were produced through
complete peel of phloem fiber layer of stalk materials,
remaining the xylem parts that were cut into 14.5-15.5 mm in
length. The cross sections of samples are cylindrical and their
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external and internal diameters are determined by the
situations of stalk xylem of ramie samples. There should be
separately 10 groups of two kinds of samples.

B. Test Equipment

UTM6503 PC-controlled universal testing machine was
used as mechanical test equipment (Fig. 2). Using
compression mechanics to tested the pressing block and the
tested force was 5 kN. The accuracy of its force sensor and
displacement transducer was within #0.1%. In addition, other
auxiliary tools include the tools like test fixture, vernier
caliper and so on.

Fig. 2. UTM6503 PC-controlled universal testing machine.

C. Test Determination

Test time: Jun. 2", 2016; test site: Nanjing Research
Institute for Agricultural Mechanization, Ministry of
Agriculture (PRC). The test site was located in Xuanwu
District, Nanjing Municipality, Jiangsu Province.

-

Fig. 3. Sample put between two pressing blocks.

Using vernier caliper to tested the geometry parameter
(external diameter D, inner diameter d, Length L) of each
sample and record; set universal testing machine movement
and data collection schemes according to the test
requirements; selected compression test standard on the panel
as test standard. The test loading speed was 1 mm/min, and
the user’s parameter was the geometry parameter of tested
materials in the practical test; selected strain-stress relation as
the major figure and the main parameter was the maximum
value; put samples between two pressing blocks (Fig. 3);
turned on the universal testing machine for preload at

433

preloading force <5 N, and after preloading collect
systematical data and then zero setting; pressed the start
button to perform the test; universal testing machine
automatically collected test data to acquire strain-stress curve
of the test; repeatedly performed the tests of xylem and
phloem samples for ten times separately.

D. Data Statistics and Analysis

Performed data processing on large quantity of discrete
points of strain-stress curve in each group of xylem and
phloem test; using SPSS software to performed linear
regression on the elastic deformation parts of curve initial
linearity on the basis of principle of least square method and
stress-strain relation formula of elastic modulus [22] (formula
1) to acquire the elastic modulus of data of each group; using
material mechanics formula [23] (formula 2) to acquire the
stiffness strength of data of each group.

E:g
&

)

where E is elastic modulus, MPa; ¢ is stress, MPa; ¢ is strain,
mm/mm.

O]

where gy, is stiffness strength, MPa; Fpayis maximum load in

the loading process, N; A is area of cross section of samples,
2

mm®-,

I1l. RESULTS AND ANALYSIS

A. Results and Analysis of Xylem Tests

Axial compression test of the whole stalk should be
performed on ten groups of xylem samples whose stress-strain
curve is shown as Fig. 4. According to the results of tests,
under the effect of stretching load, the stress-strain curve of
xylem after the preloading period enters rather linear elastic
deformation stage. When the loading value reaches the
maximum value, the samples start to cracker and the curve
declines.
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Fig. 4. Axial compressive stress-strain curve of xylem.

In accordance with calculation, the elastic modulus and
stiffness strength of each group of xylem samples in axial



International Journal of Engineering and Technology, Vol. 9, No. 6, December 2017

compression tests are shown as the TABLE I. After statistics
and calculation, the average value of elastic modulus E,, was
374.70 MPa; standard deviation was 65.60 MPa; the
maximum value Eymax Was 501 MPa; the minimum value
Eamin Was 293 MPa; the average value of maximum
compressive strength op,q Was 13.71 MPa; standard deviation
was 0.95 MPa; the maximum value opymax Was 15.44 MPa; the
minimum value opmin Was 12.21 MPa.

TABLE I: AXIAL COMPRESSIVE RESULT OF XYLEM

Eq was 336.40 MPa; standard deviation was 55.01 MPa; the
maximum value Egymax Was 424 MPa; the minimum value
Esumin Was 273 MPa; the average value of maximum
compressive strength opsi Was 13.19 MPa; standard deviation
was 0.76 MPa; the maximum value opsymax Was 14.68 MPa;
the minimum value opsumin Was 12.02 MPa.

TABLE II: AXIAL COMPRESSIVE RESULT OF WHOLE STALK

Test Parameters

No. D/mm d/mm L/mm op | MPa E/MPa
1 12.24 6.84 14.95 12.21 486
2 12.33 6.95 15.22 14.94 393
3 12.36 6.77 14.87 13.51 312
4 12.54 7.08 15.26 13.00 359
5 12.74 7.01 15.24 14.58 501
6 12.49 6.54 15.12 13.31 330
7 12.07 6.66 15.34 13.20 344
8 12.65 6.98 15.41 13.91 293
9 12.43 6.41 15.20 13.04 351
10 12.19 6.25 15.11 15.44 378

avg. 12.40 6.75 15.17 13.71 374.70

max. 12.74 7.08 1541 15.44 501

min. 12.07 6.25 14.87 12.21 293

s. d. 0.20 0.26 0.16 0.95 65.60

Test Parameters

No. D/mm d/mm L/mm op | MPa E/MPa
1 14.56 7.02 15.02 12.81 276
2 14.37 6.58 15.03 12.02 288
3 14.33 6.95 15.14 13.27 361
4 14.69 6.88 14.89 12.69 312
5 14.27 7.16 15.37 13.81 392
6 14.65 7.24 15.26 12.36 307
7 14.39 6.38 14.97 12.86 419
8 14.54 6.47 14.84 13.92 312
9 14.62 6.94 15.66 13.45 424
10 14.33 6.32 15.23 14.68 273

avg. 14.48 6.79 15.14 13.19 336.40

max. 14.69 7.24 15.66 14.68 424

min. 14.27 6.32 14.84 12.02 273

s.d. 0.15 0.31 0.24 0.76 55.01

Note: D is external diameter, d is inner diameter, L is Length, oy is

compressive strength, E is elastic modulus, avg. is the the average value, max.

is the maximum value, min. is the minimum value, s. d. is the standard
deviation. The same for the follow-up table.

B. Results and Analysis of Whole Stalk Tests

Axial compression test of the whole stalk should be
performed on ten groups of whole stalk samples whose
stress-strain curve is shown as Fig. 5. According to the results
of tests, under the effect of stretching load, the stress-strain
curve of whole stalk after the preloading period enters rather
linear elastic deformation stage. When the loading value
reaches the maximum value, the samples start to cracker and
the curve declines.
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Fig. 5. Axial compressive stress-strain curve of whole stalk.

In accordance with calculation, the elastic modulus and
stiffness strength of each group of whole stalk samples in
axial compression tests are shown as the TABLE Il. After
statistics and calculation, the average value of elastic modulus
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IV. DISCUSSION

Fig. 6 is the contrast diagram of compression elastic
modulus between xylem and whole stalk. It can be indicated
from the figure that the difference of elastic modulus between
xylem and whole stalk is not obvious.
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Fig. 6. Comparison of axial compressive elastic modulus of each part.

Fig. 7 is the contrast diagram of stiffness strength between
xylem and whole stalk. It can be indicated from the figure that
the difference of stiffness strength between xylem and whole
stalk is not obvious. The phenome above illustrates that in the
stalk composition, xylem and phloem bond on the surface
depending on their own adhesion strength which was not able
to prevent the phloem slipping away along the surface of
xylem. In the compressive test, it showed the load-bearing
function of xylem more. In addition, from the analysis results
of tests, it can be discovered that the standard deviations of
compression elastic modulus and stiffness strength of xylem
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and whole stalk were both large, reflecting that the differences
of mechanical characteristics among different ramie stalks
were rather large. As plants, ramie’s mechanical
characteristics are greatly influenced by factors like the
selected parts, grade of maturity, rate of water content and so
on. In subsequent research and application, while selecting
ramie’s mechanical characteristics parameter, expansion of
value range on the basis of research in this paper should be
considered.
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Fig. 7. Comparison of axial compressive strength of each part.

V. CONCLUSION

The average value of axial compression elastic modulus of
the ramie xylem of first crop of “Zhongzhu No.1” was 374.70
MPa; the average value of the maximum compressive strength
was 13.71 MPa; the average value of axial compression
elastic modulus of the whole stalk was 336.40 MPa; the
average value of the maximum stiffness strength was 13.19
MPa.

Both the average value of axial compression elastic
modulus and the average value of the maximum compressive
strength of the both xylem and whole stalk of first crop of
“Zhongzhu No.1” were higher than the value of last (third)
crop of “Zhongzhu No.1” [24].

The standard deviation of compression elastic modulus and
stiffness strength of xylem and whole stalk were both large,
jointly reflecting the large difference in mechanical
characteristics among different ramie stalks.

In the stalk composition, xylem and phloem bond on the
surface depending on their own adhesion strength which was
not able to prevent the phloem slipping away along the
surface of xylem. In the compressive test, it showed the
load-bearing function of xylem more.

Focusing on mechanical research of ramie stalks, basic
theoretical reference to ramie’s mechanized harvesting
technology, peeling and fiber extraction is provided in this

paper.

ACKNOWLEDGMENT

First, | would like to say thanks to Prof. Qiao-min Chen,
Prof. Xian-wang Li and Assoc. Prof. Bin Zhang. In the
process of composing this paper, they give me many academic
and constructive advices, and help me to correct my paper.

435

At last, | am very grateful of my dear friends, Kun-peng
Tian, Ji-cheng Huang, who give me a lot of help and discuss
with me about my experiment and paper.

REFERENCES

J. Hutchinson, The Genera of Flowering Plants, Oxford: Clarendon
Press, 1964, p. 188.

N. L Vavilov, “The origin, variation, immunity and breeding of
cultivated plants,” Soil Science, vol. 72, no. 6, pp. 482, June 1951.

N. I. Vavilov and F. Freier, Studies on the Origin of Cultivated Plants,
Buenos Aires: Acme Agency, 1951.

R. Zhu, F. Yang, B. Zhou, Y. Li, N. Lin, Y. Yang, G. -H. Du, and F. H.
Liu, “Origin, distribution of boehmeria nivea and its history of
cultivation and utilization in China,” Chinese Agricultural Science
Bulletin, vol. 30, no. 12, pp. 258-266, April 2014.

J. -N. LU “Vicissitude and future of ramie industry in China-analysis
of industrial status quo,” Hunan Agricultural Sciences, vol. 2012, no.
21, pp. 34-38. November 2012.

L.-T. Tan, C.-M. Yu, P. Chen, Y. -Z. Wang, J. -K. Chen, L. Wen, and
H. -P. Xiong, “Research status and prospective development of bast
fiber crops for multi-purpose,” Plant Fiber Sciences in China, vol. 34,
no. 2, pp. 94-99, April 2012.

R. L. Squibb, R. Carlos, and J. Roberto, “Comparison of chromogen
method with standard digestion trial for determination of the digestible
nutrient content of kikuyu grass and ramie forages with sheep,”
Journal of Animal Sciences, vol. 17, no. 2, pp. 318-321, Febuary1958.
R. Li and X. -N. Tu, “Taking ramie resources development as a
breakthrough to speed up soil and water losses control in slope
farmland of south China,” The Global Seabuckthorn Research and
Development, vol. 8, no. 1 pp. 21-26, 47, March 2010.

Y. Z. Huang, X. W. Hao, M. Lei, and B. Q. Tie, “The remediation
technology and remediation practice of heavy metals-contaminated
soil,” Journal of Agro-Environment Science, vol. 32, no. 3, pp.
409-417, March 2013.

J.N. LQ C. H. Long and H. B. He, “Present situation and prospects of
early-stage processing machinery of ramie,” Transactions of the
Chinese Society for Agricultural Machinery, vol. 31, no. 1, pp.
123-125, January 2000.

K. M. Yan, S. C. Zou, L. B. Tang and G. B. Su, “Impact test and
analysis of fracture toughness of ramie stalk,” Transactions of the
Chinese Society of Agricultural Engineering, vol. 30, no. 21, pp.
308-315, November 2014.

J. C. Huang, X. W. Li, B. Zhang, K. P. Tian, C. Shen and J. G. Wang,
“Research on the 4LMZ160 crawler ramie combine harvester,”
Journal of Agricultural Mechanization Research, vol. 37, no. 9, pp.
155-158, September 2015.

C. Shen, Q. M. Chen, X. W. Li, B. Zhang, J. G. Wang, J. C. Huang, K.
P. Tian and Z. B. Wang, “Design and experiment on double-knife
ramie stalk cutting test bench,” Journal of Chinese Agricultural
Mechanization, vol. 34, no. 5, pp. 114-118, September 2013.

C. Shen, X. -W. Li, K. -P. Tian, Z. Bin, J. -C. Huang and Q. -M. Chen,
“Experimental analysis on mechanical model of ramie stalk,”
Transactions of the Chinese Society of Agricultural Engineering, vol.
31, no. 20, pp. 26-33, October 2015.

Q. X. Liao, C. X. Shu, B. P. Tian, H. D. Huang, J. Wang, Y. T. Liao and
F. -T. Wu, “Research on the cutting process based on high- speed
photography technology for the arundo donax 1,” Journal of
Huazhong Agricultural University, vol. 26, no. 3, pp. 415-418, June
2007.

Q. T. Liy, Y. G. Ou, S. L. Qing and W. Z. Wang, “Study progress on
mechanics properties of crop stalks,” Transactions of the Chinese
Society for Agricultural Machinery, vol. 38, no. 7, pp. 172-176, July
2007.

Y. T. Liao, Q. X. Liao, B. P. Tian, C. X. Shu, J. Wang and A. L. Ma,
“Experimental research on the mechanical physical parameters of
bottom stalk of the arundo donax 1. in harvesting period,” Transactions
of the Chinese Society of Agricultural Engineering, vol. 23, no. 4, pp.
124-129, April 2007.

H. D. Huang, Y. X. Wang, Y. Q. Tang, F. Zhao and X. F. Kong, “Finite
element simulation of sugarcane cutting,” Transactions of The
Chinese Society of Agricultural Engineering, vol. 27, no. 2, pp.
161-166, February 2011.

X. S. Chen, “Research on mechanical model and compression molding
equipment of corn straw,” M.S. thesis, Jinlin Univ., Changchun, China,
2011.

[1]
[2]
[3]
[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]



International Journal of Engineering and Technology, Vol. 9, No. 6, December 2017

[20] X. Gao, “Experimental study of mechanical properties of corn stalks,”
M.S. thesis, Huazhong Agric. Univ., Wuhan, China, 2013.

E. Obataya, P. Kitin, and H. Yamanuchi, “Bending characteristics of
(phyllostachy pubescens) with respect to its fiber-foam composite
structure,” Wood Science and Technology, vol.41, no. 5, pp. 385-400,
November 2007.

J. M. Gere and S. P. Timoshenko, Mechanics of materials. Second S|
Edition, New York: Van Nostrand Reinhold, 1984.

G. B. Su,J. Y. Liu, S. C. Wang, X. H. Liao, and Y. X. Wen, “Study on
tensing mechanical properties of ramie stalk,” Journal of Agricultural
Mechanization Research, vol. 30, no. 2, pp. 139-141, February 2008.
C. Shen, Q. M. Chen, X. W. Li, B. Zhang, J. C. Huang and K. P. Tian,
“Test and Analysis of Axial Compressive Mechanical Properties for
Ramie Stalk,” Acta Agriculturae Zhejiangensis, vol. 28, no. 4, pp.
668-692, April 2016.

[21]

[22]

[23]

[24]

Cheng Shen was born in Hangzhou, China on
October 31%, 1989. He received his M.S. degree
in agricultural mechanization engineering at
Chinese Academy of Agricultural Sciences
earned in June 2014.

He has been an asst. professor in Nanjing
Research Institute for Agricultural
Mechanization, Ministry of Agriculture, China.

He has published articles: C. Shen, Q. M. Chen,
X. W. Li, K. P. Tian, J. C. Huang, and B. Zhang,
“Experimental analysis on single-stalk cutting of
hemp,” International Agricultural Engineering Journal, vol. 25, no. 4, pp.
187-196, December 2016; C. Shen, X. W. Li, B. Zhang, K. P. Tian, J. C.
Huang and Q. -M. Chen, “Bench experiment and analysis on ramie stalk
cutting,” Transactions of the Chinese Society of Agricultural Engineering,
vol. 32, no. 1, pp. 68-76, January 2016; C. Shen, X. W. Li, K. P. Tian, B.
Zhang, J. C. Huang and Q. M. Chen, “Experimental analysis on mechanical
model of ramie stalk,” Transactions of the Chinese Society of Agricultural
Engineering, vol. 31, no. 20, pp. 26-33, October 2015.

Mr. Shen is in membership of CIGR (International Commission of
Agricultural and Biosystems Engineering), AAAE (Asian Association for
Agricultural Engineering), CSAE (Chinese Society of Agricultural
Engineering) and CSAM (Chinese Society for Agricultural Machinery).

Bin Zhang was born in Jinhua, China on
December 6!, 1974. She received her B.S. degree
in mechanical engineering at Zhejiang University
(June 1997), a M.S. degree of engineering at
Nanjing University of Science and Technology
(June 2013) were earned.

She has been an assoc. professor in Nanjing
Research Institute for Agricultural
Mechanization, Ministry of Agriculture, China.

She has published articles: B. Zhang, K. -P.
Tian, X. W. Li, J. C. Huang, C. Shen, J. G. Wang
and Y. Zhou, “Fruit and vegetable pomace particle formation research,”
Journal of Chinese Agricultural Mechanization, vol. 36, no. 6, pp. 328-331,
November 2015; B. Zhang, X. W. Li, J. C. Huang and J. G. Wang, “Design
and experiment of ramie combine harvester with double blade cut,” Chinese
Agricultural Mechanization, vol. 33, no. 6, pp. 71-73, November 2012; B.
Zhang, L. G. Zhang, S. L. Mu, X. Y. Ling, C. L. Chen and X. W. Li,
“Actuality and development direction of cole harvesting mechanization in
China,” Chinese Agricultural Mechanization, vol. 29, no. 6, pp. 69-71,
November 2008.

Ms. Zhang is in membership of Professional Committee of Bast Fiber
Crops, Crop Science Society of China.

436

Kun-Peng Tian was born in Shanggiu, China on
October 12, 1986. He received his M.S. degree
in mechanical design and its theory at Jiangsu
University was earned in June 2013.

He has been an asst. professor in Nanjing
Research Institute for Agricultural
- Mechanization, Ministry of Agriculture, China.

} He has published article: K. P. Tian, H. P. Mao,

. J. P. Hu, L. H. Han, X. H. Miao and J. Y. He,

“Design and experimental study on the

door-shaped picking seedling mechanism of

auto-transplanter,” Journal of Agricultural Mechanization Research, vol.
36, no. 2, pp. 168-172, February 2014.

P\

Xian-Wang Li was born in Xiaogan, China on
May 15" 1961. He received his B.S. degree in
mechanical engineering at Wuhan University of
Technology was earned in June 1982.

He has been a professor in Nanjing Research
Institute for Agricultural Mechanization, Ministry
of Agriculture, China.

He has published articles: X. W. Li, J. C.
Huang, B. Zhang, J. G. Wang, C. Shen and Z. B.
Wang, “Design and experiment of crawler ramie
combine harvester,” Journal of Chinese
Agricultural Mechanization, vol. 34, no. 1, pp. 123-125, 133, January 2013;
X.WLi,S. L. Mu, X. Y. Luo, B. Zhang, C. L. Chen and L. G. Zhang, “Main
technology of mechanized production for bast fibre plants,” Chinese
Agricultural Mechanization, vol. 31, no. 2, pp. 65-67, 46, March 2010; X.
W. Li, “Actuality and foreground of rice combine harvester in China,”
Chinese Agricultural Mechanization, vol. 27, no. 1, pp. 38-40, January
2006.

Prof. Li is in membership of CIGR (International Commission of
Agricultural and Biosystems Engineering), CSAM (Chinese Society for
Agricultural Machinery) and Professional Committee of Bast Fiber Crops,
Crop Science Society of China.

Qiao-Min Chen was born in Jiaxing, China on
August 25™, 1963. He received his B.S. degree in
agricultural mechanization at China Agricultural
University was earned in June 1985.

He has been a professor and the director of
Nanjing Research Institute for Agricultural
Mechanization, Ministry of Agriculture, China.

He has published articles: Q. M. Chen, S. H. Li,
L. M. Wang, and X. Y. Ling, “Study on the
quality evaluation of main crop production
mechanization in China,” Journal of Agricultural
Mechanization Research, vol. 39, no. 1, pp. 1-5, 31, January 2017; Q. M.
Chen, X. W. Li, B. Zhang, J. G. Wang, J. C. Huang, K. P. Tian, C. Shen and
Z. B. Wang, “Lifting door frame of ramie combine harvester finite element
analysis based on ANSYS workbench,” Journal of Agricultural
Mechanization Research, vol. 36, no. 5, pp. 11-15, May 2014.

Prof. Chen is a syndic of the CSAE (Chinese Society of Agricultural
Engineering).






