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PREFACE. 

Many authorities have concluded that the use of more than 

ten percent of lime in concrete was not warranted. It has bean 
assumed that this was also the economical limit in the manufac-
ture of concrete products but, no data could be found on the 

subject. Apparently no serious investigation has been made of 

the use of lime in this important branch of the concrete indus-
try. In order to aeterrnine if ten percent of lime was the eco-

nomical limit to be used in concrete products, it was decided 

advisable to carry the experimental work into the products 

pla.nts themselves so that the results obtained could be trans-

lated into plant practice directly, in place of interpretating 
from laboratory results. 
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HI ST ORI CAL USES OF LH.IB. 

The use of lime as a binding material or mortar for hold-

ing together stone and brick originated in the remote past. 

It is probable some savages, having used stones composed of 

limerock to confine their fire, noticed that the stones were 

changed by tho action of heat. A passing shower slaked the 

lime to a paste, thus the discovery was made that the paste 

was smooth working and furnished a better material than clay 

to fill up the holes and crevices in their crude dwellings. 

From the discovery of the fact that burned limerock gave a 

material which slaked with water to a paste, it was but a. 

step to the addition of sand in order to produce a mortar. 

The art of using mortar in some form or other is as 9ld 

as the art of .building or as civilization itself. Evidences 

of the use of mortar are found not only in the older coun-

tries of Europe, Asia and Africa, but also in the ruins of Mex-

ico and Per~. The remains of the work of these ancient Atti-

sa.ns are evidence to us of the enduring qualities of lime mor-

tar as well as the skill and knowledge possessed by the user. 

Miller in his work on mortar states"Plastering is one of the 

earliest instances of man's power of inductive reasoning, for 

when men built they plastered; at first, like birds and beavers, 

with mud; but they soon found out a more lasting and more com-

fortable method,and the earliest efforts of civilazation were 

directed to plastering. The inquiry into it takes us bach to 

the davm of-
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social life until its origin becomes mythic and prehistoric. 

In that dim, obscure period we cannot penetrate far enough to 

see clearly, but the most distant glimpses we can obtain into 

it shows us that man had very early attained almost to perfect-

ion in compounding mriterial for plastering. In fact, so far as 

we yet know, some of the earliest plastering which has remain-

ed to us excels, in its scientific composition. that which we 

use at the present day, telling of ages of experimental at-

tempts. The pyrami~s of Egypt contained plaster work executed 

at least 4000 years ago, and this, where wilful violence has 

not disturbed it, still exists in perfection, outvying in dura-

bility the very rock it covers, where this is not protected by 

its shield of plaster." 

The earliest known examples of the employment of mortar 

in masonry are presented by the pyramids of Egypt. Vicat in his 

celebrated treatise on Morta.rs and Concrete, states: "The 

E~gyptian monuments present without doubt the most ancient and 

remarkable examples which we can quote of the use of lime in 

building~.The mortar which binds the blocks of the pyramids,and 

more particularly those of Cheops, is exactly similar to our 

mortars in Europe. That which we find between the joints of the 

decayed buildings at Ombos, at Edfou, in the Island of Phila, 

and in other places, gives evidences by its color, of a reddish 

very fine sand mixed with lime in the ordinary proportion. The 

use of cements (limes) was therefore already known two thousand 

years before our time; perhaps it would be easy to carry that 



epoch still farther back, were we to consult the ancient mon-

uments of India, and the Sanscrit books, if they speak of the 

ancient relations of Egypt with that country; but this would 

be to attach too much importance to an inquiry, more curious 

than useful." 

At a very early period the Greeks used plaster consisting 

of a true lime stucco of most exquisite composition, thin, fine 

and white. The houses of the simple citizen were ornamental 

with stucco which for whiteness,hardness and polish compared 

well with the Parian marble. Thus at the time of Pericles and 

Plato, the art of plastering had made great progress. From the 

Greeks the Etruscans, of middle Italy, gained their knowledge 

and the Romans in turn learned the art of plastering from them. 

Greece became a Roman province in 145 B. C., and the loot of it 

gave a great impetus to Roman art. Our knowledge of the Roman 

methods of building and their use of material is largely de-

rived from the v1ritings. of Vitruvius. Vitruvius was a military 

engine er under Julius Ceasar in his African campaign and was 

an architect under Augustus. On all matters relative to Greek 

and Roman architecture, Vitruvius should be consulted,since 

according to his own confession his work contained all the 

knowledge that the Greeks possessed of the art of building. 

Pliny the elder, in his natural history, and Palladius, have 

added nothing to what Vitruvius had said before them. 

E. W. Lazell, PH. D. 

To day we find lime an important item in chemistry and 



and agriculture as well as construction. In construction 

not alone as lime is in the days of old but as a valuable 

admixture in concrete. Not only in mass concrete but as 

this paper will attempt to show a valuable addition in the 

manufacture of concrete products. 

7A 



SCOPE OF INVESTIGATION. 

The effect of lime in concrete products at first glance 

seemed to be a comparatively easy determination to make so 

that in planning the investigation it was decided to include 

the effect of lime on the shrinkage, freezing, and if poss-

8. 

ible the micro structure of the concrete, as well as the ef-

fect as regards the strength absorption permeability and aging 

of the product. It was soon found that an investigation whose 

latitude included all of these points would require a labora-

tory force whose entire time would be absorbed by the work. A 

circumstance whi.ch was impossible at the Rock Island Arsenal 

laboratory. As a result points closely related were chosen upon 

which to concentrate and the investigation narrowed its elf down 

to the effect of lime upon concrete products as regards its com-

pressive strength at the ages of 28 days - 3 - 6 - 12 and 24 

months; the absorption (by immersion and by impounding water G>n 

one face and the permeability or resistance offered to water 

actually flowing tbru the block, general appearance and appear-
1 

ance of the fractured concrete. 
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O:BJECT. 

There are two methods employed in the manufacture of con-

crete products. The wet end dry process. In order that this 

point may be made clear, reference is made to the water strength 

curve as developed at the Lewis Institute by Prof. Abrahms. 

From this curve (Plate No.l) it wi 11 be seen that for a given 

mix there is what might be termed a critical water content.This 

is a water content such that will develope the greatest possible 

strength in the concrete mixed, all other conditions being equal. 

It will be noted from this curve that mass concrete due tm the 

requirements of chuting a11rd filling around reinforcing rods ,etc, 

is poured with the water content often far in excess of the 

amount for greatest strength; hence a weak concrete; while on 

the other hand, concrete cast into a mold and tamped into place 

is always deficient in water, a condition also which fails to de-

velope the total strength of the concrete. This dry condition is 

necess ary in order to be ab le to strip the product at once and 

yet have a unit in which there is no slump. 

The wet process of casting concrete products contains the 

same condition as found in mass concrete in that it must be mix-

ed with sufficient water to insure a completely filled mold. In 

this process the concrete is poured and allowed to remain in the 

mold until the unit has set sufficiently, {10 -24 hours),to al-

low the mold to be removed without damage to the product. 
The dry process employes the reverse condition, that is,the 
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mix is sufficiently dry so that filling by a vigorous ta~p

ing permits the mold to br removed at once without damage to 

the product. Uith the idea in mind that, in the dry process 

of making concrete products, the mix is made on the up slope 

of the water strength curve and due to this fact the unit 

never gets enough w~ter to develope the full strength of the 

concrete; the object of this investigation is to determine 

the effecrt of lime in concrete products made by the dry pro-

cess and to determine if possible what amount if any is the 

most advantageous to use. This point to be determined with 

regards to the strength of the concrete at the ages of 28 days 

3 - 6 - 12 and 24 months. The absorption of the unit both by 

impounding and immersion method, the permea.b ility o:fi the con-

crete, the ~eneral appearance and the appearance of the frac-

tp_re d unit. 
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OUT LINE OF THE INVESTIGATION. 

Due to the fact that many inquiries were made by the man-

ufacturing concerns of the vicinity, permission was granted 

Rock Island Arsenal to carry out commercial testing. During 

the war however the practice wa.s stopped due to the require-

ments of the Arsenal itself. Soon after the war permission 

was again granted with the result that the laboratory carries 

out many and varied tests for commercial plants of the tri-

cities. It was only natu.ral then that in seeking a laboratory 

in this vicinity the representative of the National Lime Asso-

ciation should make inquiry concerning the facilities at the 

Arsenal. Permission was granted under the usual terms by the 

Commanding Officer and plans were discussed with the laboratory 

force. In discussing the plans, it was at first thot that it 

would be a simple matter to decide the effect of lime in con-

crete products, so that the program was layed out to include 

the effect relative to the compression strength at different 

ages, to water absorpt~on, to permeability, to appearance,both 

general and texture of the fracture, to shrinkage, freezing 

and thawing and if possible the micro-structure. 

It was soon learned hovrever that in order to carry out 

such a program the present laboratory force would have to de-

vote its entire time to the investigation, which of course 

could not be accomplished. The result ~as that only points 

closely related, as else where enumerated, were carried out. 
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As the work progressed it seemed impossible to prevent 

deviation from the original plan. This especially true when 

m~:~k ing the absorption test. The recommended practice of sub-

merging the unit did not seem to tell the entire story and it 

seemed very desirable to note the effect of impounding water 

on one face of the unit, simulating more ne~rly the conditions 

met with in the field. By the method used, it was possible to 

check upon penetration and permeability. 

It was also found desirable to run a l~oratory check on 

the plant runs. This brought up the question of curing so that 

cu.ring tests were run to determine the best possible method. 

In making the laboratory run it was at first thot poss-

ible to utilize the tension test specimens. This however proved 

a failure after some 60 tests due to the tension machine (See 

Fig. 531-37180 of appendix} in the laboratory being a hand 

operated affair of the old type making it impassible to ob-

tain reliable results with the small loads obtained. The ten-

sion specimens consequently was abanded in favor of the 2 x 4 

compression cylinder. 

Block Plant Test No.I 

The units of the first test were manufactured at the plant 

of the North West Da11enport Cement Block Works, Da11enport ,Iowa. 

This run consisted of 36 variable, with 6 mixes and 6 lime con-

tents. The total number of specimens made was 250. This gave 3 
specimens for any one condition to be tested at the age of 7 

and 28 days. The analysis of the data obtained from this test 



showed the strength to be increasing both with the maximum per-

cent of lime used; i.e. 20 percent and, the maximum age of 28 
days. These results also showed that unless the work was carried 

farther no real value could be attached to this work; due to 

the fact that concrete does not obtain its maximum strength un-

til the age of about 28 days so that even though the results did 

show increased strength, this condition could be attributed to 
the natural properties of the aging concrete. 

Block Plant Test No.2 

Inquiry in the three cities revealed the fact there was 

no manuf•3,cturer willing to undertake the program of the second 

test. 

This sec6nd field run was made at the Concrete Block Plant 

of the Builders Material Co. of Cedar Rapids, Iowa and covered 

a latitude which provided 36 variables including both hydrated 

lime and quick lime putty. There were 1000 specimens manufac-

tured ancl shipped to Rock Island Arsenal for crushing and ab-

sorption tests. This number provided 5 units for each condition 

to be tested at the ages of 28 days - 3 months - 6 months -1 

year and 2 years respectively, or 39 units of each kind. All 

tests except the 1 year and the 2 year strength are completed 

and included in this report. The 1 year and the 2 year tests 

will no doubt c·onfirm the condition of the 6 month break that 

is that there is no retrogression due to the use of lime. The 

28 day and the 3 month tests were so unusual that it seemed ad-

visable to run some lqboratory experiments in comfirmation of 

these results. 



L2borstory Test No.l 

The study of conditions and results of manufacture in 

these two commercial plants lead to a consideration of cur-

ing methods. A labore.tory experiment was made at the Rock Is-

land Arsenal in which 6 mixes and 6 curing methods were used 

for a total of 36 variables and 180 test specimens. The con-

ditions paralleling in every possible way the Cedar Rapids 

Plant run. 

Results of this experiment, based on 28 day strengths,in-

dicated that steam curing may be eliminated by the use of lime, 

under certain conditions. As a result another lab oratory test 

w0s planned. 

Laboratory Test :No.2 

In· order to confirm the results obtained in plant test 

No.2 and laboratory test No.la second laboratory test was 

made. This work also paralleled the Cedar Rapids run in all 

respects; i.e. materials mix and manufacture. All materials 

were shipped from the CedB.r Ra.pids Plant. Two curing methods, 

3 mixes, r-:,nd 11 lime contents ga.ve a total of 66 variables 

and 330 test specimens for this work. 

All investigations were made with products m1_m uf·;ictured 

by the dry process. The plant and laboratory operations close-

ly followed the,"Recommended Practice for the .Manufacture of 

Concrete Products,n of the American Concrete Institute.Crush-

ing and absorption tests were made as approved by that same 

authority. 
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The size (2 x 4 cylinder) of the laboratory specimens was 

chosen because it approached very closely the wall thickness 

of the plant units and consequently would have about the same 

curing rate. 

General Indications. 

Briefly summed up the general indications of the results 

are as follows: 

1. Appe~rance of the product is improved by all percent-
ages of 1 ime. 

2. Strength. 

(a) Up to 40 percent by weight hydrated lime gives 
an average increase in strength of approximate-
ly l percent for each pound of lime added per 
sack of cement. 

(b) Aged lime putty gives considerable increase in 
strength, also much quicker set than eguivalent 
amount of hydrate. 

( c) All percentagies of lime tested show .. incre.ase in 
strength from 28 days to 6 months of ::tge. 

3. Absorption. 

{a) Determined by the standard immersion method ab-
sorption increased uniformly from 6.2 percent 
without lime to 7-1/2 percent with the maximum 
lime content used. 

(b) Determined by impounding water on one face,ab-
sorption is not increased by the use of lime. 

4. Permeability as determined by impounding water on one 
face, is eliminated by use of 20 percent or more of 
hydr ated lime or equivalent in lime putty. 

5. Penetration of dJ .. mpness into the product decreases as 
the lime is incre s sed. 
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DETAILS OF THB I NVESTIGATION. 

Block '.rest No .1 

Even though the number of test units for this experiment 

was comp aratively small it was a rather difficult task to find 

a pLwt vYilling to take on the work. Mr. John Meier, Ivlanager,of 

the North Yiest Davenport Cement Block Co. was finally convinced 

that the undertaking and expense was well worth while in view of 

the information to be obtained. 

This is a comparatively new pl~..nt built on pl?..ns which 

would permit expanding to practically twice the capacity of the 

output at the time of the test. It is housed in a rather impos-

ing cement brick structure of two stories. The front portion be-

ing devoted to office quarters, display rooms and the manufact-

ure of the artificial stone. The rear being devoted to the man-

ufacture of concrete building units. 

The equipment for the manufacture of the building blocks 

consisting .of one Biystone and one Ideal Mixer having a capacity 

of 5 cubic feet each. The mixers being served by an elevator 

which conveyed the mixed materials to a. hopper over the ca.sting 

machines. The casting machines were of the Ideal horizontal 

stripper type making a two cored block 8 x 8 x 16" in dimension. 

The 5 kilns 5' x 6 1 x 40 feet long are steam heated and 

have a water spray running the full length capable of producing 

an atmosphere super saturated with moisture. The capacity of 

the kilns is 800 blocks each m~3king a total of 4000 blocks for 

the battery. The re ar door of the kilns open directly into the 
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storage yard. 

~I1he analysis of the sand and. gravel is found in Table lA. 

The chemical analysis of the lime and lime putty ia as 

follows: 

Hydrate. Quicklime. 

Silica ( s i02) 0.24 0.30 

Iron (Fe 2o3 0.06 0.09 

Alumina (A12o3} 0.22 0.31 

Lime (C9-0} 52.27 60.02 

Tulagnesia {MgO) 28 .96 39.25 
Water 16.79 ,... __ ---

The physical analysis of the cement is as follows: 

Percent residue 
200 Sieve. 

Initial setting 

Final setting 

Boiling pat 
5 hours. 

Tensile strength 
7 days. 

Normal consistency. 

Cement used. 

15.24 
O.K. 

O.K. 

O.K. 

269/f average of 
5 specimens 

23.3 

Government Specification. 

Max. 22 percent. 

45 minutes. 

10 hours. 

Shall not warp or 
crack. 

200#. Minimum per 
square inch. 

The test was run by the regular operatives and care was 

taken in the measurements of materials, to insure uniformity 

and, in recording conditions. The aggregate was measured out 

by means of a ten quart pail while the water was measured and 

weighed to the nearest pound. 
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TABLE 1-A.-- PH<>POHTIONII\G J)ATA AND 'TES'l' HESUl/fS BLOCK PLANrr 

'fES'f No. 1. 

Mix. 

1: 4 
1: 5 
1 : ti 
1: 7 
I: 8 
1: H 

Cubic Feet 
Natural MaterialK. 

--·--·--- - -- ·· -- - ~---- ---

Sand. Gravel. 
-- -----·- ·- - -- - ·' - ---- -·- ~·- - --

2 .00 :~ _ 00 
2.2f> :1 .50 
:~ .50 4.2:. 
4.00 5.00 
4.67 5.ti7 
f> .17 (j . :J:3 

Cubic Feet Dry an<l 
Hoclded Materials. 

-- -- -~ --· ---- ---- - - ·~· ·- - ----------·· ---
8and. Gran I. 

----- -- · ·- · ··---- - --···- ·--· ----- -------
1. 74 :{ .00 
~. 8:{ :~. 50 
:3 .CH 4.25 
:~ .48 5.00 
4 . (){) 5.67 
4.50 G.33 

Fincuc::;s Total Water Blocks 
Modulus Content, Per Sack 
of Mix. Pounds. of Cement. 

--------- ------- ------ -------- ---- -

4.W 4H 11 .0 
;{. 90 .5ti 13.8 
4.00 (i:3 16.6 
4.02 70 19.4 
4 .15 78 22.2 
4.01 85 25.0 

- -- ------------··---------- -------------------------
7-DA Y Cm1PHEss1v:r; STin;:-;aTHs. 
Pound8 per sq. in. of gross area. 

Mix. No Lime. 
5c,;J----5 lb. 10%-10 lb. 15%-15 lb. 20c;{,--20 lb. 10%-22Y2 lb. 
Hydrate. Hydrate. Hydrate. Hydrate. Quicklime Putty. 

-- ·- - ----·- -------- -- -- -- -·---
1: 4 12:{'2 1~;)8 1490 1330 1450 1750 
1 : ;) 8()3 -- •) ';)...., 1040 106:3 980 1110 
1: () {) 15 480 .5.55 6.59 7;)'2 885 
I: 7 4;30 ():32 5,5;3 581 728 664 
1: 8 40~ 4:)0 449 530 4:36 640 
1: 9 :~ 14 ~H3 439 427 456 

28-DA Y Cmu 1rnss1vE STHENGTHS. 

1 :-1 147:{ 1 {)5;) 1805 1551 14aO 2120 
1: 5 9H6 10:34 1180 1245 1066 1245 
1: (j H4:3 775 !}4.5 1040 1204 1109 
1: 7 585 81 t) 707 856 957 1007 
I: 8 57,5 85:~ 622 774 710 837 
1: 9 426 440 515 610 570 

- --- ~------------

Non~.-All strengths arc the average of three crushing tests. 
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Table lA gives the data of proportioning as recorded. 

Mixing in a Blystone mixer 1-1/2 Min. dry and 1-1/2 Min. 

wet was uniform in all cases. The blocks were cast in an Ideal 

horizontal two core machine and cured in saturated air at 90 
Deg. F. for 48 hours and then put into open March storage. The 

consistency of the mix was as wet as the machine operator could 

re.9..SOna.bly handle. As explained else where in the paper, con-

crete products are c~st on the upslope of the water strength 

curve which means that there is never enough water added to de-

velope the greatest possible strength. In case of this test 

in order to get as much strength as possible water was add ed. up 

to the limit of where no slump was obta.ine d upon removing the 

forms. Care was taken to insure uniformity in all operations of 

proportioning, mixing, casting and curing. The blocks were test-

ed for crushing strength at the ages of 7 and 28 days at the 

Rock Island Arsenal and the results are shown on Table lA above. 

In going over these results it will be seen that the general 

trend of strength is on the increase with both the increase of 

lime content and age. 

Block Plant Test No.2 

The resu.lts from the first test showed clearly that in or-

der to make the information of real value, it would be necessary 

to go into the subject further. In order to vary the manufacture 

conditions, the specimens for this second test were made at the 

Plant of the Builders Materials Co. Cedar Rapids, Iowa. 
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The plant while operating upon the same principle as the 

Davenport Plant was not nearly so large having one Blystone 

tilling mixer (Fig. 12) to serve two anchor Automatic tampers 

(Fig. 13) c ~rnting a 3 cored verticle block 8 x 8 x 16" in di-

mension. The curing at this plant was carried out in two 5' .x 

61 x 49 foot kilns (Fig. 14) heated with live steam which al-

so furnished the necessary additional moisture. The kilns were 

served by a narrow gage track and opened into the storage yard. 

The materials used in this test were carried in stock at the 

plant. The analysis of the aggregate is shown in Table lB while 

the a ctual size of the sand and gravel is shown in Fig. 15 and 

16. 
The chemical analysis of the lime and quicklime is as fol-

lows: 

Hydrate Quicklime. 

Silica (Si02 ) 0.12 0.22 

Iron and Alumina (R203) 0.40 0.33 

Lime (Cao) 72.03 97.81 

Hlagnes ia ( MO'O) 0 1.19 0.59 

Calcium Sulphate (Caso4} 2.25 0.21 

Water (H20) 23.18 0.81 

The cement is of a grade recommended by the state of 

Iowa road commission as being a good standard grade. 



4 EFJ~ECT OF Ll:ME ON 'CONCRETE. 

TABLE 1-B.-PROI>ORTIONING DATA. 

Determined in Block Plant Test No. 2 and used in all laboratory experiments. 
PROPERTIES OF AGGREGATES. 

Sand 
Wt. of 1 cu. ft. of material in the natural state. . 96. 9 lb. 
'Vt. of above material, dry and rodded.... . . . . . 92. 8 lb. 
Volume of above material, dry and rodded. . . . . 0. 84 cu. ft. 
'Vt. of 1 cu. ft. of material, dry and rodded .... 110 lb. 
Bulking of ratio of wet to dry material. ........ 119% 
'Vater content per cu. ft. material in natural 

state ................................... . 
Per cent of wat<1r by weight in natural state ... . 
Sieve analysis: 

lletained on a No. 4 sieve ............... . 
8 sieve ............... . 

16 sieve ............... . 
:30 sieve ............... . 
48 sieve ............... . 

100 sieve ............... . 

4.1 lb. 
4.2% 

2% 
11% 
38% 
74% 
94% 
99% 

Fineness modulus. . . . . . . . . . . . . . . . . . . . . . . . . . . 3 .18 
Required percentage for fineness modulus of 3 .80 5772% 

DETAILS OF PROPORTIONING. 

Gravel 
104.2 lb. 
101.6 lb. 

0. 94 cu. ft. 
108 lb. 
1063 

2. 6 lb. 
2.5% 

10% 
583 
983 

1003 
100% 
1003 

4.66 
42Y2% 

Mix. Cement to dry, rodded aggregates. 1: 6 1: 7 1: 8 
When mixed the separate vol. shrink to. 85% 85% 85% 
Sum. vol. sand and gravel before mix ... 7 .05 cu. ft. 8.22 cu. ft. 9.42 cu. ft . 

. Required volumes-dry and rodded: 
Sand-57 Y2% of sum of volumes ..... 4. 05 cu. ft. 4. 72 cu. ft. 5. 42 cu. ft. 
Gra vel-42 Yz % of sum of volumes. . . 2 . 99 cu. ft. 3 . 48 cu. ft. 4. 01 cu. ft. 

Required volumes-in natural state: 
Sand-119 % of dry volume. . . . . . . . . . 4. 82 cu. ft. 5 . 60 cu. ft. 6 .45 cu. ft. 
Gravel-106% of dry volume. . . . . . . . 3 .18 cu. ft. 3. 68 cu. ft. 4. 25 cu. ft. 

Field mix as used .................... . 
Sand ............................. . 
Gravel ........................... . 
Cement, one sack ................. . 
Blocks per sack of cement calculated. 

4. 8 cu. ft. 5. 6 cu. ft. 6. 4 cu. ft. 
3 . 2 cu. ft. 3 . 6 cu. ft. 4. 2 cu. ft. 
94 lb. 94 lb. 94 lb. 
17.8 20.8 23.8 

REcoRn oF 'v ATER CoNTENT FOR A ONE SAcK Mix. 
Water added, water in aggregates and water in putty, totaled in pounds. 

Mix. Without All per cent 2272 lb.-103 45 lb.-203 67U Ib.-30% 90 lb.-40% 11272 lb.-50% 
Lime. of Hydrate. Putty. Putty. Putty. Putty. Putty. 

1 6 80 80 84Yz 89 93Y2 94 10272 
1 7 88 88 88~~ H5 101Y2 106 108Y2 
1 8 105 10,:) lOB!/2 114 114Y2 115 11972 

22. 







The physical analysis of this cement is as follows: 

Percent Residue 
200 Sieve. 

Initial set. 

Final set 

Boiling Pat. 
5 hours 

Tensile strength 
7 days. 

Normal Consistency 

Cement used. 

19.6 
O.K. 

O.K. 

O.K. 

Government Specification. 

22.0 

45 Minutes. 

10 Hours 

Shall not warp or crack. 

270# per square 
inch Average 5 Test 

200~/f per square 
inch. 

28 Percent. 

The operating conditions were in no way changed except 

that a batch measureing box {Fig. 12) was installed which 

permitted the accurate me 8.surements of materials. The prompt 

and complete delivery of materials to the mixer permitted a 

mixing time of 6 minutes, 3 minutes dry and 3 minutes wet, 

without slowing up the operation of the plant. It might be 

noted that the measureing box is still in use. 

The tests were run thru by the regular operatives and 

considerable c are was observed to insure that all batches 

were uniform and of the desired proportions. The consistency 

for each mix was as wet as could be properly handled, thru-

out the operation, with out slump. To this end the judgement 

of the machine operator was of great as s istance in fixing the 

amount of water required. In this test as in test No.l the 

\~l'.? .. ter was weighed out to the nearest poU.nd. The usual pra.c-

tice was for the mixer to try the concrete for consistance 
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as the water was added -q.ntil in his judgement it was of the 

proper consistency. The water being weighed out in a 10 quart 

pail. The water from the final pai 1 was weighed back in order 

to determine to the nearest pound just how much water was poss-

ible. Yfhen it happened that the block was cast too wet or when 

the block showed that more water could have been used that 

batch would be run to stock and another test run. This happen-

ed occasionally when changing the mix. It might be here noted 

in changing from one mix to another the mixer, elevator, and 

casting rmchine were thoroughly cleaned out before starting 

the next run. 

Table lB gives the properties of the aggregate; the de-

tails of proportioning and. the total water content. l!Iixing 

was done in a Blystone tilling mixer and the mix was convey-

ed aµtomatically to the feed hopper of an anchor automatic 

tamper. This machine is of the 3 cored verticle stripper 

type {Fig. 13) and is equipped with a ma.nnually operated fee a.. 
In c~rnting, the a.mount of tamping was as uniform as the oper-

ator could obtain. Curing was in steam at 125 Deg.F. for 36 
hours {Fig. 14) followed by sprinkling night and morning for 

6 days in open May storage 

When about 20 days old the specimens were packed in 

straw and shipped to the Rock Island Arsenal where they were 

placed in covered storage at the laboratory until needed for 

test. 

Tests have been made as follows: 



Crushing strength at 28 days, 3 and 6 months.{See Table 3) 
Absorption by standard immersion method.(See Table 4,Column 4) 

Absorption on one face.(See Table 4, Column 5) 
Permeability Tests.(See Table 4, Column 6) 

Penetration of Dampness into the unit.(See Table 4,Column 7) 

Laboratory Experiment No.l 

In order to determine that lime-cement products were ad-

vantageously cured by the customary steam and moist method, it 

was decided to make a curing experiment. Hydrate and putty 

equivalent, of each 6 variables were cured under 6 different 

conditions. These data together with the 28 day strengths are 

in Table 5. 
After consideration it was decided to investigate furth-

er two of these curing methods: 24 hours in steam at 125 Deg. 

F. followed by 6 days sprinkling as compared with one week 

moist curing. 

Lab oratory Experiment :no .2 

To check from onother angle, the results obtained in the 

above tests, a series of 2 x 4 inch cylinder specimens were 

made in the laboratory having the same variables and naterials 

as used· in the Cedar Rapids test. The mixing was done in a 

small mixer built after the manner of a standard Blystone and 

driven on the centers of an engine lathe (Fig.531-37486).The 

specimens were made in a split core box of the proper dimen-

sions. The materials were deposited in four layers and each 

layer tamped the same amount, to simulate as near as possi-

ble the casting machine. Each batch made 10 specimens and 
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TABLE :3.-EFFECT OF LIME ON COMPRESSIVE STRENGTH AFTER 28 DAYS. 

Tabulation of results of Block Te~t :No. 2 at ages of 1, 3 and 6 months. 

Proportion 
!\forked. Cement to 

Aggregate. 

All strengths are average of fi Tests. 

Lime per 
Sack of 
Cement. 

Strength in lb. per sq. in. Gross Arca. 

Age 
28 Days. 

Age 
3 Months. 

Age 
6 Months. 

6 Month 
Strength 38 
Per Cent of 

28-Day 
Stren~th. 

----~ ------- ----- ---------
GO 
Glt 
G2t 
{)~~ t 
fHt 
G5t 

iO 
71t 
72t 
i3t 
74t 
75t 

80 
Slt 
82t 
s:H 
SH 
8.)t 

60 
t)l t 
{)'.? t 
tt3t 
t)l t 
f).) t 

80 
8lt 
8~t 
83t 
8-1 t 
8:1t 

_l :6 
1 : ti 
1 : f; 
1 : t) 
1: {j 
I: G 

1: 7 
1: 7 
1: 7 
1: 7 
1: 7 
1:7 

1: 8 
1: 8 
1: 8 
1: 8 
1: 8 
1: 8 

1: 6 
1 : {} 
1 : () 
1 : t) 
I: fi 
l : t) 

1: i 
J: i 
1: i 
1: 7 
I: 7 
1: 7 

1: 8 
1: 8 
1 :8 
1 :8 
1: 8 
1: 8 

None 
IOt 
20t 
30t 
40t 
.10t 

None 
IOt 
20t 
30t 
40t 
50t 

None 
IOt 
20t 
30t 
40t 
.::>ot· 

None 
22~-···~t 
4.1! 
fi7 1,2t 
not 
112~H 

~on:.-t indicates hvdratcd lime. + . ~ 

+ mdicatcs lime putty. 

1130 
123.5 
1180 
1211 
1005 
888 

1016 
1061 
1248 
1128 
1379 
1270 

663 
852 
724 
925 
9.58 
888 

1130 
1125 
1198 
887 

1216 
!HO 

1016 
985 
943 
733 
780 
689 

663 
756 
989 
774 
617 
708 

1086 
1038 
1119 
1317 
953 
973 

839 
1059 
1161 
1131 
119.) 
973 

770 
101~~ 
1:trn 
1419 
Hal 
1478 

1086 
17GO 
1029 
148-! 
1003 
1110 

83H 
1536 
t.)08 
1010 
1051 
800 

no 
779 

1198 
1023 

781 
1069 

1235 
1350 
1370 
1410 
1360 
1275 

101.5 
1115 
1170 
12GO 
1275 
1495 

805 
965 
960 

1360 
1165 
1155 

1235 
1!585 
1625 
131.5 
1560 
1180 

1015 
1575 
1315 
1010 
1070 
890 

805 
782 

1175 
1095 
930 
860 

109 
109 
116 
116 
135 
143 

100 
10.5 
9-i 

106 
93 

118 

121 
112 
132 
142 
122 
130 

109 
141 
135 
148 
1:28 
12.5 

100 
160 
139 
150 
139 
129 

121 
103 
119 
141 
150 
122 



TABLE 4.--EFFE('T OF I.ii.ME ON ABSOHPTIOX, PErt'.\IEABILITY AND DAMPNESS 

PE~ETH.ATIO~. 

Rc~ults of Plant Block 'I'est :\ o. 2. 
-------·- -·--··- ·--------· 

1~ inches of Water Impounded on Face 

Proportion Lime per Absorption for 2·1 Hours. 
Sack of bv 21 Hour Marked. Cement. to Crmcnt, Immersion, Ab3orption, Per cent of :>erietra tion 

Aggregate. pounds. per cent. per cent Impen·ious of Dampness, 
Dry Weight. L nits. inches. 

-- --- ---------- ' ·-- ---- - -· - ------ --------- -----
()0 1 : f) None 5.96 :3. 12 40 3 
Ii 1 t 1 : fl lOt 6 .. 15 2. 6.5 80 2~1-3 
{):? + 1: f) 20t 6.03 2.22 100 2H 
();) t 1 : ti :mt 7.00 2.27 100 2 -2!-2 
{) 1t 1: () 40t 7.7f> 2.45 100 2 

r.n ().1t 1: t) 50t 7 .25 3.09 100 1~~ C) ·c 
C) 

w 70 1:7 None 6.67 3.46 20 4 
C) ilt I: 7 lOt 7 .13 3.64 100 3>/2-4 a 
~ 

72t 1:7 20t 7.46 3.20 100 3 -3~-~ 

"'"=' nt 1: 7 30t 7.63 ;3 .35 lQO 2i .~ 
/ .. 

C) iH 1: 7 40t 5.90 3.28 100 2 __. 
~ 75t 1:7 50t 6.02 2 .Oi 100 lH ..... 
~ 
~ - 80 1: 8 None 5.97 3 . 11 60 3>2--3 ~ 

81t 1: 8 lOt 6.52 3.65 80 3 -3H 
8'>' ~T 1: 8 20t 6.57 3.78 100 3 
s:H I: 8 30t 6.12 2 .26 100 21/2 
8-lt I: 8 40t (). 28 2 .47 100 2 -2~/2 
8,)t 1:8 50t 7 .14 3.05 80 H'2 -------------
60 1 : () None 5.96 3.12 40 3 
() l i: 1 : t) 2:H·2t .5.60 2.21 60 2~-2-3 
6'H I : () 4.5t 6.25 2.31 100 2~2 -+ 
u:~ t I : ti 67 1 2t 6.98 3 .1:3 100 2 
ti 1 t 1: 0 ~Ot 6.87 2.33 100 H2-2 

rr. li5t l : fj 112!-2t 5.87 2.68 100 H2 C) 
. L: 

:,) 70 I: 7 None 6 .67 3.4n .·r;, 20 4 
:,..... 71! 1: 7 •)·) J . t 5.90 2.36 80 3 ....,;;. _._ ./ 2 __. 

~·)t 1:7 4.5t 6.08 2.36 100 2~2 c:: ,_ 
nt 1: 7 6?12t 7.00 2.90 100 2 -2Vi 

c.J 7-tt l: 7 not 6.60 2.7() 100 2 -2~2 ,... ,.... 
i:>t 1: 7 1121 2t 8.37 3.58 100 1 ~ l 

~ 
e,.) 

=' 80 1: 8 None 5.97 3.11 60 3~~-3 a 8Jt 1: 8 22 1/2t 6.54 3.02 100 4 -4~-2 
8H l: 8 4.it 5.96 2.65 100 3~'2-4 -+ 
8:3t 1: 8 67 !/2t 6.7.5 3.72 100 .3 -4 
8tt I: 8 90t 6.99 3.50 100 3 -3H 
85t 1:8 1l 21.·2t 7.77 4 .10 100 11-2 

NoTE.-t indicates hydrated lime. 
t in<licatcs lime putty. 

All va1t1eH arc the a\'cragc of 5 tests. 
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was mixed 3 minutes dry and 3 minutes wet as in the second 

plant test. The cylinders were stripped vertically and moved 

to a rack immediately after casting. The curing methods were 

as noted aboye and storage was inside at the normal tempera-

ture for the month of August. 

These specimens as all the compression specimens, were 

prepared for test according to the standard methods (Fig.531-
37458) and (Fig. 531-37488). The test units were placed upon 

a stiff bed of plaster of paris after which a thick coat was 

spread over the top, capped with a stiff paper and placed in 

the testing machine. The head of the machine was immediately 

brought down unti 1 a load of 3 to 500 pounds was applied to 

the specimen. This method guaranteed surface true with both 

bed and head of the machine. In addcition an auxilliary ball 

jointed head was used in all compression tests. 

The 8 x 8 x 16 specimens were crushed in the 2CO ,000 

pound Olsen Testing Machine at the rate of .058 inches per 

minute, while the 2 x 4 compression cylinders were crushed 

in the 100,000 pound Olsen Machine at the rate of .033 inch-

es per minute. 

Pr ~:tctically all fractures were of the double cone type 

having their bases in contact with the bed and head of the 

machine. (Fig. 531-37458) and(Fig. 531-37488). 
Each of the strengths recorded in Tab le :No .2 is the ave-

rage for five specimens broken. 



TABLE 5.-EFFECT OF LIME ON (~CHING l\1ETHODS. 

Tabulation of results of Laboratory· Experi1nent X o. 2. 

Steam .............. . 
8pray .............. . 
~ . kJ l prm r e ............ . 
Storage ............ . 

1 day 

6 days 
21 days 

1\Iethod of Curing. 

1 day 

20 days 
7 days 

1 day 

27 days 28 days 

1 dav 
20 davs 
7 da;rs 

~Marked. Mix Lime. Crushing Strength in Pounds per sq. in., Net Arca. 
pounds. 

62t 1:6 20t 1200 1600 685 1970 28GO 
... .,t ' ... 1:7 20t 11:30 1 '240 80,j nm 169.1 
82t 1:8 20t 1:310 1.j35 655 860 1.590 

62t 1 : 6 4.5t 2;rno 2840 1.575 J ,530 2400 
~')t ,_ I: 7 4.5t 1 i40 1842 1500 382 750 
s·)+ -+ 1:8 4.5t 11:30 1.542 6:rn 352 1180 

N urE.-t indicates hydrated lime. 
t indicates qu~cklime putty. 

All values are the average of five specimrns. 

1 day 
fi days 

21 day8 

3100 
1790 
1620 

2300 
2~00 
1500 



DISCUSS IOTT OF RESULTS. 

The value of any true investigation in this field is 

dependent to a large extant on the nu.,~ber of determination 

made. The more values that are included, the nearer the re-

sults approaches the fact. 

In this investigation into the effect of lime on con-

crete products there are included three entirely different 

conditions of manufacture. A total of over 1,500 tests have 
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been made. In general, every value in the tables is the ave-

rage of fifteen to sixty test operations. 

Appearance. 

No single quality of a concrete product has greater ef-

fect gn marketability than appearance. A product may be suffi-

ciently strong, thoroughly durable, and yet if its appearance 

is not pleasing, it will be sold with difficulty. Obseruation 

in these experiments shows that the color of the concrete is 

changed from a dark grey-when no lime is used to a lighter 

grey as the lime content of the mix increases. Fig. 531-373 
56 which is the assemblage of one block of each ~ind from 

Plant No. 1, shows plainly that the use of lime lightens and 

improves the color of the product. It was noticeable during 

these tests that the texture of the surface becomes finer as 

the percentage of lime is increased. The interior texture as 

observed in many fractures is much denser with lime than with-

out. The appearance of these blocks is imnroved by · • in creas-



ing amounts of lime. 

28 Day Strength. 

In general, the results of this investigation show that 

both hydrated lime and lime putty give increased strengths to 

concrete products for all percentages of lime added. There are 

some exceptions, but the increase far exceed the decreases and 

in almost every case the apparent loss in strength is shown by 

other tests to be due to the variables of manufacture. 

The 28 day strengths were determined in four tests: !wo 

tests were made at concrete plants and two tests were made as 

laboratory experiments. The two lab oratory experiments are con-

sidered as one test since the specimens for both experiments 

were mixed in one batch. Throughout the laboratory tests the 

stqndard methods of testing were used. Fig. 531-37488 shows 

the method of capping the block specimens and ~lso several 

fractures obtained. Fig. 531-37458 shows the same for the lab-

oratory experiment. 

A summary of compressive strengths, percentages of in-

creases or decreases and average percentages of increase as 

compared with those without lime are given in Table No.2 

Effect of Hydrated Lime on 28 Day Strength. 

Plate 2 is compiled from the average results tabulated 

in Table No.2. The curve on this plate is the average of all 

tests and mixes for each variation of hydra.tea lime. The point 

of e~erage for each mix are also identified. 

It is apparent that the strength, due to the addition of 



PL A TE NO. 2 34. 
( 5 a..a. I ab\ cz.. N c. '2. f c r d a -ta) 

-1100hJ---~~--4---~---+--------1~----~--~---t 

r-
::J 1501~~--~-+-----~-------,~------t------1 
0 

~140/,J-----~-+----~--+--~----1f---=~~~~---.:=--..~~ 

S1301c-~-~~~~-J--~~~~4--~~~---:~~~~--1--~~~__. 
I 
r- 120h'l--~~~---+--~---'-+------1--~----+--~~-~ 
<.!) 
L. 
w1107tJ-----~~--~~-+--~--+----~~-+-~~--~ 

a:: 

LL. 
0 0 

1-
z 
w 
0 
er 
Wi40'% 
CL 

I 130% 

::r: 
t--120% 
l9 

S -t r <:z., n t n vv i +ho u. T L \ <Z.. -=- \ 0 0 °lo 
10# 20~ 3Q#- 40~ 50 

Hydrate,d Lim<Z.. pcz,rSack of C<Z-m<int 
10% '2..0% 30'7o 4-0"?o 50 "lo 

Q Avcz..r-agc:i.. for I: CO m i,c,.cz..s 
X II II \: 7 11 

A 1: e 11 

0 All A .... WtlAVER·ORf\FTSM""4 
DAVENPORT IOWA.. 

L i l"h C2.. 

L. I I 0%1--....... ------+--------·-+--------+-------+---------1 w 
er / - S -t- r- n g + h w i t h o u. + L i m <L =- \ 0 0 °lo 
f-100~JL~---l----''--.-----_.__,----_._~~~---''-'-~~-~ 

1..2'1~ 45tt: 67 1/-!+- 90~ 
(/) 

Lime-- Putty per Sack of CemQ.nt 
l '7-' 

cf) 

~ 

L-
~ 

if) 

~ 

E 
_J 

-0 
~ 

+-
(cj 
L-

-0 
. :::P 
I 

tJ) 
<::) 

~ 

~ 
</) 

~ 
-f-
-+-
:l 

0.. 

cl 
E 

_J 

0 I O°?o 2.0 lo 30 "'lo 40/o 50% 

HYDRATED LIME BY WEIGHT OF CEMENT 

[fFEGT OF LIME ON 28 DAY STRENGTH 



TABLE 2.-EFP'ECT OF LIME o~ 28-DAY CoMPHEss1vB STllE~GTH. 

Plant Tc~t 
Number 1. 

Plant Tc~t Laboratory E:q)P,rimcnt. 
Number 2. .

1 
____ s_tc_,a_m_C_u_rc_d_ , \V'ater Cured. 
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- -- -- ---· --- ---- -------- ----- ---!---- ----

iO 
71t 
72t 
73t 
'iH 
75t 

l:o None 
l:u mt 
1: () 20t 
1:6 :mt 
l:ti 40t 
1: 6 50t 

1: 7 None 
1: 7 tot 
1: 7 20t 
1: 7 30t 
1:7 40t 
1: 7 50t 

1:8 None 
1: 8 lOt 
1: 8 20t 
1: s ~o+ 
1: 8 40t 
1: 8 50t 

!H3 
9-t.5 

120·1 

.585 
707 
9;j7 

57.5 
622 
710 

100 
100 
128 

100 
1 :2 :~ 
102 

100 
110 
121 

1130 
12:).5 
1180 
1211 
1005 
888 

1016 
1061 
1248 
1128 
1:379 
1270 

663 
8;)2 
724 
925 
958 
888 

100 
100 
10·1 
107 
89 
79 

100 
104 
123 
111 
136 
125 

100 
128 
109 
1:rn 
144 
134 

1:H5 
1540 
19.50 
1980 
3;'520 
2305 

1050 
343 

1080 
1520 
1425 
1365 

70.j 
8!)0 
780 

l 1.j7 
1165 
1125 

100. 
117 
148 
1.50 
270* 
175 

100 
3 :~ * 

10:) 
1-15 
135 
130 

100 
139 
111 
164 
166 
157 

1190 
1280 
1610 
2010 
2800 
2160 

840 
239 

1100 
1260 
1310 
1330 

71.j 
980 
g:30 

1130 
1:)65 
1125 

100 
108 
13.j 
170 
2:)5* 
183 

100 
2H* 

rn 
1.10 
1.56 
lj8 

100 
107 
114 
133 
t~O 
12n 

100 
110 
1~4 
128 
Ht 
13.5 

100 
19--J 
117 
150 
lGt 
14.5 1--1---1---- --------1----1--

60 
61t 
{!') + 
\)-+ 

63t 
f>·U 
65:): 

80 
8lt 
8•)t ..... + 
g:):j: 
84 t 
85! 

1: 6 None 
1:6 22~/2t 
1:6 4.i:j: 
1: 6 67 1-2t 
1: 6 not 
1:{) 112)2t 

1: 7 None 
1:7 22~2t 
1:7 4.5t 
1:7 6i1/,t 
1: 7 no( 
1: 7 112 !.12! 
1: 8 None 
1:8 22!/2t 
1:8 4(5! 
1:8 ()7j 2! 
1: 8 90! 
1:8 112!'.lt 

943 
1109 

.58.5 
1007 

.575 
837 

100 
1 t8 

100 
1 ... ., ' ... 

100 
Hf> 

1130 
112.5 
1198 
887 

1216 
940 

1016 
985 
9-13 
733 
780 
689 

663 
756 
989 
774 
617 
708 

100 
99 

107 
78 

108 
83 

100 
97 
96 
74 
79 
68 

100 
114 
1'19 
116 
93 

107 

1315 
')')') -..... _,() 

2015 
1770 
1710 

10.50 
la80 
110.3 
1790 
2005 

705 
108.5 
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hydrated lime, increases with considerable uniformity up to 

40 percent. It is also evident that the leaner the mix. the 

greater is the advantage obtained by the use of hydrated 

lime. This last bears out the indicatio~s given in Bulletin 8 

of the Lewis Institute. From these results it appears that up 

to 40 percent hydrated lime gives increase in strength of ap-

proximately one percent for each pound of lime added per sack 

of cement. 

Effect of Lime Putty on 28-Day Strength. 

Plate 2 also shows a curve for the average of all tests 

·and mixes with the variations of lime putty content. 

Attention is invited to the fact that two investigations 

showed extremely high increases in strength when putty was 

used, while one plant test did not show as much advantages un-

til the tests at the age of 3 months. The reason for this de-

layed gain in strength is not clear. Considering that the in-

creased strength due to the use of putty was very great even 

though in otje c~se it was not attained within the limit, it 

is felt that further investigations will develope material 

advanta~es in its use. It was observed that specimens made 

with lime putty could have been handled to storage much soon-

er than otherwise. However, this can be proved by a plant 

test. Aged lime putty gives considerable increase in strength; 

and much quicker set than equivalent amounts of hydrate. 

Strength Increased Tiith Time. 

Retrogression or decrease in strength is a very serious 
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and but rarely encountered conditions in the concrete indus-

try. 'l1his investigation would be incomplete unless it was de-

finitely determined whether or not the addition of lime to 

concrete products had a weakening effect over a period of time. 

~ith this in mind,blocks were cast in Test No.2 for crush-

ing at various ages from one month to two years, with extras 

so that the five year breaks could be made if deemed necessary • . 
The results are now available for the 28 day 3 and 6 month 

tests as shown in Table No.3. ·In some cases the 3 month stren-

gths are somewhat below those at 28 days. As this occurs both 

in blocks with and without lime and is generally corrected at 

6 months, it is believed that this condition is due to exper-

imental error and ·uncontrolled conditions of manufacture. 

The percentages of increase from 1 to 6 m6nths are shown 

on Plate No.3. It is evident that there is no retrogression. 

All percentages of lime show increase in strength from 28 days 

to 6 months of age. 

Absorption by Immersion. Fig. 531-37357 

The standard absorption test, immersi~n for 24 hours,is 

. perh'.:;.ps intended to be a measure of the durability of a pro-

duct. The amount of water absorbed will certainly affect dur-

a.bility under freezing conditions. 

Absorption tests by this standard m·ethod were made and 

the results are reported in Table 4. The results confirm pre-

vious work and the average increase with lime is shown on 
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Plate no.4. Absorption determined by standard immersion me-

thod is increased by the use of lime but remains well in-

side the specified limit. 

Impounding Water on one Face. Fig. 531-37401. 
In considering the sta.ndard method of establishing ab-

sorption by immersion the specimen a certain length of time 

and determining the percent of absorbed water by weight, it 

seemed that some pertinent facts were not obtainable. Water 

seldom comes in contact with more than one face of a water-

tight block in actual practice, A reasonable method of test 

that more nearly simulated this condition would be interest-

ing. Such a test should permit the study of absorption, pen-

etration of moisture and permeability, all of which are im-

portant. By means of a container bolted to the specimen as 

shown in Fig. 531-37401 it was possible to impound 12 inches 

of water on the face of a concrete block. A sponge rubber 

gasket ID'.::ikes the connection tight. 

Five blocks of e~ch of the 33 variables or 165 specimens 

msde in the plant run at Ced8.r Rapids were tested in this 

manner. 

Absorption on One Face. 

The results obtained are shown in Table 4 and this inform-

platted in Plate No.4 indicates that the total absorption into 

the exposed face is not increased by the use of lime 

Penetration of Da~pness. 

The depth to V'lhich dampness penetrntes a specim.en can be 
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easily observed when the water is applied to one face only. 

In Fig. 531-37401 Mr. Robertson, of the laboratory, is seen 
indicating the lines he has drawn at the maximum depth of 

moisture. In this photo the lime content of the blocks in-

creases from left to right and the effect of the lime is 
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very evident. The depth of. dampness penetration is decreased 

as the lime content is increased. (See Table 4 and Plate No.5 
Permea.b i li ty. 

The question of permeability is not touched in the standard 
absorption tests but in this impounding test the water flowing 

through a specimen can be both seen and measured. In the ser-

ies thus tested, 60 percent of the units without lime were 

found to permit a measurable flow of water. The addition of 10 

percent of lime resulted in 90 percent imperviousness. Out of 

120 units tested, containing 20 percent of more of lime, only 

one leak was found. Permeability is apparently eliminated by 

20 percent or more of lime. 

Economics of Lime in Concrete Products. 

Any final discussion of the economics of this question is 

probably premature at this point in the investigation. The out-

standing facts are that lime increases the strength of a pro-

duct and improves other desirable properties. Increased stren-

gth can be utilized by obtaining a greater number of units per 

sack of cement when lime is used. These lime-cement units have 

certain advantages of appearance and water tightness that makes 
for greater marketability. 
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Further plant tests will be necessary in order to deter-

mine the relation of the cost of the lime to the value of the 

advantages arising from its use. However, Several concrete 

product plants have started using lime as this investigation 

has been developing. 
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~HE TESTING LABORATORIES OF THE ROCK ISL.t\J::TD ARSENAL. 

It is thot that in connection with this paper a discript-

ion of the lab oratories of the Rock ls land :Arsenal will not be 

out of place. 

The total floor space covers an area of 5200 square feet. 

The layout of the laboratories from the letter "T". The cross 

bar of the nTn forming the physical laboratory and shop while 

the leg of the "T" is a long hall way down each side of which 

are the partitions forming the chemical laboratories, metallur-

gical section, library and office. The entire south wall of 

this floor is of glass and, as the partitions are of glass al-

so, a well lighted laboratory is the result. The present lay-

out and equipment would accommodate a force of perhaps 20 peo-

ple and in case further expansion should be necessary this 

could easily be taken care of by the floor above or the base-

ment below. 

Aside from the laboratories and in a different section of 

this same building are two well stocked store rooms. One of 

these rooms has two large racks for the storage of chemicals 

While the other is used principally for the storage of equip-

ment. 

General Chemical Laboratory. (:h,ig. 531-37177) 

As the name would indicate the general laboratory is used 

for general lab oratory work in which there is no fire hazard. 

It was not deemed advisable to make the separation of the work 



too great as this would entail too much walking back and 

forth to accomplish the desired end hence a general labora-

tory. This ~ection aovers an area of 650 square feet. The 

chemical bench equipment consists of one bench along the 

south wall and two benches, back to back, down the center of 

the room. Along the east wall is located a sink and sulphur 

rack capable of running twelve sulphurs at one time. The sul-

phur titration is taken care of on this same bench. A bench 

along the west wall also has a sink and carries an electroly-

tic cabinet used in the determinations made on non-ferrous me-

tals. Along the north wall are two hoods having a 18" diameter 

stack in common. This stack extends thru the second floor and 

attic out thru the roof thus affording ample draft to carry 

off the objection::1ble fumes. The hoods themselves are made of 

parkerized sheet steel painted inside and out with acid resist-

ing paint and are set upon alberine top tables. Each hood is 

fitted with a gas plate and one contains a steam bath. Along 

this wall are also tables c';trrying the oven equipment of the 

chemical laboratory. This consist of two 'Constant temperature 

ovens and a hairpin type Hoskins muffle furnace capable of 

1800 Deg. F and used principally in the determinations of sul-

phur in coal. All benches are piped for hot and cold water and 

gas while the bench along the south wall has an air line also. 

The two center benches have alberine tops, and aside from the 

water and gas lines, _have a drain pipe to carry off water used 

in condensing tubes or cooling pans. These benches also have a 



rack for solution bottles used in analytical work. 

Balance Room and Carbon Combustion Room. (Fig. 531-37199) 
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Between the general lab oratory and the oil room is the bal-

ance and carbon combustion room. The total area of both rooms 

is 240 square feet. This places the balance room handy to both 

the general laboratory and the oil room and makes possible the 

use of these balanoes to the carbon combustion room. The bal-

ance room contains two benches. carrying two balances each and 

each balance table has suspended just above it a cabinet for 

glass ware. The glass ware as it is used is cleaned and placed 

in these cabinets making it very convindent to the operator to 

reach up and obtain. c,lean glass ware as desired. 

The carbon combustion room just back of the balance roam 

is equipped with three carbon combustion furnaces and trains 

for the carbon determination in steel by absorbing the co2 in 

askerite. There is also a ~alance bench at right angles to the 

furnace t~le carrying two balances, one for weighing the SBlll-

ple and one for weighing the co
2 

tower. With this arrangement 

there has been as many as 108 carbon determinations in the 8 
hour day by a single operatpr. There is also in this room a 

large cabinet in which are kept all the materials, standard 

samples and glass ware necessary in m8king carbon determina-

tion on steel by the combustion method. It might also be noted 

that the combustion boa.ts used are formed in the physical lab-

oratory from carbon free sheet nickel l/32n thick. This boat 



h;:1s r:, life much longer a.nd is much cheaper than anything 
that is possible to purchase in the market. 

Oil Room. Fig. 531-37198 
Entrance to the oil laboratory is gained thru the door 

from the balance room and also thru a door from the outside 
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at the south end of the room. This particular room is rect-

an~ular in sha.pe having a floor area of 240 square feet. The 

chemical bench along each side being piped with hot and cold 

water, gas and compressed air. The bench along the west side 

carries a sink, and extraction set and a distillation outfit. 

The equipment for oil testing is rather complete as the spec-

ification for the various oils used by the Government must be 

followed closely. This equipment consists of two viscosimeters 

one for temperatures above room temperatures and one for tem-

peratures below room temperatures, and open end closed cup 

flash and fire tester, and emulsion machine, and eight tube 

centrifuge, a gasoline distillation outfit, grease penetrome-

ter, and a Westphal balance besides the glassware and apparatus. 

Not only the oils and ~reases are worked on in this section 

but anything else in which the fire hazard might be great. The 

laboratory redistills all alcohol used and in this way is as-

sured of a good product. 

Both the oil room and. the general lab oratory are supplied 

with distilled water by means of a block tin pipe leading from 

a storage tank. The tank itself is copper heavily tin plated 

and located on a platform, some twelve feet off the 



floor, just outside the oil room in the physical laboratory. 

This keeps the water out of the contaminating fumes of the 

chemical labotatory. The water itself is distilled by the 

electrical department and furnished to the laboratory in five 

gallon bottles. 
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The partitions on the right hand side of the hall (Fig.531-
37180) were old offices of the balance of stores section and 

were used just as they were, the only alteration being the con-

struction of the dark room in the metallurgical room. 

The Water Room. (Fig. 531-37181) 
The first of these old offices was pressed into service as 

a water room. The installation being moved up from the old wa-

ter room just as it was. This installation consists of a refri-

gerator, high and low temperature incubators, a table and a 

chemical bench. The chemical bench is equipped with hot and 

cold water, gas and a sink. The apparatus consists of that nee-

essary in checking up on the que,lity of the water. A.s the Arse-

nal ha s its own filtration plant, which supplies not only the 

shops and offices but also the soldiers and officers quarters, 

it is deemed necessary to check up on the water from various 

points at least three times a week or more as the post doctor 
may think necessary. 

The Metallurgical and Coal Room. (Fig. 531-37200) 
The next office in line was set up as a metallurgical 

room and also equipped with the necessary apparatus for mak-

ing B. T. U. determinations on coal. The installation consists 



of a chemical bench, piped for hot and cold water, gas and 

sink, a polishing table, a table carrying the bomb and, a 

table carrying a balance and scale. The apparatus pertaining 

to the metallurgical work consists of a dark room in which is 

installed a Bausch and Lomb microphotographic equipment and a 

48. 

printing cabinet. Across one end is a small work bench above 

which are several shelves carrying photograp hie supplies. In 

addition the polishing table carries a water line and a waste 

connection as all polishing is done wet. A fine grade of emery 

is used for roughing and rouge for finishing the specimens. 

The shaft of the polishing motor extends out on either side of 

of the motor some eight or ten inches and carries a polishing 

disk on each end ,; both sides of which are available for polish-

ing. This arrangement permits four grades, from rough to fin-

ish polish, if desired. The various etching solutions, glass-

ware, etc., necessary for the structural examination of meta.ls 

are kept on a shelf above the chemical bench. 

Hot having any other particular convin±ent room, and be-

cause no great variety of chemicals are necessary the apparatus 

necessary for the B. T. U. determination of coal was installed 

in this room. The equipment consists of a l?arr calorimeter the 

necessary oxygen tank and distilled water supply. The standard 

size oxygen tank is used for filling the bomb. The holding nut 

for the bomb is set in the work bench and the bomb is filled 

While in the nut. In order t t o compensa e for the increase in 
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temperqture of the w~ter, two five gallon bottles are set on 

a shelf in one· corner of the room; and as the sample is run the 

water is poured from the ca.lorimeter bucket into one bottle ,af-

ter which a new supply is siphoned from the other bottle for the 

next run. By this method ohe setting of the compensating thermo-

meter ordinarily will run for several days without a new setting 

being msde. The water is weighed for each run on a scale which 

stands on a bench near the supply, so that very little time is 

iost between runs. 

Library and Office. 

The laboratory has in it's library, which is next the me-

tallurgical room about 100 volumes of reference books, among 

which are some of the best authors on their subjects, Besides 

the bound volumes are rrwny pamphlets of the Bureau of Standard 

and the Bureau of Mines. It is in this room that the personnel 

of the laboratory spends the lunch Uour, either reading or dis-

cussing problems coming up in the work. 

'Ihe lo.st section on this side of the hnll still retains 

it's dignity as an office and, serves the laboratory in that 

cnpacity, (Fig. 531-37180). 
Physical Testing Section and Shop. 

This brin::i:s us down to the cross bar of the "T", which 

serves as qu·-=.l .. rters for the physical laboratory and shop. The 

shop is grouped on the south side (Fig. 531-37178 and 531-37 
186) while the testing equipment occupies the north side (Fig. 

531-37179). This leaves the lighted section where it is most 
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needed on the shop side. The shop equipment consists of two 

16" screw cutting lathes a Universal milling machine, a drill 

press, a Potter & Johnson shaper, a power hack saw, a surface 

grinder with magnetic chuck, a bench lathe, an arbor press, and 

two emery wheel stands. There is also along the east wall of the 

shop side a bench carrying a battery of four electric furnaces 

(Fig. 531-37178) in front of which is located an oil and water 

quenching tank. The leboratory makes all tests specimens and 

prepares chips for chemical anRlysis, all testing fixtures need-

ed and, any special apparatus necessary in conducting special 

tests. 

The physical _testing equipment consists of a 200,000 pound 

Olsen testing machine with a 15 foot head travel. Two of these 

machines were built for the Government to be used at Dodge Broth-

ers in testing piston rods. After the war they were returned to 

the Government and sent to the Rock Island Arsenal. As there is 

a basement under the laboratory it was necessary to build four 

concrete columns, which extend to solid rock to carry this ma-

chine. The screws of the traveling head are run in pipes fill-

ed with oil and are in this way insured for lubrication and 

agiinst rusting. This machine is used principally in testing 

Piston rods, long section of chain and cable and making tests 

on pneumatic equilibrators. There is also an 100,000 pound 

Olsen Autographic principally used in pulling tension specimens 

a 50,000 pound Olsen; principally used in weighing springs and 

a 100,000 pound Reihle m::1.chino used in making fractures, pump-



ing he avy springs and as a press. Besides the tension com-

pression machines there is a full cement testing equipment. 

a 200 pound cloth tester, two brinell machines, three acler-

oscope instruments a Rockvrnll hardness tester and numerous 

small gauges and tools. The total floor space covered by the 

physical testing laboratory and s..hop is 2100 square feet. 

The routine work of the chemical lab oratory consists in 

making analysis of ferrous and non-ferrous metals. oils, 

greases and ~aints and any other item which is purchased ac-

cording to chemical analysis. Aside from general routine anal-

ytical work the chemical labora tory checks up on items issued 

to the field service which might have deteriorated while in 

stores. 

The physical laboratory has it's share of general routine 

testing of new materials purchased in accordance with physical 

properties. The most important work of the physical laboratory 

is it's work on mat~rial to be maae up into cpmponent parts; 
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to determine the results of heat treatment and, to test finish-

eu parts. This consists of giving pull tests to piston rods. 

bending tests to completed axles, and the testing of springs. 

The physical laboratory and the metallurgical lab oratory 

work hand in hand; so that should a job come up in which there 

is some doubt as to the physical properties of the mterial to 

be used it will be heat treated and then tested. 
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