
1 
 

 

Project No: __RR15-10_____ 

Annual Report on Phase One 

Project title: Utilization of Rice Straw Fibers as Internal Curing Agent for Concrete 

Project leader: Feraidon Ataie, Ph.D. 

Assistant Professor and Program Coordinator 

Concrete Industry Management Program 

OCNL Room 229, Campus ZIP 0930  

California State University 

Chico, CA  95926-0930 

fataie@csuchico.edu  

Principle UC Investigators: None. 

Cooperators: None. 

 

Date: Dec. 14, 2015 

 

 

 

 

 

 

 

  



2 
 

Summary: 

Phase one of the project started in August 2015. So far 4 out of 10 concrete mixes have 

been completed. Based on the data gathered to date, it seems that addition of rice straw 

fibers (RSF) in concrete has limited impact on initial workability (flowability) of 

concrete; however, workability of concrete is reduced by RSF after about 20 min. Results 

show that RSF in concrete increased free drying shrinkage. This could have been because 

of high water content of concrete mixtures made or because RSF was not fully saturated 

before adding to concrete. The remaining concrete mixtures will have lower water 

content (lower w/c ratio) compared to those already made to study the impact of water 

content on RSF behavior in concrete. 

It was also found out that addition of RSF in concrete reduces concrete strength. This 

could have been because impurities such as potassium and sodium could leach out of 

RSF into concrete reducing strength. It was shown that pretreatment of RSF would 

improve its behavior in concrete. For proposed second phase (second year) of the project, 

RSF will be pretreated with water at room temperature (73F) to remove impurities out of 

RSF before adding to concrete. 
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1 Objectives of proposed research 

The goal of this research project is to utilize rice straw in concrete to mitigate 

concrete drying shrinkage cracking. This is a two-year study with the following 

objectives: 

a- To investigate impacts of rice straw fiber addition on concrete shrinkage cracking 

b- To find an optimum level of rice straw fiber addition in concrete 

c- To characterize impacts of warm water treated rice straw on concrete shrinkage 

cracking 

 

2 Experimental procedures to accomplish research objectives for phase one 

During phase one, rice straw (as received) will be ground mechanically to produce 

fibers with a length of 1 to 5 mm. Rice straw fibers (RSF) will then be added in concrete, 

and the impact of RSF on concrete properties will investigated. RSF will be added at four 

different dosages of 1%, 2%, 3% and 5% of cement weight, and the following 

experimental tests will be performed. 

1- Total of 10 concrete mixes will be developed. Workability of each mix will be 

tested based on ASTM
1
 C143 standard. 

2- Restrained drying shrinkage cracking of concrete samples for each mix will be 

tested using ring test in accordance with ASTM C1581. 

3- Free drying shrinkage of concrete samples will be tested according to ASTM 

C157. 

 

3 Experimental procedures completed to date 

Rice straw was obtained from a local farm and was ground mechanically to produce 

1-5 mm fibers (as shown in Figure 1). Four out of 10 concrete mixes have been 

prepared. For these four mixes, workability tests (slump test) were done, free drying 

shrinkage tests were performed, and restrained drying shrinkage tests are ongoing. 

RSF were damped before adding in concrete. To do this, RSF was mixed thoroughly 

with water. Water was sprayed on RSF. Amount of water used to damp SRF was 5 

times of the weight of RSF used. This amount of water was calculated to be the 

adsorption capacity of RSF. RSF was let undisturbed for 30 min. Then RSF was 

added to sand and aggregate and mixed using a concrete mixer (as shown in Figure 2). 

Cement and water were added at the end to make concrete (as shown in Figure 3).  

Table 1 shows proportions for concrete mixes. In all mixes so far, a water-to-cement 

ratio (w/c) of 0.54 was used. 
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Figure 1: Rice straw fibers (RSF) 

 

Figure 2: RSF mixed with sand and aggregate 

 

Figure 3: Concrete mix 

 

Table 1: Concrete mix proportion 

 

Mix #1 Mix #2 Mix #3 Mix #4 

Water (lb/ft3) 11.13 11.13 11.13 11.13 

Cement (lb/ft3) 20.54 20.54 20.54 20.54 

Aggregate (lb/ft3) 62.04 62.04 62.04 62.04 

Sand (lb/ft3) 51.85 51.85 51.85 51.85 

RSF (% of cement 

by weight) 
0 1 3 5 
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4 Results to date 

 

4.1 Impact of rice straw fibers on workability (objective #1 under phase one) 

Addition of RSF in concrete slightly reduced concrete workability initially (for about 

20 min.). However, addition of RSF dramatically reduced workability after about 20 

min. This could be because water from inside RSF pores would come out during the 

mixing. After mixing is done, RSF could adsorb water again and this causes a 

reduction of water content in concrete which results loss of workability. 

It is worth mentioning, however, that these results are based on concrete mixes with a 

w/c ratio of 0.54. Changing w/c could affect these results. To study the impact of w/c 

ratio on workability of concrete containing RSF, more concrete mixes to be made 

with a w/c ratio of 0.4. This will be done during spring 2016. 

 

4.2 Impact of rice straw fibers on restrained drying shrinkage (objective #2 of phase 

one) 

This is ongoing and no conclusion can be made at this point of time. Figure 4 shows 

the setup used to measure restrained drying shrinkage based on ASTM C1581 

standard. Based on this standard, 1.5 inch thick concrete or mortar will be cast around 

a rigid steel ring. Each steel ring has four strain gages. As concrete dries and 

contracts, strain gages measure contraction of steel ring until concrete cracks. Then 

the data is plotted to find out how much contraction does the concrete sample 

undergo. The more the contraction, the more is drying shrinkage. 

 

 

Figure 4: Restrained drying shrinkage setup 

 

4.3 Impact of rice straw fibers on free drying shrinkage (objective #3 of phase one) 

To measure free shrinkage of concrete mixtures ASTM C157 standard was used. 3 

concrete prisms (3x3x10 in) were made as shown in Figure 5. Prisms were moist 

cured for 7 days. After 7days of curing, the initial length was measured and samples 

were placed in an environmental chamber at 73°F and 50% relative humidity for 

drying. Length measurement was done each week afterwards till 28 days of drying.  
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Figure 6 shows free drying shrinkage of concrete mixes completed so far. Based on 

these data, rice straw increased drying shrinkage. One of possible factors that could 

contribute in increased drying shrinkage of concrete containing RSF is that RSF was 

not fully saturated before adding to concrete. Although water was added to RSF 

before mixing to concrete, the amount of water added (5 times RSF weight) might 

have not been enough to bring RSF to a full saturation. In this case, RSF will adsorb 

water from concrete over time and that will increase drying shrinkage. 

Also, during mixing process water could be squeezed out of RSF; this squeezed water 

could be absorbed by RSF over time. This could be another factor that could increase 

drying shrinkage of concrete containing RSF. However, this is unlikely because 

concrete workability (flowability) was reduced by RSF dramatically within 20 min. or 

so. This means that water gets adsorbed by RSF within a very short time. 

It is well known that the higher the water content, the higher is the drying shrinkage 

of concrete. Therefore, reducing water content of concrete may reduce drying 

shrinkage of concrete containing RSF. 

 

 

Figure 5: Concrete prisms made of free shrinkage measurement 

 

 

 

Figure 6: Shrinkage of concrete prisms at 28 days 
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4.4 Impact of RSF on concrete strength (one of the objectives of ARI proposal) 

This part is one of the objectives of a related research project funded by Agricultural 

Research Institute (ARI) at Chico State. Important data could be drawn from influence of 

RSF on concrete to be used as basis for next phase (phase 2) of the project. 

As shown in Figure 7, addition of RSF in concrete reduced compressive strength of 

concrete. Mix #2 (concrete with 1% RSF) slightly reduced the compressive strength 

while Mix #4 (concrete with 5% RSF) dramatically reduced the compressive strength. 

 

Figure 7: Compressive strength of concrete cylinders 

Reduction in strength of concrete containing RSF could be because of impurities leach 

out from RSF into concrete. Rice straw and any other biomass contains potassium and 

sodium that are readily leachable in water. Because water inside concrete has a high pH 

(13 or higher) level, these impurities could leach out of RSF very easily. 

A quick experimental test was done to see if pretreating RSF before adding to concrete 

could affect concrete strength. To do this, RSR was soaked in water for 24 hours at room 

temperature (73F) as well as at 176F. After 24 hours, RSF was rinsed out and dried in an 

oven. An isothermal calorimetry was used to measure hydration reaction of cement (Type 

II/V) paste with and without RSF (as shown in Figure 8). 3% RSF was used. Cement 

hydration is the reaction of cement with water. This reaction is responsible for concrete 

strength. 
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Figure 8: Hydration reaction of cement paste 

 

Figure 8 basically shows that pretreating SRF improves cement hydration. This means 

that soaking and rinsing RSF before adding to concrete improves concrete strength. This 

is could be because some impurities such as potassium and sodium leach out of RSF 

during soaking. As can be seen in Figure 8, soaking RSF in water at 176F (RSF-176F) is 

more effective that soaking it at 73F (RSF-73F). However, because there is not a big 

improvement by soaking RSF at higher temperature, soaking RSF at 73F is more 

economically viable. 

Future experiments will determine the impact of w/c ratio as well as the influence of RSF 

pretreatment (soaking) on RSF behavior in concrete. The author believes that reducing 

water content of concrete and pretreating RSF with water will improve RSF behavior in 

concrete. 

 

 


