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Flowable fill solves pipe backfilling problems 

Solution des problemes des remblais detuyaux par remblais liquefies

A . K. H ow ard  -  Lakewood, Colo., USA

ABSTRACT: Obtaining dense soil in complete contact with the pipe in the haunch area has been a continuous problem for buried pipe 

installations. The pipe haunch is a difficult areA to compact and test. Utilities are under pressure to make pipeline installations and 

repairs in urban settings as quickly as possible. Flowable fill, a mixture o f soil, cementitious material, water, and sometimes admixtures, is 

increasingly being used to solve these problems. The mixture flows into all spaces and can be backfilled or paved over in less than a day. 

Some municipalities now require that only flowable fill be used to backfill pipe. The ingredients range from silty sand excavated from the 

trench to clean concrete sand, and from portland cement to waste flyash. Flowable fill using recycled or waste products, such as 

concrete, foundry sand, glass, and aggregate plant screenings, is commercially available or being developed. Flowable fill is used to fill 

only a small annular space around the pipe, or used to fill the entire trench cross-section. The use of flowable fill has been recently added 

to some ASTM pipe installation standards. Other recently developed ASTM standards have established testing procedures for flow 

characteristics, compressive strength, and ability to carry backfill or pavement loads.

1 APPLICATIONS

Flowable fill is a mixture o f soil, cementitious material, water, and 

sometimes admixtures, that is used in place o f compacted backfill. 

Flowable fill is also known by the terms "CLSM" (controlled low- 

strength material), soil-cement slurry, unshrinkable fill, flowable 

mortar, controlled density fill (CDF), plastic soil-cement, and 

others. The recent popularity o f flowable fill has grown so much 

that some municipalities now require that only flowable fill be used 

to backfill around pipelines. The reduction in construction and 

inspection labor, speed o f  installation, and the consistency of 

results mean that flowable fill can be an economical alternative to 

compacted soil.

The success o f many pipeline installations depends on attaining 

the proper soil support for the pipe, particularly in the haunch area. 

Achieving the proper density o f compacted soil in the haunch area 

is difficult; so difficult that the new SIDD design for concrete pipe 

considers that there is no support for the pipe in the haunch [1], 

Flowable fill provides a material that flows into the haunch, filling 

all spaces, that has a higher strength than compacted soil.

1.1 Flowable Fill as Pipe Em bedm ent

For pipeline construction, flowable fill can be used as embedment 

in two different ways, as a trench filler or as a gap filler.

As a trench filler, flowable fill is used as a replacement for 

compacted soil for the full volume o f embedment and bedding as 

shown in Figure 1. The flowable fill is poured into the space 

between the pipe and the trench wall instead o f compacting soil in 

this area.

When used as a gap filler, the flowable fill is poured into a small 

space between the pipe and the excavated trench, as shown in 

Figure 2. When used this way, the hardened flowable fill transfers 

the load from the pipe to the in situ material; therefore, the native 

soil must be able to provide the necessary support for the pipe. 

The hardened flowable fill should not be considered as providing 

any side support for the pipe. For a flexible pipe, the soil stiffiiess 

parameters o f the native soil must be determined. If  a flexible pipe 

is designed assuming a high soil stiffiiess, and the native material is 

very weak (such as peat or low-density soft soils), then using the 

flowable fill as a gap filler would not be appropriate. While the 

use of this method is not used as wide spread as the trench filler 

method, it has been used successfully by the US Bureau of 

Reclamation for many years. The height o f the flowable fill, 

established by Reclamation for their specific pipe designs, is 

illustrated in Figure 2, where OD is the outside diameter o f the 

pipe [2],

Figure 2. Flowable fill as Gap Filler

Even though flowable fill can be placed quicker than compacted 

soil, it takes about two to four hours to get an initial set. Backfill 

cannot be placed over it during that time. If  time is critical, 

compacted soil-cement can be used so that backfill can be placed 

over it immediately. A compacted soil-cement can also be used in 

poor soil conditions (low soil stiffiiess), or used where a traditional 

trench o f flowable fill could not be poured into place, such as 

trenches through steep up-and-down terrain. This material is 

placed like compacted soil, except that a sandy soil mixed with 

cement is used. This type o f soil-cement is commonly used as 

subbase for light duty roads and airfields, pond liners, and as slope 

protection for the upstream surfaces o f earth dams in lieu o f rip 

rap. Compacted soil-cement provides a very high soil stiffiiess,
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even with low compactive effort. The required in-place density 

can be as low as 85 % standard Proctor. Moisture, however, does 

need close control and should be close to the optimum moisture 

content.

Flowable fill can also be used as the backfill material over the 

pipe up to the ground surface. This is done primarily when the 

installation needs to be completed in a very short time, such as a 

pipeline through city streets. The set time o f the mixture can be 

reduced by using high early-strength cement, stiff mixes, etc., so 

that excavation and paving can be completed in one day.

1.2 S tandards and Practices

While some municipalities, states, and federal agencies have 

standard specifications and standards for flowable fill, national 

consensus standards such as ASTM and AWWA are lacking. At 

the end o f 1995, only one pipe installation standard included 

flowable fill, ASTM C 12-95, "Standard Practice for Installing 

Vitrified Clay Pipe" [3], The pipe is laid on a bedding o f crushed 

rock (or other suitable material), and flowable fill is placed to the 

top o f the pipe. The strength requirement is 0.7 to 2.0 MPa. The 

bedding thickness is either 1/8 o f the outside pipe diameter or a 

mmimnm o f 10 cm

2 TREN CH  EXCAVATION

When using the flowable fill as a gap filler, the trench is excavated 

down to a work platform, winch could be at 0.7 OD for flexible 

pipe or at 0.25 OD for rigid pipe as shown in Figure 2. At that 

level, a smaller width trench is excavated with a semicircular 

bottom. A modified trenching machine or a backhoe with a special 

semicircular bucket, can be used. If the pipeline is short, or if 

there are several different diameter pipes, this may not be 

economical. The trimmed lower portion o f the trench for the 

flowable fill would ideally be a semicircular shape with the 

diameter 15 cm larger than the outside o f the pipe (about 7 cm on 

each side for placement o f the slurry). This results in a minimal 

amount o f  excavation and material handling In addition, the least 

amount o f slurry is needed to fill the annular space between the 

pipe and the in situ soil.

Other excavation shapes that have been used. A rectangular 

shape would result from using a regular backhoe bucket. To 

reduce the amount o f soil excavated without the expense o f a 

circular bucket, trim plates can be welded onto a backhoe bucket 

to give a trapezoidal shape.

A smooth, closely controlled section is not always possible. 

Materials such as shale, sihstone, claystone, or sandstone may be 

only able to be excavated with the material removed as chunks so 

that a neat trimmed surface is not possible. Some materials may 

have to be blasted, leaving an irregular trench shape. In these 

cases, more volume o f flowable fill will be required (thus more 

cement to pay for), but its use may still be economically justified.

2.1 Com bined Cross-Section of Compacted Soil and Flowable 

Fill

For very large flexible pipe, flowable fill can be used as a gap filler 

in the haunch area o f the pipe up to about 0.25 of the outside 

diameter o f the pipe. Then, normally compacted soil can be used 

above that level. This method has the advantage o f using the 

flowable fill to fill the difficult haunch area (thus ensuring good 

contact between the pipe and the native soil), and then o f using the 

material excavated from the trench with regular compaction 

methods and equipment to get good side support for the pipe. 

This combined cross-section is shown in Figure 3.

3 MIX DESIGN

Any materials and mix design can be used as long as two basic 

requirements are met:

1. The mixture has a consistency such that the flowable fill 

completely fills the space between the pipe and the in situ soil.

2. The hardened mixture has an unconfined compressive strength 

in the range o f 350 to 700 kN/m2 at 7 days (or some 

specifications say at 28 days).

Soil

Flowable fill is typically a combination o f soil, portland cement, 

and water. However, other inert matter or cementitious material 

may be used. As discussed later, admixtures, flyash, and bentonite 

may be added as needed.

Similar to concrete, a mix design for flowable fill depends on the 

properties o f the ingredients, and the desired strength and 

flowability. The soil properties (particle sizes, angularity, 

gradation, and moisture content), the cementitious material 

properties (type o f cement or fly ash), and the admixture 

properties all influence the proportioning of materials. The mix 

design should be established using laboratory tests before a field 

mix is used. The field mix may also require continual small 

adjustments during the placement operation to get the proper 

mixture.

4 M ATERIALS

The most suitable soil to use for soil-cement is a silty sand with the 

fines (minus No. 200 sieve) content not exceeding about 30 %. 

Native soils from the trench excavation, or from the surrounding 

area, that meet these requirements can then be used. The fines 

should be nonplastic or should have a low plasticity. Clean 

concrete sands are often used when the flowable fill is obtained 

from local ready-mix concrete companies. Bleeding can occur 

with clean concrete sands and vibration is often necessary to keep 

the mixture in suspension as it is placed in the space between the 

pipe and the soil so that the mixture flows completely around the 

pipe. The presence o f fines in the soil can prevent the bleeding, 

thus reducing the need for vibration. Fines in the soil also increase 

the compressive strength o f the hardened mixture, which means 

that if soils containing fines are used, the cement content can be 

reduced. Equipment and procedures are currently being used and 

developed to use clayey soils from the trench excavation in 

flowable fill applications.

While concrete mix designers strive for maximum strength and 

require sound aggregate and quality cements and pozzolans, 

flowable fill is best utilized when the soil-cement has a very low 

strength; therefore inferior materials do not affect its use. This 

provides an opportunity to use by-products o f sand and gravel 

plants, unwanted screenings, and pit-run material that doesn't 

require screening and washing. Recycled concrete, recycled glass, 

manufacturing waste such as foundry sand, and other similar 

products have been used. The natural moisture content o f the in 

situ soil will normally prevent shrinkage and cracking o f the 

hardened material. However, even if  the hardened flowable fill 

cracks into chunks, it will still serve the purpose of supporting the 

load on the pipe.

The cement content will typically be 3 to 6 % by dry mass o f the 

soil (about 1/2 to 1- 1/2 sacks per cubic yard), in order to obtain 

the 350 to 700 kN/m2 strength requirement. Pozzolans, 

particularly fly ash, may be added to reduce the cement content, 

reducing costs. Cementitious fly ash (class C) has been used in 

place o f portland cement and studies are underway to utilize spent 

cement washed from waste ready-mixed concrete. However, fly 

ash sources can be extremely variable and close checking and 

testing o f the properties o f the fly ash may be required. If the
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flowable fill is to be pumped, bentonite may be added to improve 

the flow characteristics o f the slurry through the delivery hose. 

Commercial admixtures have been used to improve flow 

characteristics while reducing the water content, to shorten the set 

time, and to retard strength gain with time.

The mix water should meet the requirements for water used in 

concrete. If  there is any question whether or not the water is 

acceptable, trial batches o f the flowable fill should be made and 

tested. The results should be compared to mixes made with 

acceptable water.

5 BATCHING AND M IXING

Any method o f batching and mixing the materials can be used as 

long as the flowable fill has a uniform consistency and appearance 

just before placement. I f  material excavated from the trench is 

used in the flowable fill, a trench-side traveling batch plant or a 

portable batch plant close to the site can be used. I f  a town is 

nearby, many contractors elect to obtain the flowable fill from a 

commercial ready-mix plant. A ready-mix operation will typically 

use conventional concrete sand. I f  a ready-mix plant uses silty 

sand in the mixture, special bins will have to be used for the silty 

sand so that the cleaner concrete sand bins do not become 

"contaminated" with fines.

In most cases, the mixture has the consistency o f a thick liquid 

that flows readily into openings and fills any voids. On slopes, or 

when a single pipe is individually installed using a trench shield, a 

fluid consistency is not appropriate and the mixture should be 

placed with a high slump (20 to 25 cm) to prevent the flowable fill 

from flowing down the trench. With a stiffer mix, bleeding and 

keeping all the soil particles in suspension is not a problem. 

However, vibration will probably be required to work the material 

into complete contact with the pipe and the soil.

The consistency o f the flowable fill mixture can be measured 

using a simple, unique test described in ASTM PS 28 (currently a 

provisional standard) [4], The procedure was developed to 

quantify the flow characteristics o f flowable fill. Those who work 

with concrete are trained to keep the water content as low as 

possible. As a result, it is sometimes difficult to get construction 

workers, transit mix operators, or construction inspectors to add 

enough water to flowable fill so that the mix is fluid enough to fill 

all void spaces between the pipe and the trench walls. The test 

involves filling a 7.5 cm by 15 cm open cylinder with the slurry, 

lifting the cylinder, and measuring the diameter o f the patty 

(puddle) that forms. The average o f two diameter measurements, 

90° apart, should be between 20 cm and 30 cm for the mix to have 

the proper consistency.

For flowable fill mixtures that are placed on a slope, or when a 

stiffer mix is required, a slump cone test, such as ASTM C 143, 

becomes a more useful indicator o f consistency [5],

6 PLACEM ENT

In the gap filler method, the pipe is laid on two soil pads leveled to 

the proper grade. The soil pads can be o f any material that will be 

"weaker" or that has less stiffness than the hardened soil cement. 

This is necessary to avoid having two hard spots beneath the pipe 

which may result in concentrated point loads. Concrete blocks 

should not be used. While the soil pad may be loose or 

compacted, pipeline grade is easier to maintain with compacted 

soil than with uncompacted soil. Sand bags have been used 

effectively. By using the two soil pads, the flowable fill can be 

placed on one side of the pipe, flowing under the pipe until it is 

seen on the other side. Then flowable fill is added to both sides 

until the space between the pipe and the in situ soil is filled. 

Flowable fill made with clean concrete sand tends to bleed 

excessively, and vibration may be required to move the mixture 

into all openings.

Because o f the difficulty o f placing soil pads (or sand bags) on 

steep slopes, the pipe is often laid directly on the trench bottom. 

When there is not a space beneath the pipe for the flowable fill to 

flow from one side to the other, visual inspection must be used to 

ascertain that the flowable fill is filling all spaces around the pipe.

Backfill should not be placed over the soil-cement until the soil- 

cement has reached an initial set. Since moisture is beneficial to

curing, a 15-cm cover o f moist earth should be placed over the 

flowable fill if the backfill is not to be placed over the soil-cement 

within 8 h after placement.

Since cement will not hydrate below about 5 °C, placement in 

cold weather should follow the same guidelines as for concrete 

placement. The flowable fill should be protected from freezing by 

using a moist earth cover after the initial set. If  air temperatures 

below 10 °C are expected, then the moist earth cover over the 

exposed flowable fill should be at least 50 cm thick. The flowable 

fill should not be placed in pipe trenches when the trench bottom 

or walls are frozen or contain frozen material.

Because flowable fill has a fluid consistency when it is placed, the 

pipeline can float depending on the weight o f the pipe and the 

height o f the slurry on the sides o f the pipe. The flotation potential 

can be calculated using a density o f about 2.08 Mg/m for the 

flowable fill. If  the pipe might float, one (or a combination) o f the 

following procedures could be used:

♦ Place the slurry in lifts, with the first lift just below the point 

on the pipe where flotation has been calculated to occur. 

After the initial set o f the first lift, the remainder o f the slurry 

can be placed because the adhesion between the pipe and the 

flowable fill will prevent flotation.

♦ Place sand bags on the top of the pipe.

♦ Fill the pipe with water.

♦ Use physical restraints, such as re-bars driven into the ground 

in an "X" over the pipe with the re-bars tied together, or 

commercial pipe anchors.

Because o f the variables associated with flotation, a test section at 

the beginning o f the job could be useful to establish the specifics o f 

any flotation prevention procedure and the spacing of weights or 

restraints.

7 INSPECTION

Flowable fill for pipe installation is gaining popularity because of

( 1) the reduced amount o f inspection and testing, and (2) the 

elimination of reworking and retesting compacted soil. A 

consistent mix and placement are much easier to maintain with 

flowable fill than with placement and compaction of soil. Soil 

requires recompaction when the field density tests performed on 

the soil result in unacceptably low densities. Typical pipeline 

construction can result in 10 to 25 percent o f the soil having to be 

recompacted, especially at the beginning of construction when 

some experimentation with the compaction procedures is 

necessary to obtain the required density.

The placement o f the flowable fill should be monitored to see that 

the slurry is completely filling the gap between the pipe and the in 

situ soil.. Bleeding of water on the upper surface o f the soil- 

cement is not a problem and neither is small surface cracking. In 

the initial stages o f a flowable fill operation, test pits should be 

excavated to examine the soil-cement to see that all spaces were 

filled and that there is no shrinkage o f the flowable fill. While the 

test pit is open, a few chunks o f soil-cement should be broken off 

to see if the hardened mixture is uniform and to see if segregation 

of particles has occurred.

8 TESTING

Construction control o f flowable fill placement typically involves 

testing for compressive strength, flowability, yield and unit weight, 

and set time for backfilling. There is a new ASTM standard for 

sampling o f flowable fill material, PS 30 [6],

Compressive strength testing involves determining the 7 day or

28 day compressive strength o f the hardened mixture. A minimum 

of two 15- by 30-cm compressive strength cylinders should be 

prepared to represent each sampled batch. In the initial stages o f a 

job, three test cylinders are recommended in order to obtain 

representative data.

The preparation and testing o f the flowable fill cylinders should 

be in accordance with ASTM D 4832-88 [7], The test procedure 

is similar to procedures for testing concrete cylinders except that 

flowable fill cylinders are more fragile and require more care in 

handling and testing. The flowable fill must have sufficient 

compressive strength to transfer the load directly from the pipe to 

the in situ soil for the gap-filler method. The minimum value of
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350 kN/m2 was selected so that the flowable fill would be stronger 

than the in situ soil. For the trench filler method, the compressive 

strength should not be higher than 700 kN/m so the material 

could be excavated using a backhoe, not jackhammers, when there 

is a need to remove the hardened material (in case o f repairs or 

adjacent construction).

Often backfill and/or pavement over the flowable fill used as a 

trench filler needs to be placed as quickly as possible. A newly 

developed test procedure uses a "Kelly Ball" to measure when the 

soil-cement has set up enough to place compacted backfill, 

uncompacted backfill or pavement over it. As described in ASTM 

PS 31, the test involves dropping a steel ball, shown in Figure 4, 

five times on the surface of the hardened material and measuring 

the diameter o f the impression [8], If the diameter is 7.5 cm or 

less, then the m aterial can have b ackfill or pavement placed over it. 

The test apparatus is the same as that used in ASTM C 360, but 

the testing procedure is different [9],

Figure 4 Ball Penetration A pparatus

If  the flowable fill was used as a gap filler, backfill can be placed 

as soon as the mixture gets an initial set, which is usually two to 

three hours. I f  the surface o f the hardened material will support a 

person, then the mixture has hardened enough to place backfill.

ASTM PS 29 has been developed to measure the unit weight o f 

the fresh material [10], The procedure also gives formulas for 

calculating the yield, cement content, and the air content o f the 

flowable fill.

9 ADDITIONAL BENEFITS

Other reasons why using flowable fill rather than a compacted soil 

embedment (and backfill) for pipelines is rapidly increasing are:

1. Volume o f excavated material and associated earth moving 

costs are reduced.

2. Use o f  cohesionless, free-draining soils (such as clean sands 

and gravels) for pipe embedment material may create a 

"french drain" effect around the pipeline that could affect the 

natural ground water movement in the area. While trench 

plugs o f compacted cohesive soils can be constructed to 

prevent this problem, plugs are not needed if flowable fill is 

used.

3. The use o f flowable fill e lim inates concern about migration of 

fine soil particles into coarse grained embedment soils.

4. When flowable fill is used as backfill, the differential 

settlement o f overlying pavements has been virtually 

eliminated.

5. Less worker time in the trench increases jobsite safety

10 FUTURE BENEFITS

As o f the present, flowable fill is used as a direct substitute for the 

compacted embedment for buried pipe. However, the hardened 

flowable fill material provides a stiffer embedment than compacted 

soil. For both rigid and flexible pipes, the load carrying capacity o f 

the pipe can be increased due to the greater supporting strength

created by the stiffer flowable fill embedment material beside/under 

the pipe [2][3], Subsequently, the strength/stiffness o f the pipe 

could be reduced when flowable fill is used in an installation in 

place o f compacted soil. Current studies are evaluating the 

bedding factors for rigid pipe and the flowable fill stiffness 

modulus for flexible pipe so updated and accurate values can be 

used in the pipe design process. [3][11],

Other areas being investigated for using flowable fill in pipeline 

applications include reducing spacing between parallel pipelines, 

use o f contaminated soils (entombing), eliminating workers in 

trenches, and corrosion protection for metal pipe.

11 SUMMARY

The variability o f ingredients, mixing equipment, and placement 

methods makes flowable fill (a mixture o f soil, cementitious 

material, and water) an extremely versatile construction material. 

The most common use to date has been as an embedment and 

backfill material for buried pipe. The speed o f installation, 

reduction in workers and equipment, consistency o f results, 

elimination o f pavement settlement, and less required excavation 

has persuaded some agencies to specify flowable fill as the only 

method for buried pipe installation.

REFERENCES

[1] "Standard Practice for Direct Design o f Buried Precast 

Concrete Pipe Using Standard Installations (SIDD)," 

ANSI/ASCE Standard 15-93, American Society o f Civil 

Engineers, 1993.

[2] Howard, A. K , Pipeline Installation. Relativity Publishing, 

Denver Colorado, 1996

[3] Sikora, E. J., et. al., "CDF - A New Bedding System for Clay 

Pipe," Proceedings o f the Second International Conference 

Advances in Underground Pipeline F n tnneering  American 

Society o f Civil Engineers, Bellevue Washington, 1995,

[4] ASTM PS 28, "Test Method for Flow Consistency of 

Controlled Low Strength Material (CLSM),1' American 

Society for Testing and Materials, Annual Book o f ASTM 

Standards, Vol 04.08

[5] ASTM C 143, "Test Method for Slump o f Portland Cement 

Concrete," American Society for Testing and Materials, 

Annual Book o f ASTM Standards, Vol 04.02.

[6] ASTM PS 30, "Practice for Sampling Freshly Mixed 

Controlled Low Strength Material (CLSM)," American 

Society for Testing and Materials, Annual Book o f ASTM 

Standards, Vol 04.08

[7] ASTM D 4832, "Test Method for Preparation and Testing of 

Flowable Fill Cylinders," American Society o f Testing and 

Materials, Annual Book o f ASTM Standards, Vol 04.08.

[8] ASTM PS 31, "Test Method for Ball Drop on Controlled 

Low Strength Material (CLSM) to D eterm ine Suitability for 

Load Application," American Society for Testing and 

Materials, Annual Book o f ASTM Standards, Vol 04.08

[9] ASTM C 360, "Test Method for Ball Penetration in Fresh 

Portland Cement Concrete," American Society for Testing 

and Materials, Annual Book o f ASTM Standards, Vol 04.02.

[10] ASTM PS 29, "Test Method for Unit Weight, Yield, and Air 

Content (Gravimetric) o f Controlled Low Strength Material 

(CLSM)," American Society for Testing and Materials, 

Annual Book o f ASTM Standards, Vol 04.08

[11] McGrath, T. J., and R. J. Hoopes, "Bedding Factors and E1 

Values for Installation with Flowable Fill," Design and 

Installation of Controlled Low Strength Material (Flowable 

Fillt. ASTM STP 1331. American Society for Testing and 

Materials, Philadelphia Pennsylvania, 1997

1612


