CHAPTER 5

COARSE AGGREGATES AND CONCRETES

Normally, coarse aggregate is.i& | strofiglethaf other components. Thus, binder is
regarded as the weakest link, apnd conSideratioy bowgregate strength 1s usually
overseen. In concrete mix desighfmarafemiots haye d"on composing aggregate as

\,:"‘\..
dense as possible in order to igai7e ghgl dgcessan 1-'. f binider, which has to fill the

cavities between the aggregate$*™or g

But, when the performan ¢ to increase in concrete

strength, the aggregate quality B€coylies Sig: : ,k ) mportant. It is desirable that coarse
aggregate particles have no defect§ ogiweak ilanes Id catise the aggregate to fail in a
brittle manner as the concrete is loaded. TleAmount se aggregate in concrete mix should
be optimized to form an effective load-¢e ‘-'-:#FF back 0 provide adequate workability in
a fresh state for fully compay o E,.
LF A

In this chapter, the ~",: rse aggreg s¥selecte '; quarries are investigated
¥ iF¥ |

experimentally. A parameter, repriseﬁing both quality iyi quantity of coarse aggregate, is set up

ta bie-an ald i selectiﬂa.%g)@ﬂ%q H’s%?gw rﬁnqiﬂmﬁ-strength constats,

The appropriate sand/celMent ratio is determmeé regarding to ﬁne aggregate and coarse aggregate
e QR RIRTEURIINEN A ¢

5.1 Selection of Coarse Aggregate

As stated above, the selection of the coarse aggregate becomes more important as the
target compressive strength of concrete increases. The suitable coarse aggregate for producing
high-strength concrete must be hard, strong and provide no weak minerals or any defects in its
microstructure. A close examination of its mineralogy and petrography may be required to ensure

that the aggregate particles are strong enough to avoid premature failure. Nevertheless, many



kinds of crushed hard and dense rocks can be successfully used. Table 5.1 shows the compressive,
tensile and shear strength of various types of rock mass. Since the simulations in chapter 2 show
that the tensile strength of coarse aggregate for making concrete with compressive strength
exceeding 200 MPa should be at least 30 MPa, quartzite, diorite and basalt coarse aggregate may

be promising.

The shape of coarse aggregate is also significant from a rheological point of view. During

crushing, roughly equi-dimensional particles sh be generated, rather than flat and elongated

It is generally well known tha SoOmptessiy agth Of high-strength concrete will
decrease as the coarse aggregate si €ases, becay 1on zone, as a weak plane,
between aggregate particles and buddegisfrgduced: ayver, some cxperiences controversially

suggested that higher compreSsiv | ing the larger aggregate
(Mindess et al, 1996). It is explaifiedghagfan incicas e totaly se aggregate content, which
is more easily attainable with an i : aggregate, has the advantage

of improving the tensile and fracturgprg] ‘.-n of ¢ ong as the aggregate is of high

quality.

5.2 Coarse Aggregate ’:’7“

i
oL

5.2.1 Size Reduction Processg ..

s or ool ANUNTHEAN T, om e

crushing are commonly used for making hlglfstrength concpete. The schematidddiagram of rock
commmutlonq mfl aﬁ‘ﬂ sf’g“ umf] g(msﬂr]scaieﬂre dumped
into a hopper, passmg grizzly bar and separator. In this step, clay, vegetables or any wastes are
removed. Then, serving for primary crushing, a jaw crusher breaks the rocks into smaller pieces.
They are crushed further by a cone crusher or impact crusher. This type of crusher easier controls
the shape of aggregate, as well as provides more energy than the primary crusher. Next, the
crushed rocks are screened and classified according to their size. The particles larger than
standard are repeated crushing by the cone crusher until the desired size is obtained, while the

particles less then 4.75 mm are considered as dust.
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The energy input into the size reduction process must be optimized (Bhandari, 1997).
Insufficient energy can not break down the rock, while too much energy provides more dust and
induces more microcracks into the microstructure of the aggregate. From the rock mechanics, it is
obtained empirically that the energy ( E') required for size reduction is an inverse function of its

size (Nagahama and Yoshii, 1993), i.e.,
E=Cpr™ (5.1

where C is a constant relating to tensile stiehg ' / glastic modulus, while 7 is a positive

', DO TCICS.

Usually, there are weak p Ancs, oramboungaries: woids or any discontinuities in the rock

Nt

microstructure. Most of the major g 3 , yed from th&explosion. Some of the rest are
removed in the primary crushing afid lisfle dofdCts-ate Ieftin thé.scéendary crushing. Thus, it may

NN

be deduced that the crushed rock is ;'c bif Froneer

5.2.2 Experimental Works

The experiment is set up#to | s of coarse aggregates with

different size. Three types of the maStlysused-agpres Thatland, i.e., limestone, basalt and

. . .\- ¥ . . . .
granite are evaluated. Limestone aggregates/aie/derivi 0 quarries in Saraburi province,

while two basalt and granitC-aggregates are come from Burrmmgand Cholburi province,

AY |

duEgroups, i.e., 1" (25.40 mm)
]
i¥

) to 1/2" (12.70 mm), 1/2" (12.70 mm) to 3/8" (9.53 mm) and

‘o Y
3/8" (9.53 mm) to No 5 . The ‘ i cific gravity, water
HH eI

absorption, unit weight§jvoid content, flakiness index and elongation index. While, aggregate

¢ = e/
RN A
load strength indexX (PL m e ica pef ormance. [he Standard method for each

test is tabulated in Table 5.2.

respectively. All of them are. =

to 3/4” (19.05 mm), 3/4" (19.05%

5.2.3 Physical Properties

5.2.3.1 Specific Gravity and Water Absorption

The plot between the apparent specific gravity and the aggregate size is illustrated in Fig.
5.2. As a characteristic of material, the specific gravity of all types of aggregate is constant. The

average values are 2.75, 2.88 and 2.66 for limestone, basalt and granite aggregate, respectively.
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While the measured water absorption is depicted in Fig. 5.3. Except for Basalt B, there is a
tendency of an increase in water absorption with the size reduction of aggregate. All of them are
less than 3.0%. Due to its microstructure, the water absorption of basalt aggregate is higher than

limestone and granite aggregate.
5.2.3.2 Unit Weight and Void Content

Fig. 5.4 shows the relation between unit weight and aggregate size. It reveals that the

reduction of aggregate size significantly decr
1655 and 1554 kg/m’ for l-inch limest asalt’ 4 i .

z . IO 11 j .
become 1544, 1564 and 1509 when"theirsiz 3" %ﬂd content around aggregate
particles, as an inverse function o : i1 Jifcieases.withedecreasing aggregate size. It is
shown in Fig. 5.5. For all aggregaig®Sizel bas arselaggregate 1des the most void content

compared to the others. It is up to 4

5.2.3.3 Flakiness Indey n J

The flakiness index of all #gg le s es S, showlin Big. 5.6, while Fig. 5.7 shows
n the aggregate size is reduced.
For all aggregate types, the flakiness in‘ ne e is more or less 10%. It raises up to

granite aggregate when their size decreases

by 3/8". The similar trend v

'I
aggregate where the elongatio ‘ dex is constant for basalt B and de

dex, except for basalt

‘J ases with its size for basalt

o il?iﬁ ﬂﬂﬂfﬂﬂjﬂ“ﬁgm‘“ e
s gifAGan S0 UNIINHI A 8

5.2.4. AAggregate Crushing Value

Fig. 5.8 shows the dependence of aggregate crushing value with the aggregate size. It is
obvious that aggregate crushing value reduces with the size reduction. It means that the resistance
of aggregate for crushing increases when the aggregate size reduces. For 1-inch aggregate, the
aggregate crushing values of all types are in the same orders, i.e. 33.18%, 29.13% and 29.22% for
limestone, basalt and granite, respectively. They become 21.03%, 12.28% and 18.50% when the

size 1s 3/8". Basalt aggregate is proved to be stronger than granite and limestone aggregate.



5.2.4.2 Aggregate Impact Value

The relation between aggregate impact value and aggregate size is depicted in Fig. 5.9.
The similar tendency with size that is found in the case of aggregate crushing value is also
revealed here. The average aggregate impact value of 1-inch aggregate is 34.22%, 22.12% and

30.48% for limestone, basalt and granite aggregate, respectively, while those of 3/8" aggregates

are 18.97%, 13.30% and 20.01%. It is clear that basalt aggregate provides the most resistance

subjected to impact loading.
5.2.4.3 Los Angeles Abrasion

Fig. 5.10 shows the plo e and aggregate size. Small

increases of Los Angeles abrasi ‘can be observed. But, it is

not concluded that the resist. rer then the smaller ones

because, according to the standaf@ , e 2 is used for screening the remaining

from abrasion for all aggregate haller aggregates to become

particles able to pass the specific sighe i E\ \\ is, in this study, the sieve size

depending on sample size that is used #6 i sains for evaluating aggregate crushing

value and aggregate impact value, is adop{e 7e is tabulated in Table 5.12. This new

abrasion value is called the 11og ifi

- = '
! , LY
y"i O 'I

The relation betwee gate size is shown in Fig.

'I I!ll
5.11. Like aggregate crushing alue and aggregate impact value, mod#fied Los Angeles abrasion

decreases with decre:jﬁ ﬁﬁﬁﬂ ﬁ g e e ab f 1-inch aggregate
is 44.67%, 35.49% lﬂ te espectwely While,
those of 3/8-inch a ﬁ ﬁjtes are 35. 77%, 21. 129 and 32.39% 4

oint-

;Ullﬁﬂﬂﬁl’lﬂﬂ

Point-load strength index was introduced by ISRM (1985) as a method for determining

5.24. Strength

the strength of intact rocks with irregular shape. This index correlates to other strength
parameters. For example, Broch and Franklin (1972) reported that the uniaxial compressive

strength is about 24 times of point load strength index.

In this test, the aggregate size ranges from 10 to 40 mm. The point-load strength index is

plotted with aggregate size, as shown in Fig. 5.12. Although the dispersion of test results is
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considerable, the trend of point-load strength increasing with size reduction can be observed. The
dependence of point-load strength on aggregate size is the largest in limestone aggregate,
following by basalt and granite aggregate. However, basalt aggregate yields the highest point-load
strength index (13.96 MPa), while that of limestone and granite aggregate are only 10.34 and 7.04
MPa, respectively. This experiment is also confirmed that the comminution process improves the

strength of crushed rocks and basalt aggregate is stronger than the others.

5.3 Strength-Based Gradation

5.3.1 Definition —_— ‘

When selecting a conc / {7 .ﬁ‘- %\:"*\,~ compose coarse aggregate
as densely as possible, providingthie g drahm so \\\- fufrom an obvious economic
benefit, a minimum of binder in@oncetgrrs ltsinrle rinkage .\: creep and a more dense,
and therefore probably a more durgble fong o] ey Until now, there have been many

attempts to optimize the aggregate gra

such aggregate must also have a stiper]

N,
\\. make high-strength concrete,
Jaad

The dependence. of aggregate pe -r‘*""" Sregate size, which is illustrated in the

previous section, makes 0 cated. There are many
-

variables for qualifying ag@iof ) ng f ength of each size of

b | r
crushed rock. Each class of ' regate 1n al gradation should possess a good shape

and high strength.

fa W |
Therefore, th@eu ﬂng-nﬂcnij(ﬂ)ﬂpgnd‘im as a combination
of both physﬁ mechanical properties in%a sin%Ie concefiinfor determiningfcéarse aggregate

3 tﬂaﬁa}lmoﬁm% Sélx'»l mr&l;']h &uion ot e

products between the fractional volume and strength index of each class of coarse aggregate. For

gradation. The

n classes of coarse aggregate, the strength-based packing is

SBG Index = Z(fraction volume), (strength index),

i=l

=3 (@959,

= ¢iy,-S,-" (5.2)
i=|
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where ¢ is packing density of coarse aggregate mix, which can be computed by using eq. (4.1).
y, and S, are fractional proportion and strength index of the i-th class aggregate, respectively.
While, ¢ is the magnifying coefficient corresponding to each type of strength index. The
coefficient ¢ is raised due to the fact that the sensitivity of strength index is significantly not in
the same degree as that of packing density. It depends on the type of testing for strength index,
and will be evaluated from the experiment. Nevertheless, if the strength index of all aggregates

equals to one, the SBG index becomes the packing density of the granular mixture. It can be said

Many parameters have b g _ e \ ng strength of crushed rock,
such as aggregate crushing value, a#grgfa ( ‘, les abrasion, and point-load
strength index. Thus, the stre o h ifide 0)) i v ed (8 ’ \ ay be derived from one of these
parameters, for example, as poi e complement to unity of
aggregate crushing value, aggrega ion or modified Los Angeles

abrasion. That is,

ﬂUEJ'I’ﬂE‘{TEAWEﬂﬂ‘i N

seci M BNE) J LU AWINYIB Y e

(c) is different for each strength index. To evaluate such coefficients, the concrete specimens are
manufactured by varying coarse aggregate. Three types of crushed rock, i.e., limestone A, basalt
A, and granite A, are classified regarding to their size and then re-combined to achieve the
specified gradation patterns. The gradation patterns of coarse aggregate are shown in Table 5.15.
All of them conform to the recommendation of ASTM C33. The maximum size of aggregate is
varied in the first four patterns, while, in the last four patterns, all sizes of aggregate are included

with a dominated size. The amount of the dominated coarse aggregate is double that of the others.
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Portland cement type I is used with the water/cement ratio of 0.20 and 0.24, while the
ordinary river sand with fineness modulus of 3.04 is applied with sand/aggregate ratio of 0.45.
The ratio of paste volume to void content of compacted aggregate mixture (y) is kept constant
about 1.10. The mix proportion is shown in Table 5.16. The designation C20-LGP1 means the
concrete produced with water/cement ratio of 0.20 and limestone coarse aggregate with gradation
pattern no.1. The polymer-based superplasticizer applied to guarantee 110% *£10% of flow value

lies between 2% and 3%. After demolding after 24 hours, the concrete specimens are stored under

ompressive strength.

/é'd in Table 5.17. At 28 days,

nt ratio of 0.20, and 60.19

water until the time of testing, i.e., 7, 28,

The measured compressive 8
they vary from 70.98 MPa to 94+
MPa to 82.49 MPé in concretes® . be observed that, for all
types of aggregate and ages @ crete strength increases

when the maximum aggregate si

If the concrete compress r function of SBG indices,

the following expression can be ob

(5.4)

where A and B are arbitra yeons d, eg=(5.4) becomes

S
: (5.5)

.ll
1 ]
it

By using nonlingar regreﬁ& analysis of the @berimental results with the least square

basis, the constant A udﬁJeQ m EJ‘ m:j &lﬂﬂ @mfymg coefficient

computing from each type of strength index’ is tabulated ja, Table 5.18. Thescoefficient ¢
corresponde)Wf] a‘a‘ ﬂSﬁ/mhu ﬂ f],% m Br})a iE}ecause the
aggregate crushlng value, aggregate impact value and modified Los Angeles abrasion are in
between 0.0 and 1.0, but the point-load strength index is much larger than one. With these
magnifying coefficients, the SBG indices of coarse aggregate for each gradation pattern can be
calculated. They are listed in Table 5.19, together with packing density computed from eq. (4.1).
Opposite to SBG index, the packing density tends to decrease with decreasing maximum size of
aggregate. The linear relation between SBG index of coarse aggregate and ratio of concrete to

mortar strength is shown in Fig. 5.13. It can be seen that the correlation between concrete to
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mortar strength and SBG index computed from the modified Los Angeles abrasion is the best,
following by aggregate impact value, aggregate crushing value and point-load strength index.

This chart shows the possibility of SBG index to be a potential indicator for concrete strength.

5.4 Sand/Aggregate Ratio

The physical interaction between fine aggregate and coarse aggregate is also significant

in the performance of concrete. It governs t i \ gount of binder or cement paste to coat

around aggregate particles and ﬁll up

concrete. The ratio of sand to aggfcgalesbprosimately 0.45a rted as the best proportion
for concrete with 28-day compressiyeiStr gy 00'M] \\. both flowability in fresh

state and compressive strength evanichakit, 1995).

With the concept of 3d 11 the part 4.1.1, the most

favorable sand/cement ratio is ¢ \ ntally determined in this

section. Five fine aggregates coni® ployed. Their fineness modulus is

2.15, 2.45, 2.74, 3.04 and 3.33. Whi s for each type of coarse aggregates

in the previous section are also applied=heres=1] nsity of each size of aggregate is

summarized in Table 5.20. %= =

Y
The packing density o :f goregate j ! puted «"} using eq. (4.1). Fig. 5.14

shows the calculated packing den@tamth the mixture igmposed of fine aggregate with fineness

modulus of 3.04 and ﬂ ueE}afsa %qeg W ﬁaw qu ﬂp ms. It can be seen

that the packing densﬁﬂf the mixture decreas&s when the small particles of coarse aggregate are
participated, allwfl) ﬁ@ﬂﬁlﬁ& w&q%m ﬁ ﬂ when the
fineness modulfls of fine aggregate decreases, the optimum sand/aggregate ratio decreases, but the
maximum packing density of mixture improves. The maximum computed packing density and
optimum sand/aggregate ratio of all aggregate proportions are tabulated in Table 5.21. The
optimum sand/aggregate ratio varies from 0.37 to 0.64 for the mixtures with limestone coarse
aggregate. They become 0.41-0.68 and 0.37-0.60 for those with basalt and granite coarse
aggregate, respectively. While the maximum packing density is in between 69.93% and 74.47%
for mixtures with limestone coarse aggregate, 69.64% and 73.22% for those with basalt coarse

aggregatc, and 70.36% and 74.41% for those with granite coarse aggregate.
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The optimum sand/aggregate ratio and maximum packing density from the experiment
are listed in Table 5.22. The comparison between the calculated and experimental sand/aggregate
ratio and maximum packing density are depicted respectively in Fig. 5.16 and Fig. 5.17 for all
types of aggregate. Although there is some dispersion of the data, the calculated optimum
sand/aggregate ratio matches well to that obtained from the experiment. While the maximum

packing density from the experiment is a few percent higher than that from the calculation.

sand/aggregate ratio is not constant and sends on flic/Os on of fine and coarse aggregate. In

concrete mix design, the optimum Sana/aggregate be calculated from the total

5.5 Effective Binder Vol

In concrete, the amot sufficient to fill up the space

between aggregate particles. I binder equals to the void
content of aggregate mixture, . Nevertheless, due to the
workability problem, the amount o n such a value. In practice, the
ratio of binder volume to vid content-of z goregate mixture () is usually in

between 1.1 to 1.4. While & 0 ten nercent top-un of the hind >nt is recommended for

.?- d

high-strength concrete (How al fie-nechanical performance of
| I

aggregate is superior to the bir der the overwhelmmg amount of bifider may detrimental to the

load-bearing capacltyﬂﬁ El 'J VI ﬂ‘ Vl ‘j w Ej I] ﬂ ‘j

Thus, in this m:tlon the optimum v ume of bmder or cement paste for providing the
most favoxaﬁ W‘tﬁ] ﬁ)ﬂﬂﬁmﬂ% ﬁ‘rﬁ})ﬁ)ﬁﬁﬁnﬂpe [ is used
with water/cerflent ratio of 0.20, whereas 3.04-fineness modulus ordinary river sand is employed
with sand/cement ratio varied from 1.0 to 2.0. Three types of crushed rocks, i.e., limestone, basalt
and granite, are served as coarse aggregate, with the maximum size of 1", 3/4", 1/2" and 3/8".
Sand/aggregate ratio is controlled at 0.45. The 110% +10% of flow value is guaranteed by the
application of polymer-based superplasticizer. The mix proportion is tabulated in Table 5.23. As
shown in Table 5.24, the ¥ value of concrete mixes varies from 0.86 to 1.56. When the y value is
low, the fresh concrete is viscous and requirs more of superplasticizer. The dosage of

superplacticizer is up to 7%.
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The total porosity of hardened concrete is tabulated in Table 5.25 as well as plotted with
the ratio of binder volume to void content of dry and compacted aggregate (}) in Fig. 5.18. At 7
days, the total porosity varies from 8.15% to 12.61%. It shifts in time. The average total porosity
is 9.46%., 8.77%, 8.23% and 8.03% at 7, 28, 56 and 91 days, respectively. Regardless to aggregate
type, the total porosity seems to be a function of the ¥ value. The y value between 1.0 and 1.1

provides the lowest total porosity.

Table 5.26 and Fig. 5.19 shows the compigssive strength of hardened concrete. The

inverse tendency to the total porosity ca 0 1 8l the highest compressive strength
takes place when the y value is in DE®
165.14 MPa and 168.45 MPa at thesa@€0 : S, ively. Fig. 5.20 shows the
plot between the ratio of concr h SBG index computed
from the aggregate crushing served that the ratio of
concrete to mortar strength incre T Jg interaction shown in Fig.
5.21 can be extracted from Fig. 520 byfa i 1 It'ean be noticed that the optimum
of y value reduces when SBG indgX i ¢as S - FHIS act an be used in concrete mix

design. Its usage will be addressed furght

R

¥
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Table 5.1 Typical strength values of various rocks (Farmer, 1983)

Rock Type Rock Strength (MPa)
Compressive Tensile Shear
Granite 100 - 250 7-25 14 - 50
Quartzite 150 - 300 10- 30 20 - 60
Diorite 100 - 350 15-35 25-60
Basalt 100 - 300 10 - 30 20 - 60

Shale 5-100 - 10 3-3

Sandstone 20- 17 ‘ ' 8-40
Limestone 30 - ) ‘ 10 - 50

R

tes with various sizes

27\
Category & JFPdpdities; . 4 . ' Standard Method
Physical Specifigira l d'waterdbSorption J§ %, ASTM C127
Unit Weighffand void cor “\\ ASTM C29
Flakinesgfindg® “ 55 =0 BS812: 105.1
Elongation ifllex 484 =% _ BS812: 105.2
Mechanical Aggregate fute~ 2 BS812: 110
Aggregate impagt vatue , BS812: 112
Las AngslesBREAE. ASTM Cl131
oi LI$RM, 1985

Table 5.2 Standard methods vaddic -I: op

LAUHAYANS NN,
WA ST S0 S

Limestofie A 2.724 2.719 2.744 2.782
Limestone B 2.742 2.757 2.767 2.771
Basalt A 2.907 2.904 2.886 2.892
Basalt B 2.887 2.878 2.859 2.848
Granite A 2.659 2.645 2.650 2.656
Granite B 2.687 2.676 2.665 2.668




Table 5.4 Water absorption of coarse aggregates with various sizes

Rock Type Water Absorption (%)
1" (25.40 mm) |3/4" (19.05 mm)[1/2" (12.70 mm)| 3/8" (9.53 mm)
Limestone A 0.329 0.337 0.998 1.513
Limestone B 0.613 0.883 1.075 1.233
Basalt A 1.417 1.431 1.886 2.645
Basalt B 1.178 1.130 1.048 1.152
Granite A 0.569 0.797 0.851
Granite B 0.661 0 740 0.819
Table 5.5 Unit if godise a \\\\’l zous sizes
/ y; Crer
Rock Type ¢ 711w uu \ "‘ﬁ\

1" (2 . i

Limestone A
Limestone B
Basalt A
Basalt B
Granite A
Granite B

Table 5.6 Void &ougant of coarse aggrggates with various sizes

'z
i)

1 T A

3/8" (9.53 mm)

1524
1564
1557
1571
1488
1530

Rock Type
" (25.40 mm) [3/4" (49.05 mm)|1/2" (12. 70 mm)| 3/8',(9.53 mm)

Lim = 1

LB || VT | gflm BN LA 6
Basafl A 43.36 4491 45 84 46.16
Basalt B 42.41 43.64 43.98 44.85
Granite A 41.82 41.94 42.83 43.97
Granite B 41.96 42.23 4238 42.67




Table 5.7 Flakiness index of coarse aggregates with various sizes

Rock Type Flakiness Index (%)
1" (25.40 mm) |3/4" (19.05 mm)|1/2" (12.70 mm)| 3/8'" (9.53 mm)
Limestone A 11.71 13.23 25.99 32.01
Limestone B 10.52 17.29 28.72 45.22
Basalt A 7.78 8.58 35.93 72.06
Basalt B 9.78 17.06 30.38 54.47
Granite A 8.43 : 13.84 36.90
Granite B 10.43 - 24.16 53.45
Table 5.8 Elongati 1 va rious sizes
Rock Type

1" (2

Limestone A
Limestone B
Basalt A
Basalt B
Granite A
Granite B

1.2}
4.8

12.58
11.36
3.29
6.95

(7

.II
| P
"y

Table 5.9 Aggregate c&gﬁg value of coarse.dggregates with various sizes

1&\ )

3/8" (9.53 mm)

)
%
.

17

32.10
41.97
2.46
15.95
33.79
28.02

Rock Type Ag e shin ue (%)
' (25.40 mm) |3/4" (}9.05 mm) 1/2"'£'2.70 mm) 3/8"@ mm)
Lime ! 9
it 1 6REN BEEE N TN BN 8
Basalt 30.26 2311 18.54 13.97
Basalt B 28.00 23.85 17.85 10.59
Granite A 29.37 26.47 21.33 20.36
Granite B 29.06 23.74 20.12 16.63




115

Table 5.10 Aggregate impact value of coarse aggregates with various sizes

Rock Type Aggregate Impact Value (%)
1" (25.40 mm) |3/4" (19.05 mm)[1/2" (12.70 mm)| 3/8" (9.53 mm)
Limestone A 33.56 29.40 22.81 18.53
Limestone B 34.87 29.84 21.07 19.41
Basalt A 23.87 18.35 13.38 12.16
Basalt B 20.37 17.56 14.92 14.43
Granite A 31.55 ) 22.15 22.58
Granite B 29.40 17.44
Table 5.11 Los Angel vith various sizes
Rock Type
1" (2540 ) | §/4f Wﬁ‘ ‘F \\\?Q\n 3/8" (9.53 mm)
Limestone A 233 2! 30.00
Limestone B 23.86 29.82
Basalt A 18.72 22.90
Basalt B 19.07 20.28
Granite A 22.75 26.60
Granite B 21.27 27.70
Table 5.12 Size@?ves used for scr@ehing lost from testing
S le"Si: m ve'Si
ASTM C131 812 110 Q/

o} r T RIE

10.0 - 14.0 1.70 2.36
6.30-10.0 1.70 1.70
5.00-6.30 1.70 1.18
3.35-5.00 1.70 0.85
2.36 - 3.35 1.70 0.60

RECRGE




Table 5.13 Modified Los Angeles abrasion of coarse aggregates with various sizes

Rock Type Modified Los Angelis Abrasion (%)
1" (25.40 mm) [3/4" (19.05 mm)|1/2" (12.70 mm)| 3/8" (9.53 mm)
Limestone A 44.16 37.84 35.82 35.56
Limestone B 45.17 41.40 40.30 35.97
Basalt A 35.76 30.91 29.13 28.10
Basalt B 35.22 29.95 26.34 26.14
Granite A 39.91 33.17 30.97
Granite B 33.11 33.80

Limestone A | Limestone B Granite B

Size | PLS | Size | PLS Size | PLS
(mm) | (MPa)| (mm) | (MPa) (MPa)| (mm) | (MPa)
252 | 577 | 16.0 | 7.00 | 3. 25.1 | 4.65
32.1 | 6.35 | 33.1 | 5.30 3.88 | 283 | 4.82
275 | 7.06 | 26.3 | 4.32 451 | 302 | 5.23
17.8 | 7.92 | 17.6 | 8.06 485 | 26.1 | 5.47
153 | 10.01| 21.8 | 7.23 18.5 | 5.59
21.6 | 10.26 | 23.5 16.9 | 4.29
213 | 749 | 19.3 234 | 5.18
304 | 8.63 | 29.7 29| ’ 32.5 | 5.45
23.8 | 7.57 | 263 3 !l 7 .20 551 | 31.1 | 5.00
17.6 | 10.07 | 34.0 | 3.63=1 22.7 | 8.14 | 193 | 13.96 | 18.9<f 3.61 | 22.4 | 5.54
194 | 693 | 18.6 | 7.39 ‘3& 11.73 | 214 4 13.39| 20.8 | 4.66 | 21.6 | 4.40
258 | 6.68 | 3 22p|| 15 Qo2 2 B ¥ 1 289 | 3.73
220 | 7.12 33&] u [ | ;ﬁ 11.26 ﬁo ! M Za |ﬂlﬁ 20.6 | 4.73
354 | 6.14 24.8' 592 | 283 | 772 27.5 | 11.09] 23.5 | 3.86 | 27.5 | 5.04
247 | 7 ; 311 24.7 1 11911.24.1 | 111394 ) 4 4.25
153 | 7 wg] ' ?38 153 }J ' QO %g'% t 5.82
242 | 8.60 | 13.4 262 1 13.04 [“19.2" ['12321 183 ["5.69' [“35.177] 4.84
26.1 | 437 | 21.9 | 574 | 30.3 | 1041 | 204 | 12.81| 243 | 489 | 19.2 | 7.04
17.3 | 10.34| 23.6 | 5.11 | 20.7 | 9.40 | 32.5 | 10.12| 27.6 | 3.01 | 21.3 | 5.99
208 | 933 | 28.1 | 293 | 195 | 13.74| 18.1 | 9.64 | 30.5 | 429 | 25.1 | 3.49




Table 5.15 Gradation patterns for producing concrete with various SBG indices

Gradation Cumulative Percentage Passing

Pattern 1" (25.40 mm) |3/4" (19.05 mm)|1/2" (12.70 mm)| 3/8" (9.53 mm)

No. 1 100 75 50 25

No. 2 0 100 67 33

No. 3 0 0 100 50

No. 4 0 0 0 100

No. 5 100 40 20

No. 6 40 20

No. 7 20

No. 8 40

Table 5.16 Mix pr }\: G indices
| \\
Designation Cement Superplas.
(kg/m*) (kg/m*)

C20-LGPI 531 11
C20-LGP2 543 11
C20-LGP3 561 14
C20-LGP4 577 14
C20-LGP5 525 11
C20-LGP6 5294 06 | 1104 | 11
C20-LGP7 11
C20-LGP8 11
C24-LGP1 10
C24-LGP2 893 10
C24-LGP3 ﬂ'zu D &y 10
C24-LGP4 3 ' ﬂ ’$ﬂ q 11
C24-LGPS s 10
C24-LGP6 903 @/ 10
s W Na1a g
C24-LGP
C20-BGP! 17
C20-BGP2 577 115 1065 871 17
C20-BGP3 596 119 1050 859 18
C20-BGP4 614 123 1036 847 18
C20-BGP5 554 111 1084 887 11
C20-BGP6 560 112 1079 883 11
C20-BGP7 567 113 1074 878 14
C20-BGP8 569 114 1071 377 11
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Table 5.16 Mix proportion of concretes with various SBG indices (Cont.)

.ll
|
W

ﬂ‘IJEI’J'VIﬂVﬁWEI']f?

Designation Cement Water C. Aggregate Sand Superplas.
(kg/m’) (kg/m’) (kg/m") (kg/m’) (kg/m*)
C24-BGP1 521 125 1077 882 10
C24-BGP2 536 129 1065 871 11
C24-BGP3 553 133 1050 859 11
C24-BGP4 569 137 1036 847 14
C24-BGP5 514 887 10
C24-BGP6 520 883 10
C24-BGP7 526 878 11
C24-BGP8 528 o 877 11
C20-GGP1 536 #8938 11
C20-GGP2 548 11
C20-GGP3 565 17
C20-GGP4 586 18
C20-GGP5 531 11
C20-GGP6 534 11
C20-GGP7 539 11
C20-GGP8 543 14
C24-GGP1 498 10
C24-GGP2 509 10
C24-GGP3 525 10
C24-GGP4 544 11
C24-GGPs 493 10
C24-GGPé6 495 10
C24-GGP7 501 4.4 10
C24-GGP8 504 o 10
-

Table 5.178Gompressive strength of concrete wzth various SBG indices

s
DeSig";FQﬂ @ 4
9 ‘ days
C20-LGPI 87.37
C20-LGP2 90.64
C20-LGP3 93.66
C20-LGP4 95.06
C20-LGP5 87.08
C20-LGP6 89.64
C20-LGP7 89.13
C20-LGPS8 91.20
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Table 5.17 Compressive strength of concrete with various SBG indices (Cont.)

Designation Compressive Strength (MPa)
7 days 28 days 56 days 91 days
C24-LGPI 39.21 64.16 72.33 80.12
C24-LGP2 42.55 66.23 75.39 82.63
C24-LGP3 40.19 69.52 77.43 84.07
C24-LGP4 46.84 71.36 80.22 85.18
C24-LGPS 36.72 60.19 70.62 78.11
C24-LGP6 38.25 ] 71.40 77.93
C24-LGP7 39.17 73.18 80.61
C24-LGP8 40.29 82.44
C20-BGPI 57.84" 104.30
C20-BGP2 60.84 106.28
C20-BGP3 60.03 110.75
C20-BGP4 62.14 113.48
C20-BGP5 55 115.81
C20-BGP6 57.47 4F 112.03
C20-BGP7 589 114.74
C20-BGP8 60.11 117.93
C24-BGP1 45. 89.64
C24-BGP2 47.39 92.33
C24-BGP3 48.05 95.40
C24-BGP4 51.63 97.12
C24-BGPS5 44.58 85.29
C24-BGP6 88.40
C24-BGP7 92.13
C24-BGP8 93.44
C20-GGP1 93.50
C20-GGP2 96.27
C20-GGP3 98.60
C20-GGP4 . 9943
C20-GGP5 ‘j 88.73
C20-GGP6 94.48
C20-GGP7 Q12
e
! . 78.34
C24-GGP3 40.15 63.94 73.61 80.05
C24-GGP4 42.67 65.13 74.84 81.23
C24-GGP5 34.15 58.43 68.55 75.46
C24-GGP6 35.22 60.13 69.72 77.82
C24-GGP7 37.53 61.43 71.08 79.54
C24-GGP8 36.89 60.55 72.17 80.66
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Table 5.18 Magnifying coefficients corresponding to strength indices

(2]

Strength Index S i.ACV P AIV S i MIAA S i.PLS
Magnifying Coefficient (c) 2.53 1.89 2.09 0.18

Table 5.19 Packing density and SBG indices of various coarse aggregates

Rock Type | Gradation | Packing SBG Index
Pattern Density | S'imMLAA SipLs
Limestone A|  No. 1 0.6271. %4 0.2 0 35 0.2291 0.5480
No. 2 0.6L15 0. 8690 | 0.2375 0.5713
No. 3 8Y 3 0.2393 0.5882
No. 4 0.2416 0.5951
No. 5 0.5699
No. 6 0.5714
No. 7 0.5758
No. 8 0.5815
Basalt A No. 1 0.5603
No. 2 0.5820
No. 3 0.6034
No. 4 0.6174
No. 5 0.5736
No. 6 0.5720
No. 7 0.5750
No. 8 0.5801
Granite A No. 1 v 0.5384
No.2 [|060sd—0 51 9] 0.5562
No. 3 =71k =0 0.5766
No.4 |Lh.s603 | 03137 102489 | 05929
No. 5 0 201 0.2838 0.3185 0.2340 0.5500
0.5463
FMEEN SR RO | i
Naj 8 0. 6136 2992 0 5573

RIAINTAMANEOAS

Fine Aggregate Coarse Aggregate
Passing |Max. Diam.| Packing |Max. Diam. Packing Density

Sieve No. (mm) Density (mm) Limestone Basalt Granite

3/8" 0.53 0.5602 25.40 0.5904 0.5664 0.5818

4 4.75 0.5652 19.05 0.5861 0.5509 0.5806

8 2.36 0.5730 12.70 0.5717 0.5416 0.5717

16 1.18 0.5739 9.53 0.5477 0.5384 0.5603
30 0.60 0.5776
50 0.30 0.5805
100 0.15 0.5847




Table 5.21 Optimum S/A ratio and maximum packing density

obtained from calculation of various aggregate mixtures

Gradation Limestone Basalt Granite
Coarse Fine Optimum | Maximum | Optimum | Maximum | Optimum | Maximum

Aggregate | Aggregate | S/A Ratio | Packing | S/A Ratio Packing | S/A Ratio | Packing
GPO1 FM 2.15 0.37 0.7406 0.41 0.7283 0.37 0.7409
FM 2.45 0.39 0.7392 0.43 0.7273 0.39 0.7395

FM 2.74 0.41 0.736 . 0.7249 0.41 0.7368

FM 3.04 0.43 0. 0.7205 0.42 0.7322

FM 3.33 0.43 17131 0.43 0.7249

GP02 FM 2.15 0.40 0.4 11 0.40 0.7343
FM 2.45 0.42 0.4 3 0.42 0.7331

FM 2.74 0.4 : . 0.44 0.7305

FM 3.04 0. 0. 0.46 0.7259

FM3.33 | 048 ' 0.47 0.7185

GPO03 FM 2.15 0: e 3 0.44 0.7256
FM 2.45 0.48 0.47 0.7247

FM 2.74 0. } 285 1 0.49 0.7224

FM 3.04 0.54 5 989 7 0.52 0.7180

FM 3.33 0.5 AT 1= 0 0.53 0.7105

GP04 FM 2.15 0.51 120,94~ 2 0.49 0.7174
FM245 | 055 71 /: 082 0.52 0.7169

FM 2.74 0.58 "o 7069 0.55 0.7150

FM 3.04 0.62 0 Tvd 0.7034 0.58 0.7109

FM 3.33 4 4 0.60 0.7036

GPOS FM 2.15 0.35 0.7441
FM 2.45 037 0.7427

FM 2.74 O.ﬁ ’ 8@ 0.39 0.7401

FM 3.04 0. 0.7361 0.46 0.7245+ 0.41 0.7355

FM 3.33 0.41 f J= 0.7290 047y | 07171 0.41 0.7284

| el W& WRRIVE WERAT 35 | o7
FM 2.4 3 05741 X 28 38 0.7407

FM 2.74 Y 040 0.7384‘ 0.46 0.7258 0.40 0.7382

£Me ' 4 35 . 0.7336

Q\/lﬁ?» ! 7 0.7265

GP07 | EM2.15 0.38 0.7386 s .

FM 2.45 0.40 0.7374 0.45 0.7251 0.40 0.7376

FM 2.74 0.42 0.7348 0.47 0.7228 0.42 0.7350

FM 3.04 0.44 0.7302 0.50 0.7185 0.44 0.7304

FM 3.33 0.44 0.7229 0.51 0.7112 0.44 0.7232

GPO08 FM 2.15 0.39 0.7351 0.42 0.7248 0.38 0.7369
FM 2.45 0.41 0.7337 0.45 0.7238 0.40 0.7354

FM 2.74 0.43 0.7310 0.48 0.7214 0.43 0.7327

FM 3.04 0.45 0.7263 0.51 0.7170 0.45 0.7280

FM 3.33 0.46 0.7188 0.52 0.7095 0.45 0.7205




Table 5.22 Optimum S/A ratio and maximum packing density

obtained from experiment of various aggregate mixtures
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Gradation Limestone Basalt Granite
Coarse Fine Optimum | Maximum | Optimum | Maximum | Optimum | Maximum

Aggregate | Aggregate | S/A Ratio | Packing | S/A Ratio | Packing | S/A Ratio | Packing
GPO1 FM 2.15 0.40 0.7592 0.42 0.7305 0.40 0.7548
FM 2.45 0.41 0.7418 0.44 0.7464 0.40 0.7466

FM 2.74 0.42 0.7428 0.42 0.7654

FM 3.04 0.44 0.7511 0.45 0.7512

FM 3.33 0.45 0.45 0.7584

GP02 FM 2.15 042 0.40 0.7419
FM 2.45 0.44 0.43 0.7604

FM 2.74 0.4 0.45 0.7493

FM 3.04 0.44 0.45 0.7326

FM 3.33 0.47 0.44 0.7255

GP03 FM 2.15 0: 0.42 0.7568
FM 2.45 0.48 0.46 0.7352

FM 2.74 0.46 0.47 0.7393

FM 3.04 0.50 4 0.50 0.7446

FM 3.33 0.50 0.48 0.7293

GP04 FM 2.15 0.50 0.45 0.7255
FM 2.45 0.55 0.47 0.7212

FM 2.74 0.53 0.49 0.7345

FM 3.04 0.55 0.50 0.7334

FM 3.33 3 0.54 0.7204

GPO05 FM 2.15 Qo7+ 07512 + 041 —+ 07576 0.38 0.7512
FM245 | 040 0.40 0.7555

FM 2.74 o.ﬁ ! 0. 0.42 0.7612

FM 3.04 0. 0.7620 0.45 0.746% 0.41 0.7629

FM 3.33 0.44 .‘50.7448 1 048, 0.7354 0.44 0.7564

GP06 FM 2.15,} u:ﬂ J’J (ﬁﬂ m w H)ﬂ] f" i.39 0.7493
FM 2.4 0 ; 30 40 0.7558

FM 2.74 0.42 0.7561 ¢ 0.45 0.7344 0.42 0.7620

4 iﬁﬁlw P aw ,ﬁﬁ’ 0.7411

83 K %10 o/ ? ! ? I 0.7413

GP0O7 | RM2.15 [ 040 0.7616 042 | 0.7388 040 [ 0.7512
FM 2.45 0.43 0.7593 0.43 0.7404 0.41 0.7664

FM 2.74 041 0.7521 0.45 0.7325 0.42 0.7612

FM 3.04 0.45 0.7635 0.48 0.7448 0.45 0.7455

FM 3.33 0.47 0.7469 0.50 0.7366 0.45 0.7594

GPO08 FM 2.15 0.42 0.7481 0.43 0.7306 0.41 0.7515
FM 2.45 0.41 0.7502 0.45 0.7225 0.42 0.7484

FM 2.74 0.45 0.7336 0.47 0.7308 0.45 0.7606

FM 3.04 0.45 0.7550 0.50 0.7440 0.46 0.7515

FM 3.33 0.48 0.7426 0.50 0.7312 0.47 0.7304
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Table 5.23 Mix proportion of concrete with various ratio of paste volume

to void content of dry and compacted aggregate

Designation Cement Water C. Aggregate Sand Superplas.
(kg/m*) (kg/m’) (kg/m’) (kg/m’) (kg/m’)
C20-L10-SC10 705 141 862 705 7
C20-L10-SC12 608 122 930 761 12
C20-L10-SC15 535 107 981 803 11
C20-L10-SC17 478 836 14
C20-L10-SC20 431 862 26
C20-L34-SC10 705 705 7
C20-L34-SC12 608 761 12
C20-L34-SC15 535 13
C20-L34-SC17 478 19
C20-L34-SC20 431 22
C20-L12-SC10 705 7
C20-L12-SC12 608 15
C20-L12-SC15 535 16
C20-L12-SC17 478 24
C20-L12-SC20 431 30
C20-L38-SC10 705 11
C20-L38-SCI12 608 18
C20-L38-SC15 535 16
C20-L38-SC17 24
C20-L38-SC20 30
C20-B10-SC10 8
C20-B10-SCI12 35 1 1030 13
C20-B10-SC15 12
C20-B10-SC17 16
C20-B10-SC20 ’ 29
C20-B34-SC10 775 |an 155 ©47 775 8
C20-B34-SC12 ﬂ ﬁ EJ w’J nﬂ Tﬂ l] ﬂlj' 13
C20-B34-SCI15 0 9 15
C20-B34-SC17 535 107 o 1144 936 21
|




Table 5.23 Mix proportion of concrete with various ratio of paste volume

to void content of dry and compacted aggregate (Cont.)

Designation Cement Water C. Aggregate Sand Superplas.

(kg/m’) (kg/m’) (kg/m’) (kg/m’) (kg/m’)
C20-B12-SC10 775 155 947 775 8
C20-B12-SC12 674 135 1030 843 17
C20-B12-SC15 596 119 1093 895 18
C20-B12-SC17 535 936 27
C20-B12-SC20 485 969 34
C20-B38-SC10 775 775 12
C20-B38-SC12 674 843 20
C20-B38-SC15 596 18
C20-B38-SC17 535 27
C20-B38-SC20 485 34
C20-G10-SC10 754 8
C20-G10-SC12 654 7
C20-G10-SC15 578 17
C20-G10-SC17 517 16
C20-G10-SC20 468 28
C20-G34-SC10 754 8
C20-G34-SC12 654 13
C20-G34-SC15 578 867 12
C20-G34-SC17 517 905 16
C20-G34-SC20 23
C20-G12-SC10 8
C20-G12-SCI12 16
C20-G12-SCI15 17
C20-G12-SC17 26
C20-G12-SC20 33
C20-G38-SC10 11
€20-G38-SC12 ﬂ ﬂﬂ S 20
C20-G38-SCI15 I] ﬂﬁ 17
C20-G38-SC17 Y




Table 5.24 Ratio of paste volume to void content of dry and compacted aggregate of concretes

Designation ¥ Designation 4 Designation g
C20-L10-SC10 1.56 C20-B10-SC10 1.51 C20-G10-SC10 1.53
C20-L10-SC12 1.36 C20-B10-SC12 1.31 C20-G10-SC12 1:33
C20-L10-SC15 1.20 C20-B10-SCI15 1.16 C20-G10-SC15 1.17
C20-L10-SC17 1.07 C20-B10-SC17 1.04 C20-G10-SC17 1.05
C20-L10-SC20 0.97 C20-B10-SC20 0.94 C20-G10-SC20 0.95
C20-L34-SC10 1.53 C20-B34-S ' 47 C20-G34-SC10 1.50
C20-L34-SC12 133 C20-B C20-G34-SC12 1.30
C20-L34-SC15 1.17 C20-] j C20-G34-SCI15 1.15
C20-L34-SC17 1.05 , 20-G34-SC17 1.03
C20-L34-SC20 0.95 22 20 = -G34-SC20 0.93
C20-L12-SC10 1.49 . ¢10 G12-SC10 1.46
C20-L12-SC12 129 08 _ G12-SCl12 | 126
C20-L12-SC15 1.14 _ ' ' -G12-SC15 1.11
C20-L12-SC17 1.02 ‘ 17 12-SC17 1.00
C20-L12-SC20 0.92 04B 1 -G12-SC20 0.90
C20-L38-SC10 1.45 - C 1 638-SC10 1.41
C20-L38-SC12 126 12+ -G38-SC12 1.22
C20-L38-SC15 1.11 g 8-S 15 .0 38-SCI15 1.07
C20-L38-SC17 0.99 0 ‘ ‘ 0-G38-SC17 0.96
C20-L38-SC20 0.90 20=B38- T 6 % -G38-SC20 0.87

F. : “";-EJ
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Table 5.25 Total porosity of concrete with various ratio of paste volume

to void content of dry and compacted aggregate

Designation Total Porosity (%)
7 days 28 days 56 days 91 days

C20-L10-SC10 10.20 9.27 8.73 8.46
C20-L10-SC12 9.23 8.64 8.11 7.93
C20-L10-SC15 8.89 8.33 7.75 7.43
C20-L10-SC17 8.53 7.37 7.12
C20-L10-SC20 9.83 8.15
C20-L34-SC10 10.03 8.32
C20-L34-SC12 9.06 7.76
C20-L34-SC15 8.47 7.32
C20-L34-SC17 8.12 7.16
C20-L34-SC20 8.84
C20-L12-SC10 8.31
C20-L12-SC12 7.74
C20-L12-SC15 7.29
C20-L12-SC17 7.48
C20-L12-SC20 9.51
C20-L38-SC10 8.27
C20-L38-SC12 7.62
C20-L38-SC15 7.24
C20-L38-SC17 7.88
C20-L38-SC20 9.86
C20-B10-SC10 8.45
C20-B10-SC12 - —— 7.63
C20-B10-SC15 ‘) 7.19
C20-B10-SC17 42 7.12
C20-B10-SC20 : 8.47
C20-B34-SC10 | . 9.79% & 889 @ 8.26 8.31
C20-B34-SC12 (fe u&l ’J Vl Hm "a' w EJ%] ﬂh 7.69
C20-B34-SC15 . : 25 7.22

7.48 7.33

C20-B34-SC17
C20-B34-SG28

a0 | ge |

126



Table 5.25 Total porosity of concrete with various ratio of paste volume

to void content of dry and compacted aggregate (Cont.)

C20-G38-SC17
C20-G38+S@28

Designation Total Porosity (%)
7 days 28 days 56 days 91 days

C20-B12-SC10 9.58 8.97 833 8.12
C20-B12-SC12 8.96 8.24 7.80 7.69
C20-B12-SCI5 8.38 7.74 7.43 7.20
C20-B12-SC17 9.06 7.99 7.64
C20-B12-SC20 11.73 10.27 9.94
C20-B38-SC10 9.22 .06 7.82
C20-B38-SC12 8.62 == .10 7.33
C20-B38-SC15 8.26 857 7.21
C20-B38-SC17 9.8 ; y 8.52
C20-B38-SC20 12 74 10.88
C20-G10-SC10 9.79 8.31
C20-G10-SC12 9: 7.96
C20-G10-SC15 8.7 8. 7.16
C20-G10-SC17 85’ -ﬂ - 7.03
C20-G10-SC20 10.4 P 9.04
C20-G34-SC10 9.62 ; D 8.27
C20-G34-SC12 9.21 3 8.01
C20-G34-SC15 8.66 = 9 7.54
C20-G34-SC17 8.42 = 35 7.29
C20-G34-SC20 10.34 - 9.14 8.83
C20-G12-SC10 9 7.95
C20-G12-SC12 7.72
C20-G12-SC15 7.3

C20-G12-SC17 8. .82 7.41
C20-G12-SC20 11 10.35 9.88 9.65
C20-G38-SC10 951 € F- 8.83 8.26 8.02
C20-G38-SC12 ‘ 7.30
C20-G38-SC15 7.24

[§9)
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Table 5.26 Compressive strength of concrete with various ratio of paste volume

t0 void content of dry and compacted aggregate

Designation Compressive Strength (MPa)

7 days 28 days 56 days 91 days
C20-L10-SC10 98.14 119.82 125.23 128.95
C20-L10-SCI2 112.45 135.18 141.66 143.72
C20-L10-SC15 123.59 144.11 152.93 155.62
C20-L10-SC17 125.72 160.54 163.42
C20-L10-SC20 120.60 47.11 149.63
C20-L34-SC10 102.11 1.45 137.23
C20-L34-SC12 115.62 ™ 8.9 66 146.95
C20-L34-SC15 120.71 9.07 162.90
C20-L34-SC17 121. ; 164.26
C20-L34-SC20 113 4 145.41
C20-L12-SC10 107. 138.11
C20-L12-SCI12 11993 B 152.63
C20-L12-SC15 123. 3 , 162.86
C20-L12-SC17 124779 A4S 2 165.36
C20-L12-SC20 110. 1 . 137.30
C20-L38-SC10 108764 R ) 1 145.23
C20-L38-SC12 113.2 , 151.46
C20-L38-SCI15 122.68 74 38 164.73
C20-L38-SC17 125.19 2 158.15 161.28
C20-L38-SC20 103.50 7 127.24 134.17
C20-B10-SC10 3 135.63
C20-B10-SC12 153.18
C20-B10-SC15 165.14
C20-B10-SC17 12087 3.2 166.72
C20-B10-SC20 10576 125.98 134.5 141.45
C20-B34-SC10 112.56 =, 136.77 142.50 145.14
C20-B34-SC12 uﬂ fJ m i w El ' 156.28
C20-B34-SC15 q ﬂ ‘i 159.35
C20-B34-SC17 125.66 153.50 161 46 166.13
C20-B 1 g;@ P

1 d Vi)
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Table 5.26 Compressive strength of concrete with various ratio of paste volume

to void-content of dry and compacted aggregate (Cont.)

Designation

Compressive Strength (MPa)

C20-G38

7 days 28 days 56 days 91 days
C20-B12-SC10 115.56 145.13 142.36 146.53 -
C20-B12-SC12 122.18 154.76 159.14 158.61
C20-B12-SC15 125.74 161.80 163.24 164.80
C20-B12-SC17 121.69 158.13 160.12
C20-B12-SC20 108.95 130.44 138.50
C20-B38-SC10 112.46 46.27 148.32
C20-B38-SC12 117.20 8 160.24
C20-B38-SC15 128.34 168.45
C20-B38-SC17 121.0 152.58
C20-B38-SC20 10 133.63
C20-G10-SC10 103.9 135.72
C20-G10-SC12 119953 150.93
C20-G10-SC15 124 g 158.21
C20-G10-SC17 126. 2 164.13
C20-G10-SC20 106.4 ¥, 143.32
C20-G34-SC10 10475 ' 137.32
C20-G34-SC12 115.80 155.24
C20-G34-SC15 117.42 160.35
C20-G34-SC17 120.52 163.45
C20-G34-SC20 141.93
C20-G12-SC10 145.21
C20-G12-SC12 S50 157.67
C20-G12-SC15 . 163.52
C20-G12-SC17 2 157.12
C20-G12-SC20 . : 136.42
C20-G38-SC10 108.78 2 13454 @b  140.66 145.73
C20-G38-SC12 [ uﬂ fJ 'V'I ﬂlﬂ 5 w Eiﬂj ﬂ ‘j 158.66
C20-G38-SC15 02 1 165.32
C20-G38-SC17 147.20 48.40
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