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IN?RODUCTION:

It is generally accepted to be & fact that
the coarser particles of & cement are practically
inert, and that it is only the finest psrticles
that possess thé cementing qualities. Exactly
what percentage of the whole is ective, or possesses
the cementing properties, is not known. Since
but few experiments pertasining to such have been
performed there is consequently little data to be
found. In the absence of this date one could, with
a fair degree of accurscy, assume that all part-
icles of a portland cement retained on a No. 200
sieve are practically inert and have little or no
cementing quélities. It is almost safe to say
that a considerable percentage of the particles
passing the No. 200 sieve are also ineft and de-
void of cementing properties. This percentage
could be greatly reduced, perhaps, by grinding the
elinker for a longer time, but whether or not this
is practicable is a question.

It seems most probable that if cement were
ground finer than is required by the accepted
specificationé marked changes in its physical
properties would result. The resultant cement when

used in mortars and concrete would also change
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their physical properties. There would be, perhaps,
an scceleration in the time of set, a modification
in tensil and compressive strength, and, possibly,

& less constancy of volume. Besides this there
would be a considerable increase in the cost of
production. An increase in strength is highly des-
irable; & rapid setting cement, however, is un-
suitable for some classes of construction; eand a
cement which lacks constancy of volume disintegrates.
If, then, some method could be devised whereby an
increase of strength could be obtained or the same
strength obtained with a smaller quantity of cement,
and the disintegreting and rapid setting tendencies
eliminated some beneficiasl results might be achieved.
It is the purpose of this thesis to try out a meth-
od which has been suggested to the writer to accom-

plish these results by means of blended cements.

BLENDED CEMENT:

Blended cement is the resultant cement produced

by intimately incorporsting in a standard portland
cement finely divided and practically inert mat-

erial such as clay or powdered rock; but no especisal
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attention has been given to the percentage of
fineness of the portland cement - - only that it
pass the standard specifications. Blended cem-

ents have been used successfully and economically,
and are contihuing to be favored in the construction
of numerous heavy structures. The United States
Reclomation Service and the Los Angeles Aqueduct
Commigsion have made use of blended cements in the
heavy structures built by them.

PURPOSE OF THESIS:

This reference to the use of blended cements
haes been given to call attention to the fact that
this product has been used for some years and ex-
rerience has shown that the stendard portland cem-
ent can be diluted, so to speak, without hermful
results. It is, then, the purpose of this in-
vestigation to determine the effect of blending a
portland cement, which passes a No. 200 sieve, with
an inert material, which is itself very finely
powdered, in an attempt to accomplish the results
mentioned above.

NOMENCLATURE:
Throughout this report the following nomen-

clature will be used:



Portland cement as received from the cem-
ent plants will be referred to as "portland
cement.”
Those particles of the portland cement pass-
ing a No. 200 sieve will be termed "active
particles” and those retained on a No. 200
sleve will be termed "inert particles."
Powdered material to be mixed with the active
particles will be called the "blend."
The product produced by intimately mixing
the blend and active particles will be des-
ignated as "blended cement."
PORTLAND CEMENTS USED:
The following brands of portland cement were
used:
(A) Atlas portland.
(B} Lehigh portland.
(C) Red Ring portland.
These brands will be referred to throughout the
report by their respective letters.
THE BLEND:
The blend used was prepered by the Ottaws Sand
Company by grinding natural ssnd until all passed a

No. 65 sieve.
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THE BLENDED CEMENTS:

The blended cements were prepared by intim- -
gtely mixing the blend and the active particles in
varying percentasges which will be described in de-
tail later.

PREPARATION OF “HE BLENDED CEMEHTS & PrsY SPECIMENTS:

The portland cements were first passed thru a
No. 20 sieve and then placed in moisture proof bins
and marked. Part of each was used to make the stand-
ard tests. The remainder was screened on & Lo. 200
sleve and used in the blended cements as the work
progressed. A series of 27 tension briquettes was
then made from each of the standard portland.cements
passing the No. 20 sieve. This was followed by mak-
ing 27 tehsion briquettes of each blendez cement;
one series contained 9u percent of the active particles
and 10 percent of the blend; another 80 percenf of
.active particles and 20 percent of the blend; & third
of 70 percent of the acfive particles and 30 percent of
the blend; and the last of 60 percent of active part-

icles and 40 percent of blend. Likewise a series of

24 tension briquettes containing 25 percent of the

portland cement passing the No. 20. sleve gna 75 per-

cent of standard Ottawa sand by weight were made from



each kind of portland cement. Yhis was followed by
four series of 24 tension briguettes containing

25 percent of the blended cements as mentioned above
and 75 percent by weight of the Ottawa standard send.
The series containing none of the standard sand will
be called neat briquettes and those containing the
sand will be called moftar briguettes. KFrom the
above it will be seen that 405 neat briquettes and
360 mortaer briquettes were made.

A like series of compression cylinders two inches
in diameter and two inches high was then made. The
percentages in the neat asnd mortar compression
cylinders were the same as in the neat and mortar
tension briqueties, but only 15 speciments were meade
of each series. The number of neat and mortar cylin-
ders made was 215 each, making a total of 1195
test speciments.

TEELS:
‘he following tests were made:
(1) Normal consistancy.
This test was made on each portland
cement and each blended cement.
(2) Time of Set.
This test was made on each portland

cement snd each blended cement.
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(3) Constancy of

This test

volume.

was also made on each

portland cement and each blended

cement.

(4) Tension tests:

Tension tests were made on both

the so-~called neat cement and the

mortexr briquetts as follows:

On neat cement briquetts.

(a) 24
(b) 7
(c) 28
(a) 56
(e) 84
On mortar
(a) 7
(b) 28
{c) 56
(a) e84
Note:

hour.

day.

day.

day.

day.
briquetts.
day.

day.

day.

day.

Enough briquetts were made to have three for

each test. Also enough were made to make & six

month, a nine month and a two year test on each,

but these tests cannot be recorded in this report.
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(5) Compression tests:
Compression tests were made on
both the neat cement and mortar
cylinders, which were two inches
in diameter and two inches high,
as follows:
On neat cement cylinders.
(a) 28 day.
(b) 84 day.
On mortar cylinders.
(e) 28 day.
(b) 84 day.
Note:
The same note applies here as is written uhder
the heading "Tension tests.”
(6) Specific gravity tests:
The specific gravity of each port-
land and blended cement wsas determined;
In all tests the standard methods and specific-
ations as recommended by the Association of Am-
erican Portland Cement Manufacturers were followed.
Begides these tests a sieve analysis and a
chemical analysis of each cement was mede; & sieve

analysis of the blend was also made.



SYIIBOLS USED:

Throughout this report the following letters
will be used to designate the portland cements
and blended cements.

A - Atlas portland cement.

B - Lehigh portland cement.

C - Red Ring portland cement.

The lower case letters refer to the portland
cement from which the active particles have been
taken, and the numeral following the letter is the
percentage of blend that was used with the active
particles to produce the blend cement. Thus "a"
refers to the active particles teken from thelAtlas
portland cement, and 10 is the percent of blend used
to make the blended cement. The resulting blended

cement would then be designated as alO.
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(1) Normal Constancy.

(a) For neat cement briguettes.

Series Per Series Per Series Per
cent cent cent

A 22.0 B 21.0 c 21.5

all 26.0 b10 24.0 cl0 25.0

820 23.0 b20 22.5 c20 23.5

a30 22.5 b30 22.0 c30 22.5

a40 21.5 b40 21.0 c40 21.5

(b) For mortar briquettes.

Series Per Series Per Series Per
cent cent cent
A 10.2 B 10.0 6 10.1
all 10.8 b10 10.5 clo 10.7
a20 10.3 b20 10.25 c20 10.4
a30 10.25 b30 10.2 c¢30 10.25
a40 10.1 b40 9.9 c40 10.1
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(2) Time of Set.

Series

alo
a20
220
a40

b10
b20
b30
b40

clO
c20
c30
c40

Initial Set.

Zhr
00hr
lhr
4hr
Shr
4hr
3hr
2hr
éhr
7hr
dhr
Shr
4hr
Bhr
4hr

3

50 mi.
20 mi.
35 Mi.
40 mi.
OO0mi.

55 Mi.
15 Mi.
15 mi.
45M1.

35 mi.
50 mi.
45 mi.
35 mi.
00 mi.

& & £ B B g B g f B R R §F R

55mi.

14~

Final Set.

bhr & 20 mi.
5hr & 10 mi.
Shr & 30 mi.
8hr & 30 mi.
6hr & 25 mi.
9hr & 00 Mi.
6hr & 20 mi.
Bhr & 50 mi.
9hr & 35 mi.
10hr & 15 mi
5hr & 556mi.

6hr & OOmi.

8hr & 10 mi.

7Thr & 25 mi.

7hy & 26 mi.



(3) Constency of Volume.
The constancy of volume was o.k. throughout.

Eech pat either steamed, kept under water or kept
in the open air did not disintigrate. The steam
balls also showed no tendencies of disintigrating.

(4) Tension Tests.

(a) Neat Briquettes.
Avg. stress per sq.in. at end of

Series 24 hrs. 7 Days 28 Days 56 Days 84 Days.

A 317 779 855 758 789
810 322 537 682 666 711
220 243 752 695 738 kL
830 278 657 771 816 762
840 310 662 754 748 771
B 306 815 821 801 8853
b10 366 666 699 792 708
b20 352 733 860 753 792
b30 259 651 763 774 702
b40 191 547 656 777 711
¢ 393 686 779 758 745
¢10 301 630 758 700 681
e20 306 580 682 614 703
30 178 591 607 711 607
40 200 511 637 706 644



{b) Mortar Briguettes.

Avg. stress per sq.in. at end of

Series. 7 Days 28 bays 56Days 84 Days.

A 186 289 325 346
210 338 427 461 508
820 272 405 459 417
830 225 358 394 440
840 202 341 360 373
B 197 339 369 384
10 297 425 445 461
b20 277 418 423 448
30 249 334 396 414
40 195 321 343 372
c 232 374 383 471
c10 274 322 383 461
20 266 422 418 462
30 258 362 408 414
40 195 365 359 407
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(5) Compression fTests.

Avg. stress per sq.in. at end of

Neat Briquettes Mortar Briquettes.
Series
28 days 84 deys 28 days 84 days.
A 6180 7840 3700
al0 6120 8000 3370
a0 7400 7670 3150
830 6325 6400 2100
a40 5650 1830
B 6360 8250 3400
bl0 6225 10030 2850
b20 6375 6970 3u00
130 6340 6160 2210
b40 6280 1925
C 5580 7330 3900
cl0 5880 7600 2910
c20 8100 5900 2660
e30 5640 7050 1580
c40 5450 1683
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(8) Specific Gravity.
The specific graviby on each standard portland cement and the blend

was made as 1is required by the standard specifications of the American

Portland Cement Manufacturers. The specific gravity of the blended cem-

ents were then figured from these results.

Series Sp. Gre. | Series Sp. Gr. Serles Sp. Gr. Series Sp. Gre.
Blend 2.681 a30 3.033 b20 3.078 cl0 3.155
A 3.184 a40 2.984 b30 3,028 c20 36102
alo 36135 B 3.178 b40 2,977 0630 3.049

~ a20 3.084 bl0 3.128 c 34208 c40 2,998

(7) Chemical analysis.

The chemiocal analysls on each standard portland cement and ths blend was
made in the chemiocal labratory as required by the standard specifications

of the American Portland Cement Manfifacturers. The chemical analysis of

the blended oements were then figured from these results.



Series

Blend
A
alo
a20

a30

B
b10

b20
b30
b40

cl0
c20

030
c40

Ignit-
ion
Loss

0.32

1.80
1.80
1.50
1,35

1.21

1.80
1.85

1.50
1.35
1.21
0.80
0.57
0.54
0.52
0,49

8102

08.688

21.98
29,84
37.51
44,88
R2.65

21.46
29.18

38.90
44.82
52.32
22.70
30,08
37.88
45.49
53,08

Fe O
o, 5

0.31
2.57
2.28
2.02
1.89

1.66

2.85
2,59

2.31
2.09
1.83
3,07
2.79
2,51
2.24
1,96

Percentages of

0
A12 3

0.89
5.89
5.30
4.86
4.33
3.81

.81
6.20

5.58
4.97
4.38
7.55
6.87
6.18
5.49
4.81

. CaB
0.04
83.32
58.97
50.66
44.33

38.01

€3.58
57.21

50.85
44,490
38.14
83.18
568.80
50.681
44.21
37.91

0.97
0.85
0.73

l.22
1.07
0.91

Total.

100.02

100.08
99.90
99,95

99.93

100,04
100.03
100.03

99.99
100,01
09.99
99.85
99.67
99,91
99.87
99,89



(8) Sieve Analysis.

A sieve analysis was only made on the

standard portland cements and the blend.

amount used was 1000 grams in each case.

Retained
on sieve.

No. 35
No. 48
No. 65
No. 100
No. 150
No. 200
passing
No. 200

Total

Blend

0.60%
1.20%
3 . B0%
11.25%
39.50%
26 . 20%

17 .85%

99.90%

O.
0.
0.
2.
9.
9.

78.

100.00% 100.00%

=20

A B

05%  0.00%
05%  0.01%
60%  0.75%
90%  4.48%
40% 11.96%
00%  6.90%

00% 765.90%

C

0.15%
0.20%
0.50%
2.09%
9.84%
8.42%

78.80%

100.00%

The



DISCUSSION OF RESULTS
AND
CONCLUSIONS.
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DISCUSSION UF HESULTS:

From the time value curves of the neat ¥ension
briguettes it will be noticed that, at the end of
84 days, none o< the blended cement briguettes were
as strong as those made from the standard port-
land cements; but on the contrary in the mortar
briguettes the blended cements are in general
stronger. This is especially noticeable in the
mortar briquettes of blended cements made from
the Atlas and Lehigh portland cements; bdbut in
those made from the Red Ring portland cement only
the ¢lU increase while the remainder decreased.

In all the compression tests there was & de-
crease in strength in all blended cement cylinders
either neat or mortar.

this is indeed unfavorable, for, &f the
same results were found in tests on concrete
cylinders, it would be unwise to use blended
cements, because & slight increase in tensil
strength would be of no benefit and 8 decreass
in compressive strength would weaken the one
good quelity of concrete.

CONCLUSIONS:
There were no disintigrating tendencies

and the time of set although it shortened in a



few cases lengthened in the majority of the series
thereby producing the two of the desired results.
The tensil strength decreased in the neat bri-
guettes and increased in the majority of the tests
in mortar briquettes. The compressive strength

decreased in all tests.
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APPEINIDTIX.

( Tabulated Results & Curves.)



MATERIALS TESTING LABORATORY
MISSOURI SCHOOL OF MINES

GCEMENT TEST REPORT Date Tested

Sample from Car No. Shipment Received Date

Brand of Cement (a) Number of Sacks Sampled Number of Sacks in Shipment
Specific Fineness Normal Time of Set. Constancy of Volume.
Gravity. Ret.ained on No. 200| Retained on No. 100 Consistency. Initial Hard. Normal Accelerated.
Air 28 Days Water 28 Days | Steamed 6 Hrs. Boiled 3 Hrs.
7,184 22.0 3,8 22% h & 50m 5h & 20m »
10.2% F - 0.K. 0.K. 0.X. 0.K.
1 Tensile Strength. Tensile Strength.
g’l . Mortar Bri t [ Part Cement
1 Neat Cement Briquettes. IGUETLES 9 4 barts Ottawa Sand.
24 Hour Average 7 Day Average 28 Day Average 7 Day Average 28 Day Average
298 743 843 192 257
317
343 cr 826 779 861 85656 1656 188 oag 289
312 768 861 200 322
Remarks : 58 Day Avg. 84 Day AVg. 568 Day Avg, 84 Day Avg,
769 755 340 339
773 758 . 728 789 322 325 24 346
722 875 214 357

Form 116. 1000—6-14. F.P. & S. Co.

Tested by



CEMENT TEST REPORT

Brand of Cement

(B)

MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

Sample from GCar No.

Namber of Sacks Sampled

Date Tested

Shipment Received Date

Number of Sacks in Shipment

Specific Fineness Normal Time of Set. Constancy of Volume.
Gravity. Retained on No. 200| Retained on No. 100 Consistency. Initial Hard. Normal Accelerated.
Air 28 Days Water 28 Days | Steamed 5 Hrs. Boiled 3 Hrs,
21%
3.176 R1.8- 8.10 10% 4h & 55m | 9hrs. 0.K. 0.K. 0.K. 0.K.
i Tensile Strength. Tensile Strength.
2O . . I Part Cement
T Neat Cement Briquettes. Mortar Briquettes {3 Parts Ottawa Sand.
24 Hour Average 7 Day Average 28 Day Average 7 Day Average 28 Day Average
211 797 802 192 332
326 306 812 815 784 821 175 197 348 339
282 835 878 224 339
Remarks: 56 Day Avg. 84 Day Avg. 58 Day AVE. B4 Day AVE.
8082 912 345 89
785 801 943 883 381 369 402 584
—
8156 784 383 za1
Form 116. 1000—6-14. F.P. & S.Co, Tested by




MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

GCEMENT TEST REPORT

Brand of Cement

Sample from Car No.

(c)

Number of Sacks Sampled

Date Tested

Shipment Received Date

Number of Sacks in Shipment

Specific Fineness Normal Time of Set. Constancy of Volume.
GraVitY-_ Retained on No. 200| Retained on No. 100 Consistency. Initial Hard. Normal Accelerated.
21%% Air 28 Days Water 28 Days | Steamed 6 Hrs. Boiled 3 Hrs.
3.208 21.3% 2.04% 20.1%  |5h & 5Om Bh & 55m  O.K. 0.K. 0.K. 0.K.
o Tensile Strength. Tensile Strength.
T’ Bri Mortar Briquettes I Part Cement
Neat Cement Briquettes. 3 Parts Ottawa Sand.
24 Hour Average 7 Day Average 28 Day Average 7 Day Average 28 Day Average
400 710 758 213 362
405 805 612 686 790 779 228 232 366 | 374
375 745 789 264 395
Remarks: 58 Day Avg. 84 Day Avg. 56 Day Avg, 84 Day Avg,
758 711 2990 462
v on 758 737 745 287 382 466 471
788 788 280 485
Tested by -

Form 116. 1000—6-14. F.P. & 8. Co,




CEMENT TEST REPORT

MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

Sample from Car No.

Date Tested

Shipment Received Date

Form 116. 1000—6-14. F.P. & S, Co.

Brand of Gement_ ( A = 10) Number of Sacks Sampled Number of Sacks in Shipment
Specific Fineness Normal Time of Set. Constancy of Volume.
Gravity. Retained on No. 200| Retained on No. 100 Consistency. Initial Hard. Normal Accelerated.
Air 28 Days Water 28 Days | Steamed 5 Hrs. Boiled 3 Hrs.
- 26%
34126 10.8 20 min |Bh & IOTJ 0.K. 0.K. 0.K. 0.K.
' Tensile Strength. Tensile IStr-ength.
0 ) . | Part C t
?0 Neat Cement Briquettes. Mortar Briquettes 13 Pzrrts ;Tt::,a Sand.
24 Hour Average 7 Day Averag? 28 Day Average 7 Day Average 28 Day Average.
325 837 835 334 4682
330 | 322 48% 537 6874 682 337 338 443 427
308 512 738 3473 375
Remarks : 54 Day Avg. 84 pay | Avg. 55 Day Avg. 84 Day | AvE.
677 679 527 524
#omit. i 866 736 711 428 461 476 508
856 719 428 523
Tested by -



CEMENT TEST REPORT

Brand of Cement (

b - 10)

MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

Sample from Car No.

Number of Sacks Sampled

Date Tested_.

Shipment Received Date

Number of Sacks in Shipment

Specific Fineness Normal Time of Set. Constancy of Volume.
Gravity. Retained on No. 200| Retained on No. 100||  Consistency. Initial Hard. Normal Accelerated.
Air 28 Days Water 28 Days | Steamed 5 Hrs. Boiled 8 Hrs.
24% .
5‘077 i’@'g% h & 156m Bh & 20m O.Ke. O.K, O.Ke O.K.
‘ Tensile Strength. Tensile Strength.
fav} . . I P Cement
0 Neat Cement Briquettes. Mortar Briquettes {3 pzr:ts o and.
24 Hour Average 7 Day Average 28 Day Average 7 Day Average 28 Day Average
588 544 845 511 413 |
__370 366 | 721 | 668 753 699 294 297 366 425
240 7iz2 285 498
Remarks: 56 Day Avg. 84 Day Avg, 56 Day Avg, 84 Day Avg,
791 714 412 449
793 792 ' 761 708 428 445 4477 461
#OHlit . 790 651 500 487
Tested by

Form 116. 1000—6-14. F.P. & S. Co.




MATERIALS TESTING LABORATORY

GCEMENT TEST REPORT

Sample from Car No.

MISSOURI SCHOOL OF MINES

Date Tested

Shipment Received Date

Brand of Cement (o = 10) Number of Sacks Sampled Number of Sacks in Shipment
Specific Fineness Normal Time of Set. Constancy of Volume.
Gravity. Retained on No. 200| Retained on No. 100 Consistency. Initial Hard. Normal A(;celerated.
Air 28 Days Water 28 Days Steamed 5 Hrs. Boiled 3 Hrs.
25%
3, 1473 1047% 3h & 46m| 6 hrs. 0.K. 0.X. 0.K. 0.K.
J Tensile Strength. Tensile Strength.
g . Mortar Bri | Part Cement
r Neat Cement Briquettes. ortar Briquettes | o' . Oitawa Sand.
24 Hour Average 7 Day Average 28 Day Average 7 Day Average 28 Day Average
320 621 765 320 %05
2086 | 301 848 830 751 758 230 274 304 322
288 720 # 273 237
Remarks: | 56 Day | Avg. | 84 Day | Avg. ga Day Avg. 84 Day |Avg.
862 888 351 457
; |
#Omit. 724 700 888 881 414 383 511 481
713 870 # 416
Tested by

Form 116. 1000—6-14. F.P, & S. Co.




MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

CEMENT TEST REPORT Date Tested

Shipment Received Date

Sample from Car No.

Brand of Gement_ (8 = 20) Number of Sacks Sampled Number of Sacks in Shipment
Specific A Fineness Normal Time of Set. Constancy of Volume.
Gravity. Retained on No. 200 | Retained on No. 100 Consistency. Initial Hard. Normal Accelerated.
‘ Air 28 Days Water 28 Days | Steamed 5 Hrs. Boiled 3 Hrs.
23%
3,083 1043% Lh & 36m |Bh & zoﬁn& 0.X. 0.X. 0.X 0.K*
' Tensile Strength. Tensile Strength.
. . 1 Part C t
fl-’i Neat Cement Briquettes. Mortar Briquettes {3 o s Otawa Sand.
24 Hour Average 7 Day Average 28 Day Average 7 Day Average 28 Day Average
235 | 777 7556 308 417
_gpq | 283 A At 752 ) 4 715 2592 272 404 405
220 746 875 257 396
Remarks: 56 Day Avg, 84 Day| Avg. 58 Day | Avg. 84 Day | Avg.
745 783 475 389
417
880 758 264 773 448 459 [ 404 |
#omit
789 7990 453 458
Tested by

Form 116. 1000—6-14. F.p.&S.Co.




MATERIALS TESTING LABORATORY

'CEMENT TEST REPORT

MISSOURI SCHOOL OF MINES

Date Tested

Sample from Gar No. Shipment Received Date
Brand of Cement__ (b= 20) Number of Sacks Sampled Number of Sacks in Shipment
Specific Fineness Normal Time of Set. Constancy of Volume.
Gravity. Retained on No. 200| Retained on No. 100 Consistency. Initial Hard. Normal Accelerated.
22%‘% Air 28 Days _ Water 28 Days | Steamed & Hrs. Boiled 3 Hrs.
3,077 10036% 2h & 15m | 5h & 50l 0.K. 0.K. 0.%. 0.K.
Tensile Strength. Tensile Strength.
c!ﬂ . M Bri | Part Cement
20 Neat Cement Briquettes. ortar Briquettes ¢ o Citawa Sand.
24 Hour Average 7 Day Average 28 Day Average 7 Day Avérage 28 Day Average
323 718 900 ‘ 284 402
364 332 728 733 902 850 299 o 405 418
%20 759 777 __o4g 428
Remarks: 56 Day Avg. 84 Day Avg. EA Day Avg., 84 Day | Avg.
750 784 430 408 |
862 753 798 792 400 432 476 448
794 797 _ 439 462
Tested by

Form 116. 1000—6-14. F.P. & S. Co.




CEMENT TEST REPORT

MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

Sample irom Cﬁr No.

Date Tested

Shipment Received Date

Brand of Gement__ (0 = 20) Number of Sacks Sampled Number of Sacks in Shiﬁment
Specific Fineness Normal Time of Set. Constancy of Volume.
Gravity.  ||Retained on No. 200| Retained on No.Too||  Consistency. Initial Hard. Normal Accelerated.
2534 Air 28 Days Water 28 Days | Steamed 5 Hrs. |  Boiled 3 Hrs.
3,102 10:4% 4h & 35m |8h & 10mn 0.K. 0.K. 0.K. 0.K.
\ Tensile Strength. Tensile Strength.
c'cﬁ Neat Cement Briquettes. Mortar Briquettes {;Zr:tfg?t::a Sand.
24 Hour Average 7 Day Average 28 Day Average 7 Day Average 28 Day | Average
_mon | 581 _# o3 460
314 308 _e03 590 813 622 257 266 418 422
277 607 852 268 781
Remarks: 56 Day Avg, 84 Day Avg. 56 Day Avg. 84 Day Avg.
820 714 573 426
823 814 672 70% 407 418 491 462
#0omit 800 724 455 468
Tested by

Form 116. 1000—6-14. F.P. & S. Co.




GEMENT TEST REPORT

Brand of Cement (

a - 30)

MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

Sample from Car No.

Number of Sacks Sampled

Date Tested.-

Shipment Received Date

Number of Sacks in Shipment

Specific Fineness Normal Time of Set. Constancy of Volume.
Gravity. Retained on No. 200 Retained on No. 100 Consistency. Initial Hard. Normal Accelerated.
29 5% Air 28 Days Water 28 Days Steamed b Hrs. Boiled 3 Hrs.
[ ]
5,033 10..25% 4h & 40m 8h & 30m O.K. 0.K. 0.K. 0.k
. Tensile Strength. Tensile Strength.
b : Mortar Briquettes 4 ' P2rt Cement
i Neat Cement Br‘quettes' 3 Parts Ottawa Sand.
24 Hour Average 7 Day Average 28 Day Average 7 Day Average 28 Day - Average
285 822 744 220 381 )
303 278 880 857 820 771 220 | 225 267 358
Z08 870 750 237 327
Remarks : 56 Day Avg. 84 Day | Avg, 56 Day Avg, 84 Day Avg.,
872 747 400 484
RAK 816 77 7682 350 39% 428 440
812 874 431 411 7
Tested by

Form 116. 1000—6-14. F.P. & 5. Co.



MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

GCEMENT TEST REPORT Date Tested
Sample from Car No. Shipment Received Date
Brand of Cement (b- 30) Nuomber of Sacks Sampled_ Number of Sacks in Shipment

Specific Fineness Normal Time of Set. Constancy of Volume.
Gravity. Retained on No. 200| Retained on No. 100 Consistency. Initial Hard. Normal Accelerated.
Air 28 Days Water 28 Days | Steamed 5 Hrs. Boiled 3 Hrs.
22.0% X
bh & 45m |9h & 35m 0.K. K. Ko K.
3,028 10.2% °.X 0.1 °.K
& Tensile Strength. Tensile Strength.
':|I1 . . | Part Cement
Neat Cement Briquettes. Mortar Briquettes ¢ o' "0 wa Sand.
24 Hour Average 7 Day Average 28 Day Average 7 Day Average 28 Day Average
249 630 797 25D 3086
272 259 730 651 731 763 232 B 048 346 334
_255 595 782 262 350
Remarks : 58 Day Avg. 84 Day Avg, 58 Day Avge 8g-Day | Avge.
714 720 . 409 429
830 774 688 702 344 396 3A1 413
778 700 » 435 451 .
TeAste(l by _

Form 116. 1000—6-14. F.P.& S. Co.



CEMENT TEST REPORT

Brand of Cement (¢ = 30y

MATERIALS TESTING LABORATORY

Sample from CGar No.

Nuomber of Sacks Sampled

MISSOURI SCHOOL OF MINES

Date Tested

Shipment Received Date

Number of Sacks in Shipment

Specific Fineness Normal Time of Set. Constancy of Volume.
Gravity. | Retained on No. 200|Retained on No. 100|| ~ Gonsistency. Initial Hard. Normal Accelerated.
Air 28 Days Water 28 Days Steamed 6 Hrs. Boiled 3 Hrs.
22.5% J,
8.049 10.26%  ph &00m |7h & 25m O.K. 0.K. 0.K. 0.K,
& Tensile Strength. Tensile Strength.
(o33 . . | Part Cement
| \ Neat Cement Briquettes. Mortar Briquettes {3 Parts Ottawa Sand.
24 Hour Average 7 Day Average 28 Day Average 7 Day Average 28 Day Average
182 579 664 248 265
—
177 178 559 591 544 607 280 258 382 262
175 634 615 267 340
Remarks : 56 Day AvE. 84 Day Avg. 56 Day - Mg, 84 Day Avg.
784 577 | 346 444
730 711 827 607 478 408 414 414
620 | 818 402 385
Tested by

Form 116. 1000—6-14. F.P. & S. Co.




MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

CEMENT TEST REPORT Date Tested
Sample from Car No. Shipment Received Date
Brand of Cement (a - 40) Nuomber of Sacks Sampled Number of Sacks in Shipment
Specific Fineness Normal Time of Set. * Constancy of Volume.
Gravity. Retained on No. 200| Retained on No. 100 Consistency. Initial Hard. Normal Accelerated.
Air 28 Days Water 28 Days | Steamed 5 Hrs. Boiled 3 Hrs.
21%% A
10,14 5h 8m 8h 25m 0.K. 0.K. 0.X. 0.K*
2,984 1
Tensile Strength. Tensile Strength.
]
3] : Mortar Briquettes J ' Fart Cement
< Neat Cement Briquettes. q 3 Parts Ottawa Sand.
24 Hour Average 7 Day Average 28 Day Average 7 Day Average 28 Day Average
325 _# 777 181 356
500 310 629 862 791 754 221 201 539 341
305 804 893 203 328
Remarks: 56 Day Avg. 84 Day Avg. 56 Day Avg. 84 Day Avg.
767 797 371 381
759 748 725 771 358 360 364 373
omit )
# 719 703 354 302
Tested by

Form 116, 1000—6-14. F.P. & 8. Co.



MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

CEMENT TEST REPORT Date Tested

Shipment Received Date

Sample from Car No.

Number of Sacks in Shipment —___

(b - 40) Number of Sacks Sampled

Brand of Cement
Specific Fineness Normal Time of Set. Constancy of Volume.
Gravity. Retained on No. 200 | Retained on No. {00 Consistency. Initial Hard. Normal Accelerated.
Air 28 Days Water 28 Days Steamed & Hrs, Boiled 3 Hrs.
21.0/0
2,977 9.9% 7h 35m | 10h 15 0.K. 0.X. 0.K. 0.K-
. Tensile Strength. Tensile ?trength.
2] . . | Part Cement
@ Neat Cement Briquettes. Mortar Briquettes 4 o, s Ottawa Sand.
24 Hour Average 7 Day Average 28 Day 1 Average 7 Day Average 28 Day Average
2656 583 851 187 318
# 191 482 885 855 194 338 321
s B o T 74 A=A A 194
117 576 631 203 318
Remarks: 56 Day Avg. 84 Day Avg. 56 Day Avg. 84 Day Avg.
7358 748 z0Q 372
775 358 338 :
# omit 77 705 711 343 372
820 882 362 403

Form 116. 1000—6-14. F.P. & S. Co. Tested by



GCGEMENT TEST REPORT

Brand of Cement (&~ 40)

MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

Date Tested

Sample from CGar No. Shipment Received Date

Number of Sacks in Shipment

Number of Sacks Sampled

Specific Fineness Normal Time of Set. Constancy of Volume.
Gravity. Retained on No. 200| Retained on No. 100 Consistency. Initial Hard. Normal Accelerated.
Air 28 Days Water 28 Days Steamed 5 Hrs. Boiled 3 Hrs.
21.%%
2.998 10,14 [ 5%m | 7h 25m | O.K. 0.K. 0.X. 0.
! Tensile Strength. Tensile Strength.
g . Mortar Bri t | Part Cement
) Neat Cement Briquettes. ortar Briquettes | . o Ottawa Sand.
24 Hour Average 7 Day Average 28 Day Average 7 Day Average 28 Day Average
186 525 560 181 382
208 200 525 511 678 637 218 194 262 365
206 485 672 185 3652
Remarks : 58 Day |rAvg, 84 Day Avg. 56 Day Avg. 84 Day | Avg.
730 828 342 451
679 708 811 844 375 350 599 407
Tested by

Form 116, 1000—6-14. F.P. & S. Co.
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MATERIALS TESTING LABORATORY
MISSOURI SCHOOL OF MINES

Compressio .

(lleat Briquetts.) Time 4 Weeks.

RUNNING LOG

Weight  Ht. Dia. Load at Ultimate Ave. ult.| syg, y

;
i

Series. in grms, in.; in. 1st crack Load Load ; Stress.
A 221 1.95 2.00 1650V 17210 i
221 1.98§2.oo 17470 22640 2
231 2.00,2.00 12700 18400 19417 (6180
210 232 2,02/ 2.06 11100 21940
232 2.08@2.07 10000 21600 |
225 2.00/ 2.03 9100 14200 19247 | 6120
a20 . 238 2.02/ 2.11 17500 21890
237 2.04d 2.07 14500 21710
236 2.08 2.03 23000 26060 23220 7400
230 228 1.98/ 2.00 14000 20590
230 2.00| 2.00. 12500 19430
218 . 2.00/ 1.98 14000 19630 - 19883 6325 .
840 220 - 2.02/ 1.97 omit omit
220 2,00 1.97 12040 - 14630
229 5.00 2.02 20920 . 20920 . 17775 5650
. SO T | S
~46- o

Form 110-1-16-1000-F. P. & S. Co.



RUNNING LOG

MATERIALS TESTING LABORATORY
MISSOURI SCHOOL OF MINES
Compression Tests Exp’t Noeoo.

(Neat Briguetts.) Time 4 Weeks.,

Weight Ht. Dia. ILoad at Ultimate 4vg. ult., ayg,

! Ult.
Series. in grms. in. ; in. 1sterack Load Load ;Stress
B 231.5 2.00,2.00 14830 16550 |
231.5 2.00i2.00 17820 21500 |
232.0  2.00:2.00 13090 21930 19993 i 6360
b10 208 1.96 1.99 12860 19000
2311 1.9% 1.97 7000 19650
213 1.96(2.00 17500 20070 19573 6225
b20 215 2.01/1.97 13850 19680
214 2.02/1.96 14570 18420 _
216 2.03/1.96. 20380 22100 20067 6375
b30 225 2.00| 2.00 16800 21310
227 . 2.00/2.00 13700 - 19400 , A
285 ' 2.00[ 2.00 18700 19220 19977 6340
b40 219 2.0l 1.99 21050 22000
229 - 2.02 2.02 17640 . 17640 ;
227 - 2.00.2.02 19530 . 19530 - 19723 6280
- ; S N T
) ) TY O ST Observers{
Form 110-1-16-1000-F. P, & S. Co. "'47"'



MATERIALS TESTING LABORATORY
MISSOURI SCHOOL OF MINES

Compression Tests.

RUNNING LOG Exp’t Noe i,

(Neat Briquetts.) ‘ Time: 4 Weeks.
Weight Ht. | Dia. Load at Ultimate Avg. ult.2V8- W
Series. in grms. in. | in. 1st erack  TLoad Load %S‘tress
c 225 1.96/ 2.00 11100 14270 :
238 2.00/1.98 20740 20740 é
226 1.96{2.02 15670 17670 17560 . 5580
|
o
¢10 235 2.05.2.05 15000 18150 5
236 2.032.05 12400 15370 |
237 2.07/2.06 13000 21970 18497 5880
c20 218 2.00|1.97 T 29280
RS2 2.00|/2.02 16000 23570
229 2.00|2.00 23460 23460 25437 8100
|
¢ 30 227 2.00|2.00. 13500 18260
22l 2.01/ 1.98 14020 16500 .
226 2.02 2.00 17620 ~ 18400 17720 | 5640
v - |
c40 252 2.03 2.02 15060 15060 !
231 2.08 2.01 16900 17330 |
221# 2,04 1,99 17300 - 18990 17130 | 5450
# broken on end.
| ) 7 S, Observersj """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

Form 110-1-16-1000-F. P. & S. Co.



MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

Compression Tests.

RUNNING LOG Exp’t No........ S

(Morter Briquetts.) Time: 4 Weeks.

Weight it. Dia. Ioad at Ultimate AVg. Ult. pgg.

i ult.
Series. in grms. in.g in. 1lst ecrack Toad Load  stress.
A 258 2.05| 2.06 13060 13060 :
239 2.03 2.00 10560 10560 !
244 2.02] 1.99 11240 11240 11620 . 3700
al0 240 1 2.08 2.00 9450 9450 ,
256 2.10/ 2.02 10960 10960 o
254 ~ 2.09 2.02 11400 11400 10603 | 3370
i 2
! |
|
820 246 2.08 2.00 11000 12010 |
242 2.04 1.97 9000 9000 |
e !
243 2.08 1.98 8690 8690 9900 3150
i
|
:g
830 236 2.09] 1.98 7710 7710
254 2.09) 2.03 5520 5520 !
243 1 2.10/ 2.00 6550 6560 . 6593 2100
- s
840 240 2.08/ 1.99 5090 = 5090
236 2.06| 1.97 4760 4760 !
252 2.12 2.02 7420 = 7420 5760 1830
. N {
X T

Form 110-1-16-1000-F. P. & S. Co.



MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

RUNNING LOG

Series.

bloO

b20

b30

b40

Compression Tests.

Date

Form 110-1-16-1000-F. P. & S. Co.

Exp’t NOw s i,
(Morter Briquetts.) Time: 4 Weeks. ,
{
Weight Ht. |Dia. Load at Ultimate Avg. ult.; Avg.
: ult.
in grms. in. | in. 1st crack ILoad Load. |stress.
252 2.06| 2.02 10240 10240 |
256 2.10[ 2.02 10830 10830
257 2.08[2.03 11970 11970 10680 3400
235 2.05(2.00 7000 8500
233 2.04(1.99. 9020 9020
247 '2.05|2.04. 9400 9400 8973 2850
252 2.10|2.01 9650 L9650
252 2.07|2.U3. 8900 . 8900
237 2.07/1.97. 8000 . 8000  .9517 3000
241 - 2.10/ 1.98 7230 7230
251 2.10/ 2.00. 7220 - 7220 _
254 ~2.12 2.02 6560 - 6560 . 7013 2210
251 2.06l 2.02 6100 6100
237 2,04 2.00 B520 . 5520
248 2.06 2.09 6550 6550 - 60567 1925
| ~ ;
“50= U




MATERIALS TESTING LABORATORY

ROUNNING LOG

Series.
C

c¢l0

c20

c 30

c¢40

MISSOURI SCHOOL OF MINES

Compression Tests.

Exp’t NOw o,

(Morter Briquetts.) Time: 4 Weeks.

Weight Ht. i Dia. Load at Ultimete Avg. ult.

in grms. in.; I#. 1st crack Load. Load
258 2.10 2.02 12990 12990
260 2.100 2.04 12540 12540
254 2.09 2.01 11200 11200 12243
251 2.10 2.02 8520 8520
239 2,07 1.98 10210 10210
251 2.0 1.98 7710 - 7710 8815
249 2.0 2.03 T R
241 2.0 1.98  5740# 5740#
236 2.05 2.03 5720 . 8380 8380
254 2.10 2.02 4950 4950
237 2.08 1.99 6030 6030
254 2.12 2.00 3930 3930 4970
247 2.oi 2.02 3300 3300
250 2.08 2.03 5870 5870
834 5.05 1.98 4820 4820 4997
f , ;
0

1

Avg.
ult.

i Stress.

3900

2910

2660

1580

1583

km#}pdorlyiiggédéawin piaster.

Form 110-1-16-1000-F. P. & S. Co.

_________________ A




MATERIALS TESTING LABORATORY
MISSOURI SCHOOL OF MINES

Compression Tests.

RUNNING LOG Exp’t Now e
(lieat Brijuetts.) Time 12 Veeks.
eight Ht. .Dia. Load st Ultimate Avg. ult.. Ave.
, - ult.
Series, in grms. in.. in. 1lst crack ILoad. Load.  stress
A 228 2.00, 1.98 17200 19820 |
238 2.01 2.00 17250 22150 ?
237 2.04 1.98 27240 27240 23070 . 7840
al0 234 2.04, 2.02 8900 19950
235 2.05 2.04 21650 28070 ‘
219 2.00i 2.00 9110 27330 25117 gsooo
| ? ,
220 256 2.06/ 2.05 15400 20000 |
236 2.05 2.03 11300 22440 |
238 2.06 2.04 12100 29820 24086 L 7670
830 220 2.001.97 9160 20240 }
219 2.00 1.98 10770 21150 |
234 ,z.ozgz.oo‘ 8430 20490 20620 . 6400
240 ‘ i
| z
|
v, .
| |
Date e Observers’l T

Form 110-1-16-1000-F. P. & S. Co.




MATERIALS TESTING LABORATORY
MISSOURI SCHOOL OF MINES

Compression Tests.

RUNNING LOG Exp’lt N

(Neat Briquetts) Time 12 Vecks.

Weight Ht. : lia.Load at Ultimate svg. ult. . Avg.

| . ult.
Series. in grms. in. |in. 1st crack ZIoad. Load . Stress.
B 234 2.00 1.97 31620 31620 i
237 2.02 1.98 20080 25800 e
236 2.000 1.97 12100 20410 25943 | 8250
b10 215 1.97 1.98 17460 33880 |
215 1.9 1.96 23870 30010
215 - 2.00 1.98 20010 . 33500 32463 . 10030
b20 230 2.04 2.02 7680 15350
216 2.03 1.99 19030 25540
217 2.04 1.98 15260 24830 21907 6970
b30 227 2.02/2.00 16460 21980
228 2.04|2.01 15970 22080
229 ' 2.04|2.02 12100 = 14420 19393 6160
40 .
! i
IR . i S
DAt e Observers{ """""""""""""""""""""""""""""""""""""""""

Form 110-1-16-1000-F. P. & S. Co.



RUNNING LOG

MATERIALS TESTING LABORATORY
MISSOURI SCHOOL OF MINES

Compress 'es
P ssion Yests ¢ Exp’t NOwoo

(lleat Briquetts.) Time 12 Weeks.
Veight 4t. Dia. Load at Ultimate avg. ult. . Avg. ul
Series. in grms. in.; in. 1st crack Load Load Stress
C 227 2.00 1.98 12810 20910
224 1.98 1.96 13110 19549 ‘
229 2,00 1.96 17870 28610 23020 ' 7330
¢10 238 £2.06 2.04 16710 26120
239 2.04 2.04 6470 20250
239 2.04 2.02 10640 25410 23927 . 7600
c20 222 2.01.1.98 14360 25340
221 2.00:2.00 9300 13060 ,
219 1.99/1.99 14850 17140 18513 . 5900
030 219 2.01 1.96 18110 18110 |
218 2.01/1.97 13550 23770 ;
237 2.09, 2.02 24710 24710 22196 7050
c40
. %
, |
|
s |
e |
ate -Mw{ .....

Form 110-1-16-1000-F. P, & S. Co.




MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

RUNNING LOG Exp’t NOwo oo,

Date , ()bsergsxs

Form 110-1-16-1000-F. P. & S. Co.



RUNNING LOG

Form 110-1-16-£000-F. P. & S. Co.

MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES

Exp’t Noeo .

N I
| i
+ i
| - .

Observers {




MATERIALS TESTING LABORATORY

MISSOURI SCHOOL OF MINES
Compression Tests.

RUNNING LOG | Exp't Nowoooo

Form 110-1-16-1000<F. P. & S, Co.
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