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Economic Considerations When Using 
Controlled Low-Strength Material 
(CLSM-CDF) as Backfill 

WILLIAM E. BREWER AND JOHN o. HURD 

Com rolled low-strengLh mate rial (CL M) fa defined by the Amer­
ican Concrete Institute as having a 28-day compre sive strength 
le s than 1,200 psi. Its primary ingredients are portland cement 
fly ash , and filler aggregate. Although CLSM have been in u e 
for a number of year , confusion about their construction benefits 
and economic aving remains. The principal use of CLSM has 
been as a controlled-density fill (C..:DF) in place of conventionally 
placed backfill. A method for determining the cost of CLSM­
CDF and how it can affect a contractor' total construction costs 
is described. General technical information for the manufacture 
and te ting of CLSM in the laboratory and in the field is cited . 
A mall ample of ready-mixed concrete producers indicates the 
need for di semination of information about CLSM. 

The conventional backfilling technique for all types of exca­
vations ha suppo edly heen the plac mem of granular ma­
terial into the excavation in layers with tamping to achieve 
the desired compaction (den ity) . ln many c<i ·es, the mate rial 
was dumped into the trench but never tamped or adequately 
compacted . 

In the early 1970s engineers started examining alternatives 
to conventional backfilling materia ls and methods (1 . One 
alternative wa a material de igna ted as K-Krete (CDF) (CD F 
stood for controlled density fill) , a low- trength mate.rial in 
te rms of concrete) with a 28-day com pres ive sln:mgth of about 
100 psi . This was a patented materi al proces developed by 
the Detroit Edison Co. Detroit , Michigan , and Kuhlman 
Corp ., Toldeo , Ohio. T he material is still sold under the name 
K-Krete through trademark holders. Because of the material's 
success similar mate rial. llav been developed and sold under 
a variety of trade names: M- rete , - re te, Flowahle Fill , 
Flash Fill Flowable Grout , Fl wable Mortar , One-Sack Mix, 
and o on. 

By 1980 it wa evident to the ea rly developers of low-strength 
mate ri al that techn ical infonnation about this product wa 
not being properly deve loped or transferred to the public. 
Some information wa being publi hed in trade magazines, 
but not on a consi tent basis. An America n Co ncrete [n ti tute 
(ACI) committee 229 was formed to correct these deficien­
cies. The ACI 229 committee is designated as Controlled Low­
Strength Material (CLSM). The committee defined low 'trength 
to be a material with a 2 -day compressive strength of le. 
than 1,200 p i. 
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The creati n of the ACI 229 committee gave publicity to 
CLSM . In recent years ready-mixed concrete trade associa­
tions have published numerou articles on CSLM uses (2-4). 
Even with this extended publicity , CLSM uses were confined 
because of misunderstandings about construction applications 
and a realistic pricing structure . 

Although this paper primarily addresses backfilling with 
CLSM- DF, CLSM is really a family of possible mixtures 
with a variety of uses: pavement base , structural fill, thermal 
fill, anticorrosion fill, high- or low-permeability fill, and so 
on. Each mixture is designated by a ·hree-le tler acronym , 
such as CPB (controlled pavement ba e), CSF (controlled 
structural fill), and CTF (controlled thermal fill). 

OBJECTIVE AND SCOPE 

One reason for using, or not using, CLSM-CDF has been 
its cost compared with that of conventional backfill. Con­
struction costs for both conventional backfill and CLSM-CDF 
are investigated , and ways to reduce CLSM-CDF costs are 
suggested . 

Information used in this paper has been gathered over the 
past 20 years and is the result of both laboratory and field 
research projects (5-8). Comparisons of conventional backfill 
and CLSM-CDF construction costs are reviewed . The review 
includes related topics for materia ls, manufac wring, trans­
porting, placing, testing, OSHA regulation and pricing. 

CLSM AND RELATED BACKFILL PROPERTIES 

Background 

The basic components of CLSM are portland cement , fine 
aggregate fl y ash and water. F r backfilling operations the 
materia l m.ust possess four properties : fl owability, remova­
bility, trenglh and a competitive price. Competitive price is 
the main theme o f Lhi paper. It i semidepcndent on t he 
oth r three properries. To provide a be tte r understanding 
of each properly and it effect on price each property is 
reviewed . 

Flowability 

The LSM must be able to flow into the trench, thereby 
eliminating all labor requirements for placing. Several tests 
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have been developed for laboratory determination of ade­
quate fl ow. Early researchers developed the open-ended , 
3-in.-diameter x 6-in .-long cylinder test. The open-end · d 
cylinder is placed on a level surface, and the CLSM is poured 
into the cylinder. The cylinder is then lifted, vertically, to 
allow the material to flow out on the level surface. Good 
flowability requires no material segregation and a spread of 
approximately 8 in . in diameter. 

Removability 

Removability must be considered if the backfilled trench may 
be excavated in the future. In most projects removability is 
a property that is requested. To ensure removability, the un­
confined compressive strength should be less than 100 psi . 
Concrete-oriented personnel have difficulty in understanding 
this low strength requirement, because they usually work in 
the range of 3,000 to 5,000 psi. Hardened CLSM is more 
directly related to soils than to concrete. For easy remova­
bility, the worst thing a manufacturer can do is to put extra 
cement into the mixture . In one case the material achieved a 
reported strength of 3,000 psi in 1 year. 

Strength 

Compressive strength testing of CLSM has been conducted 
using various size cylinders and 2-in. cubes. The resulting 
compressive strength depends on the materials used and their 
respective proportions in the mixture . For standard backfilling 
operations , considering flowability and removability , 100 psi 
or less is recommended. Different materials , types, and sources 
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can drastically change the compressive strength . It is rec­
ommended that laboratory tests be run on initial mixtures and 
for any changes in the mixtures . Monitoring of materials dur­
ing CLSM manufacture is strongly recommended. See Table 
1 for referenced CLSM laboratory mixture. 

These weights provide a starting point for laboratory de­
termination of flowability and compressive strength . Type C 
fly ash is now being considered or used in several locations 
in the United States. Laboratory and field test comparisons 
are being conducted for Type F and Type C fly ashes . Initial 
tests indicate that higher strengths are being achieved with 
Type C fly ash . If removability is required , the use of Type 
C fly ash should be closely examined. 

In most cases the fill aggregate has been concrete sand 
(ASTM C33). It provides an excellent CLSM backfill when 
properly designed and manufactured. Less expensive mate­
rials can also be used for the aggregate filler. In some cases 
bottom ash has been successfully used. Each geographic area 
contains inexpensive aggregate filler material that could be 
used in the manufacture of CLSM. 

Yield of Mixture 

There are two yield considerations for CLSM mixtures: the 
plastic , or wet, yield and the hardened, or subsided, yield. 
The absolute volume of the wet mixture is calculated in the 
same manner as for concrete. Because of the high water con­
tent, a significant amount of water bleeds off the placed CLSM 
mixture. Therefore , the hardened volume is less than the 
initial wet volume. A typical subsided yield would have vol­
ume reduced by approximately 6 to 8 percent. The reduced 
hardened volume must be reflected in both price and volume 

TABLE 1 CLSM LABORATORY MIXTURE AND DETERMINATION 
OF WET ABSOLUTE VOLUME 

CLSM LABORATORY MIXTURE 

Ma t eria l Weiaht llbl/Cubic Yard 

Portland Cement, ASTM C150 (Type I) 100 

Fly Ash, ASTM C618 (Type F) 300 

Filler, ASTM C33 (Aggregate) 2560 

Water 600 

DETERMINATION WET ABSOLUTE VOLUME 

t:li! 't &x:.l.i! l S.G . Weight Ci! l£Yli!ted W!i!t AQ~ . v 21um§ 

Cement ll.15 100 100/(62.4 * 3.15) 0.51 

Fly Ash 2.47 300 300/(62.4 * 2.47) 1.95 

Filler 2.65 2560 2560/(62.4 * 2. 65) 15.48 

water 1. 00 600 600/62.4 9.62 

---
Total (cu.ft.) = 27.56 
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requirements. The specific gravity of the components will 
affect the final hardened volume . See Table 1 for an example 
of determining the wet absolute volume of a typical -yd3 

CLSM mixture . 
The wet overyicld (0.56 ft3) could be adju ted by reducing 

the aggregate fill er as long as proper Oowabili·ty is maintained. 
Another consideration is that the higher wet yield increases 
the subsided volume. A volume reduction of 6 to 8 percent 
would result in a final subsided volume of 26.0 to 25 .5 ft3 • 

MATERIAL COSTS 

To determine a proper pricing structure for a CLSM-CDF, a 
knowledge of material co t is required. Material costs gen­
erally vary with geographic I cations. T ime of year , compe­
tition , and the amount of work within the geographical area 
can affect co t . Co ts for CLSM-CDF in a surveyed area of 
Ohio are shown in Table 2. 

The cost of the fill material h11s the greate.st significance in 
determining the cost of a CLSM-CDF mixture . Material for 
possible aggregate filler use should be investigated. It can be 
a nonstandard material that can satisfy CLSM mixture re­
quirements. The Hatfield Station project (Penn ylvania) is 
one place where bottom ash was used as the fille r material 
(9). 

MANUFACTURING EQUIPMENT 

Ready-mixed concrete equipment has generally been used to 
manufacture CLSM mixtures. This is not to say that other 
types of equipment and mixing procedures have not or could 
not be just as effective. Because the early CLSM concepts 
were developed by ready-mixed concrete producers, it was 
natural for ready-mixed concrete equipment to be used. 

The important thing to remember i the proper mixing of 
the CLSM components. Flow, removability, and strength will 
not be controlled without proper mixing. 
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TRANSPORTATION AND PLACING COSTS 

The usual method for transporting CLSM-CDF mixtures to 
the project has been by ready-mixed concrete trucks . With 
the advent of CLSM-CDF mixtures, the ready-mixed concrete 
trucks should now be referred to as material mixing and trans­
porti11g truck . The CLSM-CDF mixture is usu ally placed by 
pouring directly from the truck into the trench or excavlllion . 
For this paper, and in general, the transportation costs for 
concrete are used for the transportation costs of CLSM-CDF 
mixtures. 

Technically, the CLSM-CDF supplier should consider less 
wear on equipment (blades) and faster placing times. Because 
most CLSM-CDF mixtures contain smaller-sjzed aggregate 
than concre te, blade wear is grea tly reduced. Because LSM 
requires no vibration or work after placing, placement time 
is reduced from the usual 10 min/yd3 for concrete to 10 min 
or less for the entire CLSM-CDF load. Placement of CLSM­
CDF mixtures can significantly decrease equipment turn­
around time for trucks. 

CONSTRUCTION CONSIDERATIONS AND 
BACKFILLING 

When considering total CLSM-CDF costs, the contractor must 
consider related construction requirements. Related construc­
tion requirements include trench width, Occupational Safety 
and Health Administration (OSHA) requirements, and speed 
of backfill placement. 

Trench widths can be reduced with the use of CLSM-CDF, 
because a wider trench is not required to achieve adequate 
compaction around the conduit. The reduction in trench width 
also reduces excavation costs and the amount of backfill ma­
terial required. 

OSHA requires sloping sides for trench excavations (29 
CFR 1926.652 (7/1/89 ed .)] . For conduit placement, with a 
"steel box" and CLSM-CDF backfilling, sloping sides could 
be eliminated because no one is requi1e<l lo be in the trench 
during backfilling. 

TABLE 2 CLSM CDF COST SURVEY, OIIIO 

STRENGTH 
COMPANY MATERIAL @ 28 DAYS COST 

REFERENCE REFERENCE PSI ($/CY. YD.) 

A 3 bag grout ? 52.00 

B K-Krete-CDF 100 29.50 

c Low Strength 500-1000 31. 50 

D Fill Crete ? 36.75 

E Flowable Fill 500 30.00 

F U-Crete 500 30.00 

? Means that producer had no information about the 28 day compres­

sive strength. 

All producers made claims about ~ removability. 
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Backfilling is faster with the use of CLSM-CDF. There are 
no delays for compaction testing in the trench. Backfilling is 
as fast as the CLSM-CDF material can be poured into the 
trench, as long as conduit flotation can be controlled. A faster 
backfilling operation reduces total project construction time. 

QUALITY CONTROL AND FIELD TESTING 

The quality control and testing of CLSM-CDF mixtures are 
similar to construction controls for concrete and soils . The 
suggested controls and field-testing procedures apply to the 
end use of the mixture. The tests consist of the following 
ASTM standards and test procedures: ASTM Cl38, test for 
unit weight; ASTM C39, modified test for compressive strength; 
and flow test (no ASTM designation). 

The cylinder size and rodding requirements of ASTM C39 
have been modified. The cylinder size can be either 4 x 8 
in. or 3 x 6 in. Naturally, 6 x 12 in. cylinders can be used, 
but smaller cylinders yield satisfactory results. To simulate 
field placement, no rodding should be done after placing the 
mix in the cylinder. The cylinders should be allowed to stand 
undisturbed for at least 48 hr. 

COMPETITIVE PRICE 

The price per cubic yard of a CLSM-CDF mixture, as man­
ufactured by the ready-mixed concrete producer, is governed 
by the cost of its components, the cost of competitive prod-
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ucts, and the construction method. For this paper, material 
cost survey form sheets were developed along with a material 
cost determination procedure to be used by a ready-mixed 
concrete producer (see Figure 1 for cost form sheet). Five 
ready-mixed concrete producers in Ohio participated in the 
cost survey. Each producer was interviewed about possible 
u e of CLSM-CDF in its operation. Material co t and mix 
information received from the producers interviewed is given 
in Tables 3 and 4. 

The material cost information was then used to calculate 
the cost of a standard CLSM-CDF mixture using ASTM C33 
concrete sand as the filler . The CLSM-CDF costs include 
transportation and placement times. They were calculated 
using the same transportation and placement time costs as for 
concrete mixtures (see Table 5 for determination of CLSM­
CDF mixture costs for material, transportation, and place­
ment times). 

The largest cost in a six-sack concrete mix is the cement 
(61 percent). Figure 2 shows a cost comparison for a six-sack 
concrete mix. The largest cost for CLSM-CDF, on the basis 
of average and minimum survey values, is the aggregate filler, 
59 percent and 60 percent, respectively. See Figures 3 and 4 
for cost comparisons for CLSM-CDF using average and min­
imum survey values . The filler material in a CLSM-CDF mix­
ture greatly influences the final cost . On the average, for every 
10-cent reduction in filler costs per ton, the resulting CLSM­
CDF material cost reduction is 1 percent/yd3

• 

Cost reductions for CLSM could be made to adjust for less 
equipment wear and faster placement times. The CLSM-CDF 

Estimated Costs (Work Sheet Information) 

supplier: Date: ___ _ 

Item Reference 

Materials: 

Cement 

Fine Aggre. (lb) 

Coarse Aggre. (lb) 

water (lb) 

Fly Ash (lb) 

Trucking: 

Travel (time) 

Unloading (time) 

Yields: (c.f.) 

P. c. Concrete 

FIGURE 1 Survey form for CLSM-CDF costs. 

CLSM-COF 



TABLE 3 CLSM-CDF COST INFORMATION, OHIO 

MATERIAL COMPANY SURVEY REFERENCE 

REFERENCE 1 2 3 4 5 

(Cost per Ton •.• $/T) 

Cement (Type 1) 60 . 00 57.00 57 . 00 62.00 60.00 

Fine Aggr. (C33) 6 . 00 5.80 4.85 6.50 7.50 

Coarse Aggr. (C33) 7 . 85 7.95 8.60 5.95 5.45 

Fly Ash (F) 23 . 00 9.00 26.50 13.00 11. 50 

Unloading Time (c on ) 60 min . 60 min . 60 min . I0
3
mi n./ to

3
min. / 

yd yd 

Cost 6 sack Mix 50.00 48.00 42.00 47.50 49.50 

Minimum Maximum Average 

(Cost per Ton •.. $/T . ) 

Cement (Type 1) 57.00 62.00 59 . 20 

Fine Aggr. (C33) 4.85 7.50 6.23 

Coarse Aggr. (C33) 5.45 8.60 7.16 

Fly Asil (F) 9 . 00 26.50 16.60 

Cost 6 Sack Mix (con) 42.00 50.00 47.40 

TABLE 4 CONCRETE MIX INFORMATION, OHIO 

MATERIAL COMPANY SURVEY REFERENCE 

REFERENCE 1 2 3 4 5 

(Pounds/Cubic Yard For 6 Sack Mix) 

cement (Type 1) 564 564 564 564 564 

Fine Aggr. (C33) 1320 1380 1380 1508 1500 

Coarse Aggr. (C33) 1680 1765 1730 1735 1725 

Cost 6 Sack Mix 50.00 48.00 42.00 47.50 49.50 

Minimum Maximum Average 

(Pounds/Cubic Yard For 6 Sack Mix) 

Cement (Type 1) 564 564 564 

Fine Aggr. (C33) 1320 1380 1418 

coarse Aggr. (C33) 1680 1765 1727 

cost 6 Sack Mix (con) 42.00 50.00 47.40 



TABLE 5 DETERMINATION OF CLSM-CDF COST 

Material 
Reference 

Cement 

Fine Aggr . 

Coar.Aggr. 

6 Sack Concrete Mix 

Weight/ 
cu.Yd.(lb) 

564 

1418 

1727 

Cost 
($/T) 

59.20 

6.23 

7.16 

Matl.Cost 
($/Cu. Yd.) 

16.69 

4.42 

6.18 

~ 
cost 

61 

16 

23 

27.29 100 

Cost for 6 sack concrete mix including material, transportation 
and overhead ... $ 47 .4 0 . 

Therefore cost for transportation and overhead would equal ... 
$ 47.40 - 27.29 = $ 20.11/cy. 

CLSM-CDF MIXTURE (Based on Average Values) 

Material 
Reference 

Cement 

Fine Aggr. 

Fly Ash 

Weight/ 
cu.Yd.(lb) 

100 

2550 

300 

cost 
($/T) 

59.20 

6.23 

16.60 

Matl.Cost 
($/Cu. Yd.) 

2.96 

7.79 

2.49 

% 
Cost 

22 

59 

19 

13.24 100 

Add in transportation and overhead costs ... 
$ 20.11 + 13.24 = $ 33.35/cy. 

Adjust for under yield . • . $ 33.35/1 . 06 = $ 31.46/oy. 

CLSM-CDF MIXTURE (Based on Minimum Values) 

Material 
Reference 

cement 

Fine Aggr . 

Fly Ash 

Weight/ 
cu.Yd.(lb) 

100 

2550 

300 

Cost 
($/T) 

57.00 

4.85 

16.60 

Matl.Cost 
($/Cu. Yd.) 

2.85 

6.18 

1. 35 

% 
cost 

27 

60 

13 

10.38 100 

Add in transportation and overhead costs . .• 
$ 20.11 + 10.38 = $ 30.49/cy. 

Adjust for under yield ... $ 30.49/1.06 = $ 28.76/oy. 
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FIGURE 4 CLSM-CDF material cost comparisons (minimum). 

TABLE 6 COST COMP ARI ONS-CLSM-CDF VERSUS 
CONVENTIONAL BACKFlLL 

Description Quantity 
(CU.Yd.) 

Labor Material 
($/Cu. Yd.) ($/Cu. Yd.) 

Granular BackfiH - Air Tamped 

Material & Labor 26.67 14.00 8.00 

Testing 611 lifts ($ 250/day ... 1 day) 

Total Cost 

CLSM-CPF 

Material 26.67 (no labor) 28.76 

Testing (Flat fee - 2 cylinders) 

Total Cost 

Total 
($) 

586.74 

250.00 

836.74 

767.03 

100.00 

867.03 

Note: Quantities based on a trench 3' wide, 6' deep, and 40' 
long. 

Every 1' reduction in trench with, in this example, would 
represent a backfill cost reduction of $ 255.64 when 
using CLSM-CDF. The trench width reduction would be 
possible because convent ional co.mpaction reguires 
additional access width around the conduit. 
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estimated costs shown in Table 5 do not reflect any adjust­
ments for these reductions. 

cates that CLSM- DF is omparable with conventi nal back­
fill co ts where compaction in lifts is required . nventional 
backfill unit c st in Table 6 were supplied by the Area Paving 
C uncil , Toledo , Ohio. An additional co t advantage wou.ld 
be realized for LSM- OF if the comractor considered 0 HA 
regulations and total construction project time. NaturalJy any 
reduction in trench width due to backfilling around and un.d r 
a conduit would also favor the use of .t.<;M-CDF. For ex­
ample every 1-fl reducrion in trench width in this example 
represents a backfill cost reduction of 255.64 when using 
CLSM- OF. The trench width reduction is po ible becau e 
cooventio11aJ compaction requir . additional acces widtb 
around the conduit. 

CLSM-CDF COSTS COMPARED WITH THOSE OF 
CONVENTIONAL BACKFILL 

The cost of using CLSM- DF in place f conventional bai;k(ill 
has been debated by many LSM-CDF producers and con­
tractors. The economy of using CLSM- OF depends on the 
specification enforcement of the conventional backfill method 
and the cost of backfill materials. Using the co ts for LSM-

DF given in Table 5 an illu trative compari on between 
conventional backfill and LSM-COF will be made. 

onsider a roadway trench wirh the following dimen ions: 
width , 3 ft; depth, 6 ft; and length 40 ft . The total backftll 
material requirement is 26.67 yd> less the pipe's displaced 
volume. Cost comparisons are given in Table 6, which indi-

RESPONSE TO TELEPHONE SURVEY 

After the contact with the initial 5 ready-mixed concrete pro­
ducers, who assfated in providing material c sts inf rmation, 

TABLE 7 CLSM-CDF SURVEY RESULTS 

Company 
Reference 

Survey Response 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

company is now under new ownership and never 

heard of controlled low strength material. 

Didn't know about C!ontrolled low strength 

material but recommended 3 bag grout. Had no 

idea about removability. 

Didn't know about controlled low strength 

material, recommended using 4000 psi concrete. 

Didn't have such a product. 

"The product we sell is called K-Krete. Need 

strength of 100 psi or less for removability." 

"Can sell you low strength fill. You'll need 

strengths of 500 to 1000 psi for removability." 

"We have a product called Fill Crete. Can't tell 

you about strength, but you shouldn't drive on 

it. 11 

"We don't have such a product." suggested I call 

company referenced as 11 5 11
• 

"We have flowable fill but can't tell you 

anything about compressive strength .•. call back 

later." 

"Yes, we can supply. You'll need at least 500 

psi strength. Our product is called U-Crete. 11 

Note: Same question asked of each ready mixed euncrete 
producer. 

"Do you have a product to back£ill a washed out area 
undei.- a floor? I've heai:d of a flowab1e, controlled low 
strength matei.-ial that could be used. If so what would 
be the estimated 28 day compressive strength?'' 
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another 10 ready-mixed concrete producers in hio were con­
tacted. The econd gr up was from a different area in Ohio. 
The 10 producer all s Id to the same market area. T he survey 
re ults are given in Table 7 and indicate the need for the 
di semination of information about L M. 

SUMMARY 

The purpo e of thi paper was to furnish a cost determination 
method for LSM mixtures. During its preparation, other 
prob lems were discovered: 

• Lack of general knowledge about all CLSM mixtures by 
ready-mixed concrete producers, 

• Misunder t<1nding by contractor. about how a CLSM mix­
ture could help reduce con truction costs, 

• Unreali. ric pricing of CL M mixtures by ready-mixed 
concrete producer , and 

• Limited knowledge in the con truction industry about the 
use of fly ash in variou const ruction materia ls. 

The co t determination method provided shou ld help 
tablish a reali. tic and competitive price for all LSM mixtures. 
The major cost factor for LSM is the aggregate filler. The 
finding of a uitable, Jess expensive, nonstandard aggregate 
fi ller material can result in a atisfactory product at a low co t 
while conserving other uilding materials. 
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