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PREFACE 

The work reported herein ~as conducted in accordance with a letter of 
agreement, dated 22 tl.ay 1959, fro Mr. G. O. Wessenauer, tl.anager of Power, 
Tennessee Valley Authority, accept d by the Direct or, U.S. Army Engineer 
Waterways Experiment Station, on 26 tlay 1959. Th portland cement, 
portland-cement clinker, and gypsum were supplied, Vithout charge, by the 
Brandon, Mississippi, plant of the tlarquette Cement tl.anufacturing Co . 
throu,~ the courtesy of Mr. C. E. Wuerpel, Vice Presider.t. 

The investigation was planned cooperatively by Messrs. William E. 
Dean, Jr., and Harry L. Balzan of the Power Research Staff, Tennessee 
Valley Authority, and Messrs. Thomas B. Kennedy, Bryant tl.ather, and 
James M. Polatty of the Concrete Division, Waterways Experiment Station. 
The work was done at the WES Concrete Division by or ·mder ~he immediate 
supervision of Mr. Leonard Pepper, Mrs. Katharine Ma.th~r, Mr. W. O. Tynes, 
and Mr. R. L. Curry. Mr. Mather -was project leader and prepared this re­
port. Col. Edmund H. lang, CE, was Director, and Mr. J.B. Tiffany was 
Technical Director of the Waterways Experiment Station during the course 
of this work. 
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SUMMARY 

Fly ash, mechani cally collected at the Colbert, Alabama, steam gen­
erating plant of the Tenneo see Valley Authority, has a chemical compos i tion 
such that it would be satisfactory for use as a pozzolanic admixture in 
portland- cement concr~te . However, it does not met current specifications 
for such use because it is too coar se . The investigation described lerein 
revealed that this fly ash can be used to make a satisfactory portland­
pozzolan cement either by grinding the fly ash separately and blending it 
with commercially manufactured portland cement or by intergrinding fly ash, 
portland-cement clinker, and gypsum. The rate of chemical activity, ns 
indicated by heat of hydrat ion and the rate of development of compressive 
strength, decreases with increasing fly ash content of the cement-fly ash 
blend or the fly ash-portland-pozzolan cement when the fineness is held 
constant, and increases with increasing fineness when the fly ash content 
is held constant . Federal Spec i f ications for portland-pozzolan cement are 
included as Appendix A. 
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FORTIAND-POZZOlA CEMENT tJ..r DE WITH 

TENNESSEE VALIEY AUTHORITY FLY ASH 

PART I : INTROL°uCTION 

Fly Ash 

1. The portion of the residue that is carried up the stack by flue 
gases when powdered coal is burned is referred to as fly ash. The chief 
sources of fly ash are the steam plants used in the generation of electric 
power. Two principal kinds of precipitators employed in collecting fly ash 
are: (a) mechanical precipitators, which generally collect a coarser prod­
uct, and (b) electrostatic precipitators, which generally collect a finer 
product. The nature and properties of fly ashes differ not only as a func­
tion of the type and efficiency of the precipitation equipment used in 
their collection, b t also as a function of the composition and fineness of 
the coal from which they are produced and the efficiency and type of com­
bustion procedure by which the coal is burned. 

Use of Fly Ash •in Concrete 

2. Fly f.sh bas been ext.ensi vely investigated and videly used in the 
United States and other countries as an ingredient in portland-cement con­
crete mixtures . In some cases the fly ash has been incorporated in the 
concrete as an interground or interblended ingredient of portland-pozzolan 
cement, but in most case~ the fly ash has been employed as an admixture 
~dded as a separate ingredient to the concrete mixture. 

3. The i~clusion of fly ash in concrete mixtures may have different 
effects, depending on the characteristics of the cement, aggregates , and 
fly ash and the proportions of the mixture . Generally, however, when fly 
ash is used in a concrete, the compressive strength of the concrete is in­
creased, at least at later ages; volume change is affected little;41617* 
* Raised numbers refer to similarly numbered items in the List of References. 
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46 11 r es i stance t o chemi ca l attack is improved.; ' ' permeability is 4 
4 6 • r educedj3, ' , 5 and heat evolution is also reduced. ' 

TVA Fly Ash Production and Use 

ti . The st eam· gener at ing stations of the Tenr.1essee Valley Authorit y currently burn over 18 million to.ns of pulverized coal and produce over a n illion tons of mechanically collected fly ash a year. This mechanicall y collected ash is too coarse to comply with current specifications for fly 
2 12 ash used as an admixture in portland-cement concrete. ' However, experi-ence with the use of ~his ash (from the Johnsonville, Tennessee, steam plant and Widows Cree.k and Colbert steam plants, Alabama) as an admixture in concrete has been satisfactory in connection with construction at the Jchnsonville and Widows Creek steam plants (50,000 cu yd of concrete, each) and Wilson tam lock (425,000 cu yd of concrete) and also in connection with construction of a Du Pont plant near Waverly, Tennessee, with regular concrete-block production at Sheffield, AlabaKa, and with experimental con­crete masonry units made at Tupelo, Mississippi.lo 

Previous Studies of FlyAsh-Portland-Pozzolan Cement 

5. A brief review of the limited literature on the use of fly ash as nn ingredient of portland-pozzolan cement is given in the following .r:aragraphs. 

Studies reported by 
ravis and others in 1937 

6. ravis and others6 in 1937 described studies in which samples of fly ash from 15 different sources were used in blends with portland cements or .:; even different compositions, the proportion of fly ash to cement rang­l 1;,; from 1:9 to 1:1. In most of this work fly ash was blended with port­fanl cement at the concrete mixer, but for 12 cements, the materials were :: .' ,·:·l:round. Eight of these cements were made by intergrinding two port-: . :. 1 •:u::\:nt::; with two fly ashes as shown in the tabulation on the follow-i :, ._:c . Each fly ash was used in the ratios (fly ash to cement) of 1:9, , : · , 1:2.j, and l:1.5. The cements were first ground to.attain a specific 
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surface of 1600 sq cm/g ( w. er); then the fly ash was added, and the mix­
t ur e ground for the same length of t itte requ red to increase the specific 
su~face of the port.land cement from 1600 to approxiir.ately 2400 sq cm/g 
(Y~;..c::r) . Thi gave portland- !'ly ash cement of a fineness eq al to or 
Br .:n er than that of he corres anding port.land cement. 

7 . The f r othet fly ash cements were made in which the clinker- f ly 
ash mixture was ground for the same length of tire€ as that required to 
grind portland cement to a surface area of 1600 sq cm/g . In the tabula­
tion below the results of tests on the interground cements are compared 
with those obtained in tests on corresponding mixed cements . 

Ratio of Inter-Fl;:t: Ash Surface ground Cement Sur- Area of Fly Compressive Strength Compressive Str face Ash Cement of Concrete z ;esi to Mixed Cement Car- Area s9, cmLg 7 Dais 1 Year Compressive Str bon sq Inter- Inter- Inter- ~ No . _L_~_j Mixed e;round Mixed 5round Mixed ground 7 Da;:t:s 1 Year 1 1 3220 20 1920 2110 3760 4090 7610 7940 109 104 2 10 3800 20 2040 2790 3220 3390 7080 6480 105 92 3 12 2''90 20 1760 2320 3270 3600 6840 6970 110 102 1 1 3220 30 2090 2570 3210 3150 7770 6930 98 89 
8. The effect of intergrinding ws t o increase the fineness of the fly ash cement. The interground cements containing 20% fly ash had 7-day 

compressive strengths that averaged 8~ higher than those of the corre­
sponding mixed cements; their 1-year compr essive strengths were little or 
no higher. Therefore, it was concluded that intergrinding was of benefit 
only at early ages . 

· 6 9. In the general conclusions reported by Davis et al . , it was con-
t emplated that only fly ashes having surface areas of 2500 sq cm/g would be 
used and, therefore, intergrinding ~uuld not be of significant benefit. 
~t udies reported by G. and 
'.-1. H. Corson , Inc . , in 1948 

10. G. and w. H. Corson, Inc ., 8 described studies n:ade in 1946 and 
::.•; 7 in which comi;arisons were made among grinds containbg from O to 301, 
:· i. :, .;h . The rec:;ults were described as indkatin k.provement in strength 
1 :.. · L.l.l aces as a result of intergrinding, and also as indicating that 20% 
:· <: :t uh ~':!emed to be a "satisfactory optimum. " Te st results included the 
:· L .1•.1i ni; : 
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Fly Ash i n 
Cement , 

Com ressive Strength of 2-in. Cubes 
Composed of l Fart Cement :2.90 Parts ottawa Sand , ;j 7 I;ays 28 V ys 6 :onth Ye !' 

0 3540 4760 4880 5780 10 3930 5570 6oSO 7010 20 4220 4e6o 57 50 6ae 

Percentage Passing No . 325 Sieve 
After vrindi for Indicated Time, r ___ M_:aterial _ _Q_ l 2 _l_ 4 -L 

Clinker o.4 17.3 33.2 43 .5 52.0 57 .2 8o% clinker, 2oi fly ash 18.8 36 .5 51.3 59.9 68.8 76.4 
ll. Several carloads of cement were made by introducing 20</o of fly 

ash by weight to the ground clinker stream before it entered the ball mill 
for final grinding. The results of tests on this cement included: 

Test Result 
Passing No . 325 sieve, % 
Surface area, turbidi.meter, sq cm/g 
Specific gravity 
Autoclave expansion, ~ 
Normal consistency, % 
Compressive strength, psi 

l day 
3 days 
7 days 

28 days 

Letter comments on 
use of fly ash cements 

Cement with 
No Fly Ash 

90.7 
1735 
3.14o 
0.19 

24.5 

950 
2230 
3480 
5470 

Cement with 20 
Fly Ash Intergroun _ 

96.9 
2230 
3.045 
0.11 

24.o 

1330 
2480 
3820 
5870 

12. In a letter to the Waterw.ys Experiment Station dated 5 February 
1959, Dr. L. John Minnick of G. and W. H. Corson, Inc ., commented that 
after extensive studies of fly ash cements, he concludeu that "it is very 
difficult to grind down to a finer state the small glassy spheres of fly 
ash." He also stated that when grinding was employe on fly ash cements 
for extended periods, a substantj_al improvement in the strength res lted, 
probably due to grinding of the cement rather than to grinding of the fly 
ash. On the other hand, Dr. Minn · k also reported that the nonspherical 
particles of fly ash arc reedily ground, and that t he effect is beneficial 
in reducing water requirement. 

13. In another letter t o the WES, dated 16 ti.arch 1959, Mr . E. Carl 
Kreager of Columbia Cement Div is ion, Columbia Southern Che~ical 
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Corport!l!tion, described cement blended i n their plant i n 1952-1953 for the · Ohio Pover Company for use .in construction of a generating plant near 
Beverly, Ohio. According to Mr . Kreager, fly asb was fed into the dis­
charge of the finish grinding mill at the rate of 20%:80% portland cement, and mb:ing i;o.s acco~plished by passage t hrough 100 ft of 16-in. screw 
feedt'r , a.fter which the mixture was transported through a Fuller-Kinyon 
pump to storage . The fly ash came from the Ohio Power Company plant at Philo, Ohio • . 'Iypical data on the cement in question include.: 

Chemical and Ph~;-sical Properties Fly Ash Clinker Blend 
s102, % 48.78 22.37 
Al2o3, % 

24.70 5. 78 
Fe 2 0 3, % 

17. 42 3 . 40 
cao, "/, 

1.90 64.86 
[,1g0, % 1.35 2.86 Passing No. 325 l!ieve, '1, 
Surface area, air permeability, sq cm/g 

92 .. 8 

2165 

51.28 
2.59 

2-in . 
Nb Fly 
Ash 

Co h, psi 
Cube . cu yd Concrete Fly Ash o y Fly Ash 

Afl,e of Sample 

3 days 
7 days 

28 days 
90 days 
l year 

1780 
2710 
4300 
6640 
6950 

Blend Ash Blend 
162,0 
2570 
4270 
5850 
7630 

2250 
3180 
3350 

·1seo 
2650 
3750 

14. Concrete made with the blended fly ash-portland cement was used in all concre te construction on the Beverly, Ohio, generating plant. French fly ash cements 

15. Tbe Societe des V.ateriaux de Construction de la Lo~cne, Paris, has , since 1951, manufactured pozzolan-slag cements with fly ash in two 
strength grades . Production rose from 24 , 000 tons in 1952 t o 83,000 tons 
i n 1956 . The company began making portla.nd-.f l y ach cement in 1956 and now 
:::al-:e :::; three strengt h gr ades of this cement. Between 1957 and 1958, the 
I r-orortion of their total cement p.roduction that contained fly ash in- · 
-· t· •-·:i., e tl from 81 to 91%. The three g.rades of fly a.sh-portland cement have 

·i: i n;:-: tir.:i tely the following contents and surface areas : 

...... . .. ··-
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O e Clink r Fly A Gypsum Surfac Area, q c /c 
oignatioc ~ ~ ~ (Air b111 y} 

CP +C 250-315 75 20 5 3700 HRI C 315-400 84 12 4 4300 
Su er+C 355- 500 85 10 5 4700 

16 . ly a h us ontain abo t 2 carbon, lime, and 90i ac -
inso u le t 1 , an has (air ability) of 2000 to 
3800 sq cm/g . Th cements ar mad under a patent issued on 22 April 
1953 to Mr. Fouilloux . Co nts on the ot the cements ar given in 
pa r by Jarrig . 9 . 
Nev England 

17. Rock Product zine for ~c mber 1959 {vol 62, No . 12, p 52) 
stated that th Le Lim Corporation, le, Ma achusetts, ia a copart er in 
Poz nt Corporation, Bridgeport, Connecticut, to produc a.nd mark. t 11 -
fly ash and pozzolanic cement for concrete block manufacture . 

·-- .. _ ... 
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PART II : PRESENT INVESTIGATION 

Purpose and Scope 

Fur-i:o e 

18. e purpose of t is inve tigation was to determine tbe potential­iti s of us ng TVA fly ash, ground to increase its surface area, and bl n d with portlan cement; and also of using the same fly ash ground th portland-cen::ent clinker to pro uce portland-pozzolan cement meeting or exceeding ASTM a.nd Federal Specification1' 13 requirements for such material . 
Sco-oe 

19. Fly ash from the Tl/A Colbert, Alabama, steam plant, Type I port­land cement and portland-cement clinker, and gypsum were used. All com-b nations of cement and fly ash or clinker and fly ash were made on a weii3ht bas i s . The test program inc l 1.1ded the following : 

':! r ial s 

a . The cement without fly ash was tested for control purposes . The vork consisted of chemical analysee., petrographic exami­nation, and physical property dete:nninations . 
b . The cement and unground fly ash were combined in one pro­portion and subjected to the types of tests mentioned in~• c. Samples of the fly ash \lere ground alone to two degrees ot finenes s and combined with commercially ground cement for chemical analyses, petrographic examinations, a.nd determina­tion of physical properties . 
d. Portland-cement clinker and fly ah were ground together in several proportions and t0 two degrees of fineness for chem­ical analyses , petr ographic examination, and determination of physical propert ies . 

Mater ial and Proc ss ing 

20 . The followjn materials were used: 
a. Cem nt . Tw nty bag~ of Type I ortland c ment, serial No. RC- 454 , f rom V.a.rquette em nt Ma.n f · turing Company, Bran on, V sis i pi , r ce iv~ 25 My 195 . 
b . Clinker. 2000 lb of rtland-cement linker from the same 



I - - - - . .. --·· ... - --- -·---- --- 1 -

Processing 

21. 

r 

. 
" 

9 

burn as that from which the cement was ' made, serial No. 
RC-454-C, z·eceived 25 May 1959. , 

I • I ' c. Gypsum. 50 lb of gypsu~ from tl;le same suppl: as that used 
in making the cement, serial No. RC-454-G, ,received 25 May 
1959. ' 

d. Fly ash. 2000 lb of fly ash from the Colbert, Alabama., 
steam power- enerating pla~t of •the Tennessee ·valley Author­
ity, serial No . AD-94(3), shi~pe from Wils9n Dam on 2 June . 
1959 and received 4 Jun~ 1959. ' 

I 
Laboratory ball •milling equipment (figs . 1 and 2), modified to 

I -
_j 

•. 

1 
1 
l 

l I 
I 

J. 

i 

• I 
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Fig. 1. Roller mill 
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provide a removable plate opening in ;one end to perm.it sampling without r e .. 
movi r.g the entire end plate , was used to prepare the following materials, 
in the quantities iudicat d, for use in t he t tsts . All finenesses were de­
ter~ined by the air-permeability method (CRD-C 2 8; F~deral Test Met.hod 
Standard No. 158, Method 2101). 

. ... ...... 
- ·- - - - ... __ .,__ --- --- • - ... - - - -- - ·---·- -
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a. Fly ash ground to n* ! 500 sq cm/g, plus 100 lb sent to 'l'VA.-H-

b, Fly ash ground to n + 2000 ~ 500 sq cm/g, plus 100 lb sent to 'NA. 

c. Blend 1: 85i clinker and. 15i fly ash by weight ground to n ! 500 sq cm/g, t 

d. Blend 2: 80% clinker e.nd. 20~ fly as h by veight ground to n ! 500 sq cm/g. 

* n = the finenes s, sq cm/g, of cement (RC-454), obtained according to CRD- , 218. 
. The 

1
100-lb lots of ground fly ash wer e shi pped to 'IVA on 12 August 1959 f or them to check < 

t ~n each blend in which clinker was used, gyps um was added in an amount 1 

,;ufiicient t o produce an so3 content, expres sed as percentage by veight f llnl~er i n the blend, equal to the so
3 

content of . the cement. 



e. 

f. 

Blend 3: 75'1, clinker and 25'1, fly ash by weight ground to 
n + 500 sq cm/g. 

Blend 4: 65'/, clinker and 35~ fly ash by weight ground to 
n ! 500 sq cm/g. 

Blend 5: Soi clinker and '201, fly ash by weight ground to 
n + 1000 + 500 sq cm/g. 

h. Blend 6: 80'% clinker and 20,a fly ash by weight ground to 
n + 2000 ~ 500 sq cm/g. 

Tests 

Petrograpby and X-ray diffraction 

li 

22. X-ray diffraction studies of all four materials and petrographic 
examinations of the clinker and gypsum were made. Petrographic examination 
and X-ray diffraction study of fly ash, crushed to approximately n and 
n + 2000 sq cm/g, were ma.de. 

Chemical analysis 
and heat of hydration 

23 The cement and clinker were ana.lyzed for SiO Al O Fe 0 • ~ 2' 2 3' 2 3' 
Cao, MgO, so3, loss on ignition, Na2o flame, K2o flame, and insoluble res-
i due (c

3
s, c2s, c

3
A, c1~AF, Caso4). The fly ash was analyzed for Si02, 

A12o
3

, Fe2o
3

, Cao, MgO, so
3

, loss on ignition, Na2o flame, K2o flame, in­
soluble r es i due, moisture content, sulfide sulfur, and total carbon. The 
gypsum was analyzed f or Cao, so

3
, and H2o. Heat of hydration (by the heat­

of-solution method) at 7 and 28 days was determined on the cement and the 
six blends . Fly ash ground to n :!: 500 sq cm/g, and to n + '2000 ! 500 sq 
cm/g w.s a lso analyzed for Fe2o

3
; based on the resulting values, together 

with the Fe2o
3 

value determined on the fly ash, the amount of iron pi cked 
up duri ng grinding was calculated. Specific gravit ies were determined, 
a1s·o, of f ly ash ungr ound, 2.44; fly ash ground to 4250 sq cm/g, 2.74; 11Y 
ash ground to 5860 sq cm/g, 2.78. 
Physical tests 

24. The following phys ical tests were conducted: 
a. Finenes (CRD-C 218 ) of the cement, fly ash, and the eight 

proces.ed material s and blends was determined . 
b. Autoclo.ve ex~ans ion. Autoclave expansion of the cement ; 
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c . 

d . 

e. 

f. 

h. 

i. 

J.. 

k . 

l. 

m. 

- -- --- - - ----- ---- --- ------· ..... 

cement + 2o~i fly ash; cement + 20',t, fly ash ground to n ; cement + 20% fly ash ground to n + 2000; and the six blends was determined . 
Time of setting (Gillmore) was determined on the materials listed in b above . 
Com r essive stren~th at 3, 7, and 28 days was determined on the materials l is ted in b above . 
Air content of or t ar was determined on cement and blend 4 (65% clinker and 35% fly ash). Since neither of these air contents was more than 12.0·~ by weight , the other n:aterials listed in b above were not tested. 
False set of the cement and blend 4 was tested according to Federal Test Method Standard 158, ¥.ethod 2501, and CRD-c·259. Materials so tested are iudged t u be false setting if the difference between initial and final penetration is more than 17 mm. Since neither material showed false set, the other five blends were not tested. 
Residue after wet- sieving on No. 100 and No. 325 sieves of the cement, fly ash, and six blends was tested. 
Water requirements of the six blends and cement, cement+ 20% fly ash, cement+ 20'1, fly ash ground to n , and cement+ 20% fly ash ground ton+ 2000 were tested in ac­cordance with CRD-C 206 and ASTM C 340. 
Drying shrinkage of the cem~nt ard the six blends was tested in accordance with CRD-C 206 and AS™ C 340. 
Mortar expansion of the cement and blend 4 (65:35) was tested in accordance with CRD-C 206 and ASTM C 340. 
Bleeding of pastes of the materials liste~ in b above was tested in accordance with CRD-C 245. -
Sulfate resistance with added S04 of the cement, cement+ 20% fly ash, and blends 1, 2, 4, and 6 was tested. 
Sulfate resistances of lean mortar bars of the same mater ials listed in 1 were tes~ed. 

Results of tests of the cement were compared with the requirement of 
Federal Specification SS-C-192b (CRD-C 200 ) and ASTM C 150 for Type I ortland cement . Results of tests o~ all blends of cement (or ement clinke r) ar.d fly ash were compared with the requirements of CRD-C 206 and ASTI-~ :; 340. 
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PART III : RESULTS 

Processing 

Roller-mill ch~r~es used 

25. The fly ash used in the portland cement-fly ash blends, and the 
six, interground portland-pozzol3n blends were ground in a drum roller mill, 
30 in. in diameter and 24 in. wide, turning at a speed of 40 rpm. Based on 
informtion on grinding operations in cement manufacturing, it was decided 
that a graded steel ball charge of approximately 850 l'!:) would produce the 
best results; however, the first grinding of the fly ash for each fineness 
resulted in failure of the support rollers of the mixing drum, and the ball 
charge was reduced to approximately 500 lb for the rest of the grinding 
operations. 

26. The approximate gradings for the two weights of ball charges 
were as follows: 

Fly ash 

a. The 853-lb charge was composed of: 

(1) 78 lb of 8/16-in. diameter 

(2) 117 lb of 11/16-in. diameter 

(3) 404 lb of 13/16-in. diameter 
(4) 

(5) 

76 lb of 15/16-in. diameter 

178 lb of 1-1/16-in. diameter 

b. The 496-lb charge was composed of: 

(1) 78 lb of 8/16-in. diameter 

(2) 117 lb of 11/16-in. diameter 

(3) 301 lb of 13/16-in. diameter 

27. The air-permeability fineness of the fly ash before grinding was 
1855 sq cm/g, and the fineness of the portland cerr.ent used in the proc­
essing* ws 4010 sq cm/g. Two portions of fly esh, one weighing 194 lb 
and the other 180 lb, were ground. The first was ground to a fineness of 
4250 sq cm/g based on desired fineness ot 4<HO + 500; the other was ground 

* Later testc revealed a value of 3940 sq cm/g; this value :.., given in 
table 1. 

... - ·- .. - - ·---- --· - -·-
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t o a f i neness of 5860 sq cm/g based on desired finenes~ of 4010 + 2000 
!: 500. 

28. The data on grinding were as follows: 
a. For the 194 lb of 4250 sq cm/g material: 

Air-: 
Permeab • ~.ity Total Wt of Fineness at Grinding Grinding Media End of Grinding Specif ic Time, min lb sg, cmLs Gravitr 

60 853 3565 2.70 120 496 3845 2.72 180 496 4250 2.74 
b. For the 180 lb of 5860 sq cm/g material: 

Air-
Permeabil:!.ty 

Total wt of Fineness at Grinding Grinding Media End of Grinding Specific Timez min lb s9. emf.! Gravity 
90 853 4660 2.75 150 496 4960 240 496 5615 270 496 5860 2.78 

29. The specific gravity of the fly ash oefore grinding 'WB.S 2.44. 
The specific gravity of the ground material was considerably higher tban 
t hat of the ur.ground. The 4250 fineness value shown is based on two tests, 
the results of which were 4249 and 4254; the 5860 value is also based on 
two tests, the results of which were 5856 and 5864. Of the 194 and 180 lb 
of material, respectively, there were 190 and 173 lb of usable product 
available after grinding. 

30. The relations of grinding time, surface area, and specific grav­
i ty for the fly ash tested are shown in fig. 3. It appears tbat the re­
l ation of increase in surface area to grinding time is essentially linear 
for each char ge of grindi ng media used. Based on the s lope of the surface 
ar ea increase-grindi ng time curves for the 500-lb grinding-media charge, it 
\/Ould be predict ed that a grinding time of approximately 10 hr and 20 min 
would have been required to i ncrease the surface area of the fly ash from 
1055 t 6000 sq cm/g. I f t he mill had been capable of handling the desired 
8)0- l b bal l char ge , a grindi ng t ime of about 2 hr and 20 mi n is indicated. 

31. The increase i n specific gravity of the fly ash from 2.44 to 
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2.78 as a result of grinding from 1855 to 5860 sq cm/g vas assumed to be 
due to (a) the effects of 
crushing porous particles 
(such as hollow glass 

spheres ) hav i ng impermea­
ble pore space and thus 
reducing or eliminating 

such pore space, and (b) 

the addition to the 

ground fly ash of metal­
lic iron produced by wear 
of the grinding media and 
the mill liner during 

grinding. Assuming a spe­

cific gravity of 7.5 for 
iron, it would be neces­

sary to add approximately 
6i of metallic iron by 
weight to the charge of 

190 lb of fly ash in or­
der for the specific grav­
ity of the fly ash-iron 
mixture to be increased 
from 2.44 to 2.78 by this 
factor alone. Chemical 

a.nalysis of the fly ash 

for iron, calculated as 

•,-----,----~----,,---...... --------
0~? 

0 
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Fig. 3. Surface area-grinding time-specific 
gravity relations for Colbert fly ash 

(190-lb batch) 

I I 

Fe
2
o
3
, yielded the following results . 

Fineness 
sq cm/g 

1855 
4250 
5860 

Specific 
Gravity 

2.44 
2.74 
2.78 

Fe2o3, <fo 

25.41 
25.73 
26.04 

32. The increase in iron content, Fe2o3, accompanying the indicated 
increase in surface area and specific gravity is only 0.63'1, . It is there­
fore concluded that the predominant cause of the increase in specific 
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gravi ty with increas ing finen~ss produced by grinding is the loss of 
l mper meabl e pore space . 
Fly ash- ortland-pozzolan cement 

33. The results of grinding 75- l b portions of the clinker-fly ash 
::-.i xture!:; wi t h the 500-lb charge wer e as follows : 

Des ired 
Fineness Grinding Final Blend +500 Time Fineness :·10 . Compos i tion sq-cm/g hr sq cm/g* --

1 85% clinker 4010 1(+) 4485 15% fly ash 
2 eo'I, clinker 4010 1 3922 20'1, fly asl~ 

3 751, clinker 4010 1 4140 25% fly ash 
4 65i clinker 4010 1 3659 35% fly ash 

5 80<1, clinker 5010 1-1/2 4743 201, fly ash 
6 eoi clinker 6010 2 5680 20'/o fly ash 

* These values were obtai ned in tests of grab samples taken to determine the extent of processing, and do not agree 'With final test results on carefully mixed samples. 

34. For the first gr i nd of clinker, fly ash, and gypsum (used in the 
proportion given in paragraph 21), the desired quantities were weighed out 
an then intergroun,i for successive 60-, 90-, or 120-min periods. After 
ei ght such peri ods, aggregating 12 hr of grinding, the product remained 
ur.sati sfact ory due to the presence of lumps. Consequently, the material 
wa s discarded. It was suspected that an important factor in the continued 
pr~sence of lumps was the moisture introduced i nto the mixture 'With the 
GY?sum. Accordingly, when a new set of the desired quanti ties of mate­
r ·~1s was weighed out, t he gypsum was f i r s t hand-ground t o pass a No. 8 
·: i~ve . The clinker was weighed and then sieved over a No. 4 sieve; the 
l :t:· t i cl es coarser than Jo. 4 1-1ere pas sed through a. hammer mi l l a..,d returned 
u L ~ ba tch . The gypsum was dried i n the sun af ter having been weighed . 

·i :.•: • 11 cho.rge, ~hich had become coated in the i ni t i al g indi ng, was 
1'1 • · ir1 ~ by u.., i ng it to grind some dry sa.nd. Af ter a single intergri ndi ng 

----- · ----
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operation or ·6o min, a fineness of 4200 sq cm/g was attained for ~..be 
clinker-fly ash-gypsum mixture, but approximately 1-1/2 lb of clinker re­
mained in the form of particles coarser than a No. 20 sieve. These parti­
cles were returned to the mill alone and ground for an additional 60 min. 
This additional grinding pulverized only about half of the clinker lumps. 
The lumps were then run through a di.sk pulver izer and the product was re­
turned to t he batch. The fineness of the final product was 4485 sq cm/g. 
The weight of the ball charge before and after grinding was . 493 lb. 

35. Subsequent grimls of clinker, gypsum, and fly ash were made on 
weighed quantities with the clinker particles coarser than No. 4 beiz?.g 
hammer-milled before grinding, the gypsum being band-ground to pass the 
No. 8 sieve before grinding and then sun-dried, and the clinker particles 
coarser than the No. 20 sieve after grinding being reduced by the disk 
pulverizer. 

Petrographic Examinations and X-ray Diffraction Studies 

Petrographic procedures 
36. GyPsum. A representatj,.ve sample of the gypsum was examined with 

the stereoscopic microscope and as immersion mounts with the petrographic 
microscope. 

37. Portland-cement clinker. Thin sections we!e made fran samples 
of the clinker and examined with the petrographic microscope. 

38. Fly ash. Representative samples of the fly ash as received, 
after it was ground to the same fineness as the cement, and after it was 
ground to finenesses of 4250 and 5860 sq cm/g were examined as immersion 
mounts with the petrographic microscope. The particle shape and size dis­
tributi on of t he fly ash as received were noted. Estimates of amounts of 
glass , magnetite , carbon, and crystalline material were made on about 25 
immersion mounts. The range i n indices of refraction and predominant 
indices of refract i on of the glass were determined. In the examination of 
the t wo samples of ground fly ash, particular attention was paid to the 
effects of grinding on the particle shape. Known weights of the three size 
groups of fly ash were separated with a Seper laboratory magnet. The mag­
net ic portions were weighed and t he percentage of magnetic material was 
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calculated. Both the nonmagnetic and magnetic portions were examined as 
immersion mounts. 
X-ray diffraction procedure 

39. Clinker, portland cement, gypsum, and fly ash were examined 
u.., inG u General Electric XRD-3 X-ra:· diffractometer with No. 2 detector. 
:. k kcl- .filtr:red copper radiation was used on all samples except the fly ash, 
which because of its high iron content required iron radiation to obtain a 
pattern that could be satisfactorily interpreted. All samples were run as 
powders packed in aluminum sample holders; samples that were not suffi­
ciently fine when they were received were ground until they could pass .the 
No . 325 sieve. The cement, clinker, and gypsum samples were run at 0.2 
degree per min using a 1-degree slit, a 3-degree beam slit as a soller slit, 
and a 0.2-degree detector slit in the range from 2 to 20 degrees 2-theta. 
Beyond 20 degrees 2-theta, the 3-degree beam slit, MR sailer slit, and 0.2- . 
degree detector slit were used. 1'he 1-3-0.2-degree collimation ws used 
over the entire angular range studied for the fly ash samples. The target 
angle was 4 degrees; log scale, 4000; time constants, 30-7.5-2; I.S., 3.5 
volts; reverter acceptance, 96~. 
Results of examinations 

40. Gypsum. The ~l3.Illple consisted of slightly damp, very light gray, 
sand- sized, broken crystals end crushed, medium-light-gray lumps as large 
as about 3/4 in . in maximum dimension. In immersion mounts, gypsum made up 
about 97% of t he whole, with traces of anhydrite and goethite. The X-ray 
uiffra tometer trace showed that the sample examined consisted of about 95~ 
cyp~um with about 5% anhydrite. 

41. Unground fly ash. This sample resembled other fly ashes exam­
ined by WES, but was much coarser . It was composed of glass, opaque car­
bon and magnetite , hematite, and a small amount of crystals that could not 
lie identifi,?d by optical methods. Most of the unground fly ash consisted 
c,f spherical and ellipsoidal beads of glass and macnetite, vith smaller 
·,:::." ts of irregularly rcunded composite grains of similar composition, and 
.: , ::.,: vi:.: ry irregular carbon particles. The grains ranged from lat'ger than 
,: : ~:1 • r. diameter to less than lµ, the predominant particle size being be-

·, .. .. ·11 110 and 15µ. About 95i of the i:articles were largt>r than 5µ. The 
·: · : : •·= or l'e fraction of the glass ranged from l. 500 to l .630, with most of 
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the glass having indices in the range from 1.530 to 1.56o. The iarticles 
of lower index tended to be clear, in part vesicular, and sanevbat larger 
in size than the rest of the glass particles. The glass of higher in l'X 
was generally green or amber. A few bright red i;:e.rticles vith an index 
much higher than 1.630 were presumed to be hematite, or hematite enclosed 
in lass. Black spheres with a dull metallic luster in reflected light, 
assumed to be magnetite, and a much smaller number of red spheres vith high 
refracti'le index made up from 15 to 25~ of the sample. Irregularly shaped, 
large carbon i;articles made up 5 t o 1oi by volume ot the sample (tbe carbon 
content determined by chemical analysis, paragraph 49, was 3.56~). ~Any of 
the carbon particles.were vesicular, other~ looked like aplinters; few 
were somewhat ellipsoidal. 'lb.e original voody structure was seen on some 
of these particles. Transparent or translucent glass, glass vith inclu­
sions, and crystals made up 60 to 75i of the sample. Less tha.n 25~ of the 
glass wa& free from inclusionR. 'lb.e glass containing inclusions showed low 
over-all birefringence or birefringent spots between crossed nicols . Some 
of the inclusions vere crystals, but many were bubbles. The particles con­
taining inclusions were white in reflected light, but the glass spheres 
without inclusions were clear in reflected light. Less than 5i of the sam­
ple was crystalline material other than magnet ite and hematite. 

42. Results of the magnetic separations were: 

Condition of Material 
As received 
Ground to 42 sq cm/g 
Ground to 5860 s q cm/g 

Magnetic Porticn 
," by Weight 

The results are not entirely accurate , since examination of the magnetic 
and nonmagnetic separates revealed that neither was free of foreign part· ­
cles. The magnetic portion cont ained glass spheres that vere obviously n­
magnetic, and the nonmagnetic portion contained weakly magnetic particle~, 
particularly in the gr 0und samples. ~agnetic and nonmagnetic ~article3 
were found to _be feebly attracted to ach other by some force, probably 
static electricity, so as to form mixed aggregates. The aggregation was 
partially overccme by placing the fly ash in di stilled water and stirring 
With a glass rod before magnetic separation. The magnetic portion was 
then separated by putting the magnet in the container and removing the 

_____ , _ _______ -·----· -
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magnetic material . Had this procedure not b,een used, 8111 of the material 
ground to 5860 sq ,c.m/g would have been picked up by the magnet. 

43 . Ground fly ash. The me.te.rie.l ground to finenesses of 4250 anti 
5860 sq cm/g in the laboratory be.ll mill was examined to observe the ef-
fect of ~'rinding on particle shape and to detect any change .in composition, 
particul;,;.:::· ly an increase · in iro.n produced by abrasion of the grindi1:1g balls. 
The 5860 s q cm/g sample consisted of from 30 to 50,; glass and .magnetite 
spheres , with the rest consisting of dustlike particles of very irregular 
shape in aggregates and broken spheres. A few particles larger than 40µ 
were observed, but the great majority were less than 10µ in diameter. The 
ground sample appeared to ·contain more oi:a.q,ue material than the unground 
sample. The aggr,egation of the particles and their extremely small size 
made it difficult to estimate the amount of opaque material p esent, but a 
conservative estimate would be more tban 251,i. The material ground to 4250 
sq cm/g was intermediate between the unground. and the sample ground to 5860 
sq cm/g. The grains were larger, less broken, and less dusty than in the 
finer sample. If pieces of metallic iron from the grinding balls were 
present, they were not detected because of their close res,en.blance to 
crushed magnetite . 

44. The X-ray examination of the three samples o:f fly ash agreed 
with the petrographic resi.:Us, and established that quartz and mullite were 
present. The crystalline phases in the fly ash samples are listed below in 
order of decreasing abundance: 

Crystalline Constituent 
.1-1.a.gnet i te 
,Quart z 
Hematite 
Mullite 

Order of 
Decre·as 1.ng Abundance 

1 
2 
3 
4 

45 . Carbon was not identified by X-ray because the carbon in fly 
nohes is very poorly crystalline, has a low absorption coefficient, and is 
ho.rd to detect in the presence of quartz and mullite . The diffraction pat­
tern~; of the three sizes of fly ash werd practically identical. Corre-
:; ; ~din3 lines on ea.ch r-attern were almost equal in intensity. No ele­
:.:.,:r.t~l iron was dete.::ted in either of the two ground samples . 

46. Clinker and cement . The thin sections of the por~land-cement 

"",'"'"~iillliJIJU.ii~' ' 
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clinker ohoVi d that it va fine-grai ed ve as c,_,.,...,,.d vi h modem 
cem nts produc d in th e tern Unit State , and t t the clink r pebbl 
~re v ry poro; . Th most co picu constitu nt were phenoc ta ot 
colorle 1te in bhedral crystals vith i::.any inclu iona, quite closely 
~ac~ed, wi h the interstic s fil1 d Vith ragg d to pri tic, dark greenish 
brown leiochroic al inof rrit . Grou of round d b .lite crystal were 
spottily di tributed and had a llovish b w tint in lan light and 

higher birefringence bet en cro s d nicol t th alite. Rot !calcium 
alur.rlnate va definitely recogniz d. Parts of the large open pores in the 
clinker vere fill d with calcium hyd.roxid . The X-r y ditfr ction pat­
tern of the clink rand cement indicate that the proportion of alite to 
belite was 9 to 1 or greater; luminoferrite quite abundant and tr1-
calcium aluminate quite minor. S ot th clinker p tt rna ·ontained fre 
C~o, less than 1i in all probability, and som of th cement and clinker 
pattern contained c lcium hydroxide . Th r cognizable calcium sulfate 1n 

the cement was anhydrite and mibydrate; no gypsum -was found . 
Sur:mia.ry of results 

47 . Examination of the materials u ed° 1n the experimental cement 
yielded the results listed below. 

a. 

b. 

c . 

The gypsum sample con isted of at 1 ast 95~ gyp um, With a 
very small amount of anhydrite, and a race of oethite . 
The unground fly ash was coarse and un sually rich in iron 
oxides as co par d to fly asbe1 examin d previously. A out 
42i of th fly ah as receiv d was m netic. The major con­
stituents were glas and gnetite , vith minor quartz, h 
tite, mullite, and som carbon. Ball-milling t nd d to 
cone ntr te the gl ss in th broken, and the o~ que zr.aterial 
in the unbroken portions . The indices of retract .on of th 
gla s ranged from 1. 500 to 1.630, 1th ost lying in th 
r nge from 1.530 o 1.560. These valu are vithin the 
range of tho determine on ny a hes previously examine 
at the WES . 

The cement clinker and cement are fie-grained as co ~ared 
vith many odern in tee eastern Uni~ed 
Stat s . The - t d that the roportion of 
alite ( C3 t b lite ( with b-
stitut d t l; aluminoferrite wa 
quite abu wa very 1nor; th re 

r ) and fre Cao . e 
s h orms of he 1-

abunda.nce n ratio of 
nt . 
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Discussion ~r results -----------
48. It ppears reasonabll! to expect that the tly ash, clinker, and 

c lcium ulfa examined vill make &. satisfactory portland-pozzolt.n cement . 
fly ash would be i.q>roved as a pouolan if the iron oxide were removed 

y ~sne i c eparation. The iron oxide concentrate might be useful aD tine 
n c ncr te to be used for radiation shielding, or it might be sold to 

th steel mills in the Birmingham, Alabama, area, or elsewhere Within economic sbi ping range . 

Chemical Analysis 

49. Results ot the c emical analyses were: 

Test Result 
Moisture, '1, 

Sio2, 'I, 
Al

2o
3

, 'I, 

F 203' 'I, 

Cao,'/, 
o, '1, 

03, '1, 
s, '1, 
Total carbon, .,, 

I nition loss, ~ 

I oluble residue, i 
' 0 cf. a2 , -P 

K
2
o, 'I., 

ot l alkalies as Na,,O, 'fo 
.:; 

c3' ~ 
2 ' 1, 

c; ,A, r> 
J 

, • F 
•.ti , ,, 

I :, , , ) 

... ~• lt: l .:. .. at 890 C. 

Cement Clink r 
RC-4~4 RC-4~4-C 

19.71 20 . 53 
5.34 5.62 
4.32 4.32 

64 .94 65 .24 
1.64 1.69 
2.30 0.36 

1.59 1.60 
0.14 0.12 
0.10 0.11 
0.30 0. 31 
0.30 0.31 

65 .9 64 . 5 
6.9 10 .3 
6.8 7.6 

13 .1 13.1 
3.9 o.6 

- - - -- ·- --- .. .... -·-- -

Gypsum 
RC-4~4-G 

19.44* 

33 .52 

45 .92 

Fly Ash 
AD-94(3) 

0 . 26 

43 .29 
18.19 
25 .41 
3.57 
0.78 
0.50 

o.oo 
3. 56 
4.15 

€6 .95 
0.23 
1.84 

1.44 



23 

' 50. 'The petrog phic examination of the gypsum i:evealed that of the 1 

material examined in immersion mounts vith the petrographic microscope 

about 97i consisted of gypsum vith traces Qf a~ite and goethite, and1 . . 
that of the sample examined by X-ray diffraction abou~ 95i was SYJ)sum and 

' I 
about 5i anhydrite . From the results of the ,chemical analysis, the 

following c1 ,-nutations were made: 

Moles so
3
, in 100 g = M:B& =10.5736 

' 
Moles Cao in 100 g = gg:~ = ; 0.5977 

• 0.Q24l 

= 0.5736 

Moles Cao excess 

Moles Caso4 in 100 g 

Moles H_2o for gypsum = o.573t _x 2 = 1:1472 

Moles H20 in 100 g 

Moles H
2

0 deficient 

= l~- 4~6 = 1.079°0 l .01 

Moles anhydrite 

Moles gypsum 

'I, anhydrite - 0,0341 x 136.14 

i gypsum= 0.5395 x 172.17 

Heat of Hydration 

'"" 10.o682 

• 0.0341 

= 0.$395 ;, 

= 4.64 

• =: 92.89 

51. Results of tests fer heat of hydre.tio:i by the heat-of-solution 

method were: 

Surface 1 

Area 
ti.ate rial sq cm/g 

Heat· of Hydration, cal/~ at 
7 Daye • 28 Days' 

Cement 
Blend l (85 :15) 
Blend 2 (80:20) 
Blend 3 (75:25) 
Blend 4 (65:35) 
Blen 5 (80:20) 
Blend 6 (Do:20) 

(n) ·3940 
(n) 4170 
(n) 3865 
(n) 4090 
(n) 4035 

(n+l000) 4610 
(n+2000) 5705 

7~.o 
72.9 
66 .'1:. 
66.7 

1 61.6 
73.6 
75.4 

' -
I 

87.6 
84.3 
79.5 , 
77 .~4 
71.7 
84.9 
e6.7- ' 

52. These results indicate that the three blends sontaining 20, 25, 

and 35% fly ash (blends 2, ·3, 4) and ground to the same approximate fine- · 

ness as the Type I cement had values for heat ·of by;d.ration at both 7 and 28 

-• ___ I ' 
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days that would comply 'llith the optional maximum 11.mits of 70 and 8o cal 
I 

per g, respe tively, that a:re applicable to Type II portland cement. 
53. The effects of fly ash co~tent and fineness on heats of hydra­

tion are shown in fig. 4. There is an indicated reduction of 10 cal per g 
10-----,.----.----------

--------M-----+----t 5' 
~ 
i 
2 

I ~ 
g 
> 
~ .. 
0 .. 
C 

.. ,o 

I ,'J0 ____ ___..._...4--+----+-----I 

NUM■ Ill AOJAC.NT TO 
i,LOTT E.0 ~OINTt OC.NOTC 
IUlll,-AC& Alll l: A IN IQ CMl t 

'°o .. ---""',o _____ ao.._ ___ lO ___ _..., 

"LY Al .... lfl'a-. CCNT ■Y WCIGHT 
IO 

-
.., IO 

IUIIF ..C:■ All■ A, IO CM/ t • 1o•I 
FOIi C: ■-TI WITM ., "LY AIM 

IO 

Fig. 4. • Effects of fly ash content and fineness on 7- and 28-day heats of hydration of fly ash-portland-pozzolan cements 

in both 7- and· 28-day heats of hydration for each 25i of fly ash replace­
ment of cement for equal surface area of about 4000 sq cm/g. It is also 
indicated that for a 20% replacement ·by fly ash, an increase in fineness 
of 2000 sq cm/g vill increase the heat of hydration to a level approx1-
~ate1y equal to that of tbe cement without fly ash. 

Physical Tests 

54 . Results of tests for fineness , specific gravity, soundness, time 
•:· ',·· t !1G, 

I 

om ressive 3trength of mortar, air content of mort ar, early 
: ;· :·,. • • ._, , ' -.·ater requirement , bleedi g, mortar ex ansion, drying shrinkage, 

•• .• 1~·,\tc r sistance are civen in table l for Materials and blends tested . : 



55. Relations of compressive strength to fly ash content and fine­
ness, similar to those shown for heat of hydration in fig. 4, are shown in 
fig. 5. For fly ash-portland cement having a fineness of about 4000 sq 
cm/g, these data tend to suggest an optimum fly ash content of about 25i by 
weight . 

NUMlt tt: 9'1 AOJACCNT TO ~ L onao "'OINTS 
O~NOTC ~IN.NUS I N IQ C:N / 9 

-1-----+-----+-----+-----t 

OOH 

-.~---,~O ___ ,,.,JD ___ ~IO~-__,,_ .. 

PLY ASH. ~ ... C~NT ■Y WC:IOHT 

IO 00 IO 00 
-~AC• All.A, IO Clt/t • 10 •I ~OIi 

CCIISNTS WITH ao, ~LY AaM 

Fig. 5. Effect of fly ash content and fineness on 3-, 7-, and 28-
day compressive strengths of fly ash-portland-pozzolan mortars 

56. The relation between the specific gravity of the components of a 
portlana-pozzolan cement, the proportions in which they are used, and the 
specific gravity of the product are illustrated in fig. 6. From such re­
lations it should be possible to compute the actual fineness of the fly ash 
constituent, assuming that the variation in specific gravity of fly a~h 
with fineness is a s i ndicated in f ig. 3 (~ege 15). The relation of actu­
ally determined specific gravities to those calculated graphically from the 
relation shown in fig . 6 is shown in fig. 7. The theoretical specific 
gravities are based on the assumption that in a portland-pozzolan cement of 
4000 sq cm/g surface area, the fly ash and the portland cement will each 
have surface areas of 4000 sq cm/g and specific gravities equal to those 
possessed by the t wo ineredients when each i s se~arately ground to that 
surface area ; plus the further ass umption t hat the specific gravity of t he 
portland- cement clinker constituent does not change with change in surface 

3322'1 
-- -- ····-· -- - --
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Fig. 6. Relation of fly ash content to specific gravity of fly ash-portland-pozzolan cement 
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area within the limits of ~nterest . Fig. 3 shows that the fly ash bad a 
specific gravity of 2.72 at a surface area of 3845, and 2.74 at 4250; con­
sequently, a specific gravity of 2.73 was assumed for a surface area of 
40QO sq cm/g. The theoretical and actual specific gravities are : 

Indicated 
Assumed for Portland-

Fll -Ash Cement 
Fine- Sp Gr, Portland- Fli Ash Clinker 
ness Pozzolan Cement Surface Surface Fly Ash sq Theo- Area Area 1, ~ Sp Gr ret ical Actual Sp Gr ~cm/ 11. sq cmbJ. 

15 4000 2.73 3.028 3.00 2 . 54 2200 4330 20 4000 2.73 3.011 2.99 2.62 2900 428o 
25 4000 2.73 2. 994 2.98 2.68 3400 4200 
35 4000 2.73 2.959 2.95 2 .71 3700 4160 

The val ues for indicated sur face area of the portl and-cement clinker con­
stit uent given in t he l ast column above were obtained from t he rel ations 
shown in fig . 8. The relations indicat ed i n fig . 8 suggest that for the 
particular fly ash and 

portland-cement cl inker stud­
ied and the proportions and 
grinding facil ties employed, 
the fly ash was harder to 
grind than was the clinker 
(see paragraph 12), since for 
all proportions it is indi­
cated that the 4000 sq cm/ g 
product included f l y ash 
having a surface area less 
than 4000 sq cm/g and clinker 
having a surface ar ea great er 
than 4000 sq cm/g . The addi­
tional indicated relation, 
that the difference between 
the finene sses of the com­
ponent constituents decreases 

-~-- ""T""----.---...--- ---,.-----.-

- -__ ._ __ _.__ __ ___. ___ ,...._ __ _. __ ~-
•«- IIO 90 00 IO 0 

Fig. 8. Relation of surface areas of con­
stituents of portland- pozzolan cements 

as the percentage of the more resistant component increases , suggests that 
had the in redients been used in approximately equal pro ortions their 
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surface areas might have been more nearly equal. The relation of the theo­
retical and actual curves in fig. 7 does not, however, suggest tha~ the 
curves Will cross. To the extent that these indications may apply to com­
mercial grinding equipment, they suggest that economici:u production of 
~ly Gh- r,ortland- ozzolan cement intended to have given properties may be 
achieved best by either pregrinding the components separately or by pre­
grinding a mixture of the components in other than the final proportions, 
followed by a final intergrinding of the desired product in selected proport i ons. 

• ·--- - - -- • - - ·--. - - - --- ---- -
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PART rv : DISCUSSION OF RESULTS AND CONCLUSIONS 

Comparison of Test Results vith Applicable Specifi cations 

Specifica ions for ~ortland cement 
57. The Type I cement (RC-454) complied with the requirements of 

Federal Specifications for portland cement, SS-C-192b, in all respects. It 
may be noted that the strength and fineness limits were greatly exceeded, 
as indicated belov. 

Fineness, sq cm/g 
Compressive strength, psi 3 days 

7 days 
28 days 

* Specimens made 28 July. 
** Specimens made 22 August. 

Specifi­
cation 

Minimum 

28oo 
1200 
2100 
3500 

Cement 
RC-454 

1st S~ecimen* 2nd Specimen'"' 

4010 
3125 
3695 
5440 

2760 
3e65 
5190 

58. Since the cement uGed greatly exceeded the specified minima, it 
follows that it could be blended or interground with a considerable amount 
of a less cementitious material and still comply with the specification 
limits. 

Specifications for 
portland-pozzolan cement 

59. Federal Specifications for portland-pozzolan cement, SS-C-208b, 
included herein as Appendix A, and ASTM Tentative Specifications for 
Portland-Pozzolan Cement, Designation: C 340-58T, give limits which may be 
compared with performanc~ as developed in the experimental cements in the 
tabulation on the following Fage. 

60. Except for two of the 80: 20 blends (2 and 5) in which slightly 
more than the 1.0% allowable amount retained on the No. 100 sieve was found, 
all inter0 round cements tested met all ASTM requirements and all Federal 
req irements. 

__ ,. _ __ .., __ ,.. -·-- ·-·. - - -----·- -
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Conclusions 

61. The data developed in this investigation suggest the follow1.ng 
conclusions. 

31 

a. Fly ash produced at the TVA Colbert, Alabama, ste8.Jl1 gener­
ating plant is a sat:lsfactory pozzolanic material for use as 
an ingredient in portland-cement concrete. 

b. Colbert fly ash, as now collected, Will not meet current 
specifications for pozzolanic admixtures for ~se in concrete 
because it is too coarse. 

c. Colbert fly ash when ground in a ball mill and blended with 
commercial portland cement can yield a satisfactory portland­
pozzolan cement. 

d. Satisfactory portland-pozzolan cement can also be produced 
by intergrinding Colbert fly ash, portland-cement clinker, 
and gypsum. 

e. The rate of chemical. activity of portland-pozzolan cements 
containing ground Colbert fly ash decreases with increasing 
fly ash content for a given fineness, and increases With 
increasing finc~ess for a given fly ash content. 

f. The optimum fly ash content and fineness of a portland­
pozzolan cement made with Colbert fly ash will depend on the 
use for which it is intended,'the properties of the portland­
cement clinker employed in its manufacture, and the proper­
ties of the portland cement or ceme~ts with which it is 
intended to compete. 

~• Portland-~ozzolan cements having performance characteristics 
such as to core~ly with the requirements for Type I or Type 
II portland cement could be produced using Colbert fly ash. 
A product complying with the optional requirements on heat 
of hydration giv n in the Federal Specifications for Type II 
portland cement could be made from fly ash and Type I 
portland-cement clinker such as those used in these studies 
if 20% or more by weight of the cement were fly ash and the 
product ground to a specifi c surface (air permeability) 0f 
approximately 4000 sq cm/g. 

h. The desired rate of chemical activity for a combination of 
Colbert fly ash and a given portland-cement clinker can . 
probably be obtained at more than one combinat:lon of fly ash 
content and fineness; t he optim un fly a!:.h content-fineness 
combination will depen~ on relat ve cost of the cement and 
fly ash, and the cost of grinding to produce addition, l 
surface area. 

i. Since the fly ash appears to be harder to grind than the 
portland-cement clinker, and since the difference in rela­
tive grindability appears to increase as the percent age of 
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fly as h decreases, it may be more economic'l! to grind fly ash-portland.-pozzolan cements in stages rather than in a single operation . 

.. . 
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FEDERAL SPEOFICATIO, 

AMEJIDU&NT-1 
MAY 17, 1915 

CE}IlNT; PORTLA D-POZZOL 
Tlii, , p,ci~io" INI . ,,,,""4 6w tA. c., "'i'""tr, F11dM l 1111,1, ,,,,_ 
ia, Gt11nol &m,., A rl"'i"Wratioll, /w c>., ""' e/ .U f t rel •f'llrillt. 

1. CLA SIFICATIO 

1.1 TJPet.- The portland-pozzolan cement 
covered by this pecification shall be of the 
folio ing type1, aa a cified. 

Type I.- Portl nd-pozzole.n cement. oon-air­
entraioing. 

'l'yp IA.- Portland-pozzolAn cem nt, air­
entraining. 

2. APPLICABLE PE IFICATIONS AND 
OTHER PUBLICATIONS 

2.1 Th following Fed rw pecific tions, of 
the i uc in ff ct. on the d of the invit tion 
for bid , shall form a part of this ap dficatioo: 

SS-C- 192 men ; Portland. 
SS-C--15 - ment , Hydraulic r tlioda for 

Sampling, In p rtion and T st.in . 
(Non-Government actlvlt! ma obtain cop or 

Federal Speciflcatiooa an upoo appllc t oa 
accompani d by c r, c b, or Govero, 
meot Priolin Offi o C n r 
Admlnl tratioo, B Center. 
Bev.int and D S hlngtoo 25, D . C. 
Thia office will al ac 
15tlu d by the Oovcramcnt. P rinting 0 
the Ind x of Fed r-al peciti 
be obtain d rroro the Su 
U . .S. Go,· mment Printing O 1c I 
Pri may be c;btaln d f m 
Specilications and St&odardt or from i h 
0 

( opl o • • cifi catlon product 
1pccJ licatlo03 re • • 
for biddin r b 
the G A io ' 

\ 

Fr•nci o, A 11 • 

(Gov rn t r 
Specific• tions an I 
Specific t ion a n1 

chano b Crom t .) 

2.2 Otller ,ablica1io■1.-Th foll inr pub­
lication of the • u in ft ton dat of in itation 
for bid forma a part of this a ification. 

Amtrica" S«ittv /or Tuti119 Maltriau Pd­
lwtion: 

A TM tand d C 1 ' Metl,od of T t. 
for peeifi Oru·ity of Hydraul ic cment. 

(A TM tandard are pubU hed by the Am r can 
lety f r T Un . lat•riala• IIUII Rae. l t, Pb la­

chJphla 3, Pa.) 

2.3 
plic bl 
Ii t d in 

pecification and otb r publi tiom ap­
only to individual d partm nt, are 

lion 7. 

3. REQUIREMENT 
3.1 Portland or portland-cem t. 

clinker u d in t r xz ern nt 
ahtll conform to q 11ts mical 
compo ition for I, al cation 

192. Pouolans po • zzo-
m n ah 11 conform to th col 
cd in 3., . 

3.2 Tb perc f pozzolan in tli port-
Jand-pouolan c o.ll han 1 
p r nt nor m · 5 c· 
'l'h rnanufac 
amount, and o n o n 
i11 tho 6.11i bed z . 
amount of pozzola11 i th fi t 

ary m n, ti n ±5.0 nt 
, t !rom th amount • manu-

.r. 

3.3 D • ire1nen 
p zzol n 11111 con{ 
m 11t ,t pro 
tublo I , n11d to phy icnl p • 
in tnblc II. 

-· - - ··--- -·-
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T Ani !.-Chemical requirement, 

T t Type I Type IA 

ulrur tri Ide ( Oi), mu.lruum ... . 
loi., ur cont nt, m l lmum ...... . 

JgoJti o Jou, m.uimum •••••• -·.·· 

Ptr«ftl 
2. 6 
3. 0 
3. 0 

Tuu II.-Ph~&ical rtquirtmt11u 

PnOffll 
2. 6 
a. 6 
a. 0 

T t Type I Ttpe IA 

No. 32!> len, maxi- . mum, perceot ............... . 12 Bl&loe btlMII me r: 
A trap •&lut, mlolmum. 1q. 

cm./1-.................. . 2 00 Mlolmum •alue, t.ny one ,am-
ple, aq. cm./ ............. . 2700 Sound , autocl& • up&n1lon, • maximum, percent . ........... . 0. 6 Time of NtUnc. Gillmore* : 

Initial, mlolmum, min so Fin , mum, boUll ........ . 10 Com H ltNl&tb: (U.G) mlDI• 
mum: 

J day lo mollt air, e da19 lo wa-
kr, lb./lq. lo.. .... .......... 1500 1 day In mollt air, 27 day1 In wa-
ter, lb./eq. In................ 8000 (Tbe 1tr o h at 2 days ahall t>. 

l r th&n at 7 days.) 
Air t otr&Jom nt: n: ot by YOl• 

um .............. ............ 0-12 Wat r requir m nt, 'mum, mL 120 Dryio 1brlokage (U.11), mu• 
!mum, .. nt................. 0. 12 M orur rp Dlioo: 
At a of 14 days, muimum, 

per nt ..................... 0.020 At of 8 ka, mulroum, 
r nt . .......... ......... . o.oeo F aet., mlnlmum, o tratloa mm... .. ..................... 10 (T ia . qul rem ot appU only 

wh n 1pecifically rt u td l.n the 
Invitation for blda.) 

12 

2900 

2700 

o. a 
eo 
10 

1250 

2500 

1&-21 
2IO 

Q, 11 

0. 020 

o. oeo 
10 

3.-1 Pouolan.-Poz olao which is blended ·ith ani h d porU d cement to produce por t nn • ozzotan c nt. shall m I, th r q·ai r •11 11 pr ~crib d in table III. The fin .. 11 1•• f l' uinm ta o d 1101. apply to pouolao 

which it interground with portland-cemeol dinker to produce the port'ud-pouolan ce­ment. For evaluating the contribution io compreuin strength, coane pouolan ehall be ground only to the utent of ha.inc a residue on the No. 325 i,n of 12±2 percent. For ma­teriaI. such u diatomaceous earth with euen­ually no idue on a No. 325 lien, the mmi­mum residue need not apply. 

T ULS lII.-Phv~ rtpircmtftU-Ponolan 

TneP•Type P• 

Flneoe11: 
Reeldue No. m a1e.., muJ. 

mum. percent __ ............. 12. 0 12. 0 Blaha• 8oenea meter, mlDlmum, 
aq. cm./1-· ················· -------- IOOO CootribuUOD to compr-■l'l'e 

1treast,h (U.3.): 
Perce.nt ol eootrol 21 da11, 

miD.lmum ............... Tl (Tbecomp ift 1tnnst,h of 
the portland-pouolan cubee at 
90 da19 aball ooi be 1- than 
&Jae ltnni\h a& 28 da71.) 

• Type P refen '° natural material■ 1ucb u cla11, lbal•, dlatomaceoua &rt.hi, tulla, volcanJc uh &nd puroiclte, eith r calcined or uncalclned. Many aatunl pouol&111 are lmpro od by calclnlr.1 t>.tween 1,400- P. &nd l,SOO- F. 
• Type F reftn to 117 uh, an artl6ci&I pouolan whicb II a floe Mh eoll cl.ed from the Gue • a& the ,tau■ of power pl&o&a burnlJll pulv mtd coal. 

4. SAMPLING, INSPECTION, AND TEST PROCEDURES 
4.1 Ja1pec:tlon.- The manufacturer shall provide 1uitable f cilit.i to w ble the inapec­tor to check the relative weights of porUand c ment and pozzolan used to produce the purtland•pozzolan cement. Th plant Caciliti for blending and in pect.'on shall b:> adequate to inaure co lianco with t.he requireme."lt.e in 3.2. 4.2 SampliDf.-The Government will IAIU• ple the portland cement and pozzolan prior to bleodin or the po tland-cement. clinker and pouolao prior to int.ergrinding, and will I pie t o port.Ian •po .zolan cement. On 5-pound pl of porLl nd•ct ment r portlQDd-cemcnt clinker shall be ta.ken from npp oximately e ch 400 tona. On 5-pound sample ,hall taken 

•• - --·----· -- --



from approximately each 100 tons of portland~ 
pozzolan cement. Sample or portJ,and c ment 
and aample, of portland-pozzolan cement, , 
e.xc pt samples for fnlse et tests, shall be 
taken from the conveyor delivering the mate­
rials to the bins. A 5-pound sample of port,. 
land-pozzola.n cement for use in false aet tcsf-8 
ahall be taken from each cn.r prior to shipment 
when the purchnser has requested that this test, 
be applied. Samples of portland-ceIJlent 
clinker and of pozzolo.n shall b take from bins, 
or from Iota of these materials that have been 
IO 11.ored u Lo prevent rni.tjng with other Iota 
and prevent contamination. 

,.a The Govemme.nt will test the portland­
cement or portland-cement clinker, 1 the pozzo­
lan and the portland-poz:r:olan cement. 'l'ests 
of portland-cement or portln.nd-cement clinker 
for chemical composition shall be mo.de on 
composite S&m es in accordance with Federal 
Specification SS-C-158. Tests of poz:r:ollUl 
for physical properties shall be mad~ on com­
posite samples in accordance with the provision 
of 4.5. Tests of portlnnd-pozzolnn cement for 
chemical composition nnd physical properties, 
except fineness and false set, shnll be made on 
compo ite samples in al!cordo.nce with provi­
aions of 4.4. .Fineness tests of portland­
pozzolan cem~nt shall be mnde on ench 5-pound 
sample. The test for false set o( portland­
pozzolan cement (when required) shnll be mnde 
on each car sample. 

.(.3.1 The specific gravity of the pozzolan 
and the portle.nd-pozzolnn cement shnll be 
determined in accordnnce with thr ASTM 
Standard Cl88, using kerosene as the liquid., 

4.:S.2 Miring mortars.-~fortnrs for com­
pressive strength, air-entrainment, drying 
ahrinkage, mortar expansion of portland­
pozzolan cement and for contribution to 
compressive strength of pozzolan, shall be 
mixed using the apparatus and mixing proce­
durespecified in Federal Specification SS-C-158. 

.(.3.3 Determination of flow and entrained 
air.-Immediately n!ter completion of the 
mwng, determine the flow of the mortar. 1£ 

1 Ir the portlaod-cement clicker bu been cround io 
a 1teel laboratory mill , a magnetic aeparatioo of iron 
particl• lhaU be made prior to chemical an&lyiia. 

• A3 
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the mortar bu tlie con-ect flow, determination 
of the entrained air should· be made on the por­
tion of the mortar not used for the flow deter­
mination. For other ,mortars, the part used 
for determination of the flow shall be returned 
to the bowl ·tmd the mortar r mixed 15 s conds 
at the m'edium speed. Specimen• 1nall then 
be made in the' prescri~ed mn.nner. • 

,., Method• of teat, portland-pouolan 
te';Dent.-Tests ; for chemi~ and : physical 
properties of portland-pozzolan cement ,hall be 
made in accord~~e v.ith the following methods: 

,.,.1 , Sulfur triozid4.-Tbe aulfur trioxido 
content ·of the portland-pozzola,o. cement ahall 
be determined in accordance with met.hod 2 of 
Federtl Sp~l·ificatiou ~-158, except tb~t 
the pozzolan need not be completely decom­
poeed by the acid. 

.(.4.2 Mo : ture conunt.-Heat a 1-gram 
sample in 11. . bent-resistant porcelain crucible to 
conatant weight in an oven at 105° C. 'l'be 
percent moisture con.tent equals loss in weight 
tim~ 100. 

,.,.3 Lo,s cm ignilion.-The' loss ,on igni­
tion shall be determined in accordance with tht'! 
method given in Federal Spec;ification SS-C-
158, except ·that the material remaining frbm 

. the determination of moisture con ten~ shall be 
ignited to constant weight in the porcelain (not 
platinum) crucible at a temperature. between 
700° and 800° C.1 The weight a(ter heating at 1 

105° C. mvius the weight a(ter hf,!ating at 
700° C. times 100 equal the percent loss in 
ignition. 

4.4.4 FiMnus.-The fineness of . the port­
land-pozzolan cement shall be determine'd by 
the· Blaine apparatus in accordance v.ith the 
procedure des.ribed in Federal Specification 
SS-C-158, cx c.ept that the determined specific 
gravity of the portland-pozzolnn r.ement shall 
be' used in computing the wright of the sample · 
and the fineness. (In calculation of, the con­
ataots for tbl') apparatus, the K. formula shall 
be used. All the terms used io1 this formula 
refer to the stnndo.rd sample. '\Theo f nen ~s of 
a portlo.od-pozzolan cement is d<;terminr.d it is 
desired to hn,e a sample wei 0 ht that w-ill give 
a porosity as near as possible to the standard 
ll&Dlple and yet insure proper compaction.) 
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4.4.5' lle -i1hte No. S~5 sieve.-The test for 
: materinl retn inc oo the No. 3'.?5 sieve boll be 

made in accordance with the procedure for sie"'e determination de,:;c rihed un<ler Turbi 1:l" meter 
Fin ne. s in F dr rn l,, pccificntion ~--C-158. 

4.4.G Com pr,·,; •fre ~trcngtl. .- Compressh·e 
trength shall be determined in nccordnnce with Federul ::ip cifica tion s .-- C- 15 . 
4.4.7 Time 11J rt.- Time of set hnll be de­

t~rmined by thr Gillmore te t in nccordnnc~ \\:ith Fedcrnl .- pccification SS-C- 158. 
4.4.8, Soundnes~.-Autoclnve- expnnsion of 

the portlund•pozzolnn cement sh oil ho deter­
mined in accor<lnuce with Federal Specification 
SS-C-158. 

4.4.9 Air-tntrn inmcnt.-Air-entrainmcnt of 
portlnn<l•pozzolnn cement shull be determined 
in aecordance with Federal Specifica tion SS-C-
158. Tho air content of the mortar shall be 
cnlculated using the genernl formula. and the 
specific grn,i ty or the cement being tested. 

4.4.10 Water re11uiremenl.-The ,rnter re­
quirement shall be 'determined o the milliliters 
or wo.ter required lo produce a flolV of between 100 and 115 on the flow to.hie. 

4.4.11 Dryin!J slirinka!)e.-The mortar for 
the three shrinkage specimens shall be the same 
as the m1ortnr used for compressive strength. 
The molds shall be the same ns specified for 
autoclave t t ~pecimt'ns in Federal Specifica• ' tion . S-C-158. The sperimens sh:111 be molded I I 
by plncin.; a smull amount of mortar around 
eo.ch reference insert and thoroughly tnmping 
with a l• by ½· by 6-inch tamper. li'ill the 
molds nod tnrnp '.?6 times with the o.bo'"e 
specified td!Uper bdrl in a vert ical position with th e l•inch side or the tnmper hd d po.rulld to the 

1 
sides -0r the mold . This tamping sh, ll be with 
sufJicieot force a9d en!nly distributed over the 
totnl surface or the bar so thu t uniform fill ing 
of tho • mold is obrnined. After compaction 
the excess material shn ll be cut otT flush with 
tli top 0r the mold with n. th in.edged trowel 
nn,! th ,:, surface smoot hrd with a few strokes 
n( t r c trowrl. Tue shrinkn i;e bars ,3'rnll be 
r 1m·d '.?-t hours in th<' dump clo'>ct nntl th en 
t •·r1.m ·l·,l 1frn ni th m,ilds. Tbev sho ll then !H1 
f :rrli ,·r cured fur G dnys in w~trr nt :?3° C. 
1·: .; F.) ::.: l.i ° C. (;; ~ F\ The specimens ·boll 
t l • 11 !1c r,•nJ fo r length an<l stor <l nt :?3° C. 

(73° F.) ± l.7° C. (3° F .) and 50±2 percent relative humidity. The bars shall again be read for length ch1tDge at 28 days after their initial reading. Tho average diff ereoco in 
length of the tbreo specimens between initial 
nnd fiDfll reading shall be expressed as a percent 
of the effective goge length and shall be re• 
ported to the nearest 0.01 percent. 

4.4.12 Mortar ezparuion.- The test for mor• 
tnr expansion shall be mode using molds and comparo.tor ns described in Ferleral Specification SS-C- 158 fo r autoclave expansion test. 

4.4.12.1 Stora!Je container.~.-Specimeos shall 
be stored in containers made of noncorrodible 
material or in containers treated to prevent rusting. Wnter to a depth of 1 inch shall be 
provided in the containers o.t all timea and the specimens shall be supported so that they can• 
not contnct the water or the other specimens. 
Containers hall be senled. Each container shall have an internal volume no greater than 1 cubic 
foot. 

4.4.12.2 Pyrex !)lass.-Uocootaminated, No. 
774, Pyrex gluss (obtainable ns "lump culle~" 
from the Coming Glass Works, Corning, N. Y.), 
crush<'d, graded, and washed shnll be used as 
aggregate in the fabrication of expansive mortar bars. The g:ading sholl be as follows: 

Ptrt>."fll Retained on No. 100 sieve . . · · ····--···-- 100 Retained on No. 50 sie,·e. · ···· ·····-·-·· 80 Retained or. No. 30 11icve ........ ..... _.. 60 
Retained on No. 16 sie,·e .. ········-·-·-· 40 Retained 0 11 No. 8 sieve·-·······-·-····· 20 Retained on No. 4 sieve.·-··-······---·· 0 

4.4.12.3 Proportionin!) and mi:ring.-The 
mortar for the mortar e1pansion test specimens 
shall consist or 900 grams or crushed and groded 
pyre:< glus , 400 grnms of cement, ond enough 
water to give o. flow of 100 to 115 on the flow 
table. The mortar shall be mi.ud as directed 
in 4.3.2. 

4.4.12.4 :Holdin!J of sptcimc, s.-!'\folds sbull 
he thinly conred with minernl oil; o.fter this operntion the reference gage points shall be set 
in the mold , cnre bdng taken to keep them 
!rl!c of oil. Three l• by 1- by 11 ¾•inch speci• 
mrn , hosing an efferti,·c go;;c lcn~th or 10 inches, shall be !ohriratcd from each morta r bn tch. Tl1 specimen;; sh11ll be molded as <l e• 
scribed in 4.4.11 for sbrinka~e bars. 



4.4.12.S Treat~nt of ,pecimen,.-After each 
mold baa been filled, it shall be immediately 
placed in the moist closet and kept there until 
the specimen has developed sufficient strength 
for the mold to be removed without injuring 
the specimen, but, in any event, no longer than 
24 hours. After 24 hours' curing in the moist 
closet, the specimens shall be placed in the 
storage container with a small amount of water. 
The container shall be sealed and placed in a 
cabinet or room kept at a constant temperature 
of 38° C. (100° F.) ± 1.7° C. (3° F .) for a period 
of 13 days. After the 24-hour curing period 
and before placing in storage, each speci­
men shall be measured in the comparator for 
length. When the specimens are 14 days old, 
they shall be measured again in the comparator 
for length. The container and specimens shall 
be cooled at 23° C. (73° F.) ± 1. 7° C. (3° F.) 
for 5 hours before the container is opened and 
the finnl reading made. All readings shall be 
to the nearest 0.0001 inch. The average dif­
ference in length of the three specimens between 
initial and final readings shall be expressed as a 
percent of the effective gage length and shall 
be reported to the nearest 0.001 percent. After 
the readings at 14 do.ys' age have been com­
pleted, the specimens shall be returned to the 
containers and these shall a.gain be sealed and 
placed in the 38° C. (100° F.) cabinet or room. 
The specimens shall remain in this storage until 
they reach an age of 8 weeks when they shall 
again be measured in the comparator for length. 
The average difference in their length, between 
initial and 8 weeks' reading shall again be re­
ported as a percent of the effective gage length. 

4.4.13 Faue set.-Tbe test for lalse set shall 
be made in accordance with the provi,;ions of 
Federal Specification SS-C-158. 

4.5 .Methods or test, pozzolan.--Tests for 
physical properties of pozzolan shall be made 
in accordance with the following methods. 

4.5.1 Finenesa.-The fineness of the poz­
zolan shall ba determined by the Dlaine ap­
paratus in accordar.ce with the procedure 
described in Federal Specification SS-C-158, 
except that the determined specific gravity of 
the pozzolaa shall be used in computing the 
weight of the sample and the fineness. (In 
calculation of the constants for the apparatus 
the K. formula shall be used. All the terms 
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used in this formula ref er to the standard 
sample. When the fineness of a pozzoll\n is 
determined, it is desired to have a sample 
weight that will give a porosity as near as 
possible to the porosity of the standard sample 
and yet insuro proper compaction.) 

4.5.2 Resid'IU retainid on No. SS6 ,-tev,.­
The test for material retained on the No. 325 
sieve sho.ll be made in accordance with the 
procedure for sieve detemunntion described 
under Turbidimeter Fineness in Federal Speci­
fication SS-C-158. 

4.5.3 Contribution to compressive strength.­
Compressive strenr:ths of 2:.inch pla.-.tic mortar 
cubes shall be mado for a control mix containing 
portland cement, and a test mi.'t of the same 
portland cement and pozzolan for comparison. 
These cubes shall be fabricated in accordance 
with Federal Specification SS-C-158, except 
for the following: 

4.5.3.1 Miz parts.-The mix parta for the 
control mbc shall be one part of any type I 
cement meeting Federal Specification SS-C-192, 
2.75 parts of graded sto.ndnrd Ottawo. sand, and 
sufficient water to obtain a flow of 100 to 115. 
The test-mi.'\': part'3 shall be idcnticol to the con­
trol-mix parts, except that 35 perce 1t by absolute 
volume of the control cement shall be replaced 
with pozzolan, an<l the water used shall be 
such as to produce o. flow of 100 to 115. Mor­
tars shall be mixed as directed in 4.3.2. 
Example: kube batch 

J 500 ~rams cement 
Control mix ___ lli3i.> grams Otta"'" "snd 

X - ml. or water for flow of :oo to 115 

[;

25 grBms of cement 

75 X~p_c_£~llE_!rav~ty of ponolan _ 
Test miJ:_____ specific gravity of cement 

grams of pozzolan 
,375 grams or Ottawa sand 

Y- ml. of water for flow of 100 to 115 

4.5.3.2 Stora!Je of specimens.-When cubo 
specimens are taken from the molds after 24 
hours, they sholl l,e placed in close-fitting con­
tainers, sealed airtight, and stored nt 38° C. 
(100° F.) !or 27 days, then removed from 38° 
C. (100° F.) ro<,m and stored at 23° C. (73° 
F.) ± 1.7° C. (3° F.) w1til tho date of test. 
Cubes broken nt 28 days shnll be allowed to 
c ol in the con iners to 23° C. (73° F.) ± 1.7° 
C. (3° F.) fo 5 hours before being broken. 
(Any container hn~ing a capacity for 3 cubes 
may be used if it can be made airtight. Tho 
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use o( containers made of light 1beet metal with inside dimensions o( approximately 2¼1 by 2¼1 by 6¾ inchc is SUf;
0

ested.) 
4.5.3.3 Te t age.t.- Compressive strength s}in ll be de- r r 1incd n.t ~ and 90 da s only. Three fpecimcns shall be mad~ tor each age. (Ninety-day sp.?cimens of the control batch need no t be made, but a 6-cube batch shall be mi.'ted.) 

4.5.3.4 Pucenl. of control stren¢h.-The per­cent strength is calculated by the following formula: 

anrage compressive ■ treng t h of the Percent ■ trength- te~ t mix cubes,_ in.p. , . i. :~ &vf: raite comprl!l!s1ve strength of the control mix cubes, in p. 1. i. 
5. PREPARATION FOR DELIVERY 
5.1 Packaging.-The portland-pozzolan ce­ment sLA!l be delivered in bags, barrels, or in bulk, as 11pecified. A bag shall contain 0.48 cubic too t of m11terial by absolute volume. All packages shall be in good condition at the timo ot inspection. Packages VIU)iug more th A.D 5 percent from the weight corresponding to 0.48 cubic loot maJ he rejected and if the aver11ge weight o( packages in any shipment, as shown by weighing 50 packages takC11 at random, is ·Jess tha.n tha t specified, the entire shipmen t. may be rejected. The portlnnd-pozzolnn cemen t shall be packaged in commercial containers, unless otherwise specified by the purchaser in the invi tution !or bids, contract or order. 

aluminous material which in itself P099e9Sef! little or no cementitious T'alue Lut will, in finely divided form and in the presence o( moi ture, chemically react with cal<'ium hydroxide at ordinary temperatures to form compounds pos-essing cementitious properties. The term "portland-pozzolan" cement is used to designate an ioterground mixture of portland-cement clinker, pQzzolan and gypsum or an intimate and uoiforrn blend of port.land cement and fine pozzolan. 

6.2 Ordering data.-Purchasers should spec­ify type required and should exercise a.ny de­sired options offered herein. (See 1.1, 3.4.5.1, 5.l and section 7). 
6.2.I If purchaser does not specify the type ot cement to be furnished, type I will be furnished. 

6.2.2 If the purchaser does not. specify that the portland-pozzolan cement be made with either type P or type F pozzolan, the manufac­turer may choose tor himself the type of poz­zolan used. 'I'he manufacturer shall state in bis proposal what type of pozzo!an he v,ill use and be govP.rned by the requiremeo ts for that type. 

6.2.3 If the purchaser d~ires that the port­land-pozzolan cement be free of false set, he should specify that the test for f alsc set apply in h.is invitation for bids. 
S.2 Matkiog.- Wben the cement is deliv­ered in. packages, the words "Portla.nd-Pozzo-1.an", the· name of the man11facturer, a.nd the type of the portland-pozzolan cement, whether it is air-entraining or non-air-entraining, the net weight and absolute \"olume shall be plainly indicated thereon . Similar i:1formntion shall be provide~ in the shippi g ad\·icP accompanyirig tho shipmen t of packaged or bulk cement. The rna.11ufacturer sba.ll also 1td ise the purchn..c:er of tl1c sourco of the pozzolan and the amount used i11 ninnufac turing the portla.n d-pozzola.a cement and the corcposition of tho pozzolao. 

6. NOTE"' 

6. I ln tr t.1 ded ose.-The term "pozzoJan" is 11
~,,c1 to ti i nate siliceous or siliceous and 

6.3 It is believed that this specification adequately describes the characteristics neces­sary to secure the desired materi1tl, and that normally no sc.mples will be necessary prior to award to determine compliance with this spec ­incation. It, for any particular purpose, sam­ples with bids are necessary, they should be specifically asked for in the invitation for bids, and the particular purpose to be served by the bid sample should be definitely slated, the specification to apply m all other re pects. 
6.4 Federal specifications do not include all type , classes, g ades, sizes, etc., of the com­D" • .)dities indicated by the ti tles of the specifi­cations, or which are commercinlly available, but ore intended to co,·cr the type , etc. which are suit nble for Federal Government require­ment,, 

-· - - --



6.5 Transportation description.-The proper 
transportation description applicable is: 

Cement, nnturol or Portland: 
Cnrload weight 50,000 pounds. 
Truckload weight 50,000 pounds. 

Patent Notlce.-When Government dra11-ings, specl­
ficatlon1, or other data are used for any purpose other 
than in connection with a definitely related Govern­
ment procurement operation, the United State■ Gov­
ernment thereby Incurs no regpon1iblllty nor any obli­
gation 11·bataoever; and the fact that the Government 
may have formulated, furniabed, or In any way supplied 
the aald drawinga, epeelficatlons, or other data, is not 
to be regarded by implication or otherwiae u In any 
manner Ucen1ing the holder or any other penon or 
co1poratioo or conveying any righta or permission t.o 
manufacture, uae, or sell any patented invention that 
may in any way be related thereto. 

7. DEPARTMENTAL REQUIREMENTS 

7 .1 The following specifications, standard, 
and public!ltion, of the issues in effect on date of 
invit.atioo for bids, and special requirement.s, 
form a part of this specification for purchases 
made under this specification by the respective 
departments: 

7.2 Army, Navy, and AJr Foree. 

7.2.l Applicable ,pecification, and ,tandard. 

Military Specification&: 

JAN-P-115--Packaging and Packing for 
Oversea., Shipment-Compound, Sealing, 
Dipcoating. 

MIL-T-704-Treatment and Painting of 
Materiel. 

MIL-B-1190-Bags, Paper, Shipping, Mul­
tiwall (for Portland Cement). 

Military Standard: 
MIL-STD-l~Marking for Shipment and 

StA>rage. 
(Copies or 1pecification., and 1widarda required by 

contractol'I in connection with 1pecific procuremc.ot 
!unc~o01 ■bould be obtained Crom the procuring 11cti,·1ty 
or u directed by the contracting officer.) 
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7.2.2 Other publicationa.-The following doc• 
ument forms a part of this specification. t:'nlcs 
otherwise indicated, the i !'Ue in eff<'ct on elate of 
invitation for bid ~hall apply. 

Interatate Commerce Commission Regulat ion: 
49 CFR 78.12i>-Single Trip Container Steel 

Drums (37D). 

(The lnterata te Commerce · Com mi ion regulation., 
are Dow a part. or the Code of Federal Regulations 
(UM9 Edition-Reviled 1950) a a.ilable Crom the Super­
intendent of Document,, Govenunent Printing Office. 
Wuhin1t.on 25, D. C. Ordera for the above publication 
should cite "49 CFR 78--125 (Rev. 1950).") 

7.2.3 Packaging. 

7.2.3,1 Multiwall paper bag,.-Unless other­
wise apecified, the cement shall be packaged in 
quantities of 0.48 cubic feet of material by nb:.'O· 
lute volume, in roulti\1rall paper bngs conforming 
tA> Military Specification ~ll lr-B-1190, type .E. 
with waterproofed ends. The bags shall be closed 
in conformance with the specification and the 
closure w,aterproofed with dipcoating sealing 
compou d conforming to Military Specification 
JAN'-P-115. 

7.2.4 Packing.-Normally, no further pack· 
ing will be required. When specified, cement in 
paper bags shall be palletized. 

7.2.5 Marking.for ahipment and ,torage.-In 
addition to any special marking required by the 
contract or order, marking for identification, 
ishipmcnt, and storage shall be in accord::mce "·ith. 
:\Iilitary Stl\ndnrd :\IIL-STD- 129. The nomcn· 
clature shall be as follows: 

CE:\IENT, PO.RTLAND-POZZOLA?\ 
Type ____ _ 

Fed. ~pee. S:::>-~208 

)IIUTARY INTEREST1 

Army-E 

Na•y-MC Y 

Air For«. 
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