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CLSM consistency ls measured using a flow test:
fill & 3- x &in. open-end cylinder on a level surface
{top o left} and then raise the cylinder to allow the
material to flow out. Specifications require that the
resulting patty have at least an 8-in. diameter and
ne visible segragation (bottom or right).

by LK.

n International Center for Aggregares Re-
search (ICAR) survey indicated that the grear-
est challenpe fucing aggregate producers deals
with by-product fines, often referred o as
sereenings, Industry leaders estimate that
more than 200 million tons of screenings were generat

el in 1903,

Tt is difficult w lind viable vses for by-product fines,
which aceount for 15% to 25% of aggregare production.
Must construction- and hishway-material specifications
lirnir the amount of material finer than 0.07% mm (minus
200 mesh’ to 6% o7 less, The combinanon of large sup-
ply and small market has resulted in millions of tons of
sereenings accwmulanng in stockpiles.

1CAR identfied Controlled Low-Strengrh Matznial
(CT.SM), commonly called flowable ill, a5 a promising usc
for large volumes of by-product fines. The estimated U.S.
matket for CLSM of all types is approximately 10 million
cn il in 1997,

If proved vialile us flowable-fill aggregare, high-fines lime-
stone screenings would provide significant benefiss:

s decreased storage and disposal costs;

High-fines limestone

screenings prove viable as
aggregate for excavatable
Controlled Low-Strength
Material

Crouch and Pod Gamble

watershed protestion:

¢ more elficient use of a dwindling natural resonree;

+ increased revenue for aggregare producers; and

* decreased marerial eosts for ready-mixed conerete pro
ducers and end-users of flowable fill.

Reviewing recommendations for excavatable CT.SM mixes
from industry and government organizations, it appears
that Narional Beady Mixed Conerete Association
(NEMCA) recommendations are ideal. NRMOA recom-
menidls that excavatable CT.5M mixes should have 3 com-
pressive srrenyth of more than 20 psi ar three days, more
tian 30 psi at 28 days, and ultimate compressive strength of
less than 130 psi.

Minimum strength recommendations ensure that
CLSM has adequate bearing capacity and does nor settle
(deform) excessively under Inad, Maximum stwength rec-
ommendations ensure that CLSM can be removed with
conventional excavating equipment,

Consistency of CLSM is measured by filling a 3- %
6 in., open-end evlinder or pipe with CLSM on a level
surface and then raising the cyvlinder ta allow the ma-

Jady 18T Rowi Promors




terial to flow out. Mast specifying
agencies agree thar a patty with a
minimum 8-in. dismeter and no vis-
ible segregation is adequare.

Prior te development of perfor-
mance-enhancing admixtures, Mow-
able-fill mixes bled off excess mix
water o consalidare after placement,
The presence of significant amounts
of material finer than 0.0735 mm in
the aggregate impeded bleeding.
Most specifving agencies, therefore,
limited the amount of apgregare finer
than 0,073 tmm to less than 10%,

New performance-enhancing ad-
mixtures limicsteenpeh, prevent segre-
gation, and enhance workability by en-
teaining large percentages of stable air
bubbles in flowable-fill mistnres, Tlow-
able fill containing these admixtures

Putting

LIMESTONE SCREENINGS

The plastic properties of cach
batch were characterized by the
open-end cylinder flos cest, volu-
metric air test (ASTM C173),
and unit weight (ASTM C138).
Strength development (ASTM C39)
over lime—three, seven, 18 and
60 days—was determincd vsing
2- x 4.in. cylinders. Ultimate
strengths were simulated by curing
at clevared temperatures.

The results of cach round of test
ing were analyzed and the mixes
were adjusted in an attempt to meet
NRMCA performance recommen-
dations. Feonomy was found to he
primarily a function of cement con-
tent, admixture dosage, and aggre
gate cost, Therefore, the rescarch
team concentrated on producing mix

More

Geiting encugh air

Proper air content in a well-designed
CLSM mix limited suength, penerated
proper flow, eliminated sepregaton, and
greatly reduced hleeding by producing
4 eohesive, homogeneous mixture, The
proper air contelit is o function of Ty
factors, but air contents of 19% w0 30%,
wuorked well in this study.

If the air contenr is less than 14'%,
there is 1 good chance that the ulti-
mate strength of the mix may exceed
the desired level. In addition, a low air
content may produce a bleeding mix
with inadequate flow, If the air con
rent exceeds 309, it will be difficult 1o
achieve cy rly strengeh goals with ce-
ment contents less than 200 [h/en v,

Air content ol the mixes in this
study appears to he a function of five

Fines In Flowable Fill

does not bleed and therefore possibly
could use agaregares containing more
than 10% finer than 0.073 1,

Flowabla-fill tests

‘The two commercially available, Aow-
ahle-fill performunce-cnhancing ad-
mixtures scleered for the study were
W.R. Grace Construction Producrs’
Darafill and Mascer Builders Tech-
nologies’ MB AE 90. These admix-
tures were selected due to their na-
rionwide availability.

"l determine if high-fines limestone
sereenings were a viahle flowable-fill ap-
uregate, multiple batches of fAowahble fill
containing limestone screenings with
0%, 7%, 14%, 21%, and 28% finer
thar 0.075 nun were mised. In addidon,
i mix containing a performance-cn-
haneing admixture and river sand ag-
gregate, as well as a tradifional, non-ar
entrained mix were made to serve as
standards for economic comparison,

Rocw Proncors b J007

designs thar mer NRAICA perfor-
manee recommendations wirh mini-
mumnt cement and admivmre contents.

factors. These factors, in apparent
order of inpurtance, are:
Ladmixrure gpe;

|
Benefits Of Using CLSM
Controlled Im;:.ﬁi;re_q;gth ?i’lntr::.‘ '

admixcures, CLSM mivoures,

: i:l.lﬂ.ﬂ!. 15 aidled
nlar backhil.

ventional soil-excavation equi
. Duﬁbﬂiw—ﬂ[..w 3
ular backfills,

self-compactng blend porthand cem

*F aﬂmfe—qf CE.SM deleriumu:.s in
= Easily removed—properly designed C1LSM ean be easily rempver hy cﬁm— :

allvis less jxmncahleﬂn& more stable than gmn-

place, it yill contirtne 1o ¢t 5. g
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2. fAines content
{0075 mm

3, waler content;

4, apprepate particle
shape; and

5. admixture dosape,

Darafill entrained higher
pereentages of air than
M AT, O lor every gra-
dation, The dillerence 1n
pereent aie entrained in

creased from the
the 14%-fines gradation,
amil cven more draan

cally fronn Llie 1% = 10
Ui 21 o -finus pradanon.

7%= 1t

b o

I genet: al, mireonlent
decreased as the pereentage of the ag-
pregate passing (LS mm increased
This ellect was more pronound el Lont
B AE 90 ian For Daralill, Flowever
the researeh ream was unable o entram
a L;i|_mi.Eu;:n1|:' air comlent A My -
caining agpregate wirh 28
0,075 mm with cither admivmre.

Yo ]|_'|‘-\II'||"

SCREENINGS

_"ll,'l'll WEe D Cu
content. WRG Daralill encrained luss
A1 A% wilel content i11('[L‘.Zlh'_'k|. l [ow-
ever, MIB

water vol

il mmanimnn walel

AF 90 entrained more air as
tent inereased,

Fromm the limated vse of rounded
i gregares in this project, and Lrom

.l1~: wssions with admixture m anufac-

turers, it was determingd
that angular (crushed}
appregates entrain sig-
nificantly higher air con-
tents than rounded ag-
cregates  for  similar
mixes. This increase in
air content partially off-
werts Lhe reducrion inale
content alue Lo increas-
ing the percent ol the
apregate passing (hLO7S
mm, However, the effect
ol percent |‘r:|‘-i.-iu!-; LIRE e
mm rapidly supersedes
the effect of angularicy a8
I.?I_"|“_'I"|'I|- E?!|Z1!1'||IL=
DTS o inerenses.

ihe

The
appeared to have the least ellect ol

admixeure dosage rate
the five factors, provided chat the
daosape rate was abave a certain
Until more delinitive

the aurhors

LI Er i,
rescarch s available;
recommetid using rhe manufactur-

ers' recommondations.

Table 1: CLSM Test Mix Designs And Properties

5% Fines 0 7 14 2 0
[=EL 00 me)
Cemen! 150 150 160 125 150
Ao )
WaterINcti 370 2710 400 400 280
s PR s '
Wiler (Abs.)  2B.33 2855 30,98 3812 29.03
Mdprégate? 2421 2424 2.348 2372 2481
 lbjouydl -
-Qﬂ.ﬁrhMre 70 70 70 70 15
{oz;cu yil]
Tvr‘;ae{fﬁ ; MEB ME NE ME WHG
ﬂﬂm‘ix‘mw §
Flow (jn.) 11,375 10,25 10.25 11.00 13.00
AiF Cantent (%) 22.0 210 145 45 R0
UnitWeight 870 101.9 1088 1125 96.5
(e i
s 135 16 EU Wt itar 0 minute iy eyl b increase fion
*Eﬂ.'ur iy Arcragae
‘HE-I"I'L:!';-THT Buiders’ AE E‘Icl R Grmpe Dbl

T 14 21
150 150 150
320 320 3001

27.99 3142 3948
2,378 2382 2437
30 a9 20
WRG NRG WA !:-_i" :
12.00 8§25  BUS
225 255 205
103.7 1006 1023
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LIMESTONE

Figure 1. Aggregate Gradations

SCREENINGS

100 ;
e o i
,‘3" o .I.%-' | | S r \
AR AR i
il " =
= = e r*‘_ : @
f dq 11 i '
] L i a A
2 *E WL *{. :
ﬂ 60 [ - L_ 3 Y. ¥
(1 : y .|“ -
= 40 B o bet =
Qo o rFip - |
E * I-_ -
E - ol 7
" .
1[] .-"-. - 2] 4 a3
0 g L Y din Y8
0.0 A
: i Grain Size inmm
— NI AU = P L mw

-—

=

-

10

Aggregate gradations for test CLSM mixes containing 0%, 7%, 14%, and 21% fines (<0.075 mm).

The primary factors affecting
strenprh development of air-cnrained
CLSM mixes were cement, air, and
water contents. Ifa proper air content
(14% o 30%) cannot be obrained,
strength can be reduced by increasing
the watcr eontent and decr easing the
CUIMENT COntent,

Smilarly, proper flaw should be
achieved with a proper air content
(14% 1o 30%) and a walcr conrent as
low as possible t minimize segrega-
tion and bleeding. Flow also may he
increased by increasing the cement
content, However, all engineering
propertics of the mixture are interre-
lated, 8o alteration of vne property al-
maost always has collareral effects,

L surmmary, these mixes (Lable 1)
dne MEant 4s 3 good starting point for
producers ur festing laboratories 1o
desipgn mixes for specific applications
using locally available marerials.
They are not intended as universal
recipes for properly perlorming ex-
vavarable CLSM.

Conclusions
I. Limestone serecnings eontaining as

Rapew Prowserecrs | Fade (007

much as 21% finer than 0.075 mm can
be used as aggregare to producc a
owable fill mix meeting NRMCA
performance recommendations.

2. Proper air content in a well- designed
mix limired strength, generared ade-
quate flow, eliminated segregadon, and
greatly reduced bleeding by prod Leing
a4 cohesive homogeneous mixrure,
Proper air content for flowable-fill
mixes contining limestone screenings
as agyresare appears to be 19% m 30%.
3. Flowable-fill mixes containing lime-
SIOINE SCreCnings containing a5 much
as 21% finer than 0.075 mm can be
economically attracrive in markets
whete other aggregates are expensive.
In markers where river sand is expen-
sive or difficult te obiain, Aowable-fill
mixes containing limestone screenings
are compettve in price. a2

LK, Crouch is assoclate professor of civil
enginearing. Tennessee Technological
University; and Rod Gamhle s area man-
ager, Rogers Group. This paper was pre-
sented at ICAR's Fifth Annual Agprepates
Symposium in Austin, Texas, and 1s
repninled with parmission,




