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Executive Summary 
This purpose of this project was to determine whether Controlled Low Strength 
Material (CLSM) produced with native soils containing sulfates will break down 
over time with or without the use of Type V cement.   Several mixtures using soil 
with varying sulfate content and either Type I/II or Type V cement were made 
and tested for compressive strength at 7, 28, 56, 90, 180, 365 and 799 days.  In 
general, CLSM containing Type I/II cement performed better than Type V 
cement, with the exception of when combined with soil containing 2.5% sulfates 
by mass.  From the data produced during a three year period of time it appears 
that as long as the CLSM will not be exposed to excess water, either Type V or 
Type I/II cement can be used for “moderate” sulfate exposure with soils 
containing less than 2.0 percent by mass of water-soluble sulfate, or less than 150 
ppm of dissolved sulfate in water.
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Introduction 
This technical memorandum, prepared by the Concrete, Geotechnical and 
Structural Laboratory Group of the Bureau of Reclamation’s Technical Service 
Center, in Denver, Colorado, discusses the results of the CLSM proportioning 
study.  
 
This project consisted of performing a CLSM proportioning study using two 
different cementitious materials, Type I/II and Type V cement, and varying 
amounts of potassium sulfate added to crusher fines.  Several trial batches were 
conducted to find the optimum proportions to target 7 day compressive strength of 
100 psi with an 8 to 10 inch slump.  Once the control proportions were 
determined, additional testing was performed to test the difference in compressive 
strength between CLSM produced at the two slump extremes. Additional trial 
batches were then designed to compare the use of Type I/II versus Type V cement 
with varying amounts of sulfate concentrations by weight of aggregate. 
 
Background 
The purpose of this project is to verify if there is a benefit to using Type V cement 
with Controlled Low-Strength Material (CLSM) made with native soils having 
high sulfate concentrations.  CLSM, also known as flow fill, is commonly used 
for backfill along Reclamation pipelines and other structures. Current 
specifications require that CLSM use Type V (sulfate resistant) cement when 
contact with soils containing greater than 0.20 percent by mass of water-soluble 
sulfate, to mitigate sulfate attack.  Sulfate attack is known to deteriorate cement 
paste when the sulfates in the soil react with the hydrated cement.  
 
CLSM is used extensively throughout Reclamation, to possibly include over 100 
miles of pipeline for the ongoing Navajo Gallup Water Supply Project.  There is 
an economic and environmental benefit of using native soils in CLSM rather than 
the traditional ASTM C33 aggregates. Aggregates or soil make up approximately 
75% of the volume of CLSM. Using native soils from the excavation instead of 
manufacturing and transporting aggregates can be not only a tremendous cost 
savings but a reduction in carbon production in the environment as well.  
 
When concrete needs to have resistance to high levels of sulfates, Type V Cement 
is specified along with a minimum water/cementitious (w/cm) ratio, according to 
ACI 318-14 chapter 19 durability requirements [1]. Since CLSM is mixed with 
the high sulfate soils and placed at significantly higher w/cm ratios there may not 
be a benefit in using Type V cement and the extra expense of the specialty cement 
may not be needed.  
 
This purpose of this project was to determine whether CLSM produced with 
native soils containing sulfates will break down over time with or without the use 
of Type V cement.  The results of this study benefits not only the Navajo-Gallup 
project but also has Reclamation wide benefits as well. 
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Scope of Work 
The scope of work for the project presented in this report contained the following 
main objectives: 
 

1. Materials Selection  
2. CLSM Proportioning Study  
3. CLSM Compressive Strength Testing   
4. Technical and Peer Review of preliminary report   
5. Data Analysis and Checking  
6. Final Report   

 

Materials Selection 
Detailed test results of all the materials used in this CLSM study are included in 
Appendix A. 
 
Aggregate Selection 
The first task of this research was to find the ideal native soil to use. This project 
required a soil that meets the current Bureau of Reclamation CLSM specifications 
and has extremely low sulfate content.  The soil needed to meet ACI 318-14 
criteria for the “S0” sulfate exposure category according to table 19.3.1.1, 
Exposure Categories and Classes. The definition of “S0” sulfate exposure is less 
than 0.10 percent by mass of water-soluble sulfate in the soil, or less than 150 
dissolved sulfate in water, ppm.  
 
For this study, the control CLSM mixture used material without any additional 
sulfate added to the mixture. Subsequent mixtures used increasing amounts of 
sulfate to meet the requirements of “S1”, “S2”, and “S3” sulfate exposures 
according to ACI 318 as shown in Table 1.  
  

Table 1 – Sulfate Exposure Categories and Classes (adopted from ACI 318-14 
table 19.3.1.1) 

 
Class 

Water-Soluble Sulfate 
in Soil,  

% by mass 

Dissolved 
Sulfate in 

Water 
ppm 

Sulfate Used in 
CLSM 

% by mass 

S0 SO4
2- < 0.10 SO4

2- < 150 0.00 
S1 0.10 < SO4

2-< 0.20 150 < SO4
2-< 1500 0.15 

S2 0.20 < SO4
2-< 2.0 1500 <SO4

2-< 10,000 0.70 
S3 SO4

2- > 2.0 SO4
2- > 10,000 2.5 

 
Several samples of native soils were tested and none of them contained less than 
0.10 Water-soluble sulfates (SO4).  The Navajo Gallup Reach 12 A was under 
construction during this portion of the project.  The CLSM supplier for Reach 
12A elected to use crusher fines instead of soil for CLSM.  Crusher fines met the 
current CLSM specification and also had a low sulfate concentration.  Based on 
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this information it was decided to use local crusher fines instead of native soils.  
The crusher fines were produced by Albert Frei and Sons, which is a local source 
of crusher fines. Physical property information for the crusher fines can be found 
in Appendix A.  
 
Cementitious Materials 
Two control mixes without any additional sulfate added to the crusher fines were 
made: one with Type I/II cement and the other with Type V cement.  The Type 
I/II cement was provided by Holcim Cement and Mountain Cement supplied the 
Type V used for this study.  Mill test reports are located in Appendix A. 
 

CLSM Proportioning Study 
Several trial batches were conducted to find the optimum proportions to target 7 
day compressive strength between 50 and 150 psi, with an 8 to 10 inch slump 
without the addition of sulfates to the mixture. Once the optimum proportions 
were identified using both Type I/II and Type V cement, control mixes were 
batched.  Additional CLSM mixtures were proportioned using the control 
proportions and increasing amounts of sulfates.  For each batch, cylinders were 
cast using ASTM D4832-10, Standard Test Method for Preparation and Testing of 
Controlled Low Strength Material (CLSM) Test Cylinders [2].  Cylinders were 
kept in their molds and placed in the fog room for standard curing until time of 
testing.   Table 2 summarizes CLSM mix proportions, physical properties and 
compressive strength. The batches were labeled using the following format: 
CLSM-(type of cement)-(percentage of sulfate added).  For example CLSM with 
the label: “CLSM-I/II-.70” contains type I/II cement, and 0.70% additional 
sulfates. 

The sulfates that were added to the crusher fines seemed to affect the water 
content and setting of the CLSM at higher dosages.  Mixtures with added sulfates 
to achieve a sulfate concentration of 2.5% increased the water requirements 
considerably.  CLSM also appeared to flash set so additional water and mixing 
was required to meet the slump requirements.  It must be noted that the lower 
compressive strength corresponds with the higher water to cement ratio of these 
mixtures. Figure 1 illustrates the long term compressive strength of the mixtures 
tested.
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Table 2 – CLSM Mixture Proportions, Physical Properties and Compressive Strength 

  Type I/II Cement Type V Cement 
MIX ID CLSM-I/II-0 CLSM-I/II-.15 CLSM-I/II-.70 CLSM-I/II-2.5 CLSM-V-0 CLSM-V-.15 CLSM-V-.70 CLSM-V-2.5 

Cast Date 8/28/2013 8/28/2013 8/28/2013 8/28/2013 8/28/2013 8/28/2013 8/28/2013 8/28/2013 
Batch Size, cf 1.2 1.2 1.0 1.0 1.2 1.0 1.0 1.2 
Cement 
Type/Source 

Holcim, Type 
I/II LA 

Holcim, Type 
I/II LA 

Holcim, Type 
I/II LA 

Holcim, Type 
I/II LA 

Montain, Type 
V LA 

Montain, Type 
V LA 

Montain, Type 
V LA 

Montain, Type 
V LA 

Potassium 
Sulfate 
Type/Source EMD PX1595-5 

EMD PX1595-
5 

EMD PX1595-
5 

EMD PX1595-
5 

EMD PX1595-
5 

EMD PX1595-
5 

EMD PX1595-
5 

EMD PX1595-
5 

Aggregate 
Source 

Albert Frei & 
Sons, Class 6 
Base, Pit 6 

Albert Frei & 
Sons, Class 6 
Base, Pit 6 

Albert Frei & 
Sons, Class 6 
Base, Pit 6 

Albert Frei & 
Sons, Class 6 
Base, Pit 6 

Albert Frei & 
Sons, Class 6 
Base, Pit 6 

Albert Frei & 
Sons, Class 6 
Base, Pit 6 

Albert Frei & 
Sons, Class 6 
Base, Pit 6 

Albert Frei & 
Sons, Class 6 
Base, Pit 6 

Mixture Proportions 

 
Mass Mass Mass Mass Mass Mass Mass Mass 

lbs/yd3 lbs/yd3 lbs/yd3 lbs/yd3 lbs/yd2 lbs/yd3 lbs/yd3 lbs/yd3 
                  
Water 574 581 582 674 567 589 581 690 
Cement 212 201 202 186 198 202 201 187 
Class 6 Base 
(Crusher 
Fines) 2965 2914 2920 2699 2872 2921 2900 2705 
Sulfate 0.0 4.4 20.4 67.5 0.0 4.4 20.3 72.5 
% of Sulfate 
to weight of 
aggregate 0.00% 0.15% 0.70% 2.50% 0.00% 0.15% 0.70% 2.50% 
Total 3751 3700 3724 3626 3637 3716 3702 3655 
w/c ratio 2.71 2.89 2.88 3.62 2.86 2.92 2.89 3.69 

Physical Properties 
slump, inches 8.00 9.75 10.00 10.00 10.00 9.75 10.00 10.00 
air, % 1.0 0.3 0.7 0.6 0.8 0.3 0.7 0.4 
gravimetric 
air, %                 
unit wt, 
(lbs/cf) 138.9 136.9 138.3 131.8 134.7 137.5 137.0 131.8 
Temperature, 
F - 66.0 66.0 65.0 - 64.0 66.0 66.0 
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Average Compressive Strength, psi 

  Type I/II Cement Type V Cement 
MIX ID CLSM-I/II-0 CLSM-I/II-.15 CLSM-I/II-.70 CLSM-I/II-2.5 CLSM-V-0 CLSM-V-.15 CLSM-V-.70 CLSM-V-2.5 

7 day 155 145 155 70 100 125 110 75 
28 day 220 190 195 80 130 150 125 55 
56 day 195 200 190 75 160 180 170 90 
90 day 295 225 235 90 160 205 180 100 
180 day 290 240 220 100 180 205 195 110 
365 day 265 260 240 115 195 210 150 165 
779 day 327 290 290 1501 197 260 240 160 
1 Only 2 out of 3 samples could be tested 
Values in red are questionable, strength decreases at 56 days 
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Figure 1 – CLSM Compressive Strength 
 

Discussion 
The CLSM compressive strength data shown in Figure 1is very inconsistent, 
however a general trend can be acknowledged.  Testing CLSM is very difficult 
due to its low strength. It is difficult to remove CLSM specimens from their 
molds without damaging them and rendering them untestable. In addition, the 
degree of accuracy required for CLSM comparison is higher than it should be for 
such variable material. For example, + 20psi for the compressive strength of 
concrete specimens made from the same batch and tested at the same age is not 
considered unusual, however for CLSM such variation can be the difference 
between acceptance or rejection for a material with a greater variability than 
structural concrete, especially if made with natural soils. 
 
Also shown in Figure 1, is the strength difference between Type I/II and Type V 
cement.  After the first year of this study, it was decided to closely investigate the 
compressive strength of the cement.  Mortar cubes were made and tested using the 
two types of cement. Compressive strengths are presented in Table 3 and Figure 
2.    
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Table 3 – Compressive Strength of 2- by 2-inch Cement Mortar Cubes 
Compressive Strength of Hydraulic Cement Mortars (ASTM: C109/C109M) 

  Type I/II Cement Type V Cement 
Average Compressive Strength, psi 

7 day 5200 4580 
28 day 6390 5330 
56 day 6600 6250 
180 day 6120 4880 
365 day 6040 5920 
 
 

 
Figure 2 – Compressive Strength of Mortar Cubes 
 
The mortar cube test data indicates that the compressive strength of the Type I/II 
cement is approximately 1000 psi higher at 28 days, which corresponds with the 
CLSM test data.  
 
The most alarming observation of this CLSM study was the condition of the 
cylinders which were unintentionally exposed to excess moisture due to caps not 
fitting properly.  The second cylinder for mixture CLSM I/II-2.5, which contained 
2.5 % sulfates, fell apart when removed from the mold and was not testable, as 
shown in Figure 3.  
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Figure 3 – Specimen CLSM I/II-2.5 which was exposed to excess water during 
curing 

 

Conclusions 
The purpose of this study was to verify that Type V cement is required for CLSM 
made with high sulfate soils.  From the data produced during a three year period 
of time it appears that as long as the CLSM will not be exposed to excess water, 
either Type V or Type I/II cement can be used for “moderate” sulfate exposure 
with soils containing less than 2.0 percent by mass of water-soluble sulfate, or 
less than 150 ppm of dissolved sulfate in water. 
 
The strength of the CLSM with greater than 2.0 percent by mass of water-soluble 
sulfate in the soil, is unpredictable with Type I/II cement, especially if there 
would be a source of water during service.  The 2 year strength of the CLSM 
made with Type V cement and sulfates in this range appeared to decrease slightly; 
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therefore further investigation such as petrography of the CLSM specimens would 
be necessary to determine if either type of cement seems to mitigate sulfate 
damage to the cement paste when using soils with high sulfate contents.  
Further investigation of CLSM for a longer duration and in moist environments is 
recommended, along with petrographic investigation. Fortunately, there are 
additional specimens available, from each mix tested, for petrographic 
investigation if funding is provided.  
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