
) 
1-

EXPER IME NTAL PROJECTS 
CEMENT STACKDUST TREATMENT 

FOR 
MATERIALS IN PLACE 

Re po rt N umber: 621-1 

DEPARTMENTAL I NFORMAT JON 
EXCHANGE 

STAT E DEPA RTM ENT OF HIGHWAYS 

AN D PUBL IC TRANSPORTATION 



CEMENT STACKDUST TREATMENT 

for 

MATERIALS IN PLACE 

by 

Warren N. Dudley 
Supervising Resident Engineer 

District 20 
STATE DEPARTMENT OF HIGHWAYS AND 

PUBLIC TRANSPORTATION 

Report No. 621-1 

July, 1976 



DISCLAIMER STATEMENT 

The material contained in this report is experimental in 
nature and is published for informational purposes only. 
Any discrepancies with official views or policies of the 
DHT should be discussed with the appropriate Austin 
Division prior to implementation of the procedures or 
results. 
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ABSTRACT 

.This paper is a presentation of the experiences of 
District 20 of the State Department of Highways and 
Public Transportation in experimenting with cement 
stackdust as a stabilizing agent for base and sub­
base roadway materials. It includes laboratory test 
results, roadway use techniques, a proposed Special 
Specification for use of the material and pictures of 
typical roadway construction. 
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CEMENT STACKDUST TREATMENT 

for 

MATERIALS IN PLACE 

Cement stackdust is a by-product produced from the manufacture 

of portland cement. It is trapped from kiln exhaust by anti 

pollution devices and stored in dry hoppers. During periods 

of full cement plant operation approximately 200 tons per day of 

stackdust is trapped and placed in the storage hopper at the 

Alpha Portland Cement Company north of Orange, Texas. Included 

in the cement stackdust that is recovered is finely ground oyster 

shell and partially burned cement clinker dust. Practically all 

material recovered from the kiln will pass a 100 mesh sieve. 

Local contractors have used this by-product material as a 

construction expedient to stabilize wet subgrade and subbase. 

Laboratory investigation indicated that in addition to drying 

and stabilizing a gain in strength is also experienced. 

Laboratory results included in Appendix A, prove the value of 

stackdust stabilization. As shown in the laboratory results a 

4.7 triaxial class sandy loam was improved to a high triaxial 

class I with the addition of 10% cement stackdust. The addition 
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of 10% stackdust to a triaxial class 2.3 sand shell base material 

raised the triaxial class to I. The cohesive strength of 

the base material was increased from 1,440 lb/sq. ft. to 4,464 

lb/sq. ft. by adding 10% cement stackdust. 

Implementation of laboratory research was accomplished by adding 

10% cement stackdust to the sand subbase and sand shell base on 

a section of FM 105 in Orange County. The highway was being 

reconstructed by State Forces utilizing cement as a stabilizing 

agent. The sketches included in Appendix B, show locations 

where cement stackdust was used as the stabilizer. Laboratory 

results using the road mixed material reflected results obtained 

from the laboratory mixed samples. 

Cement stackdust stabilization on the test section of FM 105 was 

accomplished by conventional methods. Field operation using 

cement stackdust is the same operation as when using hydrated 

lime or portland cement as a stabilizer. One departure from the 

u~u~l method was delivering the stackdust in covered dump trucks. 

The cement plant was nearby and dump trucks were available making 

this method of delivery workable. The stackdust was dampened as 

it was loaded into the dump trucks in order to reduce blowing 

dust. On a subsequent vroject where cement stackdust was used 

i,t was delivered dry by bulk transport trucks and spread on the 
.. 



roadbed from the transport truck. Pictures depicting construction 

operations using cement stackdust are included in Appendix C. 

The test sections on PM 105 were constructed during March, 1975. 

One year after construction all test sections are in good condition 

with no apparent failures. As a result of the experimental work 

done on this project a recommended specification has been prepared 

for the use of cement stackdust for future use. The Specification 

is included in Appendix D. 

One advantage gained by the use of cement stackdust is to speed 

construction in wet areas. Another advantage in using stackdust 

in lieu of hydrated lime is the cost. Cement stackdust has been 

purchased for $2.02 per C.Y. Even though laboratory tests 

indicate 10% stackdust by weight is required to produce results 

comparable to using 4% hydrated lime the low cost factor off-sets 

the amount of material required. 
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APPENDIX A 





SUMMARY SHEET 

Control: 689-2 County: Orange Hi9hwa~: F .M. 105 (Between SH-62 & SH-87) 

Dry Dens. O.M.C. Moisture Swell Class of C 
Type..Qf Material & Remarks in IICu.Ft. ( %) Absorbed (%) Material e #/Sq. Ft. 

Under Labor~tory Control 

Black Sandy Subgrade - Raw 
230 -15' Material (75-72) 121.3 7.3 7.3 5.35 4.7 562 

Raw Material w/lO% Added 
430 -0' Stack Dust (75-74) 119.5 10.8 2.3 1.4 1 3,096 

Raw Material W/20% Added 
47°-30' Stack Dust (75-75) 115.3 11 . 1 4.5 3.3 3,312 

SamQles Secured from Roadwa~ 
Subgrade Material WllO% 
Stack Dust Added & 
Roadway Mixed (75-73) 118. 1 12.8 1.4 0.82 1 43°-0' 3,499 

Subgrade Material W/20% 
Stack Dust Added & 
Roadway Mixed (75-77) 116.9 13.2 2.2 2. lO 1 470 -0' 3,024 

Under Lab Control 
Raw Sand-Shell Base 

4·9° -30 ' Material (75-57) 126.9 6.0 1.8 0.62 2.3 1,440 
Sand-Shell Base Material W/10% 

47°-15' Added Stack Dust (75-59) 122.6 7.9 2.2 0.86 High 4,464 
Class I 

SamQle Secured from Roadwa~ 
Sand-Shell Base Material W/10% 
Added Stack Dust & Roadway High 

43°-30 ' Mixed (75-58) 120.5 9.2 1.8 0.92 Class I 3,096 
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100/0 Stackdust 

in Widening 

4' WIDENING WITH 
6" CEM. STAB. BASE 

Sto. 83i' 40 
El<isting 2- 10'X 40' 
Concrete Culvert 

W/4 - 2 4" X2 8' R.C.P. 
in Bottom of Culvert 

10% Stackdust 
in Base 8 Subgr. 

4'WIDENING WITH 
6" CEM. STAB. BAS E 
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CD 

18' ASPH. 

APPROX. 6" BASE 

ORIGINAL SECTION 

2 

4' 9' 9' 4' 
WIDENINCi ·"1 " . IWIDENING 

USUAL CEM. STAB. BASE 
IN WIDENING EXCEPT--.... 
AS SHOWN HEREON 
( BO TH SI DES) 

.. 

APPROX. 6" BASE 

--
S T A. 0 -+ 0 0 - t 0 - S T A . 4 + 05 ( L T. WID E N I NG ) 

10 % STACKDUST I N BAS E 
STA. 4+05 - to - STA. 8 +50 (LT. WIDEN I N G) 
20 % STACKDUST I N BASE 

STA.IIS+ 50 -to- STA. 129+ 28 (RT. WIDENING) 
10% sfAcKDUST IN BASE 

EXISTI N G SECTION 

SHEET 2 

FM- 105 
FROM SH-62 TO SH-87 
CONTROL 689- 2-
ORANGE COUNTY 
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4' 
WIDENING 

L--

USUAL 6" CEM. STAB. BASE 
EXCEPT AS SHOWN 
ON SHEET- 2 , 4' 

WIDENING 

® 

9' 9' 

STA. 64+00-to- STA. 69+2B 
10% STACKDUST IN BAS E 
10% STACKDUST IN SUBGR. -4 

9' 9' 

APPROX. 6" SUBGR. 

STA. G9+28-to-STA. 78+12 
10% STACKDUST .IN SUBGR. 

STA. 78+12 - '0- STA. 83+30 
20% STACK DUST IN SUBGR. 

EXISTING SECTIONS 

SHEET 3 

4' 
WIDENING 

/ 
USUAL Gil CEM. STAB. 
BASE EXCEPT AS 
SHOWN ON SHEET - 2 

4' » 

WIDENING 

FM - 105 
FROM SH- 62 TO SH-87 
CONTROL 689-2-
ORANGE COUNTY 
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Figure I: Condition of roadway prior to treatment 

Figure 2: Scarifying old base and surface 



Figure 3: Stackdust being loaded into dump truck 
from dry hopper 

F igure 4: Stackdust being dumped through tailgate 
spreader 
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Figure 5: Stackdust in place prior to mixing 

Figure 6: Mixing operation 
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1. DESCRIPl'ION: 

STATE DEPARTIIENT OF HIGHWAYS 

AND PUBLIC TRANSPORrATION 

SPECIAL SPECIFICATION 

ITEN 

GDIENT STACKDUST TREAT~IEllT 

FOR HATERIALS IN PLACE 

This item shall consist of treating the subgrade, existing subbase or existing 
base by the pulverizing, addition of portland cement stackdust, mixing, wetting 
and compacting the mixed material to the required density. This item applies 
to natural ground, embankment, or existing pavement structure and shall be 
constructed as specified herein and in conformity with the typical sections, 
lines and grades as shown on the plans or as established by the Engineer. 

Cement stackdust treatment shall not be mixed or placed when the air temperature 
is below 40°F and is falling, but may be mixed or placed when the air temperature 
is above 35·Fand is rising, the temperature being taken in the shade and away 
from artificial heat and with the further provision that cement stackdust treat­
ment shall be mixed or placed. only when Weather conditions, in the opinion of 
the Engineer, are suitable. 

2. l.rATERIALS: 

(1) Soil. Soil shall consist of approved material free from vegetation or 
other objectionable matter encountered in the existing roadbed and other 
acceptable ~4terial used in preparation of the roadbed. in accordance with 
this specification. 

(2) Cement Stackdust. Cement stackdust shall be a b,yproduct obtained from 
the production of portland cement. It shall be recovered from the kiln exhaust 
and stored in a dry hopper for delivery to the project in covered or sealed 
vehicles. 

When tested in accordance with ASTM Designation C-114, Standard Method for 
Analysis of Hydraulic Cement, the stackdust shall comply with the following 
compositional requirements: . 

Total Calcium content as CaO, percent by weight J.tl.n. 3~ 
Loss on ignition, percent by weight --------- Max. 40% 

The percent by weight of the residue, when determined in accordance with 
Test Hethod Tex-600-J, shall conform to the following requirements: 

Retained on the 50 mesh sieve -- ------ 0-5 
Retained on the 100 mesh sieve ----------- 0-25 
Retained on the 200 mesh sieve --------------- 10-50 

(3) rlater. 1vater shall be free from substances deleterious to the hardening 
of the cement stackdust treatment and shall be approved by the Engineer. 

(4) Stackdust treatment mixture shall be determined by appro.priate Te.x Test 
Methods. 
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) • EQUIPMENT: 

General. Equipaant utilized where materials are specified to be measured or 
proportioned by weight shall conform to the requirements of the Item, ''Weighing 
and Measuring Equipn.ent n • Equipnent necessary for the proper construction of 
the work shall be on the project, in first-class 'Working condition, and be 
approved. by the Engineer, both as to type and condition, prior to the start of 
construction operations. The Contractor shall at all times provide sufficient 
equipnent to enable continuous prosecution of the work and its completion in 
the required. number of 'Working days. 

Portland cement stackdust treatment for materials in place may be constructed 
with a.ny machine or combination of machines and auxiliary equipnent that will 
produce results as outlined in this specification. 

Mixing may- be accomplished by (1) a multiple-pass traveling mixing plant or 
(2) a single-pass traveling mixing plant. 

The equipnent provided by the Contractor shall be operated by experienced and 
capable 'Workmen and shall be that necessary to provide a cement stackdust 
treatment meeting the requirements herein specified. 

4. CONSTRUCTION METHODS: 

(1) General. It is the primary requirement of this specification to secure 
a completed. course of treated material containing a uniform portland oement 
stackdust mixture tree from loose or segregated areas, of uniform. density and 
moisture content, well botmd for its tull depth and with a smooth surface 
suitable for placing subsequent courses. It shall be the responsibility of 
the Contractor to regulate the sequence of his work, to process a sufficient 
quantity of material to provide full depth as shown on plans, to use the proper 
amo'lmt of portland cement stackdust, maintain the work and rework the courses 
as necessary to meet the above requirements. 

(2) Preparation of Roadbed. Before other construction operations are begun, 
the roadbed shall be graded and shaped as required to construct the portland 
cement stackdust treatment tor material in place in confomance with the lines, 
grades, thickness and typical cross section shown on the plans. Unsuitable 
soil or material shall be removed and replaced with acceptable soil. 

The subgrade shall be firm and able to support without displacement the 
construction equipnent and the compaction hereinafter specified. Soft or 
yielding subgrade shall be corrected and made stable before construction 
proceeds. 

() Pulverization. The soil shall be so pulverized that, at the completion. 
of mOist-mixing, 100 percent by dry weight passes a I-inch sieve, and a minimum 
of SO percent passes a No. 4 sieve, exclusive of gravel or stone retained on 
these sieves. Old bituminous wearing surface shall be pulverized so that 
100 percent will pass a 2-inch sieve. 

(4) Application of Cement Stackdust (Roadmixl. Portland cement stackrlust 
shall be spread unifor.mly on the soil at the ratespecitied on the plans or 
approved by the Engineer. If a bulk cement stackdust spreader is used, it 
shall be positioned by string lines or other approved method during spread;na 
to insure a uniform distribution of cement stackdust. -~ 
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Cement stackdust shall be applied only to such an area that all the operations 
can be continuous and completed in daylight within 6 hours of such application. 

The percentage of moisture in the soil, at the time of cement stackdust applica­
tion, shall not exceed -the quantity that will permit uniform and intimate mixture 
of soil and cement stackdust during dry mixing operationa, and it shall not 
exceed the specified optimum moisture content for the soil cement stackdust 
mixture. 

No equipnent, except that used in spreading and mixing, will be allowed to 
pass over the freshly spread cement stackdust until it is mixed with the soil. 

(5) ~and Processing. Unless otherwise shown on the plans, either method 
<a> or b below may be used at the option of the Contractor. 

<a) Multiple-Pass Travel,ing Mi;Jd.ng Plant. After the cement stackdust 
has been applied it shall be dry-mixed with the soil. Mixing shall continue 
until the cement stackdust has been sufficiently blended with the soU to 
prevent the formation of cement stackdust balls when water is applied. Any 
mixture of soil and cement stackdust that has not been compacted and finished 
shall not remain undisturbed for more than 30 minutes. 

Immediately after the dry mix:ing of soil and cement stackdust is complete, 
water as necessary shall be uniformly applied and incorporated into the mixture. 
Pressurized equipnent and supply provided shall be adequate to insure continuous 
application of the required amount of water to sections being processed within 
3 hours of application of the cement stackdust.. Proper care shall be exercised 
to insure proper moisture distribution at all times. After the last increment 
of water has been added., mixing shall continue until a thorough and uniform mix 
has been obtained. 

(b) Single-Pass Traveling Mixing Plant •. After the cement stackdust has 
been applied it shall be sufficientlJr dry-mixed with the soil to prevent the 
formation of cement stackdust balls when water is applied. Unpulverized soil 
lumps in the soil cement stackdust mixture immediately behind the mixer that 
are dry will not be allowed. Should this condition prevail, the Contractor 
shall IIpre-wet l1 the raw soil as necessary to correct this condition. 

The mixer shall be provided with means for visibly and accurately gaging the 
water application. The water shall be applied uniform.ly through a pressure 
spray bar. 

After cement stackdust is spread, mixing operations shall proceed. as follows: 

The mixer shall in one continuous operation mix the air-dry soil and cement 
stackdust tull depth, and the required moisture uniformly, thoroughly moist~ 
the soil, cement stackdu8t and water, spread the completed soil cement stack­
dust mixture evenly over the machine processed width of the subgrade and leave 
it in a loose condition rea4y for immediate compaction. 

" The soil and cement stackdust m.ixt.ure shall not remain undisturbed, after mixing 
and before canpacting, for more than 30 minutes .. 
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(6) Compaction apd FiDi8hinB.a The material 8hall be compacted by the 
"Ord1.narr Ccapactiontl method UBle88 otherwise shown on the plans. It "Density 
Control n is required the _ter1al shall be COIlpacted to not less thaD the density 
shown on the P+ans. At the start ot cOIIlpaction, the percentage ot moisture in 
the lIdxture aDd. in unpal.verised soU lUII.p8, based on oven-4rr weights, shall 
not be below or more than two percentage points above the specified. opt1aua 
moisture content and shall be less than that quantit,. whioh will cause the soU 
o_ent mixture to beccae unstable duri.ng ocapaotion and finiahiDg. When the 
unocapaoted soU o_ent staolcdUllt miature is wetted by rain so that the average 
moisture oontent exceeds the tolerance given at the time ot final ocapaotion, 
the entire section shall be reconatructed. in accordanoe with this speo1t1cation 
at the sole expense ot the Contraotor. 

When the "Density Control" method. ot o<ll.pt.otion is iDdioated. on the plans the 
specitied optimum moisture content and density shall be determined in the tield 
by Test "ethod Tex-ll4-E or other approved .ethods, on representative _ples 
ot soU c .. nt staclaiust Jldxture obtained. trc:a. the area being proces8ed. 

When the "Ordinarr Ccapaction" .ethod ot ccapaction i8 iDdicated. on the plans 
the tollow1Da procedure snaU be used. 

Prior to the begiJming ot ccapaotion, the a1xture shall be in a loose oondition 
tor its .tull depth. The loose mixture then shall be unit01"lll1' OQII.pacted to the 
specified densit,. within 2 hours. 

After the soil and oement staolaiust Ilixture, exoept1Dg the top 1L\1l0h, 18 ocapacted, 
water shall be UDito~ applied as needed and thorough.lJr mixed in with a apike­
tooth har.row or equal. The aurtace aball then be resnaped.to the NflU1red lines, 
grades and oross section and then llgh1;q 80arified to loosen &IV' iaprint left 
by' the ccapacting or shaping equipaent. 

The resulting surtace shall be thorolJlhl;y rolled with a Plel1ll&tic tire roller 
and "olipped ", "8ldnned II or "tight bladed 11 by a power grader to a de¢h ot 
approJdmateq 1/4 inch, rco'riDg all loosened soU and oeaent ataclcdut .frcIm 
the seotion. The surtace shall then be thoroughly ccapaoted with the pun_tio 
roller, acld1ng auJ.l iaor.ents ot aoisture &8 needed. during rolling. It plus 
Ho. 4 acgregate is present in the Jlixt.ure~ one ccaplete ooverageof the section 
with the nat wheel roller shall be aade ialediatelT after the "011pp1nc" opera­
tion. When directed. 'by the Engineer, surtaoe t1niah1Dg aetbocla U7 be T&ri.ed 
frca this procedure provided a dense, UDitOl'Jll surtaoe, free ot surtaoe ccapaction 
planes, i8 produoed. The moisture oontent ot the surtace II&terial auat be ain­
tained at its specified optilma during all tinishing operations. Surtace oaapao­
tion and t1n1ah1Dg shall proceed in such a JUDI1er as to produce, in not more than 
2 hours ~ a smooth cl08eq knit surtaoe, tree ot cracka, ridges or loose material 
oontol'lliDg to the orown, grade and line shown on theplaDa. 

5. CURIRG: 

(1) Proteotion and Cover, After the oement staolcduat treated course bas been 
finiahed aa specified herein, the surtaoe shall be protected againat rapid. 
drying by' either ot the tollowing curing methods tor a period as shown on plana 
but in no case leas than 3 day'e or untU the surtaoe or subsequent courses are 
plaoed: 

(a) Maintain in a thorough and continuousq JROiat condition by' sprinkling. 
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(b) Appq an asphalt membrane to tho treated cours., 1JmBediatel;y att.r 
S&118 ia coapleted. '!'he quantity ad t1J)e of asphalt approved. tor uae by the 
EDgineer shall be sutficient to caapletel1' cover and seal the total surtac. ot 
the bue and fill all 't'oids. If the Contractor eleot8 to use this method, it 
shall be his responsibilit,. to protect the asphalt _brane frc:lll being picked 
up by traffic by either sudiDg or dusting thesurfac. of .... '!'he asphalt 
mabraD.e mq r.a1n in place when the proposedsurtace or oth.r base courses 
are placed. 

(2) SUrtace. '!'he surface or other base courses JI.8l' be applied on the finished 
bas. as soon att.r completion as operations will permit. 

6. CONSTRUCTION JOIHTS: 

At the end of each day's coDatructlon a straight trauTerse construction joint 
shall be tormed bT cutting back into the total width ot ccapleted work to torm 
a tn ..... rtical tace tree of loose and shattered aterial. 

C __ t atackduat treatment for larg., wid. areas shall be built in a seri.s of 
parallel lanes of conveni.nt le;;£Jgth and width .eetiDg the approval of the 
Engineer. 

7. TRAFFIC: 

Coapleted s.ctiona of c __ t stacJaiuet treated !!'!Aterial in place IBA1' be opened 
~iatel1' to local traffic and to coutruction equipaent and to all traftic 
att.r the cu.r1.Dc period, provided the caent stackdust treated. course has hard­
ened sufticiatq to prevent _no:l.ng or distorting the surface bT equiplmt 
or traffic. 

8. MlINTEtWiC.E: 

The Contractor shall be required, within the l1lIits of his contraot, to aaintain 
the c-.nt stackduet treated course in good condition untU all work bas been 
ccapleted and accepted. Maintenance 8hall include Dlaediate repairs of arq 
detects that ~ occur.. This work shall be done by the Contractor at his own 
expense and repeated as otten as IIlq be necessary to keep the area continuously 
intact. Fault7 work shall be replaced for the full depth of treat.ent. It is 
the iDtet of this sp8citication that the Contractor construct the plan depth 
of c_ant atackdut treatment in one hC80gmeou US8. The addition of thin 
stabilized l.a7ers will not be pe:r:witted in order to provide the ~ specified. 
depth. 

9. MElSUREMI!lMT: 

The work pertol'Jlled and the material f'urD1shed ali prescribed by this item will 
be aeasured U foJ.lows: 

Stackdut treatment for utenaJ. in place will be .easured. by the square yard 
of surface area of cc:a.pleted antt accepted work • 

C.ent staclcdust as required 1d..ll be Ileasured by the cubic ,.ard of material in 
vehicles as delivered on the rend or bT the ton ot 2000 pounds dr;y weight as 
delivered on the road as des1p&ted. on the plau. 
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10. PADfENT: 

The work performed and material turnished as prescribed by' this item. and 
measured in accordance with the aethod indicated on the plans aDd proposal and 
in accordance with the applicable provisions of "Xeaau.rsent tI above will be 
paid for at the 11Dit price bid tor tlCsant Staekduat Treatment (ExiatiDg 
Haterials)" and "Caunt stackdust". 

'l'he 11Dit prices bid shall each be tun ccapeuation tor preparing the roadbed; 
tor tumish1ng all material; tor all freight involved; for turnish.ing scales 
and labor involved in weighing the II&ter1al; tor pulYer1ziDg, app~ caent 
stae~uat, water, all processiD&, .ixj"" spreading, tinishing and cur1Dg the 
e_ent atackdut treated soU; aDd for all manipulations, labor, equ1paent 
fuels, tools and incidentals necesaar;r to ccaplete the work except as follows: 

All earthwork inYolTed in preparation. of subgrade, other thaD that incidental 
to the specified. fine grading, and unipulation necesArT to reshape and ccmpact 
the existing section and. to ccapact the _terial added., ld.ll. be aeaaured and 
paid tor in accordance with the proYisioD8 goyern1ng the pertinent roadway it_. 

When flOrd1.nar;y Cc:apactioD II is indicated. on the plana, all sprink] i 1l& and rolling 
pertormed as required will be JIlea8'llred &ad paid tor in accordance with the 
prorlaioll8 goyerain& the it .. ot "Sprinklinan and "Rolling" respectiYelT. 

When flDenaitT Control" is indicated on the plana, sprinkling and rol.l.1ng will 
not be paid tor d.irect:q, but shall be subsidiarr to other bid iteau, unless 
otherwise proYided on the plans. 
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