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the following statement "Where calcium chloride is used as an anti­
freeze or some other of the basic chlorides, they are very likely to rust 
steel in spite of the excess of lime that may be m the concrete It is 
therefore essential to paint them with an alkali or chloride proof paint, 
and in that case a simple wash with concrete is not sufficient " 

S U M M A R Y 

The various investigations reviewed in this report appear to be in 
substantial accord to the following extent 

Calcium chloride and other soluble compounds of calcium chloride 
base act as accelerators of the hardening of concrete, and when used 
within limits of approximately 0 to 4 per cent increase the strength 
to a limited degree The effect of the accelerator being roughly in 
proportion to the amount of anhydrous calcium chloride in the com­
pound used Since the increase in strength is practically the same for 
all ages, the relative increase is greatest at early ages Considerable 
variation in results secured with different brands of cement is also 
noted 

It would therefore appear that there are at least two useful functions 
for such admixtures 

1 To increase the early hardening so that the structure or pavement 
may be put into earlier service than is possible with normal 
Portland cement Further special investigations are needed to 
formulate rules of practice for varying local conditions and dif­
ferent cements 

2 To counteract, to some extent, low strength due to curing con­
crete at low temperatures, provided that the temperature is not 
below freezing, and the concrete is protected during the setting 
period Calcium chloride can not be depended upon to protect 
against freezing during the mixing and setting period 

The possible increase in final strength of concrete produced by the 
use of an accelerator is slight compaied with the possible increase due 
to other recognized methods 

The effect of calcium chloride upon steel reinforcement is not defin­
itely determined by the data reviewed 

Q U I C K H A R D E N I N G C E M E N T S 

F C L A N G 

Minnesota Slate Highway Department, St Paid, Minnesota 

I N T R O D U C T I O N 

The term "quick-hardening cements" is used in this paper to cover 
all cements giving high early strengths Much investigation has been 
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going on concerning the use of such cement and many varying and 
contradictory statements have been found. An attempt is here made 
to distmguish between the types of high early strength cements, and 
to discuss briefly their composition, manufacture, and uses. 

Two general types of quick-hardening cements are to be distinguished, 
first, high alumina cements, and second, special Portland cements. I t 
should be noted that m each case a term sometimes used, "quick 
setting," is essentially a misnomer. Such cements are slow setting, 
about the same as normal Portland cement, but quick hardening, 
acquiring early high strengths. 

H I G H A L U M I N A C E M E N T S 

Definition—Under the head of high alumina cements are grouped 
those cements with a relatively high percentage of alununa (AljOs, 
35-55 per cent), and a relatively low percentage of lime (CaO, 30-40 
per cent), and sihca (SiOj, 2-15 per cent), as compared with Portland 
cements. They seem to depend for their qmck hardemng properties 
almost entirely on the properties of the calcium aluminates present 

Historical — H S Spackman, in the United States, and Jules Bied, in 
France, working independently for a number of years with a different 
objective finally considered they had found their desires reahzed in 
alumma cement Mr. Spackman was endeavoring to obtam an early 
strength, Jules Bied to obtain a cement which would be resistive to the 
attack of sea water The first high alumina cement was produced m 
France about 1912, but the early strength was probably not appreciated 
prior to its use for artillery foundations during the war Lummte 
cement, placed on the market m this country in 1924, was the first 
cement of this character manufactured in the United States; and, up to 
the present tune, we have in this country only this one brand There are, 
however, at least five such cements made in France and Switzerland. 

Raw materials—High alumma cements are produced commercially 
by fusmg a mixture of limestone and bauxite. The raw materials used 
are not so widely distributed as those used in the makmg of Portland 
cement, and it seems that the range of impurities allowable in limestone 
for the making of high alumina cement is less than that used for Port­
land cement. 

Bauxite is an ore composed of hydrated alumina Three hydrates 
of alumina are commonly found in nature- AI2O3 HjO (diaspore); 
AI2O3 2 H2O (theoretical bauxite), and AI2O3 3 H2O (gibbsite). Baux­
ite ores may contain varying amounts of each of these hydrates together 
with iron oxide, sihca, water, titamum oxide, and clay. I t occurs as 
an earthy mineral, never crystalhzed, and may show a great variety of 
forms and colors Its chief use is in the manufacture of metalhc 
aluminum The requirements for this use ordinanly are above 52 per 
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cent alumina (AI2O3), not over 4 5 per cent silica (S1O2), and not over 
6 5 per cent iron oxide (Fe203) 

The amount and extent of bauxite deposits of the required character 
for making high alumma cement are not definitely known The punty 
of the bauxite required and its availabibty are factors in the manufac­
turing cost of high alununa cement Bauxite deposits m this country 
seem to be confined to certain southern states The United States is 
a large producer of bauxite Arkansas furmshed about 90^per cent of 
the domestic production ot bauxite Deposits are also being worked 
in Georgia, Alabama, and Tennessee, and other southern states are 
known to have deposits 

Manufacture—It is not within the scope of this paper to go into 
much detail regarding the process of manufacture The process of 
manufacturmg high alumina cements consists essentially of fusing a 
mixture of limestone and bauxite and pulverizing the resulting product 
Several methods are employed for fusing the raw materials, namely, 
vertical type of furnace, electric furnace and rotary kiln Descriptions 
of the processes used in France are found m the technical hterature. 
A vertical type of furnace is used m France, while it is the under­
standing that the company now producmg Lunmite cement uses a 
rotary kiln E . C. Eckel has recently patented a new type of vertical 
furnace and predicts the manufacture of high alumma cement at 
less cost No record has been found of any company which has as 
yet used the Eckel patent on a commercial scale Lummte cement is 
usually very finely ground, not over 10 per cent bemg retained on 
a 200-mesh sieve. After gnnding, the cement appears as a brown 
powder. 

CompostUon—It has already been pomted out that high alumina 
cements differ greatly in chemical composition from Portland cements 
They have in general a much higher alumina content, a somewhat 
higher iron oxide content, and a lower content of lime (calcium oxide) 
and of sihca 

The essential constituents of these cements are probably dicalcium 
sihcate (2CaO S1O2) and monocalcium aluminate (CaO AI2O3) 
Certam other calcium aluminates may also be present in small amounts ' 
These are 3 CaO 5 AI2O3 and 5 CaO 3 AI2O3. Each of these alumi­
nates IS known to be hydraulic and quick-hardening'' Tncalcium 
aluminate (3 CaO AI2O3), the aluminate found in normal Portland 

1 (1) Chemical Abstracts, 19, 2117 (1925) 
(2) Bates, Technologic Paper No 197, Bureau of Standards, p 27 

* (1) Chemical Abstracts, 16, 1845 (1922) 
(2) Chemical Abstracts, 14, 1422 (1920) 
(3) Bat«s , Technologic Paper No 197, Bureau of Standards, p 4 
(4) Bates, Journal of American Chemical Society, 1, 679-96 (1918) 
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cement, is not present The quick hardening pioperties of high alumina 
cements are due theiefoie to the setting and hardening of these low-
calcium aluminates 

The time of setting corresponds lather closely to that of Portland 
cement This allows the handling of concrete in the way usual for 
Portland cement concrete 

At the present time we have no standard specifications in the United 
States for either the chemical composition or physical properties of 
this cement Such a spec fication is necessary to safeguard the user 

Properties—Unless otherwise stated, this paper will be limited to 
reports of tests on the Lumnite cement manu'actured in this country 
When comparng teats t should alwaj's be borne in mind that the 
opt mum conditions foi the development of full strength have probably 
not been fully established for this cement 

The two outstanding propeities c a med by the producers of alumina 
cements are early strength, and resistance to attack by sea water 

4000 — H B 
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Figure 1—Companson of L u m m t e csment at 24 hours and Port land 
cement at 28 days 
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(a) Early Strength —Figure 1 shows the relationship between 24-hour 
strength of Lumnite cement concrete compared with 28-day strength 
where Portland cement was used under similar conditions The mix 
IS 1 2 4 in all cases except the one on the left where 12 3 concrete was 
used, and it will be noted the age of this Portland cement is 21 days, 
whereas all the rest are 28 days In all of these tests the 24-hour 
strength of the Lumnite cement concrete is greater than Portland 
cement concrete at 28 days—m some cases twice as much The early 
high strength of this cement has been estabbshed 

(b) Effect of Age on Strength —Figure 2 shows the strength at different 
ages It will be noted that some investigators have found a shght de­
crease in strength at different ages while others have shown a steady 
increase On account of the decrease in most cases being rather shght, 
it is possible that it may be accounted for by other variables than age 

Tests earned out by the Laboratorie National des Ponts et Chausses 
(Pans) show a steady increase in the strength of concrete made with 
Ciment Fondu over a period of five yeais 

(c) Expansion and Contraction—Figure 3, by Professor M. B. 
Lagaard, of the Umversity of Minnesota, is all the committee was able 
to find on this subject This shows the shrinkage during setting period 
of Lumnite cement concrete (mix 1 2 4) The beams were placed in 
the laboratory and were air-cured Further information is needed on 
shrinkage durmg setting, as well as expansion and contraction caused 
by moisture and temperature changes. 
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(d) Bond to Poriland Cement Concrete —Professor R. L Morrison, of 
the University of Michigan, made tests on the bond between Lumnite 
cement mortar and Portland cement mortar by replacing six half 
bnquettes of Portland cement mortar in the mould and filbng the rest 
of the space with Lumnite cement mortar The new bnquettes for 
med in this manner weie broken at the end of 24 houra and showed 
bond strength as follows 

280, 125, 325, 240, 95, and 190 pounds per square inch 

He reports that in one case half the fracture was through the old Port­
land cement mortar mstead of being all at the joint 

Mixing, Placing, and Curing —Investigations made to date show that 
further research is needed on the proper way to proportion, mix, and 
cure Lummte cement concrete 
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F igure 5—Effect of water on strength of L u m m t e 
cement concrete 

(a) Quantity of Mixing Water—Investigations have shown that 
excess nuxmg water decreases the strength Figure 4 shows the rela­
tionship between strength and number of gallons of mixing water per 
sack of cement Note the rapid falhng off in strength with increasmg 
water content Figure 5 shows the same thing only the amount of 
mixing water is shown by the consistency or slump. 

(b) Curing and Setting Temperature—Early instructions from the 
manufacturing company stated that for several hours after setting. 
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Figure 6—Hydratioii pomt of Portland and high alumina cements ( H S Matti-
more, Pennsylvania H i g h w a y Department) 
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Figure 7—Hydration pomt of Portland and high alumma cements. Wet burlap not 
used ( H . S. Mattimore, Pennsylvama Highway Department) 
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exposed suifacc of the concieto should be kept damp to pi event incom­
plete hydiation indicated by dncd out spots Eaily invcstigatois 
cuied the Lumnite cement concietc as they had Poitland cement con-
cietc, that is, by keeping the suiface moist as soon as it is moulded and 
keeping it spiinkled in moist cuung lOom up to the time of testing 
Some investigatois noticed defective suifacefe, vaiying fiom the so-
called dusty suiface to the distinct scale }/s i"ch oi gieatci in depth 

Figuies 6 and 7 aic taken fiom H S Mattimoic's papei before the 
Ameiican Society foi Testing Mateiials, June, 1925 It will be noted 
in Figuie 6 that the inciease in tempciatuie begins about the fifth 
houi and the heat geneiated vaucs diiectly accoiding to iichncss ot 
mix The blended Poitland 1 2 3 mix staiting fiom 70° F increased 
to a maximum ot 90° F in about 12 houis, while a 1 5 Lumnite 
leachcd a maximum of about 88° F in about 9 houis The Poitland 
cement in a 1 2 mix icached a maximum of 86° F in 1 0 3 ^ houis, and 
the Lumnite icached a maximum of 137° F in about 8 houis 

Figuie 7 shows the same conditions as the pievious one except that 
the ponding was staited at 5 houis, wheieas ui the pievious citation 
there weie 2 inteivening houis duiing which it was coveied with wet 
builap The tempeiatuies were kept lowei in the second method 
Mr Mattimoie diaws the following conclusions as the lesult of his 
investigation 

1 High-alumina cement has compiessivc and tiansveise stiengths 
at 24 houis gieater than those of Poitland cement concicte at 
28 da} s 

2 Wet builap cuiing, effective foi Poitland cement conciete, in­
creases the tempeiatuie duiing hydration and pioduces a de­
fective suiface when used with high-alumina cement concicte 

3 Application of moistuie at too eailj' stages eithei by spiinkling, 
ponding, or covering with wet builap pioduces a dusty oi scaled 
surface 

4 Watei cuiing should be staited when hj'diation is well under 
way as indicated bj' a use in tcmpeiature This can be de­
tected hy a stiffening of the surface and a drying out appearance 
Undei laboiatoiy humidity and temperature conditions, the 
safe pciiod was found to be 7 houis after mixing 

5 Storage oi air curing in bags ieduces the high tempeiatuie duiing 
hydration and also delays the hydration After 4 months 
stoiage in bags the hydration was delayed about 2 hours 

The manufactuiing company now advocates such a method of cuiing 
Further investigations are needed as to cause |0f dustiness and scaling 
and how to avoid it It is impracticable to do extensive outside work 
and at all times protect freshly placed concrete from rain, which. 
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accordmg to Mr Mattimore's conclusion No 3, causes a defective 
surface 

Figure 8 shows results of tests conducted by Professor M B Lagaard, 
of the Umversity of Minnesota. The temperature readmgs were taken 
dunng setting penod of an msulated cylmder and of another cyhnder 
exposed to au- in laboratory mamtained at about 72° F 

Early hardemng and the capacity to generate heat durmg setting 
are advantageous properties of cements for cold weather construction. 
In the case of Lummte cement your Committee on Character and Use of 

Figure 8—Rise m temperature during setting penod of L u m m t e cement con­
crete. M I X 1 2 4 ( M B L a g a a r d , Univers i ty of Minnesota) 

Road Materials is in doubt as to just what is best curing practice for 
such conditions. The concrete must be protected from frost up to 
the time that heat is generated, and, if too cold, after that time There 
IS danger in heating with salamanders or covenng, in that there may be 
excessive heat causmg defective surface and perhaps defective concrete 
Too high and too low temperatures are both detrimental The ponding 
may be advisable on pavement slab or floors at summer temperatures, 
but this practice is questionable at zero temperatures especially on 
structures Whereas considerable more care will probably be required 
for cunng of Lummte cement concrete it will be for a much shorter 
period than for normal Portland cement concrete 

Use of Admixtures—The company manufacturmg Lumnite cement 
states that admixtures such as other cements, Umes, and soluble com­
pounds should be avoided. 



PROCEEDINGS OF FIFTH ANNUAL MEETING 155 

Dr Haegermann, of Geimany, in his papei piesented at the 1924 
annual meeting of the Portland Cement Association in Chicago, said, 
"I t I S a decided disadvantage of alcement, howevei, that it must not 
be n îxed oi augmented with othei hydiaulic cements, the setting being 
theicby consideiably acceleiated and the stiengths gieatly i educed " 

Piofessoi Moiuson, of the Umveisity of Michigan, has shown the 
effect of additions of Poitland cement on setting time 

Resistance to Chemical Action—Conciete made in Fiance with high-
alumina cement is said to have been veiy icsistant to the action of sea 
watei Test specimens aie icpoited which have been immersed in sea 
watei, saturated calcium sulphate, and 5 to 12 pei cent solutions of 
magnesium sulphate since 1908 without sciious deteuoiation D G 
MiUei, Diainage Engineci foi the Dcpaitment of Agiicultuie at Um­
veisity Faim, St Paul, lepoits no action on cylindeis made with Fiench 
Elcctio-Ciment aftei two ycais' immeision in sodium and magnesium 
sulphate solutions Cylindcis made with Lumnite cement have been 
immcised in Medicine Lake, South Dakota (a tj^pical "alkali" lake) 
foi one ycai without deteuoiation 

Uses—Some high alumina cements are said to have been success­
fully used wheie lesistance to sea wateis oi eaily stiengths weie 
desiied 

The Pans Lyons Mediteiance laihoad is said to have used moie than 
7,000 tons of Cimcnt Fondu foi tunnels, etc , along its line near Nice 
wheie sulphate-bearing soils aie encountered 

Although the quantity of Lumnite cement used has been limited it 
has been widely distiibuted in this country especially wheie the lap-
idity of completion of the woik was a moie weighty factor than the cost 
The fiist cost of the cement is, of couise, a factor limiting its geneial use 

Ccitain expeiimental work caiiied on in this country will be later 
reviewed in the Addenda 

S P E C I A L P O R T L A N D C E M E N T S 

Special cements, closely ielated in composition to noimal Poitland 
cement, have been used to give quick haidening conciete These are 
heie all giouped under special Poitland cements, even though some of 
them may not exactly meet Poitland cement lequiiements 

These cements depend, in geneial, for the development of their 
quick-haidening piopeitics upon the purity of the lavv materials, 
especial care in burning, and veiy fine giindmg of the lesultant clinker 
The icsponsible constituent seems to be the tiicalcium silicate Certain 
of these cements aie chaiacterized by an inciease in calcium content, the 
percentage of hme (CaO) being inci eased to 65 to 75 pei cent 

Dr Haegermann, of Germany, in his papei pieviously refeiied to 
states 
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"For economic reasons the manufacture of these cements could not 
be undertaken in Germany befoie 1924 In the first quarter of this 
year only two factones began manufacturing Later on 15 other works 
followed 

"The value of such cements has not been fully lealized, owing to the 
fluctuations in Germany's economic conditions In the summer of this 
year ovei production occuired in consequence of the severe restnctions 
in the building market for want of capital Things have somewhat 
improved since September and it is inteiesting to see that the demand 
for high early strengths cements has increased as against ordinary Port­
land cement Consumeis appeared to be highly satisfied with these 
cements, and m my humble opinion they will become very popular and 
be largely used, and it is just m America where great quantities of 
Portland cement are used m stieet makmg that these cements are sure 
to find a future High-grade Portland cement with high-grade aggre­
gates will pioduce concrete satisfying the highest demands The latter, 
viz , high-grade aggregates, have been duly investigated by Professor 
Duff A Abrams and others in your country 

"Strength Tests in Remfoiced Conciete Beams and Floorings 
Professoi Ruth has made tests with high-grade cement with beams 
made of soft and viscous concrete nuxed in the proportion of 1 to 5 and 
1 to 6 These tests proved that accoiding to the conditions of mixing 
and the amount of watei applied, in 3 to 5 days the safety point in 
loading demanded for these beams was more than reached " 

No record has been found of such cements being manufactured on 
a commercial scale in the United States 

The effect of admixtures in producing early hardening concrete is 
covered in another portion of this committee report. 

S U M M A R Y 

1 Quick-hardening cements are of two general classes, high aliumna 
cements and special Portland cements 

2 Some high alununa cements appear to be resistant to the action 
of sulphate and "alkah" water 

3 The early high strengths of high alumina cements have been es­
tablished 

4. High alununa cements have been used for construction where 
high early strength is important 

5 The present high cost of high alumina cement (2 to 3 times that 
of Portland), limits its use It may be possible, however, that this 
cost difference will become less as more high alumina cement is pro­
duced and the process of manufacturing is improved. 
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6 Many piactical tiiah of such cements aie in piogiess The 
Jesuits of these tests should be of gieat inteicst and of \ita! impoitaiice 
to all 

7 The method of manufactuung high alumina cement in this coun­
try I S kept scciet, but, is admittcdh^ diffeicnt fiom that used abioad 
Lumnite cement was not placed on the gcncial niaiket until 1924 
Investigations to date with this cement aip favoiable although some 
objections such as scaling and dusting have been noticed undei ceitain 
conditions Fuithei infoimation is needed as to unifoinuty of piodiict, 
best methods of incoipoiating and cuung, duiability, c\pansion, con-
tiaction, and adhesion It must not be assumed that the iccognizcd 
standaid methods of using Poi tland cement aie in all lespects applicable 
to high alumina cements 

8 At the piesent time we ha\e no definite specification foi pui-
chasing oi testing this cement 

A D D E V D A 

I—Flench speaficaltojis Joi aluminous cements 
Rev mat consti tiav pub 185,42(192.5)—Aluminous cement shall 

be pioduccd by heating a mi\t of AI2O3, S1O2, FcaOi, and CaCOi, and 
grinding the pioduct It shall meet the following icqniiements not 
less than 30% A I 2 O 3 , nor moie than 2% MgO noi moic than 1% S, 
(S1O2 + AlsOO/CCaO + MgO) less than 1%, not o\ei 20% letaincd 
on a scieen of 4,900 mesh pci squaie cm , an appaient density of at 
least 900 G pei litci, an initial set in not less than 45 min , a final set 
in not moie than 7 his , tensile stiength (specimen inimeised in sea 
watei 24 his ), 2 davs, not less than 27 kg 7 daj^s, 28 kg , 28 days, 29 kg 
When specimens aie stoied in a morst atin for 24 his then iinmeiscd in 
sea water, and finally kept at 100° for 3 hrs , thev shall not inciease rn 
length more than 1 rmn between 2 needle pornts placed at standard 
drstance 

//—Tests made by Ptofes&oi R L Moimoii at the Univositv of 
Michigayi These exhaustue tests are lepoited in the Apiil, 1925, 
issue of Conciete Certain paits of his aiticle aie heie quoted veibatim 

Tension tests weie made using standaid sand undei \a i j ing cuiing 
conditions which would most neatly lepiesent consti action conditions, 
also a standaid test u'-mg natiiial sanil Table 1 shows I ho losiilts of 
these tests 
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T A B L E I 

T E N S I O N T E S T S , 1 3 M O R T A R 

Pounds per Square Inch 

Standard Ottawa Natural Sand 

Age 
1 day moist air. 2 days moist air. 3 days moist air. 1 day moist air. 

rest dry rest dry rest dry rest water 

Days Lummte Portland Lummte Portland Lummte Portland Lummte Portland 
1 360 113 7 492 165 
2 320 127 415 183 
3 333 187 673 292 
4 388 172 353 182 363 178 
7 635 352 

28 270 382 332 507 413 690 540 
83 417 369 395 

The mortar compression tests were made upon 2 inch by 4 inch 

cyhnders and 2 inch by 2 inch cylinders, the composition and curing 

conditions being the same as m the case of the tension tests The last 

set of bnquettes and cyhnders was broken at 83 days, because if they 

ran longer the results would not be available at this time Results are 

given in Table I I and Portland check tests results m Table I I I . 

T A B L E I I 
C O M P R E S S I O N T E S T S , 1 3 M O R T A R 

Aluminate Cement 
Pounds per square inch 

Standard Ottawa sand Natural sand 

Age 
1 day moist air. 2 days moist air. 3 days moist air, 1 day moist air, 

rest dry rest dry rest dry rest water 

Days ex4 Cyl $x2 Cyl ex4 Cyl 8x2 Cyl Sx4 Cyl 

• 

exS Cyl 2x4 Cyl 2x2 Cyl 
1 6,125 6,340 6,072 7,144 
2 6,414 5,624 5,668 
3 5,730 6,656 6,252 8,211 
4 6,220 6,741 5,605 5,621 5,297 6,581 
7 4,698 7,167 

28 7,195 7,131 7,112 6,082 9,145 
83 7,094 7,097 
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T \ B L E I I I 
C O M P R E S S I O N T E S T S , 1 3 M O R T A R 

Portland Cement (for Comparison) 
Pounds per square inch 

Standard Ottawa sand Natural sand 

Age Age 
1 Dav moist air, 2 Days moist air, 3 Days moist air, 1 D a y moist air, 

rest dry rest diy rest dry icst water 

Day<i 8x4 Cyl 2x2 Cyl 2x4 Cyl 2x2 Cyl 2x4 Cyl 2x2 Cyl 2x4 Cyl 2x2 Cyl 

1 047 677 843 1,037 

2 1,047 1,167 1,143 1,183 

3 
1,047 1,167 

1,340 1,483 2,190 2,342 

4 1,630 1,650 1,550 1,863 1,247 1,747 

7 
1,630 1,650 

3,117 2,610 

28 2,060 2,163 2,330 2,457 2,597 3,120 3,950 

83 
2,060 

2,667 2,853 4,257 3,690 

In making the concrete compression tests, a bank-run gravel was 
screened into separate sizes and then remixed in predetei mined propor­
tions so that the aggregate in the various cylinders would be as nearly 
uniform as possible 

Table I V shows the properties of the aggiegate after it was lemixed 
ready for use 

T A B L E I V 

P R O P E R T I E S O F A G G R E G A T E S U S E D I N C O N C R E T E C Y L I N D E R S 
M A T E R I A L — B a n k - r u n gravel, screened and remixed 
W E I G H T P E R C U B I C F O O T — 1 2 2 pounds 

V O I D S — 2 2 6 per cent 

A B R A S I O N T E S T 

Plain cylinders, Test No 1, per cent of wear 5 6 
Test No 2, per cent of wear 6 7 

Average 6 2 
Slotted cylinders, Test No 1, per cent of wear 10 7 

Test No 2, per cent of wear 1 1 8 
Average 11 2 

Objectionable particles—1 6 per cent 
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MECHANICAL ANALYSIS 

Screen Per cent passing Screen Per cent coarser 

1}^ inches 100 0 100 mesh 97 0 
1 inch 82 0 48 mesh 92 0 

M 'nch 71 0 28 mesh 79 0 
14 inch 54 0 14 mesh 72 0 

inch 37 0 8 mesh 67 0 
8 mesh 33 0 4 mesh 63 0 

10 mesh 32 0 % m mesh 50 0 
20 mesh 26 0 ^ in mesh 26 0 
30 mesh 18 0 1}^ in mesh 
40 mesh 14 0 
50 mesh 7 0 Fmeness modulus 5 46 
80 mesh 4 0 

100 mesh 3 0 
200 mesh 0 5 
Clay and silt 1 5 

Table V shows strengths obtained using vanous mixes and slumps, 
all cylmders bemg cured in moist air. 

Table V I shows strengths at 4, 5, 8, and 29 days under various curmg 
conditions 

Tables V I I and V I I I give the results of check tests using Portland 
cement All cyhnders were 6 inches by 12 inches in size. 

T A B L E V 
COMPRESSION T E S T S OF C O N C R E T E A L U M I N A T E C E M E N T C Y L I N ­

D E R S , C U R E D I N MOIST A I R S T R E N G T H I N POUNDS P E R 
SQUARE I N C H 

Mix Per cent 
cement Slump 1 Day 3 Days 4 Days 5 Days 8 Days 29 Days 

1 4 8 7 7 1 in 843 
1 4 8 7 7 4 in 456 1,589 1,324 1,242 1,218 1,111 
1 4 8 7 7 6 in 450 
1 3 6 10 0 1 in 2,160 
1 3 6 10 0 4 in 1,157 3,137 2,375 2,344 2,073 2,325 
1 3 6 10 0 6 in 690 
1 2 4 14 3 1 m 4,537 5,035 5,040 5,091 4,789 5,109 
1 2 4 14 3 4 in 4,187 4,973 4,747 5,349 4,615 4,856 
1 2 4 14 3 6 in 3,222 4,626 4,079 4,495 3,742 3,943 
1 2 3}4 15 4 1 in 5,203 
1 2 3}^ 15 4 4 m 4,728 
1 2 314 15 4 6 in 4,133 
1 I H 3 18 2 1 in 5,731 
1 IVi 3 18 2 4 in 5,052 
1 1}4 3 18 2 6 in 4,523 
1 1 2 25 0 1 m 6,449 
1 1 2 25 0 3 in 5,491 
1 1 2 25 0 6 in 5,846 
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T A B L E VI 
A L U M I N A T E C E M E N T C Y L I N D E R S — C O M P A R I S O N OF C U R I N G 

METHODS 

Mix 1 2 4 1 2 4 1 2 4 1 3 6 1 4 8 

Slump 1 in 3 in 6 in 3 in 3 in 

Age—4 days 
1,429 1 Day moist air, 3 days drj air 5,406 5,092 4,530 2,589 1,429 

2 Days moist air, 2 daj s dr\ an 5,105 5,160 4,496 2,549 1,410 
4 Days moist air 5,040 4,747 4,079 2,375 1,324 

Age—5 Daj s 
1 Day moist, 4 da> s dry air 5,289 5,096 4,967 2,533 1,447 
2 Days moist air, 3 days diy air 5,846 5,025 4,520 2,752 1,459 
5 Days moist air 5,091 5,349 4,495 2,344 1,242 

Age—8 Days 
1 Day moist air, 7 dajs dry air 5,007 5,498 3,884 2,431 1,647 
2 Days moist air, 6 da> s drj air 5,482 4,855 3,651 2,479 1,526 
8 Days moist air 4,789 4,615 3,742 2,073 1,218 

Age—29 Da\ s 
1,583 1 Day moist air, 28 daj s dry air 4,679 4,946 4,139 2,517 1,583 

2 days moist air, 27 days dr> air 5,338 4,969 4,011 2,397 1,552 
29 Days moist air 5,109 4,856 3,943 2,325 1,111 

R E L A T I V E S T R E N G T H A L L M I X E S 

Curing 4 Days 5 Da>s 8 Da\ s 29 Da> s Average 

1 Day moist air, rest drj 108 104 112 103 107 
2 Days moist air, rest dr\ 107 106 109 105 107 
Total time moist 100 100 100 100 100 

T A B L E VTI 
PORTLAND C E M E N T C Y L I N D E R S , C U R E D IN MOIST AIR 

Strength in Pounds Per Squaie Inch 
4 inch Slump) 

Mix 
Per cent 
cement 1 Da\ 3 Da>s 4 Days 5 Da^s 8 Days 29 Days 

1 4 8 
1 3 6 
1 2 4 

7 7 
10 0 
14 3 

± 9 5 
235 

561* 
755 

209 

958 

260 
544 

1,144 

282 
662 

1,567 

589* 
1,205 
2,705 

± Broke before load was applied 
* Age 35 days 
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T\BLE V I I I 

C H E C K T E S T S ON PORTLAND CEMENT—COMPARISON OF C U R I N G 
METHODS 

(All 4 inch Slump) 

Mix 1 2 4 1 3 6 1 4 8 

Age, 4 days 
1 Daj moist an, 3 clays drj an 901 512 232 
2 Daj s moist air, 2 days dry air 1,067 524 249 
4 Days moist air 958 209 

Age, 5 daj s 
1 Day moist air, 4 days dry air 906 565 269 
2 Days moist air, 3 days dry air 1,147 523 247 
5 Days moist air 1,144 544 260 

Age, 8 days 
1 Da> moist air, 7 days dry air 1,302 732 331 
2 Days moist air, 6 days drj air 1,395 620 302 
8 Days moist air 1,567 662 282 

Age, 29 daj s 
1 Daj moist an, 28 days dry air 1,453 807 368 
2 Days moist air, 27 daj s dry air 2,218 953 326* 
29 Days moist air 2,705 1,205 589 

* Age 35 days 

R E L A T I V E S T R E N G T H ALL M I X E S 

^ Curing 4 Days 5 Days 8 Days 29 Days Avei age 

1 Day moist, rest dry 94 89 94 58 84 
2 Days moist, rest dry 105 98 92 78 93 
Total time moist 100 100 100 100 100 
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T A B L E I X 
E F F E C T ON S E T T I N G T I M E OF ADDITION OF PORTLAND C E M E N T 

Setting time 

Pci cent of Per cent of Pel cent of 
Lumnite Portland •water Initial Final 

1 2 Ave 1 2 Ave 

100 0 21 4 6 00 6 45 6 23 7 50 7 00 7 25 
90 10 23 0 4 09 3 55 4 02 4 54 4 45 4 49 
85 15 23 4 3 00 2 45 2 53 3 50 3 20 3 35 
80 20 24 4 2 40 2 50 2 45 3 40 3 45 3 43 
75 25 25 0 3 23 
67 33 26 0 2 23 
60 40 Flash Flash 
55 45 Flash Flash 
50 50 Flash Flash 
45 55 Flash Flash 
40 60 Flash Flash 
33 67 23 0 03 05 04 
25 75 23 0 02 07 05 08 09 09 
20 80 22 8 05 04 05 09 07 08 
15 85 22 4 1 19 17 18 27 26 27 
10 90 22 4 1 2 30 1 50 2 10 4 05 3 30 3 48 
0 100 22 8 j 4 10 4 45 4 27 6 10 6 15 6 13 

"The most inteiesting piopeity demonstiated by these tests is the 
veiy high stiength attained hy alurrunate cement at 24 hours, the 
strength being greater than that of Portland cement at 28 days Maxi­
mum strength seems to be leached at from 3 to 5 days The strength 
of the best 12 4 alummate cement concrete at 5 days was almost 
exactlj' twice as great as the strength of the best 12 4 Portland cement 
conciete at 29 days 

"It IS frequently stated that aluminate cement lequires more water 
than Portland cement, but the results of these tests are not in accord 
with that statement The strength of the aluminate concrete was, in 
practically all cases, inversely proportional to the amount of water 
used. When the strengths were plotted, the curves representing the 
various sliunps are approximately parallel lines, the greatest strength 
occurring with the use of the smallest amount of water I t took prac­
tically the same amount of water to produce a given slump with alumi­
nate cement as with Portland cement 

"When the strengths of the various mixes are plotted so as to show 
the relation between the strength and the pei cent of cement in the mix, 
the resulting curves are practically straight lines except for a break at 
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the 1 2 mix This refers to the 24-hour strength only as the in­
vestigation has not included sufficient tests, as yet, for the determina­
tion of these relationships at later periods At 29 days a 1 4 8 alumi-
nate cement concrete has about the same strength as a 1 3 6 Portland 
cement concrete, while 13 6 aluminate is about as strong as 1 2 4 
Portland 

"Absence of moisture during the curmg periods seems to have much 
less effect on alununate cement than upon Portland cement. In fact, 
m ahnost every case the cylinders cured in dry air were stronger than 
those cured m moist air, the average difference m strength bemg 7 per 
cent. 

" I n nearly all cases where the unit crushmg strength was more than 
4,000 pounds, the aggregate was fractured 

"An important question when aluminate cement concrete is used in 
connection with Portland cement concrete is the strength of the bond 
between the two materials Six half briquettes of Portland cement 
mortar were replaced in the moulds and the rest of the space filled with 
aluminate cement mortar The new briquettes formed in this manner 
were broken at the end of 24 hours and showed bond strength of 260, 
125, 325, 240, 95, and 190 pounds per square inch, or an average of 209 
pounds per square inch In one case, about half the fracture was 
through the old Portland mortar instead of being all the bond 

"Many discussions of aluminate cement state that it cannot be mixed 
with Portland cement without causing a flash set Results of settmg 
time tests made upon such mixtures are given in Table I X and indicate 
that flash set does not occur unless the proportion of Portland cement 
falls between 33 per cent and 90 per cent of the mixture 

" The tentative conclusion to be drawn from this investigation is that 
the Amencan aluminate cement, like the European product, is well 
adapted for use in highway work. While its cost (about three times 
that of Portland cement) tends to limit its use as a general constructive 
material, it seems to be well adapted for repair work, and for use in 
situations where it is urgent that traffic delay be reduced to a minimum 
It should be possible to open patches to traffic the day after they are 
placed, thus ehminatmg the inconvenience and great danger of barri­
cades and difficulty of keepmg the patch moist durmg curmg Ap­
parently there would be no difficulty in obtaining a secure bond between 
the patch and the old pavement. Several state highway departments 
have constructed experimental sections of aluminate cement concrete 
pavement and opened them to heavy traffic the following day without 
serious injury 

"Before the final conclusions can be drawn it will be necessary to 
make long time strength tests, abrasion tests, modulus of rupture tests, 
etc, and in the meantime the opportunities for observing the behavior 
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of this material under actual seivice conditions aic constantly 
increasing " 

III —Tests by H S Mattmiore, Engineer of Materials, Pennsylvania 
Department of Highways A few exccipts are given from a paper pie-
sented at the 1925 meeting of the A S T M 

"Duiing the construction by the maintenance foices of the Pennsyl­
vania Department of Highways, of a shoit section of an expenmental 
road surfaced with high-alumma-ccment concrete, a sciies of test 
specimens was cast fiom conciete being placed from a 4-bag capacity 
concrete mixer These specimens weie in the foim of beams 6 inches 
wide, 8 inches deep, and 40 inches in length, foi modulus of rupture 
tests, and 6 by 12 inch cylinders for compiession tests In order to 
secure compai ativc data, similai specimens of Portland cement concrete 
were cast from several batches made in the same mixci 

"A comparison of the conciete tests made with these cements demon­
strates that high-akimina cement produces concrete having considerable 
higher transveise and compressive stiength at 24 houis than Portland 
cement concrete at 28 days 

"I t was observed in the examination of the test beams, prior to and 
after testing, that the surface developed a soft or scaled top, varying 
from the so-called dusting surface to a distinct scale 3 ^ inch or greater 
in depth This condition was chai actei istic of all specimens but was 
more readily observable in the beams than in the cylinders, due to their 
larger surface area, in fact there was much doubt that it would be 
detected in a 6 by 12 inch cylinder without critical examination This 
condition apparently had little oi no effect on either the transveise or 
compressive strengths at the pciiods lecorded in Table I I , but such a 
surface condition is dertimental in floors and concrete road slabs and 
may affect the durability of any structure " Mr Mattimore's con­
clusions are quoted on page 153 
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IV—Test by Columbia University 

COMPRESSION T E S T R E S U L T S O B T A I N E D B Y COLUMBIA U N I V E R S I T Y 
ON L U M N I T E C E M E N T C O N C R E T E B L O C K 

Series No 1 No 2 No 3 No 4 No 5 

Mi \ 
1 Portland 
3 Sand 
3 Slag 

1 Lumnite 
3 Sand 
3 Slag 

1 Lumnite 
3 Sand 
3 Slag 

1 Lumnite 
4}^ Sand 
4>^Slag 

1 Lumnite 
6 Sand 
6 Slag 

Block 
Per Bbl 
Cement 

60 60 60 90 120 

Method of 
curing 

Steam room 
over night 
then out of 
doors until 

tested 

Ditto 
Series No 1 

Out of 
doors as 
soon as 

n-ade and 
until tested 

Ditto 
Series No 3 

Ditto 
Series No 3 

1 da\ 
230 
195 
210 

925 
1,000 

990 

1,600 
1,640 
1,550 

1,230 
810 
810 

445 
435 
485 

Average 212 972 1,597 950 455 

2 da\s 
300 
315 
345 

575 
690 

1,040 

1,790 
1,850 
1,850 

1,390 
1,400 
1,090 

670 
595 
585 

Average 320 768 1,830 1,293 617 

7 da\s 
615 
630 
665 

950 
1,070 
1,520 

1,930 
1,750 
1,900 

1,020 
1,420 
1,300 

805 
800 
725 

Average 637 1,180 1,860 1,250 797 

28 da\s 
900 
875 
900 

1,010 
1,240 
1,200 

2,100 
2,110 
2,210 

1,410 
1,560 
1,716 

635 
885 
905 

Average 892 1,150 2,140 1,577 808 
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V —Minnesota Highway Department Tests to Show the Effect of Age 
on Lumnite Cement Concrete, November, 1925 

' lESTS OX L U M N I T E C E M E N T U S E D IN C\ L I N D E R S AND B R I Q U E T T E S 

Soundness 0 K 

Set GiUmore ' Vicat 

Initial Set 
Final Set 

7 hrs 10 min 
, 8 hrs 20 min 

6 hrs 20 min 
7 hrs 45 min 

Retained on 200 mesh sieve 6 89 per cent 

TENSION T E S T 

24 Hours 7 Da>s 28 Days 

385 
420 
385 
425 
365 

435 
530 
420 

415 
475 
440 

385 
420 
385 
425 
365 Av 462 Av 443 
340 

Av 387 

T E S T S ON F I N E A G G R E G A T E USED I N C Y L I N D E R S 
Source—John Wunder Sand & Gravel Co 

Passing M-inch screen 98 1 per cent 

Analysis of -pari passing }4-^nch screen 

Passing No 10 74 2 per cent 
Passing No 20 51 0 per cent 
Passing No 50 9 5 per cent 
Passing No 100 1 7 per cent 
Color Plate No 1 

Loss by elutriation 0 75 per cent 
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T E N S I L E S T R E N G T H 1 3 MORTAR 
PORTLAND C E M E N T 

7 Day 28 Day 

Sample Ottawa Sample Ottawa 

375 295 540 350 
350 275 465 385 
390 260 485 400 

Av 372 Av 273 Av 497 Av 378 
Ratio-- 1 36 Ratio—1 32 

COARSE A G G R E G A T E U S E D I N C Y L I N D E R S 
Source—Gravel from John Wunder Sand & Gravel Co 

Grading of gravel 

100 per cent 
60 per cent 

5 per cent 
0 0 per cent 

Passing IJ^inch screen 
Passing J^-inch screen 
Passing }4-mch screen 
Passing J^-inch screen 

T E N S I L E S T R E N G T H OF L U M N I T E C E M E N T B R I Q U E T T E S 
Mix 1 part of Lumnite cement 

3 parts of standard Ottawa sand by weight 
All briquettes stored in moist air for 24 hours and then in water until tested 

Cement Water Ratio 

Age when 
0 51 0 54 tested 0 51 0 54 0 57 0 60 0 63 0 66 0 69 0 72 

Tensile strength 
• 

24 hours 388 423 394 371 385 397 378 370 
3 days 551 546 495 464 487 472 455 462 
7 days 490 491 465 527 515 469 478 470 
28 days 455 452 435 447 461 423 414 398 
3 months 478 466 436 428 448 413 386 369 
6 months 548 505 523 487 479 448 445 450 
9 months 582 496 496 487 449 500 479 498 

Each figure average of six tests 
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COMPRESSION T E S T S ON 6' x 12' L U M N I T E C E M E N T C O N C R E T E 
C Y L I N D E R S 

Mix 1 2 4 by volume 
Cured in moist air up until time of testing 

Water used gal /sack cement Portland cement 
Age when tested concrete 6 gal 

6 7 
water per sack 

24 hours 4,475 4,615 3,095 2,815 142 
24 hours 4,700 4,490 3,305 2,485 164 
24 hours 4,030 189 
Average 4,588 4,378 3,200 2,650 165 

3 days 5,730 5,510 5,330 4,070 792 
3 days 6,740 5,240 4,250 4,580 673 
3 days 5,450 715 
Average 6,235 5,400 4,790 4,325 727 

7 days 5,380 5,500 5,330 4,430 1,520 
7 days 6,620 5,500 4,660 5,300 1,460 
7 days 5,280 1,610 
Average 6,000 5,427 4,995 4,865 1,530 

28 days 7,060 5,390 5,260 4,280 3,240 
28 days 6,850 5,355 5,160 4,330 3,500 
28 days 6,000 3,640 
Average 6,955 5,582 5,210 4,305 3,460 

3 months 7,470 6,410 4,410 4,765 4,425 
3 months 6,480 6,600 4,580 4,000 4,325 
3 months 5,275 3,860 
Average 6,975 6,095 4,490 4,382 4,203 

6 months 6,170 4,240 4,620 4,130 3,660 
6 months 5,680 5,250 4,370 3,740 4,200 
6 months 5,730 3,880 
Average 5,925 5,073 4,495 3,935 3,913 

9 months 6,300 5,950 4,965 4,420 3,473 
9 months 6,380 5,320 5,264 4,530 4,770 
9 months 5,130 4,823 
Average 6,340 5,467 5,114 4,475 4,355 

Slump test on Lummte cement concrete using 6 gallons of water per sack of cement 
was 6}^ mches For Portland cement concrete with the same aggregate and same 
amount of water, the slump was 414 mches 
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L U M N I T E C Y L I N D E R S FROM U N I V E R S I T Y E X P E R I M E N T A L PAVING 

Age 
Breaking load 

lbs /sq in 
Average of 

three 

24 hours 5,050 
4,800 
4,900 4,917 

48 houre 4,110 
5,590 
4,160 4,620 

72 hours 5,650 
5,050 
4,630 5,110 

7 da>s 6,040 
5.210 
5,380 5,543 

1 month 4,975 
5,330 
5,830 5,378 
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