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National Ready Mixed Concrete Association

• National Trade Association – Established in 1930
• HQ in Alexandria, VA
• 400+ Member Companies
• NRMCA Represents ~75% of North American Ready Mixed Production
• Mission - Serve Industry and Partners Through:

• Compliance and Operations
• Engineering
• Government Affairs
• Local Paving: Pave Ahead™ Initiative

• Structures and Sustainability: Build With Strength™ Initiative

Interested in becoming a member?
Visit: www.nrmca.org/membership/

https://paveahead.com/
https://buildwithstrength.com/
https://www.nrmca.org/membership/
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Your Instructor Today…

• Brian Killingsworth, P.E.
– NRMCA Local Paving, Division Head
– 29 Years in Practice
– Pavement Design, Materials, Construction, Forensics

More information at paveahead.com/experts/

https://paveahead.com/experts/
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NRMCA Disclaimer

• This presentation has been prepared solely for information purposes. It is intended 
solely for the use of professional personnel, competent to evaluate the significance 
and limitations of its content, and who will accept full responsibility for the application 
of the material it contains. The National Ready Mixed Concrete Association and any 
other organizations cooperating in the preparation of this presentation strive for 
accuracy but disclaim any and all responsibility for application of the stated 
principles or for the accuracy of the content or sources and shall not be liable for 
any loss or damage arising from reliance on or use of any content or principles 
contained in this presentation. Unless otherwise indicated, all materials in this 
presentation are copyrighted to the National Ready Mixed Concrete Association. All 
rights reserved.  Therefore reproduction, modification or retransmission in any form 
is strictly prohibited without the prior written permission of the National Ready Mixed 
Concrete Association.  

• ©2015 National Ready Mixed Concrete Association.
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Instructions
• Webinar is being recorded and posted at paveahead.com/education/.
• Everyone is muted.
• Type questions in the question box.
• Download the handouts in the GoToWebinar control panel.
• Credit for course:

– Based on attendance.
– Attendance Certificate – In follow-up e-mail 1 hour after webinar.
– AIA members – Attendance registered with AIA-CES if AIA number provided 

to bkillingsworth@nrmca.org after session.

https://paveahead.com/education/
mailto:bkillingsworth@nrmca.org
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NRMCA Super Sponsors
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About the Course

Learning Units
• AIA Provider Number: G416 Course: CLSM101 | 1.0 LU/Elective | 1.0 PDH

• Learning Objectives:
– Recognize when CLSM may be used on transportation projects.

– Learn about mixture design and the various component materials that may 
be used.

– Understand the various properties that may be used to define CLSM.

– Learn the test methods used to evaluate CLSM during the construction 
process.
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Reference 1 - ACI 229R-13: Report on
Controlled Low Strength Materials

Reference 3 - www.flowablefill.org/

Reference 4 -

Reference 5 - ASTM STP1331: Specifications and Use of
Controlled Low-Strength Material by State Transportation

Agencies

Reference 2 – NCHRP Report 597

https://www.concrete.org/store/productdetail.aspx?ItemID=22913&Language=English&Units=US_AND_METRIC
https://www.concrete.org/store/productdetail.aspx?ItemID=22913&Language=English&Units=US_AND_METRIC
http://www.flowablefill.org/
https://www.ncpi.org/article-listing.html
https://www.astm.org/DIGITAL_LIBRARY/STP/PAGES/STP13082S.htm
https://www.astm.org/DIGITAL_LIBRARY/STP/PAGES/STP13082S.htm
https://www.astm.org/DIGITAL_LIBRARY/STP/PAGES/STP13082S.htm
https://www.nap.edu/login.php?action=guest&record_id=13900
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Controlled Low Strength Material

• Self-consolidating cementitious material 
used primarily as a backfill and as an 
alternative to compacted fill.

• Other terms used to describe this material 
include:
• flowable fill,
• controlled density fill,
• flowable mortar,
• plastic soil-cement, and
• soil-cement slurry.
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Controlled Low Strength Material

• Cement

• Sand

• Water

• Air-Entraining Additive

• Other Admixtures/Additives
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Controlled Low Strength Material

• Flowable Fill Overview (Courtesy of Chaney Enterprises)

https://youtu.be/09yYzTqfNC4
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Controlled Low Strength Material

• Intended to result in a compressive 
strength of 1,200 psi or less.

• Most CLSM applications require 
unconfined compressive strengths of 300 
psi or less.

• Long-term strengths (90 to 180 days) 
should be targeted to be less than 100 psi 
for excavation with hand tools.
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Controlled Low Strength Material

• structural fill (~1,200 psi)*,
• backfill and bedding,
• anticorrosion fills,
• electrically conductive materials,
• low-permeability fills,
• thermal or insulating fills,
• durable pavement base, and
• erosion control.
*Note: Not to be considered as low strength concrete.
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Controlled Low Strength Material

• Advantages:
• Readily available

• Easy to deliver

• Versatile

• Strong and durable

• Quick opening to traffic
• (4 hours or less)

• Does not settle

• Reduces excavation costs

• Improves worker safety

• Advantages:

• Allows all weather 
construction

• Can be excavated

• Requires less inspection

• Reduces equipment needs

• Requires no storage

• Makes use of coal 
combustion by-product
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Controlled Low Strength Material

• CLSM generally costs more per cubic yard 
(cubic meter) than most soil or granular 
backfill materials

• Its many advantages often result in lower 
in-place costs.

• For some applications, CLSM is the only 
reasonable backfill method available.
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Controlled Low Strength Material

Labor Granular Backfill Flowable Fill
Placement

(2 laborers @ 35.09*) $70.18 $35.09

Compaction
(2 laborers @ 35.09*) $70.18 n/a

Heavy Equipment 
Operator $45.82* n/a

Hand Compactor $15.00* n/a
Backhoe $25.00* n/a

Total labor/hour $226.18 $35.09

84% labor cost savings
* National industry average including overhead costs

Source: Chaney Enterprises
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Controlled Low Strength Material

• When excavating around conduit 
etc., the obvious material change 
in CLSM versus the surrounding 
soil or granular backfill is 
recognized by the excavating 
crew, alerting them to the 
existence of the conduit.

• Coloring agents have been used 
in mixtures to help identify the 
presence of CLSM.



19

Controlled Low Strength Material

• Materials normally meet ASTM, 
but not always necessary.

• Materials selection based on:

• availability;

• cost;

• specific application; and

• necessary mixture characteristics.

(flowability, strength, excavatability, and density)
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Controlled Low Strength Material

• Cement:

• Type I or Type II ASTM C150

• Blended ASTM C595*

• Performance ASTM C1157*

*Note: if prior testing indicates acceptable results.
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Controlled Low Strength Material

• Fly Ash:
• Class C or F ASTM C618 preferred

• But not necessary (carbon contents up to 20-25% may be allowable)

• improve flowability,
• increases strength,
• reduce bleeding,
• reduce shrinkage, and
• reduce permeability.
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Controlled Low Strength Material

• Fly Ash:
• High-fly-ash-content CLSM results in lower densities 

(compared to mixtures w/high agg. contents).

• Other cementitious materials acceptable:
• CKD

• Silica Fume

• Slag
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Controlled Low Strength Material

• Admixtures:

• Air-entraining admixtures:

• improved workability,

• reduced shrinkage,

• little or no bleeding,

• minimal segregation,

• lower unit weights, and

• control of ultimate strength 
development.

• Admixtures:
• Air-entraining admixtures:

• Water content can be reduced as 
much as 50 percent when using 
AE.

• Higher air contents enhance 
thermal insulation and resistance 
to f-t cycles.

• To prevent segregation w/high 
air, mixtures need sufficient fines 
to promote cohesion.
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Controlled Low Strength Material

• Water:
• Meet ASTM C94

• Ready mixed concrete water is acceptable.
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Controlled Low Strength Material

• Aggregates
• Meet ASTM C33

• But not necessary

• The type, grading, and shape of 
aggregates affect the physical 
properties:
• flowability and

• compressive strength.
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Controlled Low Strength Material

• Aggregates (examples of suitable aggregates):

• ASTM C33 within specified gradations,

• Pea gravel or pea stone with sand,

• ¾ inch minus aggregate with sand,

• Native sandy soils, with more than 10 percent passing #200,

• Quarry waste products, generally ⅜ in. minus.
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Controlled Low Strength Material

• Aggregates
• Uncontrolled excavation allowable in some cases.
• Silty sands w/up to 20% passing #200 satisfactory.
• Soils w/variable grading also effective.
• Soils with clay fines have exhibited problems with:

• incomplete mixing,

• mixture stickiness,

• excess water demand,

• shrinkage, and

• variable strength.
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Controlled Low Strength Material

• Other Non-Standard Acceptable Aggregates:*
• coal combustion products,
• crusher fines,
• discarded foundry sands,
• glass cullet,
• reclaimed crushed concrete,
• ground tire rubber.
*Note: expansive materials discouraged.

(e.g. wood, wood ash, other organics)
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Controlled Low Strength Material

• Properties
• In-service CLSM, especially lower-

strength CLSM, exhibits characteristic 
properties of soils.

• Characteristics of CLSM are affected 
by mixture constituents and proportions 
of the ingredients in the mixture.

• Can be highly variable.
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Controlled Low Strength Material

• Wet Properties
• Flowability

• Segregation

• Subsidence

• Hardening time

• Pumping
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Controlled Low Strength Material

• Wet Properties
• Flowability

• Varies from stiff to fluid.

• Methods of expressing flowability:
• ASTM D6103: 3 x 6 in. open-ended 

cylinder modified flow test,

• ASTM C143 standard concrete slump 
cone, and

• ASTM C939 grout flow cone.
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Controlled Low Strength Material

• Wet Properties

• Flowability

• ASTM D6103: Good flowability - no 
noticeable segregation and spread is at 
least 8 in. in diameter.

• ASTM C143*: Slump cone

• Low flowability: slump less than 6 in.

• Normal flowability: slump 6 to 8 in.

• High flowability: slump greater than 8 in.

*typically used for non-flowable CLSM
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Controlled Low Strength Material

• Wet Properties
• Segregation

• Separation of materials when flowability 
produced by adding water.

• For highly flowable w/out segregation,
• adequate fines for aggregate suspension and 

stability,

• fly ash and other mineral admixtures can 
account for these fines,

• silty or noncohesive fines (up to 20% of total 
aggregate) have been used.
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Controlled Low Strength Material

• Wet Properties
• Subsidence

• Reduction in volume of CLSM as it releases water and entrapped air 
through mixture consolidation.

• Excess water (not for hydration)
• absorbed by the surrounding soil or released bleed water.

• Most subsidence occurs during placement,

• degree is dependent on free water released,

• typically ⅛ to ¼ in. per foot of depth,

• associated with mixtures of high water content,

• lower water contents may exhibit little or no subsidence.
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Controlled Low Strength Material

• Wet Properties
• Hardening time

• Approximate time for CLSM to go from the plastic state to a hardened state with 
sufficient strength to support a person of average weight.

• This time is greatly influenced by the amount and rate of bleed water released.

• Chemical admixtures may be used to accelerate set (excludes CaCl).
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Controlled Low Strength Material

• Wet Properties
• Hardening time

• Dependent on type and quantity of cementitious material.
• Normal factors affecting the hardening time are:

• Type and quantity of cementitious material(s)
• Aggregate shape and absorption
• Permeability and degree of saturation of surrounding soil
• Moisture content of CLSM
• Proportioning of CLSM
• Mixture temperature and ambient placing temperature
• Humidity
• Depth of fill
• Use of admixtures
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Controlled Low Strength Material

• Wet Properties
• Hardening time

• Time can be as short as 1 hour, but generally takes 3 to 5 hours under 
normal conditions.

• Suitable tests for determining CLSM hardening time:
• penetration-resistance test according to ASTM C403 and D6024.
• Depending on the application, penetration numbers of 500 to 1500 are normally 

required to assure adequate bearing capacity

Penetrometer or Kelly Ball
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Controlled Low Strength Material

• Wet Properties
• Pumping

• Voids in the mixture should be adequately filled with solid particles to 
provide cohesiveness and stability for transport through the 
pressurized pump line without segregation.

• The mixture should be statically stable so that it does not segregate 
and cause settling problems during pumping or in place.

• CLSM with high entrained-air contents can be pumped, although care 
should be taken to maintain low pump pressures.
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Controlled Low Strength Material

• In-Place Properties
• Strength (bearing capacity)
• Density
• Settlement
• Thermal insulation/conductivity
• Permeability
• Shrinkage (cracking)
• Excavatability
• Shear Modulus
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Controlled Low Strength Material

• In-Place Properties
• Density

• Wet density in place:
• Normally 115 to 145 lb/ft3,

• CLSM with only fly ash, cement, and water 
should have a density between 90 to 100 lb/ft3,

• Lower unit weights can be achieved by:

• using lightweight aggregates,

• high entrained-air contents, and/or

• foamed mixtures.
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Controlled Low Strength Material

• In-Place Properties
• Permeability

• Excavatable CLSM is like compacted 
granular fills.

• Typical values:

• 10–4 to 10–5 in./s (or cm/s).

• Mixtures with higher strength and higher fines 
content can achieve permeabilities as low as 
10–7 in./s.
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Controlled Low Strength Material

• In-Place Properties
• Shrinkage (cracking)

• Shrinkage and shrinkage cracks do not 
affect the performance.

• Ultimate linear shrinkage:

• 0.02 to 0.05 percent

• CLSM with high volumes of fly ash (~965 
lb/yd3) exhibit higher amounts of linear 
shrinkage.



43

Controlled Low Strength Material

• In-Place Properties
• Excavatability

• CLSM with a compressive strength of 100 psi or less can be excavated 
manually.

• A removability modulus (RE) helps to determine excavatability

RE < 1.0, is removable.
RE > 1.0, is not easily removed.𝑅𝑅𝑅𝑅 =

𝑊𝑊1.5 × 104 × 𝐶𝐶0.5

106
𝑅𝑅𝑅𝑅 =

𝑊𝑊1.5 × 0.619 × 𝐶𝐶0.5

106

U.S. Units Metric Units

[W is the dry mass density (lb/ft3 or kg/m3), and C is the 28-day unconfined compressive strength (lb/in2 or kPa)]:
Credit: Hamilton County, Ohio CLSM-CDF Specification and as reported in NCHRP Report 597 (2008) and ACI Report 229

https://www.hamilton-co.org/common/pages/DisplayFile.aspx?itemId=5383695
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Controlled Low Strength Material

• In-Place Properties
• Excavatability

• Mixtures with high coarse aggregate 
quantities can be difficult to remove by hand, 
even at low strengths.

• Mixtures using fine sand or only mineral 
admixtures as aggregate filler have been 
excavated with a backhoe up to strengths of 
100 to 300 psi.
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Controlled Low Strength Material

• In-Place Properties
• Excavatability

• Acceptable long-term performance has been 
achieved with combined cement contents 
from 40 to 100 lb/yd3 and Class F fly ash 
contents up to 350 lb/yd3.

• Lime (CaO) contents of fly ash that exceed 
10 percent by weight can be a concern 
where long-term strength increases are not 
desired.
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Controlled Low Strength Material

• In-Place Properties
• Excavatability

• For CLSM with high cementitious content (or 
w/fly ash or slag), long-term (56, 90, or 180 days) 
strength tests should be conducted to estimate 
the potential for excavatability.

• In addition to limiting the cementitious content, 
entrained air can be used to maintain low 
compressive strength.
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Controlled Low Strength Material

• Proportioning
• Well-graded fine aggregate = more stable CLSM which resists

• segregation and
• excessive bleeding.

• Remember: Avoid too much clay!
• Cementitious starting point:

• 25 to 100 lb/yd3 of cement and
• up to 300 lb/yd3 of fly ash
(promotes setting and long-term strength).
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Controlled Low Strength Material

• Proportioning
• ACI 211.1 proportioning may be used to establish initial mixture 

design.
• Basic CLSM mixtures:

• fine aggregate: 2500 to 3500 lb/yd3,
• water: 400 to 500 lb/yd3,
• portland cement: 25 to 200 lb/yd3,
• fly ash: 0 to 700 lb/yd3,
• results in ~2-5% entrapped air.



49

Controlled Low Strength Material

• Proportioning
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Controlled Low Strength Material

(from ACI 229R-13)
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Controlled Low Strength Material

• Mixing performed in:

• central-mixed concrete plants,

• ready mixed concrete trucks,

• pugmills, and

• volumetric mobile concrete mixers.



52

Controlled Low Strength Material

• Mixing performed in trucks:
• Load truck mixer at standard charging 

speed in the following sequence:
• Add 70 to 80 percent of water required

• Add 50 percent of the aggregate filler

• Add all cement and fly ash required

• Add balance of aggregate filler

• Add balance of water
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Controlled Low Strength Material

• Transporting
• Ready mix trucks

• Dump trucks/non-agitating mixers 
(discouraged)

• Pumps (conveyed transporting)

• volumetric-measuring and 
continuous-mixing concrete 
equipment (VMCM) for jobsite 
mixing
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Controlled Low Strength Material

• Placing
• chutes,

• conveyors,

• buckets, or

• pumps.

• Internal vibration, compaction, or 
consolidation NOT required, 
consolidates under own weight.
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Controlled Low Strength Material

• Placing
• Protect from freezing

• No need to cure like concrete

• Place continually (e.g. trench backfill) 
or in lifts (e.g. under pipes)
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Controlled Low Strength Material

• Testing

• Visual, and/or

• Consistency,

• Flowability

• Unit Weight (Density),

• Strength.
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Controlled Low Strength Material

• Testing in place:



How Can We Assist You for Free?

NRMCA Resources
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www.paveahead.com

http://www.paveahead.com/
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paveahead.com/register/

Pave Ahead™ Design Center
• Design and Jointing recommendations and reviews for FREE
• Cost comparisons including life cycle costs
• Specification review
• Ready mixed products:

– Conventional concrete (full depth and overlays)
– Pervious concrete
– Roller compacted concrete
– Cement slurry for full depth reclamation (FDR)

https://paveahead.com/register/
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paveahead.com/education/

https://paveahead.com/education/


62

NRMCA Pave Ahead Webinar Series:

More Concrete Pavement professional development:

• paveahead.com/education/

• Each Thursday beginning at 2:00 pm ET

• May 20th Addressing Myths About Concrete Pavement

• May 27th Concrete Pavement Innovations

• Jun 03rd Characterizing Traffic Streams for Pavement Design

• Jun 10th Ready-Mixed Products for Municipal Airport Runways and Taxiways

• Jun 17th Concrete Pavement Intersections

• Jun 24th Controlled Low Strength Material (CLSM) in Transportation Projects

Recordings available for all webinars!

https://paveahead.com/education/


63

Portland Cement Association Webinar Series:
• www.cement.org/events/pca-infrastructure-webinar-series

– Each Wednesday beginning at 11:00 am ET

– Apr 28th Integrated Pavement Solutions with Portland Cement

– May 5th Cement Modification and Stabilization of Soils

– May 12th Sustainable Pavements with Full-Depth Reclamation

– May 19th Design of Cement-Stabilized Bases

– May 26th Roller-Compacted Concrete for Pavements

Geotechnical Solutions with:

– Jun 2nd Lightweight Cellular Concrete

– Jun 16th Sustainability of Cement and Concrete

– Jun 30th Cement-Based Water Resources Applications

– Jul 7th Applications of Roller-Compacted Concrete for Dams

– Jul 14th Design and Testing of Roller-Compacted Concrete

Recordings available for all webinars!

http://www.cement.org/events/pca-infrastructure-webinar-series
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ACPA & CP Technology Center Webinar Series:

• cptechcenter.org/events/upcoming-cp-tech-webinars/

• Monthly on Tuesdays beginning at 1:00 pm ET

• May 11th An Introduction to Recycled Concrete Aggregate (RCA)

• Jun 15th Advancement in DOT Uses for Roller Compacted Concrete

• Jul 13th Innovation with Concrete Overlays for DOT’s and Municipalities

• Aug 10th Resiliency–Proper Planning Prevents Disaster and Aids in Crisis Management–
Concrete Perspective

• Sep 14th Advancements in Performance Engineered Mixtures (PEM’s)

• Oct 12th Sustainability, Recycle and Bicycle

Recordings available for all webinars!

https://cptechcenter.org/events/upcoming-cp-tech-webinars/
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Thank You!

paveahead.com/experts/

www.nrmca.org/

https://paveahead.com/experts/
http://www.nrmca.org/
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