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Abstract

There have been prior efforts characterizing hemp fiber reinforced composites but not hemp stem reinforced
composites. Here, we investigate preparation of hemp stem reinforced concrete specimens for analysis and testing.
To align the hemp stems in a specific direction, we have devised a method using a plastic u-tube to hold the hemp
stems materials in place. Without the u-tube, hemp stems can shift from their desired positions while pouring the
concrete. Stems were arranged in a 0 and 0/90/0 orientations. A representative bunch of stems and their cross sections
are provided. Based upon micromechanical models of predicting effective properties of stems, we have aligned and
used NDSANDS module of ASCA. Effective properties of five representative stem volume elements are calculated
using constituent properties. A set of hemp stem reinforced concrete composite specimens are prepared and presented
towards conducting flexure tests and relevant analysis.

Keywords

Hemp, stem, concrete, composites, micromechanics.

1. Introduction

Commercial hemp production was revived in the United State in 2018 (Schluttenhofer and Yuan, 2018). Hemp can
be grown for its fiber, grain, or chemical constituents. Initially, United States hemp production focused on non-
intoxicating cannabinoids, but recently grain and fiber production and products have gained interest. Hemp stalks are
comprised of fiber and hurd (Phipps and Schluttenhofer, 2022). In a cross-section of a stalk, the fibers are located
towards the outer portion right underneath the epidermal layer. Below the fiber is a thick layer of hurd, which has a
woody composition, but is softer and spongier. The interior of fiber-type hemp plant is typically hollow (Figures 1-
3).

Actual hemp stem cross sections are shown in Figure 1. Stems comprise of the epidermal, fiber and hurd layers, with
stalk having a hollow center. A representative cross-section of hemp stalk is shown in Figure 2. Figure 3 is a
representative volume element for math-modeling to calculate the effective properties of the stem. Using NDSANDS
(N Directional Stress AND Strength) model of the Automated System for Composite Analysis (ASCA) and
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representing the corresponding constituents (Epidermis, Bast Fiber, Hurd and Hollow Space) as matrix, coating 2,
coating 1 and fiber, correspondingly. Table 1 shows the required parameters including stiffness properties of these
constituents.

| Epidermis

. Bast fibres

“Hurds
oy N < g Hollow space
Figure 2. Representative Stem Cross Section Figure 3. Representative Volume Element for
[Morin-Crini, N., 2018] Math Modeling

Hemp fiber and hurd can be used in a wide array of products (Ingrao et al, 2015; Kolarikova et al, 2013; Mirski et al,
2017; Morin-Crini et al, 2018). Notably, hemp has been used to manufacture concretes (i.e., hempcrete). Hempcrete
consists of hemp hurd mixed with a lime and water mixture. Recently, the International Code Council approved
hempcrete into the International Residential Code as a building material for non-load-bearing and wall infill systems
(International Residential Code. 2022). Notably, hempcrete is used as an insulation and is a non-load-bearing material.
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Identification of methods to use hemp in load-bearing applications would further expand opportunities for potentially
stronger and more environmentally sustainable products.

One challenge with using hemp in products is the need for expensive processing equipment (i.e., decortication). Use
of whole stalks in materials could reduce the need for installing expensive decortication facilities, thereby reducing
input and product costs. Little information is available about how intact hemp stems function combined with concrete
materials. Previously, our work modeled hemp reinforced composite materials (Soni et al, 2023, June 12-15; Soni et
al, July 28-30, 2023). Here, we create hemp stem reinforced concrete composite specimens for testing and modeling.

1.1 Objective

The purpose of this project was to analyze hemp stem effective properties using micromechanics model and
constituent properties; and prepare hemp stem reinforced concrete composites (HSRCC) specimens for further
research and development of innovative products.

2. Literature Review:

Commercial hemp production was revived in the United State in 2018 (Schluttenhofer and Yuan, 2018). Hemp stalks
are comprised of fiber and hurd (Phipps and Schluttenhofer, 2022). Hemp fiber and hurd can be used in a wide array
of products (Ingrao et al, 2015; Kolarikova et al, 2013; Mirski et al, 2017; Morin-Crini et al, 2018). Recently, the
International Code Council approved hempcrete into the International Residential Code as a building material for non-
load-bearing and wall infill systems (International Residential Code. 2022). Previously, our work modeled hemp
reinforced composite materials (Soni et al, 2023, June 12-15; Soni et al, July 28-30, 2023).

3. Methods

Preliminary samples were produced by laying out hemp stalks in a mold and pouring a concrete mixture over top. It
was observed stalks did not want to remain in place as the concrete was poured. A u-tube was utilized to hold the
stalks in place while the concrete was poured into mold (Figure 4). Stalks were inserted into the u-tube (Figure 5)
before being set into the frame. The frame consisted of a 12”’x12”x2” wooden form (Figure 6) to pour the concrete
and lay up the desired stem layers.

S

Figure 4. Plastic U tube helping stems to place in its intended locations

A number of panels were made with hemp stem reinforced concrete composite. Three cases of laminates, pure
concrete, (0/90/0), and two cases of (0), laminates were prepared. A set of specimens with 2”x11” width and length
were cut with different thickness dimensions. These specimens will be tested and analyzed. A comparison between
the predicted and measured results will be done. The testing of panels with pure concrete and composite concrete will
provide the significance of hemp stem reinforcements on their response characteristics.

Due to misalignment of hemp stalks leading to machining damage, an improvised method was developed for casting

specimens. With this method, samples were directly setup in 2”x11” frames. A u-tube was still used to hold stems in
place. Concrete was added to the frames and allowed to harden. With this approach, no cutting of samples is required.
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Figure 5. aligning hemp stems

Figure 6. Preform for concrete pouring

4. Results and Discussion

We have developed a process of calculating effective properties of stem as a function of constituent properties. Same
model can be used to compute the effective properties of hemp stem reinforced concrete composites. Table 1 shows
Axial Youngs modulus E-A (MSI), Transverse Youngs modulus E-T (MSI), Axial Poisson’s ratio V-A, Transverse
Poisson’s ratio V-T and Axial Shear modulus G-A (MSI) used for modeling properties. To compute effective
properties, a representative stem volume element of 1 inch long was analyzed for five different hurds mechanical
properties (Table 2). Testing the above-mentioned parameters in NDSANDS module and making different
representative cases of stems with each value of hurds stiffness properties, effective stem properties are computed and
given in Table 3.

Table 1. Representative hemp stem constituents, dimensions and properties

Constituent Radius in E-A (MSI) (ll\E/IgI) V-A V-T G-A (MSI)
Hollow Space 1 1.00E-04 1.00-4 0.3 0.3 3.85E-05
Hurds 3 0.4 0.4 0.36 0.36 0.147
Bast Fibers 0.35 5.8 5.8 0.3 0.3 223
Epidermis 0.355 1.00E+00 1.00E+00 0.3 0.3 3.85E-01

Table 2. Hurds properties used in computing effective properties of stem cross section.

E-A (MSI) (f,[STD V-A V-T (S[Q)
0.2 0.2 0.36 0.36 0.073529
0.4 0.4 0.36 0.36 0.147059
0.6 0.6 0.36 0.36 0.220588
0.8 0.8 0.36 0.36 0.294118

1 1 0.36 0.36 0.367647
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Table 3. Effective properties of Hemp stems with 5 different values of Hurds given in Table 2.
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Additionally, we developed a method to create samples for testing hemp stalk reinforced concretes. Using this fixture
(Figure 12), we have prepared at least twelve 2”X11” specimens and at least 36 specimens cutting 12”X12” panels.
Figure 7 is a sample panel comprised of pure concrete. In Figure 8 and Figure 9 we show (0)s with old stems and new
hemp stems (fresh harvested hemp stems), respectively. Figure 10 is composed of (0/90/0); hemp stalk reinforced
laminate using freshly harvested stems. This figure shows the complete panel and yz and xz cross sections.

e = il (6 e

Figure 7. Pure Concrete panel Figure 8. Old Hemp stems reinforced concrete panel (0)s
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Figure 9. New Hemp stems reinforced concrete panel (0)s

Figure 10. New Hemp stems reinforced concrete panel (0/90/0);and yz and xz cross sections.

Figure 9 shows yz and xz cross sections of the panel. It shows that in both figures top and bottom stems were machined
because of some misaligned stems.

Figure 11. New Hemp stems reinforced concrete panel (0/90/0),, cut in two perpendicular
cross sections, yz and xz cross sections.
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To avoid this type of difficulties in aligning the stems, we have developed an improved fixture given in Figure 11.
This helps us preparing specimen of desired dimensions.

Figure 12. Improved fixture to prepare 2”X12” HSRCC

Using the frame in Figure 12, we have prepared 12 specimens. We will do the modeling and testing of all these
specimens. We have prepared a combination of specimens to study the effects of hemp stem reinforcements on
effective response characteristics of concrete composites. We use these composite combinations to identify additional
laminate formats and potential product applications. It is expected that the hemp stems are potentially excellent option
for creating hemp stalk reinforced concrete composites.

5. Concluding Remarks

We used mathematical models to analyze effective properties of hemp stems. A frame for casting specimens was
created and subsequently modified. A number of hemp stem reinforced panels and specimens are prepared. This work
provides a route for preparation of samples for testing and analysis of specimens for innovative products.
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