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ABSTRACT

The scope of this thesis was to deternmi ne the difference
in concrete strength fromusing two different aggregates, crushed
and uncrushed. The surface texture of the aggregate used is
the primary factor that influences the strength of the mortar-
aggregate bond. In this attenpt the thesis has been divided
in two parts.

The first part deals with | aboratory work done by the aut hor.
One hundred fifty-six specinmens were constructed. The speci nmens
were then tested under conpression | oading.

The second part of this thesis analyzed the data obtained
in the | aboratory, through the useofstatistical methods.

The results denonstrate that the use of crushed aggregate
i ncreases the concrete strength by approxi mately ten per cent

over the use of uncrushed.
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I NTRODUCTI ON

Resear ch studies4 have indicated that the nortar-aggregate
bond i nfluences the strength and deformati on of concrete. How
ever, such effects are not easy to observe experinentally due
to difficulties involved in isolating bond strength as a single
aggregate variable. The principal approach has been via the
use of aggregate coatings and sonme early studies on that reported
very | arge decreases in the conpressive strength of concrete.

St udi es done by Kaplan2 show t hat the shape and texture of the
aggregate are particularly significant in the case of high strength
concrete. Although the full role of shape and texture of

t he aggregate in the devel opnent of concrete is not known, the
consensus i s that a rougher texture results in a greater adhesive
force between the particles and cenent matri x.

The approach used by the author was through the construction
and testing of six sets of specimens. Each set consisted of
twenty-si x speci nens, one half of those nmade with crushed aggreqate
and the other half with uncrushed.**The primary factor used
in developing the concrete strength in each set was through
the variation of the water-cenent ratio. -

The data fromthese tests were anal yzed using statistica
met hods in order to find the percent difference between the

mean val ues of the two groups in each set.

*Superscript nunber indicates reference cited in bibliography.

**The aggregate was essentially the sane river gravel, except one
was crushed and the ot her uncrushed. However, the soundness of
the two types of aggreqgate was not taken into account.
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1.2

CHAPTER |

EXPER MENTAL PROCEDURE

bj ective

One hundred fifty-six specinmens were constructed with
two different types of aggregate and tested under conpression
| oadi ng.

The aut hor realizes that testing only one hundred fifty-
si x speci mens woul d not enconpass all variables. Thus,
t he concl usi ons and recommendati ons made from t hese
experiments are of limted value. Hence, it is advisable that
nor e speci nens shoul d be made and addi ti onal testing done.
Concrete Mx:

Since the ultimte gocal was to conpare the
effects on concrete strength resulting fromthe use of
two different types of aggregates (crushed and uncrushed),
the m x proportion was purposely kept constant throughout
each set of specinens.

The concret enm xes were designed for an interva
of conpressive strengths from 3000 to 5500 psi and average
density of 130-145 Ib. per cubic ft. The follow ng materials
wer e used:
a) Ordinary Portland Cenent Type
b) Gravel (crushed and uncrushed) as an aggregate
<) Natural Sand with specific gravity of 2.62
The effective absorptions of the crushed and uncrushed gravels
used were 2.84% and 1.54%respectively. The average size of
coarse gravel was one-half inch. The figures that foll ow show

t he crushed and uncrushed gravel .
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1.5

Step 5. Then the m xture containing the gravel and

one third of the water was added into the

m xer and all the ingredients were m xed

toget her for an additional three m nutes,

followed by three mnutes rest, foll owed by

two m nutes final mxing.
The top of the m xer was covered at all tines in order to
prevent any loss of fines while mxing and evaporation
during the rest period. |In order to elimnate segregation
t he machi ne- m xed concrete was deposited in a clean, danp
m xi ng pan and rem xed manual ly by a shovel until it
appeared to be uniform
Maki ng t he speci nens:

Using the sane trial m xes as previously discussed it
was found that the nost reliable way of placing the concrete
into themoldswas as follows:

The concrete was placed into the nolds through the use

of a scoop, and each scoopful of concrete was sel ected

in such a way that it was a good representation of

t he batch. .The concrete in each nold was placed in-three

equal |ayers and each | ayer conpacted 25 tines using a

end- rounded rod 5/3" in dianeter.
Curing the specimens:

The speci mens were renoved fromthe nolds 36 hours
after castingand cured in saturated |lime water for 27
days. The specinmens were then renoved fromthe water,

capped and tested. Figures 2, 3, and 4 show sets 1
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and 2 ready to be tested, sets 3 and 4 just after they
were capped and sets 5 and 6 in the nolds respectively.
The tenperature of the curing water was naintai ned at

72°F + 1°.

Figure 2 Sets 1 and 2 ready to be tested.
Proportions of ingredients:

The proportions Of the ingredients for each set of
concrete m x were sel ected based purely on the strength
desired. In order to achieve different strengths, the.
water to cenment ratio was varied. This was acconplished
by keepi ng the aggregate content constant and varying the
cement and the water content, in order to achieve a
wor kable mx. At the sanme tine the sand content was varied
in order to keep the total weight of each set of concrete
mix constant.

Tables 1 through 6 show the proportions of the ingredients
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used for each set of concrete m x.
Testing the speci nens:

The specinens were tested 28 days after casting.
Figure 5 shows a specinen ready to be tested under the
250, 000 pound Forney Concrete Conpression Tester. The
testing machine is notorized and the | oading rate that
was used was approximately 35 psi/min. which is within

1 Figure 6 shows

the limts of ASTM Designation C 39-66.
t he sanme specinen after failure.
Tables 7 through 18 show the ultimte | oads and

correspondi ng stresses for each set.



Figure 3 Sets 3 and 4 just after they were capped.




TABLE 1 Set 1.

INGREDIENTS VI GHT
Aggregate 1/4 in 60 1b
Aggregate 1/2 in 100 1o
3and 130 1t
Cement 120 1b
Water 46.4 1bo
Wwater / cement 0.387

TABLE 2 Set 2.

INGRXDIENTS WEIGRT
Aggregate 1/4 in 6C | o
Aggregate 1/2 in 100 1b
Sand 130 1b
Cement S0 1b
water 41 1d
dater / Cement 0. 456

# Each set conteins 13 crushed and 13 uncrushed

- aggregate specimens
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TABLE 5 Set 5

INGREDIENTS NEIGHT
Aggregate 1/4 in 60 1b
Aggregate 1/2 in 700 1b
3anc 160 1b
Cement 60 1b
Water 36 1t
Water / Cement 0.6

TA3LE 6 Set 6

ILIGREDIENTS WEIGHT
Aggregate 1/4 in 8C 1b
Aggregate 1/2 in 100 1b
Sand 170 1n
Cement 50 1o
iaser 35 1o
dater / Cemenz 0.7




GHAPTER 11
DATA ANALYSI S

2.1 Introduction

Ther earemany factors which are involved in the
production of high quality concrete: materials, quality prop-
ortioning, handling and placing, curing and testing. It
shoul d, therefore, cone as no surprise that concrete, in
common with sone engineering materials, is inherently not a
honbgeneous and i sotropic materi al

The data fromthe' | aboratory work substanti at est hi s observ-
ation. Hence, in order to find the difference in strength between
crushed and uncrushed aggregate sone statistical nethods
wer e used.

2.2 Statistical nethods used for analysis

In order to estimate the magni tude of difference bet-

ween t he respective neans of the two groups in each set,

the foll ow ng equati on was used (see Ref. 3):

V(na—l)sa2 + (nb—l)sb2 na+nb (1)
(ma-nb)=Xa-xb : ta/2 na+nb-2 (na)(nb)
wher e: _
X1+x2+x%x3+. « . .« « .« . Xl
(Xa) or {(Xb) = n -

and n - Total nunber of specinmens in the group
Xa - Mean of qgroup A
Xb - Mean of group B

(s22) or (sb2) = (el=X)# (x2-%) + (3=X)*. ... (xd =X)

and sa - Sanple variance in group A
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sb - Sanpl e variance in group B

X = Xa or Xb (depends on the group)

i = From1lto 13

na - Sanple size in group A

nb - Sanple size in group B

ma-mb - Confidence interval for the difference between
nmeans using small independent sanpl es.

ta/2 - Value taken fromtable A for na+nb-2

degrees of freedom

Also in order to calculate the t-distribution wth
2(n-1) degrees of freedomthe foll ow ng equati on was' used (Ref.3):

Xa- Xb
t=

(2)

(na—l)sa2 + (nb-1)sb2 V na+nb

na+nb-2 (na){(nb)

In order to calculate ma-nb and the t-distribution
for each set, a conmputer programwas made usi ng equations
(1) and (2) (see pg. 13) and the results fromit are shown

on Page 33. --
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Di scussi on and eval uation of results

In order to evaluate the results from WATFIV program
four different graphs were plotted.

In graph 1 the "stress" vs. "w/c ratio" was plotted using the
methad of least squares. From this graph it can be ocbserved that the in+
fl uence of the coarse aggregate on the strength of concrete varies in
magni t ude and depends on the water/cement ratio of the
m Xx. For water/cement ratios of about 0.4, the use of
crushed gravel resulted in strengths of about 10 percent
hi gher than for the uncrushed. As water/cement ratios
I ncrease, of about 0.65-0.70, only a relatively small
difference in the strengths of the concrete nmade with
ei ther crusHed or uncrushed gravel were observed. Wth
an increase in water/cement ratio, the influence of the
type of crushed gravel, decreased, presumably because the
strength of the paste itself becanme significant.

In graph 2 the "interval of the difference between
"means” vs. "stress" was plotted. The observations nade
fromthis graph were as foll ows:

a) At stresses of approxi mately 5000 psi the

interval of the difference of the neans

cal cul at ed showed a nmagni tude of 0-15 per
cent increase. This increase indicates
that at high stresses the crushed aggregate
woul d i ncrease the strength of concrete

by that percentage over uncrushed.
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b) At |low stresses (approxinmately 3000 psi) the
interval of the difference of the neans span
a length of -4 to 5 per cent. This means that
at low stresses the difference between the
use of crushed or uncrushed aggregate is
relatively m ninal
In graph 3 the "difference between nean val ue and
i ndi vi dual specinmen stress in each group" vs. "stress"
was plotted. Fromthis graph it can be also verified'that
at high stresses the use of the crushed gravel can provide
a consi derabl e advantage in concrete strength. As can
be seen the horizontal span (stress variation) between the
respective groups in each set increases as stress increases.
The I ength of the horizontal span between the two groups
of each set indicates the advantage of crushed over the

uncrushed at a particular stress interval.

In graph 4 the "probability of a larger value" vs. "stress’
was plotted using the method of |east squares. The probability val ues
plotted on this graph were cbtained through the use cf the t-distribution
val ues frompg. 33 along with Table B in the Appendix:-
Fromthis graph it can be seen that at stresses exceeding
4500 psi there is alnost a 100 per cent probability that
t he use of crushed aggregate will give a higher concrete
strength over uncrushed. This probability decreases to
55 percent as stresses go bel ow 4500 psi.

Generally, the benefit fromusing the crushed aggregate
over crushed becones nost significant at higher |evels of

stress - 4500 psi and higher.
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CONCLUSI ON

The foll owi ng conclusions apply to concretes contai ning
ei ther crushed or uncrushed gravel and Portl and Cenent
Type |I.

The strength of the concrete made with crushed gravel
exceeds the one made with uncrushed. Furthernore, this
hi gher strength fromthe crushed gravel varies with the
water/cement ratio. Generally as the w/c ratio increases,

a) The difference between the nean val ues decreases.

b) The interval of the difference between neans
usi ng 95% confi dence | evel decreases.

c) The probability of the crushed gravel to have
a higher stress than uncrushed decreases.

These concl usions are based on admttedly limted
testing. Hence, sone additional research should be
carried out in order to determ ne how strength
differences in concrete vary with a) aggregate {(percent)
content b) aggregate type c) tine of testing d) cenment

type and ) cenent (percent) content.



TABLE 7 - 3Z? 4C.1 (crushed)

SPECIMEN NO. LOAD (LBS) STRESS (PSI)

1 141000 4987.6

2 148000 5235.2

3 172000 6084.1

4 160000 5659.7

5 171500 6066.5

6 155000 5482.8

7 151000 5341.3

8 145000 5129.1

9 155000 5482.8

10 145000 5129.1
11 139000 4916.8
12 154000 5447. 4
13 146000 5164. 4.
Average 152122.0 5394.4




TARLE 8 - SET NO.1 (uncrushed)

SPECIMEN NO. LOAD (LBS) STRESS (PSI)

1 126000 4457.0

2 133000 4704.6

3 145000 5129.1

4 150000 5305.9

5 144000 5093.7

6 136500 4828.4

7 125500 4439.3

8 143000 5058.3

9 141000 4987.6

10 139500 4934.5
11 144000 5093.7
12 143500 5076.0
13 132000 4669.2
Average 138348.6 4905.98




TARIE 9 -

SET HC.2 (crushed)

STECIMEN NOC.

104D (1LB3)

1 145000 5129, 1
2 126000 4457.0
3 144000 5093.7
4 136000 4810.7
5 137000 £846.1
8 142000 5022.9
-
7 128000 4527.7
8 135000 4775.%
9 132500 2686.9
10 146000 5164.4
11 135500 4793.0
12 134500 4757.6 -
13 147000 51239, 8
Average 137235.3 4866, 6




TA3LE 10 - SET NO.2 (uncrushed)
SFECIMEN HO, LCAD (ILB3) STRESS (FSI)
1 130000 4598.5
2 120500 4262 .4
3 124000 43806,2
4 135000 4775.3
5 125000 4421.,6
& 141000 4987.6
f 1195C0 4227.0C
g 141500 005,73
G 142000 5022,%
10 131000 4033.¢
th 123000 4350, 8
12 141500 =C05.3
12 120C2C 42447
Average 129973.8 4609, 39

24,



-

- B.L.JE

11 = §°" 2.3 (crushed)

STECIMEN NC. LOAD (L3BS) STRESS (73I)
1 126500 4474.7
2 122800 4333.2
z 1143500 +032.5
4 144000C 5093.7
> 127300 48€3,8
€ 128000 4527.7
-

7 133000 4704.6
g 12750C £510.0
S 126000 4457,0
10 134500 4757.5
11 140000 4852.2
12 132200 4686.5
13 138500 4399,

Average 130790.4 4637.96




lalamias!

3zT #C.3 (uncrushed)

LOAD (IBS)

3 133500 4722.3
2 121500 £297.3

3 123006 #35C.53

i 136500 4828.4

5 131000 4633.8

5 147500 4128.2

7 116000 4103.2

8 116000 4103.2

9 138000 de81.
49 12700 44592.5
i 102000 3820.3
12 1243500 £203.2
1% 126500 L4757
Average 124230.0 4405,32
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T43LE 14 - 3ET NC. s (uncrushed)
SZECIMEN NC. LOAD (L3S) STRESS (FsI
1 122000 4315.5
2 113200 4014.2
3 112500 3979.4
4 125000 4563 .1
= 120000 459E.5
5 127000 4492.3

7 thelelelole 3557.%
g 126500 44747
S 1232000 £35C.8
0 1010GC 3572.9%
11 1100C0 3891, 0
. 122000 4662.3
13 “ 25000 4421.0

Average 119050.2

4221.64




29.

.5 (crushed)
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17 —= 3ET 1C.6 (crusned)

SPZCIMIN XO. LOAD (1B3) STRESS (=3I

1 30000 3183.5
2 52000 2254.3
3 36500 3413%,5
4 8950C 31€5.¢2
5 875C0 3085.1
6 32500 2272.C
7 97000 3431,1
2 98000 3466.5
5 77500 2741.4
10 $20072 3234.%
11 82000 23C0.5
12 77000 2723.7
13 73000 27%4.,4

Average 88280.6 3130.52




TABIE 18 - ST NC. 6 (uncrushed)

SFECIMEZN NO. LoAD (L3S) STR=SS (F

1 85000 3006.7

2 : 78000 2759.1

3 820C0 2900.5

4 87000 3077.4

5 26000 3042.0

6 86500 3083.€

 —

7 §800C 2112.8

g 8€50C 3053.8

3 285CC 2120.6

10 88500 213C.8

11 20000 3183.5

12 22500 3165.8

.z 32000 2254.5%
Average 86515.9 2067.94
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TABLE 4 7 ; . . L
« The following table provides the vaiues of ¢, that correspond to a given upper-tail

0

area a and a specified number of degrees of freedom.,

D‘-“g;‘” Upper-Tail A m a

Freedom 4 25 .1 .05 028 01 008 0025 001 0008

1 325 1,000 3.078 6.314 12706 31821 63657 12732 31831 636.62
2 289 816 1886 2920 4303 6.965 9.925 14.089 22.327 . 31598
3 277 .765 1638 2353 3.182 4541 5841 7.453 10.214 12.924
4 27 741 1533 2132 2.776 3.747 4.604 5.598 7.173 8.610
5 267 727 1476 2015 2571 3365 4.032 4773 5.893 6.869
6 265 J18 1440 1.943 2.447 3.143 3.707 4317 . 5.208 5.959
7 263 711 1415 1895 2.365 2.998 3.499 4,029 4,785 5.408
8 .262 706 1397 1860 2.306 2.896 3.355 3.833 4.501 5.041
9 261 703 1383 1833 2262 2.821 3.250 3.690 4,297 4,781
10 .260 00 1372 1812 2.228 2.764 3.169 3.581 4.144 4,587
11 .260 697 1363 1.79% 2201 2718 3.106 3.497 4.025 4437
12 259 695 1356 1.782 2179 2.681 3.055 3428 . 3930 4.318
13 259 6% 1350 1771 2.160 2.650 3.012 3.372 3.852 4221
14 258 692 1,345 1761 2.145 2.624 2977 3.326 3.787 4,140
15 258 691 1341 1753 2131 2.602 2.947 3.286 3.733 4,073
16 258 690 1.337 1746 2.120 2.583 2.521 3.252 3.686 4.015
17 257 689 1333 1740 2110 2567 2.898 3222 3.646 3.965
IS 257 588 1330 1734 2101 2.552 2.878 3.197 3.610 3.922
19 257 688 1328 1729 2.093 2.539 2.861 3.174 3579 3.883
20 257 687 1325 1725 2.086 2528 2.845 3.153 3.552 3.850
21 257 686 1323 1721 2.080 2518 2.831 3.135 3.527 3.819
22 256 686 1321 1717 2.074 2508 2.819 3.119 3.505 3.792
23 256 685 1319 1714 2.069 2500 2.307 3.104 3.485 3.767
24 256 685 1318 1711 2064 2492 2797 3.001 3467 -3.745
25 256 684 1316 1.708 2.060 2.485 2.787 3.078 3.450 3.725
26 256 684 1315 1.706 2.056 2479 2.7179 3.067 3.435 3.707
27 256 684 1314 1703 2.052 2473 2771 3.057 3421 3.690
28 256 683 1313 1.701 2.048 2467 2.763 3.047 3.408 3.674
29 256 683 1311 1699 2.045 2462 2.756 3.038 3.396 3.659
k1] 256 683 1310 1697 2042 2457 2.750 3.030 3.385 3.646
40 255 681 1303 1684 2021 2423 2704 2971 3.307 3.551
60 254 679 1296 1671 2.000 2390 2.660 2915 3.232 3.460
120 254 677 1289 1.658 1.980 2358 2617 2.860 3.160 3.373
@ 253 674 1282 1.645 1.960 2.326 2576 2.807 3.090 3.291




TASLE 3

THE DISTRIBUTION OF ¢* (T WO-TAILED TESTS)
. 4

Degrees j Probability of a Larger Value. Sign Ignored

(0]
Freedom . 0.500 ] 0.400 ‘ 0.200 | 0100 | 0.050 | 0025 | 0010 | 0.005 | 0.001
1 1.000 | 1.376 | 3.078 | 6.314 |12.706 |25.452 | 63.637
2 0&£16 | 1061 {1.886 | 2.920 | 4.303 | 6.205 | 9.923 }14.089 | 31.598
31765 10978 | 1.638 | 2.353 | 3.182 | 4.176 | 35.841 7.453 | 12.941
4 741 941 |1.533 | 2,132 | 2.776 | 3.495 ; 4604 | 5598 8.610
5 ! 727 .920 | 1.476 | 2.015 | 2.57} 3163 | 4032 | 4773 | 6.859
6 718 906 | 1.440 | 1943 | 2.447 | 2.969 3.707 | 4317 | 5.939
7 Tl 896 | 1.415 1 1.895 | 2.363 2.841 3499 | 4.029 5.403
8 .706 .889 11.397 | 1.360 | 2.306 | 2.752 | 3.335 ; 1.832 | 5.041
9 703 .883 | 1.383 | 1.833 | 2.262 | 2.685 . 3.230 3.690 ; 4.781
10 .700 879 [ 1.372 | 1.812 | 2.228 | 2.634 | 3.169 3.581 4.587
i1 697 | 876 [ 1.363 | 1.796 | 2.20] 2.593 | 3.106 | 3.497 | 4437
12 693 873 | 1.356 | 1.782 | 2.179 | 2.360 | 3.055 | 3.428 4.318
13 694 870 [ 1.350 | 1.77] 2.160 1 2.533 o012 | 3372 | 4221
14 692 868 1 1.345 § L.761 2.145 | 2510 | 2.977 | 3.326 | 4.140
15 691 866 | 1.341 | 1.733 | 2.131 2.490 | 2947 | 3.286 | 4.073
16 .690 865 | 1.337 | 1.746 | 2.120 | 2.473 | 2.92] 3252 | 4.015
17 689 863 11333 1.740 | 2.110 | 2.458 @ 2,898 3202 3.965
18 .688 862 |1.330 | 1.73¢ [ 2.101° | 2,445 | 2,878 3197 | 3922
19 .688 861 11,328 | 1.729 1 2.093 | .2.433 | 2.861 3,174 3.883
20 687 | .860 |1.325 1 1.725 | 2.086 | 2.423 | 2.845 3153 3.850
21 .686 .859 11323 | 1.721 2.080 | 2.414 | 2.831 3.135 3.819
22 686 | .858 | 1.321 | 1717 | 2.074 | 2.406 | 2.819 3.119 3.792
23 685 B58 | 1319 | L1714 | 2.069 | 2.398 | 2.807 | 3.104 3.767
24 .685 | 857 |1.318 | 1.71] 2.064 | 2.391 2.797 | 3.090 3.745
25 .684 836 | 1.316 | 1.708 | 2.060 | 2.385 | 2.787 | 3.078 3.725
26 .684 .856 |'1.315 | 1.706 | 2.056 | 2.379 | 2.779 | 3.067 3.707
27 .684 | 855 11.314 | 1.703 | 2.052 | 2.373 771 3.056 | 3.65%0
2 .683 835 11313 | 1.701 2.048 | 2.368 | 2.763 3.047 3.674
29 683 854 11311 | 1.699 | 2.045 | 2.364 | 2.756 | 3.038 3.659
30 .683 854 11310 | 1.697 | 2.042 | 2.360 ; 2.750 3.030 | 3.646
35 682 .852 | 1.306 | 1.650 | 2.030 | 2.342 | 2.724 | 2.996 3.591
40 681 851 11.303 | 1.684 | 2.02] 2329 | 2.704 § 2971 1.551
45 .680 .850 {1.301 | 1.680 | 2.014 1 2.319 | 2.6%0 | 2952 3.520
50 680 | 849 |1.299 | 1.676 | 2.008 | 2.310 | 2.678 | 2.937 | 3.496
55 .679 849 1 1.297 | 1.673 | 2.004 | 2.304 | 2.669 | 2925 3476
60 679 848 11296 | 1.67} 2000 | 2.299 | 2.660 | 2.915 3.450
70 678 847 1 1.294 | 1.667 1.994 | 2,290 | 2.648 | 2.899 3.435
80 .678 847 | 1.293 | 1.665 1.989 | 2.284 | 2.638 | 2.887 | 1416
90 .678 846 | 1.291 | 1.662 1.986 | 2.279 | 2.631 2.878 3.402
100 677 | .B46 | 1.290 | 1.661 1.982 | 2276 | 2.625 | 2.871 3.390
120 677 .845 11.289 | 1.658 1.980 | 2.270 : 2.617 | 2.860 | 3.373
@ 16745 | 8416 1.2816] 1.6448 | 1.9600 2.2414[ 2.5758 | 2.8070| 3.2905
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