Table 8.7a

Creep, shrinkage and slastic deformation of PPC ope
concrete with 13,2 mm stone (Mix 1)

Age after Elastic Shrinkage T:t_alde

loading | deformation | deformation forimation
{days) | (microstrain} (rg.'if;rosirain) (microsirain)

0 33| .\ o 268

1 303 19 402

2 303 51 458

3 303 70 454

5 303 89 537

8 303 89 572
13 303 107 636 E

18 303 131 679

22 303 134 722

28 303 153 794

35 303 174 B51

41 303 188, 894

50 303 . 1s8 845

61 303 o8 1012
68 303 244 1044 |

82 303 - 263 1079

103 ' 303 266 1114
(202 303 357 1315 }
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. Table 8.7b i
: . Yt

- Creep, shrinkage and elastic deformation of PPC opec
concrete with 19,0 o stone (Mix 2)

S

Aﬁe after Elastic Shrinkag;e

Total
loading | deformation | defarmation | deforination
[days} | (microstrain) | (microstrain} | {microstrain)
I o 286 | 0 =
{ 1 286 a3 | 400 |
2 7B 72 497
4 286 86 467 |
7 286 - 86 510 .
12 286 | 99 558 f .- |
5] 286 | 118 606 o
E 20l meel 12 639
N 286 | 140 727 §
34 286 | 13| 775 |
40 286 177 816
49 286 180 867
60 286 204 915 |
67 288 | 217 947
- 81 286 281 987
I 102 286 231 1020
lﬂuw“‘201 286 317_ 113§
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Table 8.7¢

Creap, shrinkage and elastic deformation of BC opce
concrete with 13,2 mm stone (Mix 3}

' Age after Elastic Shrinkage T:;;“
loading § deformation | dsformation {. deformation
(days} | (microstrain) | {microstrainy | (microstrain)

0 3| o 268
1 303 24 362
2 303 64 445
3 303 86 483
51 303 107 537
8 303 107 588
13 303 121 665
16 303 137 716
22 303 150 781
28 303 177 869
55 303 201 936
41 303 220 982
50 303 236 1082
61 303 268 1143
68 303 250 118
82 303 314 1237
103 303 314 1291
202 303 408 1511
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Table 8.7d

Creep, shrinkage and olastic deformation of PPC
PC 15 FA concrete with 13,2 mm stene (Mix 4)

Age - Elastic Shrinkage Total
after | deformation | deformation ! deformation
loading | (microstrain) { {microstrain) | (microstrainy
{days) :
0 289 0 255
1 289 13 480
2 269 56 531
3 | 289 83 569
5 289 94 614
8 289 94 652
13 289 110 714
16 289 131 743
22 239 142 789
28 289 182 867 b
35 289 185 918
41 . 289 207 945
50 289 220 985
81 289 247 1036
68 289 263 1063 |
82 289 279 1005
103 289 282 1116
202 | 289 365 12883
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- Table 8.7e

Creep, shrinkage and elastic daformaﬁon of BC
PG 15 FA concrete with 13,2 mm stone (Mix 5)

Age Elastic Shri hkage . Total
after | deformation | deformation | deformation
loading | (microstrain) | {microsirain) | {microstrain)
(days) -
0 316 0 279 |
R 316 67 237 |
2 316 N 475
4 318 105 515
7 316 113 566
12 318 131 644
15 318 153 687
21 316 177 767
27 316 204 845
34 318 223 912
40 316 250 253
49 316 276 1041
80 316 303 1087
67 316 319 1124
a1 316 341 1170
102 316 346 1213
201 | 316 427 | 1457
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Table 8.71

Creep, shrinkaga and elastic deformation of FPC
PC 30 FA concrete with 13,2 mm stone (Mix 6)

Age Eiastic.-- "} Shrinkage Total
after | deformation | deformation | deformation
loading | (microstrain} | (microstrain) | {microstrain}
(daysy” o
0 285 0 252
1 285 30 341
2 285 70 376
4 285 83 467
7 285 86 494
12 285 107 561 .
15 285 | 134 612
21 285 | 153 660
27 285 172 716
34 285 188 767
40 285 217 802
49 285 223 945
60 285 250 899
a7 285 266 910
81 285 287 955
102 285 290 985
201 285 368 1159
I s o

7
it

[ TR




Spacific traeg for OFC and fly axh mixes [Seriea 1)

Table 8.8

=
Age afler Spucilic cresn {microsirain) valows for u
loading{dnys}
ix 1 Mix 2 Mxd Mix 4 Mix § Mix 8 H
o oD 0o 00 00 o0 on |
1 200 15,3 LY 112 88 L
2 217 107 15,0 137 101 5
3] 2 128 182
& 127 127 128
] 202 168 128 _
? 170 180 149
3 2% 07 210 _
1% 204 225 102
13 A 20 25,5
18 23 248 218
18 452 .5 73
3 26, ‘ 20,0 244
22 58,8 L 354 3.2
. 27 33,1 ‘ 3.8 28,0
2 423 o5 385
£l %2 LY 20,5
35 471 457 299
40 342 4049 (318 |
7| s 483 420 '
a 43,0 ang 354
® 23 | ' 58 w7 1!
& #a %8 5.0
i 52,6 9 B
87 472 By 75
[ 837 609 820
B1 49,9 &30 e i
a2 553 M, 528
02 3.0 E88 423
100 87,1 9.3 887
201 58,2 724 51,8
202 8853 .7 7.8 E
-~ - ICERLEEI i
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Tabie 8.9a

Creep, Shrinkage and elastic deforrhation
of PPC ope, 13_.2 mm stone concrete: wel cured,

i

Age ~Hlastic Shrinkage Total
after | deformation | deformation | deformation
loading | {microstrain) | {microstrain} | (microstrain)
{days) o : .
0 288 0 288
11 288 —24 319
3 288 -19 335
7 288 19 352
11 288 ~21 368
17 288 | 419
24 288 443
31 288 y 459
38 288 -8 486
84 238 27 561 §
73 288 19 564
80 288 11 574
91 288 - 48 612
101 288 54 633
113 288 51 636
130 288 59 | 674
218 286 56" 698
322 288 78 765
- . -
8.32
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Table 8.9b

Craep, Shrinkage and elastic: deformation
of PPC ope, 13,2 mm stone concrate: dry cured, exposed

aiter | deformation shrinkage | deformatior | Caformation
foading | (microstraity) | Jdeformation | afier loading ! {microstrain)
(days) .1 (microstrain) | {microstrainj
0 419 145 0 419
1 419 5 |, 0 562
' 419 {145 0 631
7| 418 148 3 711
i1 My 164 6 | 7e8
177 419 201 56 856
24 419 220 75 %07
31 419 238 91 969
a8 419 244 B 1006
64| a4 202 147 1157
73 413 301 156 1178 ¢
80 |  ais 319 174 | 1205
91 419 380 215 1312 §
R 101 | a9 . 373 228 1339
1 s aig 386 241 | 1363
4 130 a9 413 268 | 1449 7
I 28| 419 427 262 | 1538
322 418 470 325 | 1650
b = ]

Note: The shrinkage on the expossd specimens was monitored from age 3 days when the 5:
specimans were axposed to the ambient conditions in the ‘aboratory. Column 3 gives the total
shrinkage, while column 4 gives the shrinkage that occurred during the creep test.
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Table 8.9¢ -

Creep, Shrinkage and elastic deformation
of PPC PC30FA, 13,2 mm stona concrete: wet cured,

Sl = e

8.34

sealad
ﬁ Shrinkage Total
after | deformation | deformation | deformation
loading | {microstrain) { (microstrain) | (microstrain)
(days) ,

0 247 0’ 247
1 247 -16 295
3 247 43 298
7 247_ -35 306

11 . 247 -38 303 {

17 247 21 354 |

24 247 21 360
B a1 247 ~30 357
R 38 247 -38 357
64 247 -8 497
73 247 -43 384

80 247 27 389 }

4l 247 3 445 E
101 | 247 11 464
113 - 247 | 11 464
130 247 27 488
218 247 27 510
322 247 70 569




Teole 8.8d

Creep, Shrinkage and elastic deformaticn
of PPC PC30FA, 13,2 mm stone concrete: dry cured, exposed

Age Elastic Totai Shrinkage Total
after | deformation | Shrinkage | deformation | deformation
foading | (microstrain} | deformation | after ivading | {microstrain)
(days) {microstrain) | {microstrain) |
0 502 145 0 448
1 502 . 148 3
3 502 | 156 11
7 502 158 13
11| 502 18 | 24
17 502 215 70
24 802 234 94
31 502 252 107
38 502 260 115
64 502 317 172
73 - 502 309 164
80 502 327 182
N 502 : 360 215
101 502 365 220
113 502 370 225
130 | 502 397 252
218 502 400 255
aze | 502 440 205

Ncte: The shrinkags on the exposed specimens was monitored from age 1 day (fvhen the
specimens were exposed to the ambient conditions in the laboratory. Column 3 gives the total
shrinkage, while column 4 gives the shrinkage that occurred during the afreep test.

‘\
Al
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Table 8.10

Specific creep for ope and fly ash mixes
sealed or exposed

Specific creep {microsirain) values for

Mix ' Mix - Mix Mix

1 2 3 4
i 0 0,0 00 0,0 0,0
! 1 8,5 19 64 49
| 3 9,5 67 64 106
7 11,1 144 9,4 16,8
11 13,0 158 9,4 219
17 15,9 23,5 12,8 28,2
I 83 | 267 13,4 30,3
e 199 313 | 139 34,7
ag 23,3 34,2 47 | 877
64 273 | 44,4 15,8 48,1
73 28,4 457 17,9 49,3
80 20,2 46,5 16,8 48,5
of 30,2 | 53,2 195 | 518
| 101 31,8 54,5 20,6 534
! 113 32,3 556 | 20,6 55,0
130 35,2 61,5 214 | . 572
218 | 37.9 689 | 235 64,2
| 322 42,4 759 251 | 729
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CHAPTER 9
8. DURABILITY

Futton™ has defined the durability of concrete as “the ability of coi‘:crete io retain its
strength, impermeability, dimensional stability and appearance over a long period of
service under the conditions for which it was designed.” .

Although durability of concrete is one of its more dssirable characteristics it is an
exiremely difficuit property to measure. In the past the durability of concrete was taken
for granted with the assumption that if the concrete strength was adeguate then the
durability was assured. Since the 1980's, however, the topic of durability has come
more 1o the fore with many countries reporting serious problems with detericration of
concrete siructures and escalating maintenance costs. Since then a great deatl of
attention has been given to researching durability problems and there is now a greater
understanding of the factors which influence the durabiiity of concrete. Details of the
suggested mechanisms can be found in most recent books on concrete technology;
such mechanisms will only be referred o where relevant in the following paragraphs
(as some of the mechanis ns are unliksely o dsvelop in a tvpical South African
exXposLre}.

The characteristics of concrete which are believed o contribute most to good durable
concrete struciures in a typical South African environment are as follows:

impermeability and low porosity,

abrasion resistance,

resistance to attack by soft water, carbon dioxide and sulphates,
resistance to chloride ion diffusion

low sensitivity to alkali silica reaction

o % # R

9.1 Impermeability and low porosity

Peraability of concrete is defined as that property that charesierizes the ease with
which a fluid flows within a material due to a pressure differential and is measured by
the voluine of liquid or gas transmiited per unit area per unit of fime per unit of
pressure™#*,

The permeability of concrete should be as low as possible as this will slow the rate of
ingress of liquids or gases through :he concrete and thus improve the level of
durabitity.

Aggregates used in concrete sesm fo have a wide range of permeabilities. Fulton™
reporied on several different aggregate types; dolerite was reporied as having a lower
permeability than that of mature cement-water pastes by aboui one order of
magnitude. Dolerite coarse aggregate was used in the concretes with Matla fly ash
from which the test specimens were made for some of this work. it has been assumed
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that the differences noted in the permeabilities of the different concretes made are due
{0 the differences in the permeability of the paste fraction amd ihe aggregate
permeability has not played any significant role.

Fresh paste consists of solid pariicles of cement and possibly other cementitious
materials dispersed 'n water. The volume of the space between the particles depends
on the iritial ratio of cementitious materials to water. As the cementitious materials
hydrate these spaces become occupied by gel. The unfified portion of this space
represents capillaries and it is these capillaries that permit the {flow of fluids through
the concrete. Obvious factors that will determine the degree of permeability are the
original cementitious/water ratioc and the degree of hydration of the cementitious
materials in the concrete.

In this study work has been done to determine the effect of incorporating fly ash in a
concrete /nix on the permeability of tpg_ concrete.

The water reduction permitted by ties use of fly ash has been reported on in chapter
5. The reduction in the water content of the cor.crete mix will, if the cementifious/water
ratio of the mix is increasec io provide the desired level of 28 day compressive
sirength (see chapter 6), resw.t '1 an Increased initial concentration of the paste. For
a given degree of hydration the -&.ure it «ould be reasonable to expect the fly ash mix
to have a lower permeability thaa would be the case for the equivalent ordinary
portland cement mix,

9.1.1 Tests with Matla fly ash

This characteristic was evaluated in concrete mixes made using ordinary portland
cement from PPC Jupiter together with the Matla fly ash at 0, 15 and 30 %
replacement levels, but with all mixes desigred to give the same level of 28 day
compressive strength. The mix proportions used are detailed in table 8.1a. The cement
uszd was OPC ex PPC Jupiter with Matla fly ash. 13,2-mm dolerite sione was used
{ogether with a granite crusher sand. It was found necessary to use the granite sand
as the mixes using the Kendal sand were found io give too little water panetration. The
granite sand resulted in a mix with greater permeabilily facilitating comparisons of
depth of penetration for the different mixes.

The specimens that were made were 150 mny cubes ar ey were tested after 28
days of wegm curing (in accordance with SABS Method &83™%) using the procedure of
DIN 1048.

In this test the specimens are exposed to water pressure of 1 bar for 48 hours, 2 bar
for a subsequent 24 hours and 7 bar for a further 24 hours. At the end of the pressure
exposure the specimens are removed from the apparatus and split along a plane at
right angies to the plane of pressure exposure. The depth to which the water has
penetrated is marked and the average depth is determined. The data from this first
series of tests iz given in table 8.1b and shown In figure 9.1,
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Table 9.1b shows that a reasonable degree of similarity was cobtained with the
compressive strength of the three sets of specimens, ie the OPC, PC i5 FA and PC
30 FA. There is a markad difference between the depths of penetration of the three
mixes however: the depth of penetration of these well cured specimens showing a
decrease as the fly ash content increases. This indicates that the permeability of the
fly ash mixes is lower (l.e. better) than that of the control ordinary poriland cement
rnixes.

Fi?ura 9.1
Resulls of DIN 1048 penelratlon tests
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The DIM 1048 test has a prescribed limit for the maximuin penetration for water
retaining structures of 50 mm. It should be noted that this is for standard test
conditions which implies water curing for the full 28 day period, as was the practce
followed in the experimental work reported in table 8.1b. It can be seen that all of tha
mixes tested here feli well within this valus.

The PCI would normally recommend a minimum cement/water ratio of 1,7 (ie
approximately 33 MPa target compregsive strength) for concrete io be used in water
retaining structures.

8.1.2 Comparison against another metk o of test: Matla fiv agh

in order io get a better idea of the actual permeability of the concrete in thess
s+ acimens the CSIR were asked 1o assist by doing a paralle! series of tests 1sing A
yas/water permeabiiity test developed by themselves. The resuits of this paraltel serivs
of tests are given in tables 9.2a and 9.2b. i table 9.2b use has been matio of a
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tormula developed by Valenta™” {o calculate the permeability from the results of the
DIN 1048 test. The formula is as follows: Coefficient of permeability K :~

K dxv2xTxh, where

n

d = depth of penetration (mm)
v = porosity of the concrete
- T = Time tt penetrate to depth d (s)

h = head of water pressure applied (mm)
In calculating the permeability using this formula a degree of hydration has been
essumed in order {o calculate the porosity needed in the formula. The capillary porosity
of the paste fraction of the concrete has been calculated using formula 1o 1 on page
32 given by Fulton™™ as follows

capillary porosity = 1-(NmcV,)/(w,+mcV,} where,

N = Vol of gel solids formed by hydration of one cubic centimetre of cement = 2,2
m = degree of hydration of the paste (assumed fo be 0,5, 0,7, and 0,9)

¢ = original mass of cement

V, = Specific volume of coment = 0.319 and

w, = original mass of water.

The porosity of the paste is nnt what is required in the Valenta formula, buat Is probably
the most conservative value that can be determined, ie the dolarite aggregate is less
poraus than the paste, and even in fairly extreme cases the porasity of concrete
res: Htiny from the entrapment of bleed water is not likely o result in the porcsity of the
congcrete being markedly greater than that of the paste nomponent.

it can be seen from table 9.2a and 9.2b that there is a fairly substantial difference
between the levels of permeability measured vy the CSIR and those values obtained
by calculation from the DIN test results on the same concrete. In each case the
permaeability as measured by the CSIR was higher than the PCI calculated vaiues. The
difference varies from about 1000 times greater for the lean mix to about 200 times for
the rich mix.

Mote that the Valenta formula was developed for concretes made with European
quality cements and may therefore not apply to concretes made with South Africa
cements. Neveartheless, tables 10 and 11 ‘rom the Concrete Society Conference on
Permeability of Moncrete™" show values for concrete permeabllity that are simitar in
magnitude fo those recorded in table 9.2b of this study providing some support for the

8.4




{!

.-;:.n,..sa'w R . R R

permeability values obtained with the DIN iest.

There is still a subsiantial difference bwiween the results given by the two different
methods, Some of the difference can prokably be ascribed to the use of the paste
porosity in the Valenta formula, athough wie Di { test results appear to ba of the
expected magnitude. The calculation h 2 e ar .o to be particularly sensitive to the
value assumed for the degree of paste hvruunn £, ¢an be seen from table 9.2b.

The rajor part of the difference can probab; be ascribed to the fact that in preparing
the specimens for the CSIR (DBT) test ihe specimens are dried at & fairly early ags
in an oven for some time before being exposed to the steady flow conditions of the
permeability test. it Is believed that the specimens may suffer a substantial degree of
micro—cracking of the paste due 1o this desiccation, resulting in a far higher apparent
permeability for the concrete. it appears that low permeability concretes are slightly
less susceptible o this desiccation than is the case for the iean mixes.

The fact that the results obtained do not correspond with other reports of permeability
should not be construed as making the CSIR method unsuitable, as with a history of
use cf the method they have been able to generate guidelines for the interpretation of
the results thus providing a useful service 1o recipients of their test resulis. The method
may unfartunately prejudice blended cements that have a slower rate of strength gain
and a greater susceptibility o poor curing than is the case for ordinary portland
cement, Modifications that take such factors into consideration could improve the
method.

9.13 | Effect of poor curing on permeability; Matla fly ash

A further series of tesis was done to evaluate the effect of poor curing of spacimens
on the depth of penetration obtained in the DIN 1048 test. Specimens of 150 mm
diameter were cored from the large blocks made to examine the effect of curing on the
compressive strength described in paragraph 7.1.3. As mentioned before the concrete
in these large bl ks (620 x 710 x 600 mm) was not cured other than retaining the
formwork in position for the first 2 days. The permeability test was carried out on the
outer skin surfc..a of all the specimens - ie that zone most likely to suifer the worst
impact of the poor curing. This same test was carried out three times for blocks
exposed on different occasions {i.e, winter 1987, winter 1988 and summer 1987-88).
Note that while ihe specimens wesre exposed to ambient conditions ouiside the
laboratory, they were protecied from rain. As before the concretes tested included a
mix containing ggbs.

The resuits of these permeability tests are given in table 8.3 and illustrated graphically
in figure 9.2, It can be seen that the depths of penetration of the poorly cured
concretes are all much greater than is the case when the curing foliows the
requirsments of DIN 1048 (ie 28 days submerged) as nearly all specimens achieved
conditions of flow through the test specimen inside the time allowed for the test. The
effect is more marked in the case of {iie two winter exposures than for the summer
exposure as the opc specimen did resist flow for the summer expsriment, thus

8.5
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indicating that the degree of hydration in summer is better than in winier — a pot
unexpected finding.

Figure 9.2 shows that for the cured cube specimens the PG 15 FA mixes generaliy had
the lowest permeabilily. Apart from the single high penetration for the PC 30 FA mix
in Summer 87-83 the fly ash tend to confirm the trend shown in figure 9.1. The slag
mixes generally had higher penstraiions than the fly ash mixes tested.

Figure 8.2
Depth of DIN 1048 watler penetralion in
water cured cubes (mixes ex table 7.3a)

Depth of penetration {mm)

33
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7
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QpRC PC15A  PGIfFA PCSUSL
Cement type

Larbi and Bijen™ have shown that the transition zone between the aggregate and the
hardened cement paste is the weak link in an ordinary portland ¢ement concrete,
particulatly as far as the permeabillity of the concrets is concerned. They ascribed this
to the high concentration of calcium hydroxide crystzls at the interface. They pointed
out that when a pozzolan such as fly ash is incorpotated in tha mix then this zone is
reduced In size, and the thickness of the layer of calcium hydroxide crystals is also
reduced, thereby reducing the permeability of the concrete. They indicated that the
additional gel formed by the hydration of the pozzolan aiso contributes 1o the reduction
of the permeability. They noted that these beneficial effects ¢an be negated by
desiccation. These effects could explain the results obtained in this study.
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9.1.4 ~ Test resuits using lethabo fly ash.

The mixas used in this part of the Invastigation are detailed in table 4.9 and 7.2a. in-
this case the coarse aggregate used was a reef quarizite material from Cooke Shatt
ie a mine waste material. Such material i commonly finely micro-tractured due fo the
release of internal stress aftgr removal from the great depths at which the mines -
operate. The permeability of this aggregate can therefore be expectad to be higher than
for the dolerite u*aad with the Matla fly ash mixes.

Studies were doneon the mixes described in table 7.2a to determine the depth of
water penetration in.the DIN 1048 test. The specimens weare exposed o the three
curing regimes discugsed in section 7.1.5.2, namely oven (c. 30 °C), standard (c. 23
°C) and coid (c. 7 "C) and were either wrapped in plastic or exposed to the

atmosphere in these argas. It was soon found that under these conditions the water
rapidly penefraled thrwgh the specimens (as found with the "site cured” specimens
reported on above) and it was not possible to detect dilferences betwean the
resistance levels of the :ﬁfe rent mixes.

The pres= “2 regime to which the specimens were exposed was then modified to 1 bar "
for 3 day. .hly. Even under these conditions'the specimens which wers not protected
against desiccation were still rapidly saturated — no resulis are therefore prasentedas
no differences could be detected from . this undetermined point. The wrapped
specimens howsver gave results which appear fo indicate differences between the
water penetrations of the different c&mentntious mixes used.

The results of these tests are given in table 9.4 and ara shown in figures 9.3a 10 8.31.
Figures 9.3a, 9.3¢c and 9.3e show the depths of penetration for mixes proporiioned to
give equivalent 28 day comprassive sirength io the ordinary portland cement mixes,
Figures 9.3b, 9.3d and 9.3f give simitar data for mixes proportioned by direct
replacement of the fly ash cement for ordinary porfland cement. The mixes wers
exposed to hot {c. 30 °C), standard {c. 23 °C) or cold {¢. 7 °C) conditicns. All
specimens were protected in sealed plastic bags. It should be noted that as the
specimens used in this case were 150-mm cubes, any result showing the water
penetration depth to be 150~mm indicates a saturated specimen (eg. figures 9.3s and
9.3f); such results can not be ussd

The equivalent 28 day fly ash mixes generally have similar to lewer depths of
penetration than the ordinary portland ¢cement mixes, although there are exceptions to
this. Undar cold conditions some of the spacimens alfowed the water 1o penetrate right
through; comparisons cannot be drawn for these specimens.
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Figure 9.3a
Water penetration depth [Oven, EQ 28)
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Figure 8.3b
Water penetration depth [Oven, DR)
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Figure 9.3¢
Waler penelration depth (Standard EQ 28]
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Figure 9.3d
Water penetration depth [Standard, DR)
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Figure 9.3e

Water penetration (Cold, EQ 28)
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Under direct raplacement conditions the fly ash mixes did not perform as well,
particularly under tha oven conditions It should be noted that while every precaution
was taken to seal the specimens in piasiic bags, at the end of the test some of the
bags were found to be perforated, probably during handling. The holes probably
allowed the escape of moisture, particalarly in the dry conditions in the oven. As the
relative humidity in the cold room was high (+:80 % RH) there is liitle apparent impact
of the bags being perforated.

Generally, however, the depth of penetration for the fly ash mixes fell within tha range
ot resulis obtained for the ordinary portland cements used. The impact of the fly ash
on the permeability can thus be regarded as insignificant in pracfical terms.

There is some confirmation in these results for the contention that the DIN permeability
test does not give very reproducible results.

9.1.5 Summaty of findings on perimeability

Fly ash seems to have a beneficial effect on the depth of water penetration that occurs
in the standard DIN 1048 permeability test, as weil as with the DIN test modified as
discussed at the beginning of section 9.1.4. This is generally fruz for both sources of
fly ash tested, and seems o apply whether the concrete is well cured or not. As the
depths of peneiration measured in this work were substantial, it is possible that this
does not prove that the {ly ash concretes will be more durable as the resuiis have not
categorically shown that the skin concrete will provide adequate protection io the
reinforeing steel, i.e. the use of fly ash in a mix, aithough providing a probable reduction
in permeability, might not overcome the negative effects of poor curing.

9.2 Abraslon resistance

A concrete exposed to wear should exhibit an acceptable degree of resistance to
removal of surface material in order {0 be regarded as durable. The most commonly
occurring condition of exposure to wear is that of a floor or road pavement surface
exposed 1o wear due 1o the action of the wheels of the traffic, aithough other factors
such as wind or water can sometimes be involved in abrasion problems.

The references consulted and detailed in section 3.7.2 indic “ted that fly ash does not
seem to have an influence on the abrasion resistance of well ¢.ired concretes of similar
28 day comprassive sirength; some reports indicated that the fly ash mixes might be
more sensitive to poor curlng, thus resulting in reduced resistance o abrasive forces.
In order to evaluate this characteristic for South African conditions and materials two
series of tesls were done namely:

. abrasion testing of standard laboratory cured cube spacimens, and
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. abrasion testing of the uncured surfaces of large concrete blocks which were
exposed to ~mbient conditions outside the laboratory at PCI.

The abrasion testi.g of concretes has been tackled in different ways in different
countries. The PCl,in looking for a suitable test, made use of apparatus developed by
the National Building Research Insfitule (now renamed the Division of Building
Technology) of the CSIR which used the principle of an abrasive madium under a
rotating stee! disc with a fixed applied load. The apparafus was modified after some
experimentation to make use of a wire brush as an alternative form of abrasion as this
was found to give a wear paitern that more closely approached that recorded under
traffic in site concrete.™ This is the apparatus used in the tests described below. The
PCi Laboratory - -ethod for this test is given in Appendix B. The apparatus is shown
in the sketch beiow. '

\E AN

Sketch of the PCI abrasion testing apparatus

Briefly the apparatus applies a standard wire brush 1o the surface o be tested under
a load of 165 Newton, The brush is rotated at 400 rpm for 4 minutes with the direction
of rotation being reversed every 30 seconds. A flow of water through the brush keeps
the wearing area cool and helps to remove abraded material. The depth of penetration
Is measured at the end of the test.
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9.2.1 Abrasion testing of cube specimens; Matia fly ash

During the manufacture ¢f the large block specimens for the evaluation of the effect
of site curing on the compressive strength testing of the various concretes listed in
{able 7.3a, additional cube spacimens were made to be used to evaluate the eifect that
the incorporation of fly ash might have on the abrasion resistance of the concrete in
the cubes. The large blocks were also tested to evaluate the effect of the poor site
curing on the abrasion resistance of the same concretes. The tests on the large blocks
wiil be described in the next section. ' :

The curing of these cube specimens was done in accordance with SABS method
863" 1o age 28 days. The results of the abrasion tests on the cube specimens are
summarised in iable 9.5 for the three exposure occasions of winter 1887, summer
1487-88 and winter 1988. All these cube specimens were exposed i¢ standard
laboratory curing conditions and would not show the effect of the exposure. If not
stated otherwiss, the result given in each case'is for an abrasion test duration of 4
minutes, this being the standard for the method developed by the PCL These data are
shown graphically in figure 8.4a. Note that the cube specimens for winter 1988
PC30FA and PC 80 SL were mislaid and were not available for testing.

. Figure 9.40
Cvrasion test; concrefe cubes
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Winter 8B
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It can be seen in figure 9.4a that in the case of the standard cured specimens the
abrasion resistance of the exiended mixes using fly ash is generally better than or
equal {o that of the opc mixes. In the case of the PC50SL. mix the abrasion resistance
appears io be poorer than that of the opc or fiy ash mixes.

Figura 9.4b
Abrasian rote; cubes, Surmmer 1887-88
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Consideration should also be given o the fact that as the wire brush penetrates
through the mortar of the surface, 50 more and more large sand particles are exposed.
This is likely to result in the reduction of the rate of penetration. If the data in table 9.5
are considered it can bs seen ihat while the penetration at 1 minute in cubes made in
summer 198788 for the opc mix is the lowest of the values obtained, at 2 and 4
minutes the picture has changed. These data are shown in figure 9.4b. Apart from the
initial fow loss of the cpe mix, the fly ash mixes seem o have a bstter resistance
against abrasion in these well cured specimens. In contrast to this the opc/slag mix
showed a poorer abrasion resistance than the opc mix.

This finding doss not agree with the results reported by Gordon™? in which he found
the 28 day abrasion resistance to decrease with the parcentage of fly ash in the mix.
He found the fly ash mixes to perform better than ordinary poriland cement mixes at
later ages when all specimens were exposed to standard curing and concluded that
under these condilions the abrasion resistance was related io the compressive
sirangth. - '

The fly ash used in his work was derived from a field 2 precipitator at Lethabo powsr
station. The analysis for this particular sample is given in table 5.10b. It can be seen
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that there is fairly good agreement beiween the aveage analysis for classified Lethabo
fly ash and that for the Gordon sampie, although the silica content of the selected ash
is lower than the average for the classii:ad ash and the alumina and alkaii contents ara
higher. Gordon's fly ash sample was however oblained using electrosiatic-selection
rather the dynamic air flow selection as was the cage for the fly ash used in this work.
The different methods of selection were shown in chapter 5 {section 5.3.3) 1o lead 1o
significant differences in the effect of the fly ashes on setting fimes; it is possible this
factor is responsible for the differences in ihe resuits obtained betwe~r Gordon and
this study.

8.2.2 Abrasion testing on poorly cured large concrete blocks; Matla fly ash

Further tests were undertaken to evaluate the effect of poor curing on the abrasion
resistance of the various concretes used in the manufacture of the large concrete
blocks exposed 10 "site” curing conditions outside the PC! laboratory, Midrand, The
curing conditions to which these blocks wers exposed are given in section 7.1.3.

The initial test on the abrasion resistance of the concrsies was by means of the wire
brush fest applied to the froweilled iop surface of the blocks. There was some
SLSpiC{Oﬂ that the quality and extent of the finishing process might have influenced ths
abrasion resistance test resuits, as with different times of setling, and different degrees
of bieeding it was not possibie to finish the difierent concretes at the same time. The
subsequent tesis were therefore done on one of the side faces of the blocks, ie a
shuttered surface. The results of these tosts ara given in table 9.5 and shown in figure
2.4c.

_ Figure 9.4c
Abrasion tesl; lorge concrete blocks
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There appears 10 be an anomaly in the picture presented by figure 9.4¢ as while the
first winter resuits ‘irowelied surface) show the opc and the 15 % fly ash raix {c have
similar degreas of abrasion resistance, the 30 % fiy ash mix and the opc/siag mix are
not as good. In the suramer iests (cast face) the opc and the 30 % fly asi mixes are
simizar with the 15 % ily ash mix following behind. The slag mix in this case has a
poorer abrasion resistance. i is interesiing 1o note the significant difference that
frowelling appears fo make on the abrasion resistance if the effect of curing
temperature and degree of surface desiceation can be ignored.

As in the case of s concrete cubes, the summer test was done uver three time
durations. These data are presenied in figure 9.4d. In this figure it seems that the opc
mix has the best abrasion resistance of all thiy mixes for all test durations. In the case
of the 30 % fly ash mix and the opc/siag mit ihe penetration appears to stop at 2
minutes. This was as 1 result of the brush havixg worn the concrete down fo the extent
of exposing the cuarss aggregate, and not beity able to abrade further, it is possible
that even for the 2 minuis test the penstration of the brush might have been impeded
by the sione,

1

Figure 9.4d _
Abrasion rote; large blocks;sumimer 87 /&
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9.23 Abrémian tests on cubes; Lethabo By ash

Simitar abrasion tests were done at age 28 days on cube specimens made from the
mixes detailed in table 7.2a and exposed ic the three curing regimes (hot, standard
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and coid) in both wrapped (plastic bags) and unwrapped conditions. The resuits of
these tesis ars given in table 8.7 and are shown graphirally in figures 9.5a, 8.5b and
9.5¢ for the equivalent 28 day compressive sirength mixes, and 9.5d 1o 9.5f for the
direct replacement mixes. '

Figure 9,52
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in the case of the sealed speci 2ns (wrapped in plastic bags) the trend is for the
abrasion resistance of the fly as:t mixes to be similar to or better than that of the
ordinary poriland cement mixes. This is also true for the unsealed specimens. Direct
replacement fly ash mixes are morg likely to perform more poorly in abrasion tests than
the or¢inary portland cement mixes, although the differerices are generally smail.

The differcnces in abrasion resistance betwesn the sealed and unsealed specimens
under cold conditions is small as the average relative humidity in the cold room was
87 % during the duration of the tests. This meant that there was liftle chance of
desiccation of the uncured specimens.



Figure 9.50
Abrasion penetration (Standard, EQ 28)
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Figure 9.5¢
Abrasion peneiration [Cold, EQ 28)
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Figure 9.5d
Abrasion penetration (Oven, DR)
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Figure 9.5e :1:
Abrasion penetration {Standard, DR)'-.,__-,_
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Figure 9.5f
Abrasion penetfration (Cold, DR)
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9.24 Summary of abrasion test findings

It appears that under poor "site” curing conditions concretes mads using both Matla
fly ash and slag as extenders seem to show a greater reduction in the abrasion
resistance relative to that offered by well cured concrete. In the case of Lethabo fly ash
this effect is not as noficeable where the concrete is designed for similar 28 day
compressive strength to the control mix, although there is some indication that direct
replacement mixes will have poorer abrasion resistarce than the control ope mix.

Further research is required into the effect that the use of various types of curing
membranes might have on this property as this aspect is of fundamental importance
to the undersianding of the application of fly ash in paving concrete mixes and the
performance of such concretes under traffic,

Under laboratory conditions and standard curing the fly ash seems to improve the
abrasion resistance of concrete.

Gordon™ suggests thai the greater improvement In compressiv.: strength of vhe fly ash
concretes between 28 and 80 days Is grounds for conslidering a change in the age at
which the desired characteristics in concrete should be specified. As he has shown
that under standard curing conditions the abrasion resistance of such concrete only
matches that of ordinary portiand cement concrete at 90 days this would seem to be
sufficient reason for not considering a revision of the specification The possibility of
poor site curing conditions and the greater sensitivity of the abrasion resistance of
some of the exiended mixes would seem 1o make this revision even less dasirable.
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9.3 Carbonation

As mentioned in chapter 3 there is a widle diversity of opinion o the issue of whether
fly ash contributes 1o reducing the rate of carbonation or not. Some concern has been
expressed for the possibility that during the pozzolanic reaction the fly ash might so
reduce the calcium hydroxide content of the mix that the durability of the mix might be
impaired.

In a recent internal PCI publication Addis™™ calculated the theoretical quantity of fly
ash that, when fully reacted, would consume all the calcium hydroxide available from
{he hydration of a typical portland cement to be about 56 %. If all the calcium
hydroxide in the cementitious mix is consumed by the pozzolanic reaction then thers
is no further calcium hydroxide available to react with carbonic acid or gaseous carbon
dioxide, should the mix be exposed {o this mode of attack. The lack of caicium
hydroxide might also resul* in the pH of the mix bheing lower than is necessary for the
passivation of the reinforcing steel in the mix.

This theoretical figure of 56 % has been given some support after discussion with
Messis. Ash Resources who feel, after doing some unpublished research werk, that
no further increase in compressive strength is noted once the fly ash content exceeds
60 to 70 %. It should be noted that full reaction of the fly ash is unlikely as there is
normally & proportion of jon reactive muliite and quartz present.

Generally the leve! of Tly ash used in concrete iz well belew 56 % and thersfore it can
be assumed that there will be some residual calcium hydroxide to provide resistance
to the neutralising atfects of carbon dioxide and to provide the alkaline environment for
the necessary passivation to the reinforcing steel pret 2nt in the mix.

In this work, the depth of carbonation has been determined using phenolphthalein
indicator sprayed on freshly fractured surfaces of the exposed concrate. Rahman and
Glasser™™ pointed out that this test will not indicate the width of the intermediate zone
in which the pH is below 9,8. It has been agsumed for this work that this intermediate
zone is similar for ali cementitious materials tested, and that the edge of the pink zone
indicates the position of the carbonation front.

The carbonation resistance of fly ash mixes in this study has been determined using
two tests; the first test made use of the large blocks previously described under
section 7.1.3 and the second itst was carried out on sets of cubes exposed io different
curing regimes. .

These tests are described more fully in the following paragraphs. Note that all the work
described here has been done on Matla fly ash only.

9.3.1 (iarbonation of large poorly cured blocks
The mixes and curing conditions to which these biocks were exposad have been
described in chapter 7.
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Only the blocks cast in the suramer of 1887-88 and in the winter of 1988 were tested
for depth of carbonation. The depth to which these concrete mixes had carbonated is
given in table 9.8a. The age ai which the carbonation was determined was 10 months
in the case of the summer blocks, and 4 monthe 'n the case of the winter blocks. This
information is depicted graphically in figurs 2.6a.

it can be seen from this figure that the carbonation depth is lowest at these ages for
the ordinary portland cement mix, and all the mixes containing exienders show greater
depths of carbonation. it is interesting to see that the PC50SL mix performed slightly
better than the PC30FA mix on both occasions. This is not fotally unexpected, as the
slag does not consume calcium hydroxide during its hydration, and should therefore
be better abie to withstand the carbon dioxide attack with its greater degree of
neutralising ability derived from the higher calcium hydroxide content.

The finding that the fiy ash mix concrete carbonates faster than the OPC conirol mix
contradicts the finding given in Fulton™, but is in agreement with a majority of the

research findings consulted during the fiteralura study phase of this
wOrk'[ﬂz.‘IW.iS?ﬂBM?ﬁ.z‘l 14,216,218,217]

8.3.2 Carbonation of cube specimens

+ order to evaluate the effect of poar curing more fully it was decided that cube
specimens should be made and sets exposed to different curing regimes in the
laberatory. Accordingly two mixes were made aiming at the sams slump and same 28
day compressive sirength, with the control mix made with OPC and the seecond niix
using PC 30 FA. Details of the mix proportions used (intended to give simiiar 28 day
compressive strength) are given in fable 9.8b.

The cubes were moulded and then piaced in the fog room for the first 24 hours. After
dem:ooulding, the specimens were treated in the following way;

% sets had no further curing

4 sets had 2 days further curing under water
4 sets had 6 days further curing under water
4 sets had 13 days further curing under water
4 sets had 27 days furthsr curing under water

In each case the water was a! the standard laboratory curing temperature of 22 to 25
°C. A set of each of the above methods of curing was tested using phenolphthalein
indicator to determine the depth of carbonation at ages of 28, 56, 91 and 182 days.

At each age compressive strength tests were done on dry specimens, although for the
28 day test some cubes were aiso crushed wet to show how well the targst of equal
28 day compressive strength had been met. The data on depth of carbonation and
compressiva strangth are given in table 9.8¢. This information is shown graphically in
figures 9.6b, 9.6¢, 9.6d and 9.6e for the ages 28 days, 56 days, 91 days and 182 days
respeactively.
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Figure 9.6a
Dapth of carbongtion on lorge blorks
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“Figure 9.6¢
Degth of warbonation at age 56 days
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Figure 9.6e
Depth of carbonation of uge 182 days
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it is evident from these graphs that the depth of carbonation for the OPC mixes is
always lower than the PC30FA mix for the same age and same method of ¢uring.

In Figure 9.6b it seems that to ensure a similar depth of carbonation at 28 days it is
necessary to cure the PC30FA mix for longer periods than is necessary in the case
of the OPC mix. For example, o give similar resistance to an OPC mix that has been
cured for 3 days, it is necessary to cure the PC30FA mix for about 7 days.

A similar picture emerges for figures 9.6¢, 9.6d and 9.6e.

it is however notewotthy ( when looking at the difference between figure 9.6¢ and 8.6d
for example ) that aithough the OPC mix continues {o carbonate as the specimens age,
the PC 30 FA mix carbonation :=2ms to stabilise around 56 days allowing the OPC
carbanation depths to catch up to some extent. This is not quite so evident at age 182
days so the trend is not fully established.

The ratic of carbonation depth of OPC to PC 30 FA reduces from abeut double at 56
days, to roughly 50 % more than the OPC mix at 91 and 182 days. This is shown by
the graph of these ratios in figure 9.6%.

Unfortunately, the scatter in these results makes it difficult to draw firm conclusions
about this trend.

This finding that the carbenation rate of the fly ash mix appears to stabilise is of some
interest when atiempting to understand the durability of fly ash mixes. There seems o
be some conflict in the fly ash concretes beiween the effect of the reduction of
permeability and the reduction of the calcium hydroxide content brought about by the
use of the fly ash. This phenomenon has previously been referred to by Alexander™,

It is believed necessary that this work should be repeated with a wider range of
combinations of materials to confirm the trerd shown here, and to iry 1o identify the
mechanism responsible. It is also important that the time for the carbonation front to
reach the peint where the stee! might become stisceptible to corrosion is determined
for both OPC and fly ash mixes.

8.3.3 Possibie mechanism for slowing of carbonation rate

A suggestion for the mechanism is offered as follows. In section 9.1 the resulis
described show that the fly ash mixas are more susceptible to poor curing *1 that the
permeability of the skin concrets is greater than that of the control OPC miy; #+ -lepth
to which this effect on the permeability necurs is not certain however. Itis pos - wic that
the harmiful effect of the poor cuting only axtends 1o a few raillimetres bel + the skin,
and that beyond that point the fly ash mix is more dense than the OPC mix, as is the
case for the results for the properly cured specimens.

Once the carbonation front reaches the denser concrete the rate slows. As the OPC
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concrete, under proper curing, is more permeable than the fly ash mix, the slowing of
the penetration of the carbonation front is not as evident.

It is also possible that the pozzolanic reaction of the fly ash in the desiccated zone on
the outside never gets the chance o take place with the result that the actual
cement/water ratio in that zone can be assurred not o have the fiy ash included and
is accordingly lower than the OPC mix. This vsould result in a more permeabie outer
skin, and a more rapid penetration of aggressive elements,

Looking at the rate at which the carbonation front penetrates the two concretes
between 28 and 56 days, and between 28 and 91 days, it seems that the rate of
penetration for the OPC mix decreases with time. If the rate of carbonation is taken as

g = kxt

where d = depth of carbonation (mm)

k = consiant

i = time (days)

X - variable dependant on type of cement

In the case of the OPC mixes, the value of x seems io fall in the range from 0,8 10 0,9.
For the PC30FA mixes the value of x seems {o be smaller but also has more scatter
and lies in the range from 0,1 to 0,67. This means that the rate of carbenaticn of the
fly ash mixes tested slows down mors with time than is the case for the OPC mixes.

This supports the contention that the effect of the poor curing is only as deep as
permitted by the lcss of moisture from the skin; deeper fly ash concrete being more
dense than the ordinary portfand cement concrete, will siow the process ¢ desiccation
and carbonation down. .

This finding is in agreement with other reports mentioned in the literature s.udy where,
after an initial fairly rapid rate of carbonation thu rate decreases in the fly ash mix to

have a similar depth of carbonation to that of ordinary portland cement concrete at
tater ag es{u?.ummmu_

8,34 Summary of findings on carbonation

There seems o be evidence that the influence of fly ash on concrete is to increase the
initial sensitivity to poor curing relative ic the effect of poar curing on ordinary portland
cement concrete. It is possible, however, thai this effect might not be detrimental with
narimal depths of cover to the reinforcing steel as by that stage the rate of carbongation
is similar to that of the ordinary porifand cement concrete.

This is an aspect that needs wider research under a range of different conditions and
mixes to evaluate the possible impact on the durability of the concrete.

A further point to be considered in evaluating the impact of fly ash on the rais of
carbonation at various ages is that of the effect of curing membranes on this rats as
this wouid be of particular significance to concrete paving apgiications.
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9.4 Alkali aggregate reaction

Concrete "cancer”, as alkali aggregate reaction became known in Eurppe and the
U.S.A., came to the aitention of South African concrets technoiogists iri the mid 1970's.
Pionearing work undertaken by the National Building Ressarch Instiiute of the CSIR

{now renamed the Division of Building Technology) led to an understanding of the

probiem. The DBT also developed recommendations on how 1o prevent the reaction
ocourting in new cencreie. In the process of the studies undertaken, the NBRI

developed a test for evaluating the sensitivily of an aggregate to the alkaline

environment in concrele™; this test, with & duration of 2 weeks, was much mors
practical than the full ASTM C227--81 test™ which has a duration of 8 months. {The
CSIR has now shown that for the South African type of hornfels the ASTM test
duration needs 10 be 52 weeks.)

in 1987 PCI participated in an exercise with the CSIR 1o evaluate the human and test
environment tactors affecting the results of the test they had developed. The results
of these inter-laboratory tests are available in a report frors e CSIR.F™

One of the preventalive measures recommended by the CSIR where the aggregats
showed indications of sensitivity, was to incorporate a minimum of 15 % fly ash in the
cementitious rection of the concréte.

In this work some restlts are given of tests done fo tha method developed by the
CSIR. The efficacy of the use of {ly ash was evaluated by doing cormparative tests with
and without the use of the fly ash. These results are given in table 9.9 and are shown
graphically in figure 8.7

Figure 8.7
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These dala are derived from tesis on a rhyolitic type of sand using an ordinary
poriland cement of “sdian origin with or without fly ash from Matia.

it is immediately apparent how effective the inftoduction of fly ash is in reducing the
expansion of the specimens. While the opc mix showed expansion which exceeded the
DBT criterion for slowlv expansive aggregate,®" ie between 0,08 and 0,20 % expansion
at 10 days, the incorpuration of 18 % fly ash io the mix reduced the expension 1o well
below the minimum crite.ion for slowly reacfive aggregate. In this case the expansion
at the end of the {est was showing a slight incresse with time. The mix using 25 % fly
ash showed very little increase in expansion with time but otherwise was only
marginally better at reducing the expansion than the mix using 15 % fly ash.

This ink.mation does not serve as direct proof that concrete made with such
aggregate will not expand when exposed tc actual sife environwantal conditions:
 however, large blocks made arid exposed oxer a long pericd of time have been shown
by t‘tg?j DBT to support the limits of expansion they have set for the results from their
test™,

1t is from the results found in thess long term exposure tests that the data has been
derived to enable DBT to set recommended limits on the fly ash, slay or silica fume
content of concrete to control the undesirable expansions due to alkali silica reaction.
The current {end 1990} level of fly ash that has been recommended for conirolling
these expansions is 20 %.* '

8.5 Summary of iindings on durability

The use of fly ash: appears to have a beneficial effect on the water permeabiiity of
concreie as measured | < the DIN 1048 permeabiiity test whether the concrete is
adequately cured or not. . . results do not show if the outer skin is likely to provide
adequate protection to the reinforcing steel.

Abrasion resistance of poorly cured fly ash concretes made with Matla fly ash seems
to be slightly poorer than for control ope concretes. In the case of Lethabo fly ash there
is little difference betwee~ the abrasion tesistance of the opc and fly ash concretes
where the mixes are designed for equal 28 day compressive strength, although a direct
replacement mix will tand io hiave poorer abrasion resistance. Where concrete is well
cured the {ly ash seems {o have a beneficial effect.
The carbonation rate of fly ash concretes appears to be greater than for the equivalent
op > concrete for any given curing regime, although it seems that the rate might slow
down relative to the opc rate once the carhonation front gets into a more dense
concrete zone. More work is needed on this aspect.

The findings on the abrasion resistance and the carbonztion iend to indicate that tﬁe
permeahility of the outer skin fly ash concrete might initially be higher than that for opc
concrete; if the permeability were to reduce deeper into the concrete the ovarall
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permeability of the concrete shown by the DIN 1048 test could then stil be similar to
that of the opc concrete. ! is believed that until there is categorical evidence fo the
contrary, these findings should be taken to indicate that fly ash concretes are more
sensitive to poor curing than is the case for ordinary portland cement concretes, and
therefore more care with curing is indicated, particularly at high levels of fly ash, to
ensure good durability. Curing is essential for all concrete; if site practice could be
improved then all concretes would benefit. '

The use of adequate quantities of fly ash in a enncrete have been shown fo reduce the

expansions due to alkali sifica reacticn 1o negligible proportions, at leagt as shown in
the relatively short term test resulis so far available.
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Table 8.1a

Mix proportions for concrete mixes used for DIN water
penetration tests. PPC Jupiter OPC and Matla fly ash used..
Quantities given in kg/m’,

OPC mixes |
Materisls cement/water ratio
1,40 1,60 1,80 2,00
water 212 | 210 208 210
OFC 297 336 | 375 420
fly ash - - - -
13,2-mm stone 970 980 990 1000
__granite sand 982 | 945 908 856
. PC 15 FA mixes
Materlals cement/water ratio
1.49 1,70 1,90 2,11
water 204 201 199 200
OPC 258 290 321 359
fly ash 45 51 57 63
13,2~-mm stone 081 993 1005 1017
| _granite sand 973 938 900 848
PC 30 FA mixes
Materials cemeni/water ratio
1,58 1,81 2,04 2,28
water 197 194 192 193
OPC | 218 246 274 305
fly ash 93 105 118 131
13,2~mm stone 993 1007 1020 1035
granite sangu 962 EE.’.. 878 819
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Table 9.1b

Average depth of penstration for OPC and fly ash mixes
detailed in table 9.1a

OPC PC 15 FA PC 30 FA
28d Penetration 28d Penatration 28d Penetration
Comp. ~ {mm) Comp. {mm} Comp. - {mm)
strength strength strength
(MPa} (MPa) (MPa}
23,1 26,5 a1,1 19,3 21,8 10,1
29,6 14,3 30,4 8,0 29,8 7.8
36,8 9,1 374 4,3 36,7 43
| 431 - 55 42,9 4,0 45,3 3,9
Note: The tests were performed on standard cured 100 mm

laboratory cubes; the resulls above represent the
average of thres individual test results.

Table 9.2a

Permeability results ex Division of | A{Iding Technology, CSIR

Cemant C/W Gas 1 h coefft. 35h 24 h
used ratio perm, water coefft. coefft,
{,m*min) perm. water water
(107" mnvs) perm. parm,
(107mmvs) | (107 mmvs)
PC 30 FA t,58 14,6 21,93 22,56 -
I PC 30 FA 2,26 2,23 - - 0,423
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Table 8.2b

Measured depth of peneiration and calculaied permeability -
for DIN 1048 tests on mixes in table 9.1a o

Cement CW | Max depth | Ave depth | Cailculated” coefft. of perm.

_ used ratio | penetration | penetration (10" mm/s)
(mm) MM | meo5 | me07 | m=09
PC30FA | 158 | 285 101 | 00275 | 0,021 | 0,0156
PC30FA | 181 ° 212 1 78 0,0149 | '0,0108 | 0,0074
PC30FA | 204 134 4,3 0,0041 | 0,0028 ; 0,0017
PC3CFA | 2,26 10,8 3.9 0,0031 | 0,0019 | ©,0010
* Caiculated from Valenta™ and Fulton™"
Table 9.3
Depths of penetration in DIN {ests on standard cured cubes -
and site cured cores for mixes deiailed in 1able 7.3a
Cement ~ Winter 1987 Summer 1937-88 | Winter 1988 w-ﬁ
used Avepen | Avepen { Avepen | Avapen | Ave pen | Ave pen f
depth depth depth depth depth depth
{mm) {mm} (mrm) {mm) (mm) 1. {mm)
on cubus | on cores | on cubes | on cores | on cubes | on cores
QPC 16,3 Elow 8,75 103,86 6,3 Flow
PCI5FA | 740 Flow 3,58 Flow 4,77 Flow |
PC 30 FA 4,40 Flow 29,81 Flow 6,03 Flow
PC 50 SL 5,00 Flow 13,85 Flow 10,54 Flow
L= IR A e ]

Flow signifies when the water penetrated the full depth of the specimen;
This was therefore an indeterminate result as the tims to full depth
penstration was not known.
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Table 9.4

Penetration depth in modified DIN 1048 test {.ethabo fly ash)
' from mixes detaiied in table 7.2a

i cEMENT | TeMP | DEPTH | CEMEN™ | TEMP | DEPTH | CEMENT | TEMP | DEPTH
| BLEND | (mm) | BLEND (mm) | BLEND (mm)
sealsd sealed soalad

OPCA | HOT or | opce | Hor 101 | opcc | HoT 65
EC28) I gty j0a | 9% | gpp na | 9% [ gp 99
COLD 150 coLD 121 COLD 87
PCISA | HOT 132 | PC15B | HoOT 59 | poisc | woT 17
(EQ28) I grp g0 | 928 g e | F9% g 120
coLD 123 GOLD 110 COLD 110
i Pco2sA | HoT 77 | PC225B | HOT 54 | Po225C | HOT 58
(EQ28) - | €3z [ | Q28 o »
COLD 135 COLD 115 COLD 150
PC30A [ HOT gs | Pcags | HoT 74 | PC3oc | HOT 62
(FQ28) | smp o | 228 Vo 2 | E9B g 71
CoOLD 150 COLD 136 { cop 82
PCI5A | HOT 9 | PC15B | HOT 114 | PCIBC | HOT 41

{ ®8 Ve | PP g e | PP s 87
- COLD 123 cop | 150 CoLD 150
PC225A | HOT 87 | PCa25B | HOT 89 | PC2e5C | HOT 107
A T 08 | PV | gmp 2l PV Iem 88
COLL 107 COLD 143 COLD 150
PC30A | HOT 121 | poseB | wHor 107 | PC30C | HOT 108
©OR) | em 26 | PR s s | ©OF SYD 104
cop | 150 COLD 150 cCoLD | 128
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Table 8.5

. Abrasion testing of concrete cubas for mixes detailed in
fable 7.3a. Cubes cured under water at 22 10 25 °C,

' Time 'Depth of wear (mm) .
Period t?,ﬁfﬁf orc | pcisea | posora | posost |
! Winter 87 - 4 21 1,0 2.2 1,3
Summer '87-88 1 04 0,6 C,8 1,0
Summer '87-88 2 0,9 0,7 0.9 1,1
Summer '87-88 4 18 13 16 18
| Winter ‘88 4 03 03 - -
Tabie 8.6

Abrasion testing of large congcrele blocks for mixes detailad in tabla 7.3a. Biodks subject {0 site
curing oulside laboratory.

I

| ' -Time - Depth of wear {mm)

Perlod ot | opc | PcisFA | PcaoFa | Posost
Winter '87 4 0.3 03 1,1 0,8
Summer '87~88 "1 15 53 26 3,3

i Summer '87-88 2 24 3,3 3,1 45 ° !
Summer '87-88 4 3,0 4,2 a1 45
[ Winter '88 4 | - = s - N |
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Takbe 0.7

Abvamicmn, paralsaticr: fmim} of cube spucirens ol spe 28 dxys [Lethabo fy ashj
{rotm mixe detailed in taldbe 722

CEMENT PEN{mm} | PEN{mm) § CEMENT | REGIME | PEN (mm} PEN{mm) | CEVENY [ AEGIME PERN PEN {rmm)
BLEND unanaled BLEND sanlad ufvoaled BLEND {rrum) urmeaiec
soalad
CPC A HOT 2 24 OFCH HOT 1.8 a5 orCC Hot 2,1 32
(e 28 (223 (EC 28y
1,5 28 | E11] 2 29 S0 " *r
coLo 15 1. coLn 25 22 CoOLD 2 18
PCISA HOT .18 28 | pcsh HaT 1,7 28 | PCIEC WOT 19 33
(F0 28} j (EG 28y {E0 28
S0 17 23 g 14 29 2 2.8
©oOLD 2 17 oL 3 24 COLD 21 2
PC22.5 HOT 21 28 | Po2zs HOT iy 34 | PC22S HOT 22 a2
A B ¢
G 28 7D 18 28 [ (EQ2m STh ] &2 | Q29 270 18 28
COLD 21 18 COLD 2 23 coLn 25 2
PC20 A HOT 15 28 PR B HOT 21 31 PCIOC HOY 28 8,5
{EQ 28) ED2n (B0 28}
37D 19 29 ST 2 34 1D 1,8 29
ooLD 2t 21 coLa 21, 23 coLD 24 25
PRISA HOT 18 a8 | poise HOT 26 a4 | oz HOT 22 37
o8y ey iy DR}
§TD 14 29 870 R 28 1D 2 33
i coLD 2 18 £oLD 23 25 coLp 28 a
P25 A HoT 17 3 | PCeas HOT 25 31 PC225 HOT a7 a7
(DA E c g
5TD 22 3 {DR) ST 2,1 24 PR} 87D 22 32
coLD 232 4 COLD 2ok 23 CoLD 29 K
PC30A HOT 21 33 | pcHE HOT 25 53 | powe HOT 22 4
DRy Ry ) DRy r
s 21 3 §70 22 37 g 24 48
oL 28 5,2 coLb ¥ 29 coLD 25 2
2= "
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Table 9.8a

Depth of carbonation of concrefe in large exposad blocks
made o mix proportions detailed in table 7.3a

"\

T - ——p
Time Elapsed
of time OPC PC1SFA | PC30FA
cast (months)
Winter 88 4 4,7 . 55 6,3
Summer 87-88 10 5.9 8,0 8,9
Table 9.8b
Mix proportions for mixes for
carbonation investigation
=
Mix detalls OPC Mix PC30FA
1 (kg/m¥) Mix 2
{kg/m’)
C/W ratio 1,7 1,85
OPC (FPC Jup} 340 259
FA {Lethabo) - 111
19 mm granite 971 971
Crusher sand 874 . B43
Water 200 190
Slump (mm) ! g5 I 110 H
o ’
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Depth of carbenation (mmj) for cube specimans 1o mixes detailed in table 8.8b ior ditferent periods of wef curing

Table 9.8¢

8.38

Cement Comp, Age at Duration of wet puring (days)
type sirength test
used (28d wet) {days) 1 3 7 14 28
(MPa) '
OPC 34,0 28 4,0 35 2,0 1,0 0,0
PC30FA 32,0 28 6.0 40 3,0 2.0 0,0
oPC 48,0 56 8,0 4,0 2,5 1,5 | 1,0
PC30FA 45,5 58 9,0 8,0 45 30 20
OPC 49,5 g1 8,0 &0 4,0 3,0 2,0
PC30FA 46,0 of 8,0 6,0 45 35 3,0
oPC 53,0 182 9,0 7.0 55 ] 4,0 3,0
PCA0FA §25 182 12.0 9,0 7.0 | 6,0 5.0
Table 9.9
Effect of fly ash on expansion in the DBT
accelerated testior alkali aggregate reaction
Duyration Expansion (%) for mixes
of using L
ays) OPC PCISFA PC25FA
1 0,0250 0,0010 0,0104
4 0,0984 0,0147 0,0001
6 0,1280 0,0141 0,0103
8 0,1511 0,0157 0,0112
11 0,172 0,0177 0,0121
13 0,19286 0,0177 91,0080
-
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CHAPTER 10
10. MISCELLANEQUS

This chapter covers aspects that do not comfortably fall within the ambit of any of the
previous chapters.

10.1 Ternary blends

Ternary blends in the context of this study are regarded as three component blends
of portiand cement, fly ash and another cementitious extender such as ggbs or silica
fume.

10141 History of use of ternary biends

This is not a practice that has found wide support in South Africa up until the present.
It is however likely that concrete technologists working for centractors will experiment
with such three way blends in the future in attempts to find cheaper ways of producing
conciste. This has occurred at least once in South Africa in the case of the South
African Deveiopment Bank at Midrand where Murray & Roberts Consiruction used a
combination of rapid hardening portiand cement, gghs and silica fume as the
cementitious materials in the concrete used for the structure.*™ Another exampie is
that of a precast block manufacturer on the Witwatersrand who has for many years
been using a ternary blend of ordinary porifand cement, ggbs and fly ash.®

in other countries the impetus for such experimentation seems to have come from the
Ready Mixed Concrete indusiry as they have bith the necessary degree of technical
sophistication and a sirong motivation 1o try to reduce operating costs as they work in
a high concrete volume business. Australia seems to have been at the forefront of
much of this research®™ 4 with experience dating back to 1966 for the first use of a
ternary blend incorporating ordinary portland cement, ggbs and fly ash.”™

No specific reference was made in the paper by Potter™ to the durability of concrete
made with this blend cf cementitious materials aithough a comment would have been
expected had any negative aspects been detscted.

Panuccio® indicated that the introduction of 30 % fly ash to an ordinary portiand
cement mix or to a mix using a PBEC (60 % opc and 40 % slag ground to a fineness
such that the PBFC niix gives the same 28 day compressive strength as the ordinary
portiand cemer® ix) had no effect on the 28 day strength obtained with either mix. He
did howaver report that relative to the ordinary portland cement or 40 % slag mixes,
the setting time was extended and 7 to 28 day compressive strength ratio was
reduced.

19.1.2 Experimental work
it was thought advisable io undertake some preliminary tests fo see what effect the
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characleristics of a concrete. These are only regarded as preliminary fests as the
number of possible permutations of material combinations becomes impractically large
for such a broad investigation as this: a full investigation would serve as a substantial
basis for a further thesis.

A series of mixes was made in the laboratory fo evaluate the effect of combinations
of ordinary portland cement, siag and fly ash on the development of comprassive
strength of concrete. The mix praportions used for the mixes and relevant ratios aie
given in fable 10.1.

The materials used for these mixes were decomposed granite sand and 19 mm stone
from Jukskei quarry (Hippo quarries), the ordinary portland cement came from the PCi
silo (PPC Jupiter), the slag frem Siagment, VanderBijiPark, and the fly ash from Matla.

10.1.3 Discussion of results

The results of the compressive sirenith tests on thess concrete mixes are given in
table 10.2. The results are also presenied graphically in figures 10.1 and 10.2. Figure
10.1 presents the curves of comprassive strength development for the 5 mixes given
in table 10.1. Ii is noteworthy howevaer that the compressive strength at 28 days for the
mixes with extenders is lower than that for the opc mix even though the cement/water
ratios were adjusted to give a similar order of strangth at that age.
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Figure 10,2
Relotive sfrengliy fernary blends
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Because of the differences in 28 day compressive strength results the values in table
10.2 have been recaiculaied fo show ratios of the compressive strengin at each age
relafive to the 28 day compressive strength. This information is shown in figure 10.2.

It can be seen from figure 10.2 that the ternary blends do not perform as well as either
the ordinary portland cement/slag or the ordinary portland cement/fly ash combinations.
It is als0 evident that the PC 30 FA mix performed better af early ages than the PC 50
SL mix.

The pattern that emerges is that when all three cementitious materials are used
toge’er then the early compressive strength is reduced relative not only to that found
for “ne ordinary portiand cement mix, but also for the PC 50 SL, and the PC 30 FA
raxes. There seems fo be little difference in the proportions of 28 day compressive
strength developed by the two levels of fly ash used in the ternary blends although the
PBFC 30 A mix did show a further depression in compressive sirength relative to the
PBFC 15 FA mix in figure 10.1.

7he changes in concrete properties associated with the use of ternary blends made
with simitar combinations of South African cementitious materials can be theraefore be
expected fo be more marked than is the case with a simple ordinary portland
cement/fly ash combination at a similar {otal exterder content or cementitious/water
ratio.

There may nevertheless be economic advaniages to using such combinations; this will
encourage further investigation, particularly by organisations that regularly use large
volumes of cement such as suppliers of Ready Mixed Concrete.
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The findings reported here are belleved {o be similar to preliminary findings by the
South African producers of extenders.” *® The performance of the combinations used
here do not seem o maich that reported by Pannuccio™ for Australian materials.

This is an area that needs further work as, w'ii (he potental for cost savings, many
contractors will be tempted to experiment. The suppliers of cement and extenders
would be well advised 1o know the implications of such expatimentafion before it
oceurs.

10.2 Use of Admixtures

Most sophisticated users of portland cement make use or chemical admixtures in the
manufacture of concrete generally with the aim of reducing the cost of the conceraie.
If the inclusion of fly ash in a concrate mix is likely to have an impact on the .
performance of the admixture this would be of concern to such users.

10.2.1 History of the use of chemical admixiures witk fly ash

z .”‘
Many of the authors referred to in Chapter 3 have indicated th&t the carbon content
of the fly ash used has an impact on the required dosage of admixtures in the mix, with
the dosage increasing with the carbon content. '

Reference to Table 5.10a will show that the carbon content {as expressed by the Loss
on Ignition (LOt)) of the Matia fly ash used in most of this work is reiatively constant
around 1 %. The limited data given in Table §,10b indicates that the average level of
carbon content in the fly ash from Lethabo is iower at about 0,5 % and also appears
1o be fairly constant. The average carbon contents of the Matla a«d l.ethabo fly ashes
are however low relative to the figures commonly reported for iy ashes used in some
of the experimental work reviewed in chapter 3.

10.2.2 Exparimental ‘work

The influence of the fiy ash content and source on the effectiveness =i an admixiure
was evaluated in 2 smail series of laboratory tests at PCL Only a single waler reducing
admixture was used and this is intended 1o give an indication only of the potential
effect, The number of parmutations of tests needed to give « definitive answer to this
question is so large as 1o make this topic a subject for a thesis on its own.

The experimental work covered in these paragraphs was done using the sams
aggregates, fly ash and ordinary ioriiand cement as covered in paragrapn 10.1.2.
Additional mixes were made with Lethabo fly ash to evaluate the influence that the
small decreasa in carbon content between the Matia and l.¢thabo fiy ashes might havs
on the effectiveness of thy water retaining admixiure used. The admixture selected for
this work was Muitifiow 60uN from Muiti Congiruction Chemicals used at a dosage rate
of 300 ml/100 kg of cementitious material used.

The mix proportions used in this evaluation #re given in iable 10.2
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The effectiveness of the admixiure was assessed from the slump and dosage
refationship revealed in table 10.3. The compressive strength at ages 3, 7 and 28 days
was also determined for these mixes: this information is given in taile 10.4.

1023 Discussion of resulls

The resulis shown in table 10.3 indicate that the small difference between the carbon
content of te fly ashes fron the two different sources has an insignificant effect on the
effectivensess of the admixture used with this specific combination of materials as
indicated by the siump test done fo assess the workability in these tests.

Figure 10.3
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The reduction in the water requirement brought about by both the fly ash samples is
higher than usuat 2s both ashes resuited in a reduction of 20 litres per m’.

What is also noticeable is the fact that at the dosage of the admixiure used the
admixiure is more effective in reducing the water requirement of the OPC mix than is
the case for the fly ash mix. When the ordinary portland cement mix was dosed with
admixture the water requirement of the mix was reduced by 15 litres per m". In the
cas:e of the PC 30 FA mixes, the admixture resulted in a further reduction of water
rer;uiremfent of only 5 litres per m® above the reduction provided by the use of the fly
ash itself.

This would seem to indicate that the admixture is eitner only effective on the ordinary
poriland cement fraction, or certainly more effective on the ordinary poriland cement
than on the fly ash fraction of the blend. The results would seem fo support those who
advocate that the admixture dosage should only be calculated on the portland cement
content of the mix and not the cementitious content as has been applied hers.
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The effectivengss of the admixture was assessed from the slump and dosage
relationship revealed in table 10.3. The compressive sirength at ages 3, 7 and 28 days
was also determined for these mixes: this information is given in tabla 10.4.

10.2.3 Discussion of resuits

The resuits shown in table 10.3 indicate that the small difference between the carbon
cositent of the fiy ashes from the two different sources has an insignificant eifect on the
sffectiveness of the admixture used witk: this specific combination of materials as
indicated by the slump test done to assess the workability in these tests.

Figure 10.3
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The reduction in the water requirement brought about by both the fly ash samples is
higher than usual as both ashes resulted in a reduction of 20 litres per m®.

What is also noticeable is the fact that at the dosage of the admixture used the
admixture Is more effective In reducing the water requiremsent of the OPC mix than is
the case for the fly ash mix. When the ordinary portiand cement mix was dosed with
admixture the water requirement of the mix was reduced by 15 litres per ', In the
case of the PC 30 FA mixes, the admixiure resuited in a further reduction of water
requirement of only 5 litres per m® above the reduction provided by the use of the fly
ash itself.

This would seem to indicate that the admixiure is either only effective on the ordinary
portiand cement fraction, or ceriainly morg effective on the ordinacy portiand cement
than on the fly ash fraciion of the blend. The resulis would seem to support those who
advocate that the admixture dosage should only be caiculated on the porfland cement
content of the mix and not the cementitious content as has been applied here.
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it may be argued that the fly ash had already brought about much of the potential
dispersion of the mix in its own right as suggested by other researchers*'#%#4, Thig
could lead to the conclusion that there was then liile that the admixture gould do to
further reduce the water requirement of the mix.

it would seem that the economic viability of the admixiure in a dy ash mix is
considerably infetior to the case with a pure portland cement mix, It is possible that the
fly ash could be regarded as combined admixiure and cementtfious extender; no
further recourse to chemical admixtures may then be warranted. This is an aspect that
requires further evaluation with other combinations of materials.

It is apparent, however, that the source of the fly ash has litlle impact on the water
reduction brought about by the admixture. This finding was confirmed on discussion
with Messrs. Ash Resources.®™ The trend that the magnitude of the water reduction
due fo an admixture is less with the fly ash mix than with an ordinary portland cement
mix was also confirmed, although the general experience was reported 1o be that the
orders of water reduiictions were closer to that shown with ordinary parfland cement
mixes than revealed in these results.™"™®

The compressive sirength results for these mixes are given in table 10.4 and tigurs
10.3. Looking at the early strength resulis it seems that there is a further confirmation
of the dispergive effect of the fly ash,

Figure 10,4
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In the case of the ordinary portland cement mix the admixture, probably by reducing
the flocculation of cement particies, results in greater compressive strengih
development with an increase in compressive strength over the plain mix of about 4
MPa at 3 days. in the case of the fly asn mixes the differerice between 3 day
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campressive strength in the fly ash mix and the mix with fly ash and admixture is much
retduced with an increase of enly 0,5 MPa occurring in both the Matla and Lethabo
mixes. # could be argued that the reduction in the benelit offered by the admixture is
as a result of the fact that the incorporation of the fly ash has alteady contributed fo
the effective deflocculation of the cement particles, leaving iittie room for further
improvement in the compressive strength.

At 7 days the piciure is a little different in the case of the fiy ash mixes with a slightly
larper difference between the plain fly ash mixes and those with admixture. The
development in compresswe strength between 7 and 28 days seems to oceur at the
same rate for ail mixes as can be seen in figure 10.4 whera the lines appear 1o ba
para!lel between 7 and 28 days. :

Th# increase in 28 day compressive strength dus fo the use of the admixiure in the
cage of the ordinary portland cement mix is the greatest at about 4,5 MPa while the
comparative data for the fly ash mixes varies from 2 to 3 MPz, it is also possible that
the admixture has a retarding effect on e pozzoianic reacticn of the fly ash leading
to the small improvement in comprassive ctrength at early ages and larger
improvement at 28 days.

It is apparent that the adjustment in the cement/water ratio usau for the fly ash mixes
was not sufficient to compensate fo” *he impact on the compressive strength at 28
days. in order to compare the mixes on an egual basis 42 sitength at each age has
been plotted as a percentage of the 28 day comniessive stratigth for that mix. This
information is shown in figure 10.4. It i$ clear from this or:aph hat the influence of the
admixture is more significant on the ordinary portland cement mix and that the
admixture has relatively little impact on the compressive strength developrent of the
fly ash mixes from either source.

This finding therefore tends to confirm that noted earliel' where the effect of @ water -

reducing admixiure is greater for an ordinary portiand cement mix than for fly ash
mixas, i.e. that the admixiure is more effective and probably more cost effective when
used on the ordinary portland cement mix.

103 Recommendations -

The tests described above can be regarded as giving an only a first impression of the
possible order of effects of these rather mora esoteric combinations of materials, There
is certainly a need for furtner work on such combinations as the economic advantages
offered by both techniques will provide sufficlent spur to cement users 1o do their own
experimentation,
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Table 10.1

Mix proportions (in kg/m®) used to evaluate the effect of using a
ternary hiend of OPC, $lag and fly ash on compressive strength
daveiopment of concrete.

S N—— S——— W —
Material Units: | Mix no. Mix nio, Mix no. Mix no. Mix no,
. 1 2 3 4 s
G/w ratioc - : 1,7 i T %8 1,8 1.9 1,8
Cement {kg) 366 194 161 136 273 .
Slag kg) - o4 161 136 -
Fly ash " (k@) - - 57 117 117
Sand (kg) 765 . 783 740 729 730
Stong (kg) C 1007 1007 1007 - 1007 1007
Water & 215 215 210 | 208 205
100%8/c+5+f {%) 0 50 43 a5 0
100xfic+e+f (%6} 0 0 i5 30 30
Shump (mm) 55 80 80 Gi | — 70:.
Table 10.2

t
Comprassive strength results (MPg) for concrete cubes cured
under standara SABS 863 curing conditions for mixes
detailed in table 10.1

ke Ton T : \‘-]
Age Mix No. Mix No. Mix No. | Mix No. Mix No. L
(days) 2 2 3 4 5
3 18,0 9,5 - 1.5 65 | 13,0
7 235 | 15,0 12,0 10,5 18,5
28 . 845 25,5 275 25,5 30,0
k)

i
R
X
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Mix proportions {in kg/m®) used to evaluate the influence

Tabia 10.3

of o sourcos of fly ash on the effectiveness of an
rombdure regarding the\q campressive strangth developmant of concrete

Matesial Mix No, [ Moo, Mix No. Mix No, - Mix No. Mix No. ]
1 2 3 4 5 )
{efiiw 1,70 1,70 1,85 185 1,85 1,85
Cament 5740 349,0 250.0 2625 269.0 2625
" Fiyash M b - 119 1082 - -
Fiy ash L - - - - 11,0 1082
Sand 7449 BOS,0 740.7 762.5 740,7 7625 fi
Stone 1007.4 10074 1936,6 1036, 1036,6 10356
Water 2200 2050 200,0 195,0 200,0 1850
Admixture {ml) - 1047.0 - 1082,1 - 1082,1
100xf/c+t 00 0,0 00 30,0 30,0 30,0
Slump {mm) 65 65 60 85 . 80 70

Note:  Fly ash M sourced frem Matla; L was sourced from Lethubo.
MCC Mutitiow 806N admixture dosed & 300mi100kg cementitious materiai content of mix.

Campressive strangth from mixes detailed in lable 10.3

Table 10.4

"
Age Mix No. Mix No, Kiix Na. er No,

{days) 1 2 3 3 ’
3 18,0 220 14,0 14,5 135 14,0 ﬂ
7 23,5 285 18,0 21,0 175 195
2 350 395 30 33,0 283 a4
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CHAPTER 11
11. SUMMARY OF FINDINGS AND CONCLUSIONS
11.1 Preamble

The intention at the outset of this project was 10 try io contribute to a better
understanding of the performance of cementitious mixes made using fly ash as part
of the cementitious binder.

The work dons, although providing more information on the subject, can only be
regarded as providing some further pieces in the jigsaw puzzie of knowledge about the
behaviour of concrete made with ordinary portland cement and other hydraulic or
pozzolaniz materials. This is partly due 1o the fact that concrete is an inherently
variable materlal made using imperfect baiching procedures from variable raw
materials; in concrete technology there are few absolutes!

A further reason for not considering the results ¢f this work to be all embracing is that
the combination of materials used in the testing represents only a small fraction of the
fulf spectrum available to the users in the target market for this study i.e. the PWV
area let alone the whole of South Africa.

The findings and recommendations summarised below must be regarded in this light
i.e. that this work is only part of the overali picture.

11.2 Summaty of findings on fresh concrete

The conclusions reached at the end of each section covered under the category of
properties of fresh concrete are summarised here. Thwe typical trends in the behaviour
of the fresh concrete that occur as the fly ash content of a mix increases from 0 % up -
to the hignest level tested in this work of 50 % are shown in table 11.1

11.2.1 Effect on workability

The incorporation of selected or classified fiy ash from either Matla or Lethabo power
stations in a concrete mix will probably result in a noticeable reduction in the water
requirement of the mix. The extent of the reduction has been shown to depend to some
extent on the source of the ordinary portiand cement used, and to a lesser extent an
the source of the fly ash used.,

There is no apparent link between the "water demand” of the cement and the
magnitude of the water reduction on the addition of fly ash in the resulis of this work.
The effect of the incorperation of fly ash to the mix on the overail grading of the
concrete does not seem to be a likely cause of ths water reduction.

The improvement (ie reduction} in the water requirement in litres per m® due to the
incorporation of fly ash from either source can be roughly regarded as being
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numetically equa! to half the percentage fly ash used. While bd’h ashes actually give
slightly better water reductions than this, this is an easily remembered rule of thumb
for practical use on site. The magnitude of the water reductions measured in this work
would seem {o indicate that the South African fly ashes have a greater impact on the
workabiiity of the concrets than is the case in other couniries, although this contention
could only be proved in parailel iriais under identical conditions.

Other authors have made mention of the improvement of the flow properties of
concrete made using fly ash in the literature, As this change is a subjective rather than
a measurable property littte comment has been made in this work about this aspect.

11.22 Effect on viscosity of pastes

Results of tests done in this work have indicated a ¢hange in the viscous behaviour
of paste when Matla fly ash forms & pari of the mix. The shear stress deveioped in the
co-axial cylinders viscometer with a fly ash mix is generally Jess thar. for an ordinary
portiand cement mix under the same conditions, although the magnitude of the changa
appears to be dependerit on the source of the ordinary portiand cement.

it is expected thai fly ash from Lethabo will have a similar effect on the viscosity of
pastes, although results showed that the fly ash from Duvha had a very different effect
on the viscosity. Duvha fly ash, with its high proportion of non--spherical debris, is not
regarded as a high quality fly ash.

The uss of fly ash has been shown lo reduce the inclination of a cementitious paste
to become more viscous with time. At high levels of fly ash incorporation this effect is
particularly marked. 1t is likely that this phenomenon is associated with the effective
retardation of setting tims that is widely reported when {ly ash is used to repiace some
of the ardinary portiand cement in a mix: This property will be covered in more detail
in the following section on setting time.

The viscosily tests are a little difficult to Interpret, differing as markedly as they do from
the condition 1o which paste is exposed in concrete. While the tests may contribute to
the understanding of the viscous behaviour of paste it is believed that the slump test
on concrete is a more simple and more meaningful test to demonstrate the effect of
the fly ash on the flow characteristics of site concrete.

11.2.3 Effect on setting time

The refative difference in seiting times between ordinary pertiand cement and fly ash
mixes have been shown to be of similar order whether it s measured in concrete or
mortar, Most of the setting time determinations reported on in this work have been
done on moriars as this is a less fime consuming operation.

The incorporation of Matla fly ach has baen shown to generally resuit in the retardation
of both initial and final setting times of the moriar mixes. The magnitude of the
retardation is inversely proportional to the cement/water ratio of the mix used as the
richer the mix, the smaller the extent of the retardation. The magnitude of the
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retardation is proportional to the fly ash content of the mix with high fly ash contents
having the greatest impact on the setling times. '

This effect should however be considered in the light of the difterences between the
setting times of ordinary portland cements from different sources. The effect of
introducing 15 % fly ash to the setting time might be similar to that which could occur
when switching from one source of ordinary portland cement to another. The effect of
higher fly ash contents will probably be more cbvious.

In an aitempt to provide an explanation for the retardation effect of Matla fly ash some
further tests were done by introducing various anions and cations to morfar mixes. The
most likely cause of the retardation of those tested was shown: to be changes in the
boron content of the fly ash, although consideration was aiso given to changes in
alkalis, in sulphates or in phosphates.

The use of Matla fly ash has been shown to make mixes more sensitive to changes
in curing temparature when setting tims is being measured. Matia fly ash tends to
make the imp.act of low temperaiures on setting time worse, but can reduce the
rleleterious effects of high temperatures on the setting time.

In the case of Lethabo fly ash the impact on the retardation of setting times seems to
be smalier than for the Matia fly ash, and the effect can be regarded as being almost
insignificant. This seems io be irue for the range of hot, standard and cold curing
temperaiures covered in the tests. The setling fine of the Lethabo fly ash blends
tested generally fell withiin the range of satting times of the ordinary portland cements
tested.

11.2..: Efiect on bieeding

The Rilem test method for mortars was shown to be inappropriate for mixes with fly
ash, particularly when the fly ash content is high due to the fact that the refardation of
initial set caused by the use of the high fly ash content has the effect of allowing
bleeding to continue beyond the normal duration of the Rilem test mathod.

As mentioned In the preceding paragraphs the incorporation of fly ash tends to
increase the setting time of a cementitious mix to some extent. This then allows a
longer pariod during which setllement and bleading can oceur.

The bleed rate has been shown to be similar to that for an opc mix with the sama
cement/water ratio when fly ash is used. A fly ash mix with the same 28 day
compressive strength will also probably have & similar bleed rate, but, as the time
avaiiable over which the bleeding can occour is longer, the total bleed voluma Ig likely
to be greater than, or similar to that of a similar urdinary portland cement mix.

11.2.5 Efiect on heat of hydration

The use of fly ash in concreie has been shown to reduce the peak temperature
reached relative to an ordinary porfland cement concrete mix having a similar 28 day
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target strength, and 1o show an initial greater raduction in the rate of heat developed.
The compressive strength development has bsen shown not to be deleteriously
affected by the lower temperatures that occur during the curing peried; in fact the
development of compressive strength under the raised temperatures that occur under
temperaiure matched curing conditions in the adiabatic calorimeter is better than that
for the ordinary portiand cement mix exposed {o even higher temperatures.

A modification io the maturity formula was attempted to account for the benefits shown
in the compressive strength development. Much more work is required to evaluaie this
aspect fully, and to get a better understanding of the behaviour of fly ash mixes under
moderately high curing temperatures.

11.3 Summary of findings on hardened concrete

The conclusions reached at the end of each section covered under the category of
properiius of hardened concrete are summarised here. The typical frends in the
behaviour of hardened concrete that occur as the fly ash content of a mix increases
from O % up to the highest level tested in this work of 50 % are shown in {able 11.2

11.3.1 Effect on compressive strength; standard curing

Some discussion was required to define the different methods of proportioning fly ash
mixes and the terminociogy used. The method recommended after this study was the
partial replacement method although the method does not, in fact, consider
replacement of sand in the mix.

It has been shown that the use of Matla fly ash in direct replacement results in a drop
in the comprassive strength of the concrete throughout the range of ages to 28 days.
The difference between the OFPC mix and the fly ash mix increases as the fly ash
content increases, This difference is small for fly ash contents up to 15 %. The
difference has been shown {0 decrease as the iarget sirength increases, i.e. as the
cementitious/water ratio increases.

Direct replacement mixes may eventually reach parity with a comparative ordinary
portland cement mix but the age at which this occurs increases as the fly ash content
increases. With high fly ash contents parity may only be reached at ages greater than
120 days.

Using a partial replacement method of proportioning mixes, and taking into account the
modifications in the normal PCI mix design method i.e. an increased stone content, a
water reduction and an increase in the cementitious/water ratio it has been shown that
generally a fly ash mix will have a slightly greater cementitious content than the control
ordinary portiand cement mix. The increase in total cementitious content for the fly ash
mixes will be greater with higher fly ash contents. The difference may be insignificant
in the case of low fiy ash content mixes; such mixes might permit direct substitution
of the fly ash blend cement for ordinary portland cement without obvsous performance
differences bsing spparent on site.
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The Lethabo fly ash blends were generally also shown 1o perform to the levels
indicated by the curves in figure 11.4 in Fulton™, although one of the ope sources
used in the investigation did not periorm to these expectations.

The rate of compressive sirength development beyond 28 days has been shown to be
greater for the fly ash mixes than is the case for ordinary portland cement mixes. it
could be suggested that this could be used to reduce the cementitious content of a mix
if early strength was not a requirement.

11.3.2 . Effect on compressive strength; site curing

Site curing seldom approaches the "ideal” laboraiory conditions to which cubes should
be exposed. Some work has been done to show the impact of poor curing on the fly
ash mixes. The effect of the poor curing on the compressive strength has been shown
not to be more significant on the fly ash mixes than is the case for the ordinary
portland cement mix; this may be due to the fact that, in accordance with the
requirements of SABS Method 865, tne outer 50 mm of concrete (i.e. the more exposed
poriion) was trimmed off before testing.

11.3.3 Effect on ceompressive strength; temperature vifects

The compressive strength development of cubes made from fly ash mixes has been
shown to suffer a greater impact from exposure o low temperatures at early ages.
Exposure to moderately high temperatures appears not to benefit the fly ash cubes as
much as ordinary portland cement cubes.

Under temperature matched curing conditions it seems that the fly ash mixes show
areater benefit to the high temperatures {+ 30 °C) that occurred in ihe adiabatic
calorimeter i.e. a greater sensitivity to high curing termperatures.

In summary it sesms that the fly ash mixes show a greater degree of temperature
sensitivity than is the case with OPC.

11.3.4 Effecy on flexural strefigth

The effect of fly ash on the fiexural strength of concrete has been shown to be
relatively insignificant in the range of flexural strengths that are imiporiant for paving
quality concrete. The fact that the flexurai strength of & fly ash concrete is greater at
ages above 28 days than is the casse for OPC ccncreie is not regarded as an
opportunity for savings to be effected in the camentiticus content of fiy ash concretes
as this presumes exposure of the pavement {0 “ideal” curing.

1135 Effect on elastic moduius
The results have shown that with the combinations of materials tested there is littie

difference between the elastic modulus of OPC and fly ash concretes, nor is there any
significant difference between their ratios of elastic inodulits to compressive strength.
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11.3.6 Effect on movement properties

The effect that fly ash has on drying shrinkage is smali relative to the differences that
occur hetween the drying shrinkages of similar strength concretes made using different
sources of ordinary portland cement. The impact of fly ash on drying shrinkage of
properly proportioned concretes can therefore be regarded as not being significant.

The use of fly ash has been shown o reduce the specific creep of concrete relative
to an ordinary portland cement concr: -~ with sisnffar compressive strength at 28 days.
There is some indication that the use  fly ash makes both the shrinkage and creep
of concrete mora sensitive to poor curing aithough more information is reguired on this
aspect. .

11.4 Durzbility aspects

The iong term ability of the ¢concrete to withstand the ravages of the environment fo
which it is exposed is mainly the concern of the owner of the conerete article or
structure. The following paragraphs cover the effect that the use of fiy ash has on the
durability of concrete. '

11.4.1 Effect on permeability

The DIN water absourbtion test indicates that under the "ideal" standard curing
conditions required in the test the permeability of concrete decreases as the fly ash
content increases.

initial attempts to evaluate the effect of poor curing on the skin permeability were
inconclusive. Subsequent modifications of the pressure regime to which the specimens
were exposed showed that with approptiate mix proportioning 1nethods the impact of
poor curing on fly ash cuncre les appearr to be no more significant than is the case for
ordinary portiand cement concretes. A.- he depths of penetration recorded in the
standard and modified DIN 1048 permeabilily tests were substantial this should not be
regarded as an indication of equivalent coyicrete "skin" durability.

11.4.2 Effect on abrasion resistance

In cube specimens exposed to standard curing thw results of wire brush abrasion tests
have shown that the use of Matla fly ash enhances the abrasion resistance of
concrete. Gordon has irdicated the contrary for Lethabo fiy ash mixes.

Under poor "site curing” conditions it appears that the use of both Matla and Lethabo
fly ash concrete mixes exhibit a greater sensitivity to poor curing than is the case with
ordinary portiand cement concrete mixes. This would probably mean a need for greater
emphasis on proper curing for surfaces exposed fo abrasion when fly ash is used in
the concrete mix.

11.4.3 Efrect on carbonation
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The results have shown that the use of fly ash increases the seng:Evily of a concraie
to poor curing and allows a faster penetration of the carbonaiion front into the concrele
than is the case with ordinaty portland cement concretes. The fact that the fly ash
congcrete might enjoy a lower psrmeability of the heart concrete seems %o rasult in a
greater slowing of the rate of penetration than is the case with ordinary portiand cement
concrete; the durability of the fly ash concrete under conditions favourable 1o sieel
corrosion might therefore not be impaired whert compared 4 ainist the ordinary portiand
cement mix.

11.4.4 - Effect on alkali silica reactivity

The resuliis of an accelerated test for alkali silica reactivity have shown that the use
of even low levels of fly ash incorporation have a significant effect on the expansion
resulting from a reactive aggregaie being exposed {0 an alkaline environment.

The accelerated test has been shown by the CSIR 1o be capable of predicting the long
term behaviour of structural concrete made with the same materials; their current
recommended procedures for preventing deleterious expansions resutting from the
presence of an reactive aggregate type include the incorpuration of at leas* 20 % of
fly ash in the concrete.

11.5 Effect on other miscellaneous properties

Oncs further gementitious extenders or admixiures are infroduced to the eguation the
number ¢f possible permutations becomaes prohibitively {arge and each aspect could
and should form a complete study on its own. The work done here does however
provide some indication cf possible frends.

i1.8.1 Effect of ternary biends

The indication given by the series of tests carried out here is that the introduction of
slag and fly ash to a mix results in a further reduction in early compressive strengths.

11.5.2 Effect on admixtures

in the serles of tests performed for this work the results have been interpreted as
indicating that the fly ash performs in a similar way to a water reducing admixture by
dispersing tha ordinary portland cement paticles more effectively through the mix. This
could expiain the water reducing effect described in patagraph 11.2.1.

it appears, on the basis of tlie small number of fesis done here, that the use of
chemical admixiures might become less economically viable if ussd in a mix with fly
ash as the fly ash seems iv give most of the available water reduction. This might be
because there ig litle residual dispersion after the fly ash haz had " affect on the
water reduction. More work should be dons to evaluate this ef. .t - ith a wider
spectrum of materials, '
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The diffarence in carbon contant as expressed by the Loss On ignition (LO1) of the two
sources of fly ash (a characteristic widely reportad to influsnca the dosags recuirement
of admixtures) does not seem fo resuit in any significant difference in the dosage
requirement of the admixture usad. The difference betwsen the LOI values for the two
fly ashes Is therefore belisved fo be toc small fo result in such an effsct.

11.6 Conclusicn

Fly ash concrete, when proportioned using an appropriaie method, should provide
fresh concrete properties that are a little different o those of ordinary poriland cement
concrete. Knowledge of these differences wiil allow contractors to take advantage of
ihe economies offered by the use of fly ash as a partial replacement for portland
cement. The hardened concrete properties of fly ash mixes, apart from a possible
greater sensitivity t» temperaiure and curing effects, will generally be comparable with
those of ordinary portland cemant concrete. 30 % fly ash wouid be an economic choice
hers,

Whete a fiy ash blended cement is likely to be used as a direct replacement for
ordinary portland cement without the desirable adjustmants being made fo the mix
preportioning, the effects of the fiy ash will probably be more apparent, aithough these
less sophisticated users are less likely to be able to perceive the differences. The
direct replacement use will probably sucteed in a maijority of casds although there will
be some classes of users that will be disadvantaged by ihis practice. For this class
of users a blend of maximum 15 % {ly ash is probably more appropriate; such a blend
will ctfer many of the advantages without accentuating the disadvantages.

As time pasues th= exposure that the less sophisticated use.s get to the use of 30 %
fiv ash biands by others will result in the expaciations of performance being revised.
For & growing proportion of users the performance of the 30 % fly ash cement will

become the norm, and the switch to this type of wement will become easier.
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Table 11.1

Summary of the intluence of fly ash on the properties of fresh mortar oifj concrete
designed to a given 28 day compressive sirength and workability as inferred from
the tests done in other chapters

e — e e —
Property Fly ash content of mix (%)
0 15 30 50
Water control circa 5l girca 15l circa 25!
requirement - iess than less than less than
coriirol conirof control
'Setting control slightly circa 1-3h up to 8h
time lenger than longer than fonger than
control control control
Bleed controi similar to similar to similar to
rate .. conirol controf control
Bleed cortrof similar to gimilar to similar 1o
volume confrol control control
Heat of control similar to lower than much lower
hydration ___control control than conirol
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Teble 11.2

Sl.immary of the influence of fly ash on the properties of hardenad mortar or
concrete designed to a given 28 day compressive sirength and workabillty as

infarred fro'n the tests done in other chapters

Property - Fly ash content of mix (%)
0 15 30 50
Compresgive conirol simiiar to lower upto7 | much lower
strength control days, higher at 7 days,
after 28 days | . better after
o 28 days
Flexural corttrol similar to ratio of ratio of
strangth - control flexural o flexural o
compressive | compressive
better than better {han
. control conirol
Elastic control similar to simitar to simifar to
moduius ) control conirn] control
Shrinkage ‘control similar o similar to similar to
' control contro} control
Creep control slightly tess less than less than
: than ¢ontrot control control
Parmeability control slightly iess less than igss than
than control control conirol
Abrasion control similar 1o better than better than
resistance control control if well | control if well
cured, poorer | cured, poarer
if not cured if not cured
Carbonation control similar to deeper if deaper if
conirol poorly cured | poorly cured
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r APPENDIX A

- Computer programme for the con.rol and monitoring of the
adiabatic calorimeter apparatus assembled for this study
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{$R+} {Range checking on}

{$B+} {Boolean complete evaluation on}
{$S+} {Stack checking on}

{$l+} {IO checking on}

{$N-} {no 8087}

program calorimeter,

by 1
GJ.Gibbon .}
Faculty of Enginesring }
Wils University  }

iy ety Ay ey ey,

Uses
Crt,
Dos,
Printer.
{Graph.}
gdriver,
gkernet,
gshel.
gwindow,
smidgio:

const _
ADist = §700; {Isb from A/D Converter}
ADmsb = §701; {msb from A/D Converter}
ADcon = $702; {Conirol and Multiplexe. Selection}
ADsst = $703; {Control Word for A/D PPI}
porthA = $708; {Port A}
portB = $709; {Port B}
portC = $70A; {Port C}
portset = $70B; {Control Word For PP}

var
cement,extender,sandi,sand2,stone1,stone2,
admixture,file_body,file_name:screen_message;
test_day,hour,min,sec,sec100,year,month,day,dayofweek:word;
s_hour,s_min,s_sec,s_sec100,s_year,s_month,s_day,s_dow:word;
X_lasttemp,cem,ext,water,admix:real;
iim_Jarge,lim_smali.san,ston:array[1..2] of real,
data,last_data:array[0..2] of reai;
data_file:text;
data_drive:string;
responce:char;
port_a:byte;
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option,no_of options:integer;
first_plottest_cont,power_off file_there:boolean;
ExitSave:pointer;

{

e}

procedure open_file;{opans dala file and reads parameters}

var
id_status file_status,file_ok:boolean;
1O_error,liinteger;

begin
filo_status:=true,
while file_status do
begin
file_oki=false;
while not file_ok do
begin
ps_Wist('ENTER FILE NAME 'fila_nams);
if length(fila_name)<8 then file_ok:=true;
it not file_ok then
begin

end,;
end;
ps_cleares_clear;
file_body:=data_drive+filg_name;
file,_name:=data_drive+file_name+".tx{’;
file_check(file_name file_siatus);
i file_status then
begin

es_write{FILE ALREADY PRESENTY):

responge:s=' ',

while not {responca in ['y',Y'/n',N7) do

ps_wisy(DESTROY OLD FILE (Y/Ny responce);

ps_clear,es_clear;
it responcs in ['y'Y"] then
file_status:=false;
end;
if not file_status then

begin

assign(daia_,file,filé_name); {checks for valid %ile name}

{$1-}

rewrite{data_file); {opens dala file}
{$1+}

10_error:=iOResult;

A3

es_write('Name must be less than 8 characters’);
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if 1Q_error=2 thn
begin
file_status:=trus;
es_write('lilegal Charaters used in File Name®;
end; R
if (IO_error«>0} and {(IO_error<>2) then
rewtite{data_file); {opens data file 1o determine error}
end;
end;
end;
{~
procedure checkiist;
begin
ps_wisy(IS PRINTER READY ‘responcs);
ps_wisy(ARE PUMF/STIRRER QOPERATING ‘responce);
ps_wisy(ARE THEBMOCOUPLES “.. -~ _.CTED "responce);
ps_wisy(iS THERE POWER TO THw ' ZATERS 'responce);
ps_wisy(1S THERE SUFFICIENT WATER IN TANKS 'responce);
ps_clear;
end;

procedure inpui_details;
begin
responce:="n’;
repeat

scr_format;
ns_wist(CEMENT TYPE '.cemeni);
ps_wist(EXTENDER TYPE 'extender);
ps_wist{SAND TYPE 1 'sand1);
ps_wist(SAND TYPE Z ',sand2);
ps_wiet(STONE TYPE 1 "stonet);
ps_wist{STONE TYPE 2 ' stone2);
ps_wist(ADMIXTURE TYPE 'admixture);
ps_wir(CEMENT CONTENT (kg/cubm) "cem);
ps_wir(EXTENDER CONTENT (kg/cubm) *,ext};
ns_wir(SAND 1 CONTENT (kg/cubm) *san[1])y;
ps_wir(SAND 2 CONTENT (kg/cubm) ',san[2)};
ps_wir(STONE 1 CONTENT (kg/cubm) ",ston{1});
ps_wir(STONE 2 CONTENT (kg/cubm) *,stonj2]);
ps_wir(WATER CONTENT (i/cubm) "water);
ps_wirCADMIXTURE CONTENT (i/oubm) ',admix);
ps_wir(SAMPLE TEMPERATURE (+chr{248)+'C) 'temp);
GetTime(hour,min,sec,sec100);
GetDate(year,month,day,dayofweek);
open_file;
writein{data_file,"” 7 s845i77 “¥EE ' .cement);



writeln{data_file, EXTENDER TYPE :'extender);
writein{data_file,SAND TYPE 1 :'sandl};
writeln{data_file,SAND TYPE 2 . 'sand2).
writein{data_file,STONE TYPE 1 :’stongl);
writein(data_file,STONE TYPE 2 :'sione2};
writeln({data_{file, ADMIXTURE TYPE : 'admixiure};
writeln{data_file); :
writein(data_file, CEMENT CONTENT : ‘cem:3:0,’ (kg/cubm) *);
writein(data_file, EXTENDER CONTENT : ‘ext:3:0, {(kg/cubm)");
writein({data_filé,SAND 1 CONTENT - : 'san[1]:4:0,' {kg/cubm) '}
writeln{data_fite,'SAND 2 CONTENT  : 'saaf2]:4:0. (kg/cubm) ')
writeln(data_file,'STOMNE 1 CONTENT : ‘'ston[i]i4:0,' {kg/cubm) );
writeln{data_iile,3TONE 2 CONTENT : ‘ston[2]:4:0,' (kg/cubm} );
writeln{daia_file, WATER CONTENT  : ‘water:3:0, {i/cubm} );
writeln(data_file, ADMIXTURE CONTENT :'admix:6:2 (/cubm) );
writeln({data_flie, SAMPLE TEMPERATURE : ‘'lemp:4:1, {,chr(248),'C} );
writeln{data_file);
writein(data_file.day:2,'-"\month:2,'-" year4);
writeln(data_file);
close(dala_file);
ClearSereen;
horme;
ms_load(file_body);
tesponce:="n";
ps_wisy('CORRECT (Y/N)responce};

until {respence="y'} or (responce="Y";

scr_format;

end;

{

procedure draw_axis;

var
iJinteger;

begin
ClearScreen;
DrawBorder;
Defit: sWorld(1,0,100,14.0);{x=14days y=0-100 deg C}
SelectWorld(1);
for Ji=110 2 do
begin
SelectScreen(J);
SeleciWindow(J):
if J=2 then |
begin . |
SetiineStyle(D); 1
Drawbiorder: '
end;




i
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SetlineStyle(8);
for =1 10 13 do
DrawlLine(l,100,1,0);
for I:=1 {0 8 do
DrawLine(0,1*10,14,1*10};
DrawTextW(0.2,2,1,0':
DrawTexiW(0.2,22,1,'20";
DrawTexiW(0.2,42,1,'40";
DrawTextW(0.2.62,1,60";
DrawTextW(0.2,82,1,'80",;
DrawTextW(0.2,95,1,'deg C');
DrawTextW(1.2,2,1,"1";
DrawTexiW(2.2,2,1,'2);
DrawTextW(3.2,2,1,3");
DrawTexiW(4.2,2,1,'4");
DrawTextw(5.2,2,1,'5";
DrawTexiW(6.2,2,1,'6");
DrawTextW(7.2,2,1,'7");
DrawTextiW(8.2,2,1,'8";
DrawTextW(9.2,2,1,9";
DrawTextW(10.£,2,1,10';
DrawTextW(11.2,2,1,"11');
DrawTexiW(i12.2,2,1,12');
DrawTextW(13.2,2,1,"13 Days'):
end; .
SetlineStyie uy;
SelectScreen(1);
end; _

T e ——

procedure plot_data{initial_plot:boolean);

var
X:real;
§Jiinteger;

begin
X:=lest_day+({{{min/60)+hour)/24);
for =110 2 do
begin
SelectScreen(l);
SelectWindow(l);
for J:=0 {0 2 do
if initial_plot then
ErawPoint{X,datalJ])
else
Drawline(X_{ast,last_datall, X data[J});
end;



X_last=X;
SelectScreen(1);
end;

i e e st b

procedure siore_data;

var
Linteger;

begin
Assign(data_file,file_nama);
Append(data_fiis};
write{data_file,iesi_day:4.hour4,min:4);
for k=010 2 do

write(data_file,data[l]:8:1);

writeln{data_file);

close(data_file);

end;

{

—————— )

procedure power_check;

var
present,power:boolean;
power_file:text;
failure_file:text;

begin
assign{power_file,'power.st);
assign(failure_file,'power.dat’);
power:= (PORT]portB} gnd 1)=1;
if (not power) and {not power_off) then
begin _
power_off:=true;
set_cop(23,2);
wﬁte(lil‘*t***ri* POV{ER FA‘LURE ti**‘l’iii**l);
rewrite(power_file);
write'n(power_file file_name);
writein{power_file,s_year:6,s_month:4,s_day:4,s_dow:4);
writeln(power_file,s_hour:4,5_min:d,5_sec:4,s_sec100:4);
close{power_fite);
file_check('power.dat’,present);
if not present then
rewrite{failure_fila)
else append(failure_file);
writein{fallure_file,test_day:4,’ Days',hour:3, | vours',min:3," Mins');
close{failure_{file); '
end;



if (power) and (power_off) then
begin
Erase(power_file);
power_off.=false;
set_cp(23,2);
write(’ Y
end;
end;

————— }

procedure print_test;

var
Iinteger;
message:string;

begin
set_cp(21,2);
clr_fine;
ps_wisy("*** Print the Test {Y/N} "responce);
ps_clear;
if (responce="y") or {responce="Y") then
begin
Assign(data_file file_name);
Resei{data_file); _
writein{ist,'Data Filed in " file_narm;
for I:=1 {0 20 do
begin
readin(data_file,message);
writeln{ist, message);
end;
writein{ist);writalin{lst);
SwapScreen;
HardCopy(faise,1};
SwapScresn;
writeln{lst,chr{$C)5;
ps_wisy("" Print the Readings (Y/N) 'responce);
ps_clear;
if (responce--y’) or (responce="Y") then
begin
Resel({data_file};
repeat
readin{data_file,message);
writeln{lst,message);
until eof(data_file);
writeln{ist,chr{$C));
end;
ciose({data_file);
end;

AR



procadure limit_set{sels temp limits for both baths}

var
fila_status:boolean;
cal_file:text;
l:integer,
resp.char;

begin
ser_| format
gotoxy(4,11);
writeln(DATA DHWE - ' data_drive);
gotoxy(4,12); L
writein('SWITCH OM LiMIT {SMALL BATH):~"["  /all[1]:3:1,chr(248),'C’);
gotoxy{4,13); Co :
writeIn(SWITCH OFF LIMIT (SMALL BATH) -Jim_smail{2]:3:1,chr(248),'CY);
gotoxy{4,14); '
writein{'SWITCH ON LIMIT (LARGE FlATn; £m_ large[1]:3:1,chr(248),'CY;
goloxy(4,15);
writein(SWITCH OFF LIMIT (LARGE BAT Hy:— l.m _large(2]:3:1,chr(248},'CY;
rapeat
ps_wisy('Change the Settings {(Y/N) "resp);

<ntil resp in [YLy N ,'n;
ps_clear;
if resp in ['¥,Y"] then
Degin

ms_menu(tinif,no_of_options);

gotoxy(53.4);

writein(' data_drive,);

gotoxy(53,5),

writein( lim_smali[1}:3:1,chr{248),'C});

gotoxy(53,8);

writeln(T lim_smalli2]:3:1,chr(248),'Cl);

gotoxy(53,7});

writeln{{'lim_largei1]:3:1,chr(248),'C]);

gotoxy(53,8);

writeln(T'lim_large[2}:3:1,chr(248),'C]);
end;
while resp in ['y','Y] do
begin

ms_options(option,no_of_options);

case option of

0 : begin
if data_drive="A:" then
data_drive:="B.
glse



begin
if data_drive='B:" then
data_drive:='C’'
glse
if data_drive="C! then
data_drive!='Al;
end;
-gotoxy(53,4);
oir_tine;
writein(T data_drive,7);
- end;
1 : begin
ps_WirCENTER SWITCH ON LIMIT (SMALL BATH) lim_smali{1]);
ps_clear;
gotoxy(SU,E),
cir_line;
writain{{ lim_small[1-3:1,chr(248),'CT);
end;
2 : begin
ps_wir(ENTER SWITCGH OFF LIMIT {(SMALL BATHY lim_srall{2]};
ps_claar;
gotoxy{53,8);
cir_line;
writeln(T lim_smallf2}:3:1,chr(248),'C));
end;
3 ; begin
ps_wir(ENTER SWITCH ON LIMIT (LARCE BATHY lim_iarge[11};
ps_claar,;
gotor, (63.7);
glr_line;
writeln{T lim_large[1]:3:1,chr{248),'C]");
end;
4 : begin
ps_wir(ENTER SWITCH OFF LIMIT (LARGE EATH) lim large[2])
ns_clear;
gotoxy({53.8);
clr_line;
writeln(T lim_large[2]:3:1,chr(248},'C]");
“end;
5 : begin
assign(cal_file,'limit.cal);
rewrite({cai_file);
writein(cal_file,data_drive);
writein(ca_fite,lim_small{1});
writeln{cal_file Jim_smali[2]);
writeln(cal_file,lim_large[1]);
- ariteln{cal_file,lim_largef2]);
resp:="N';
closse{cal_file);
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end;
end {case}
fs_clear;
end;{while}
ms_clear;
end;

procedure data_capiure;

var
last_hour:word;
Ldiinteger; .
completeboodiean;
resp:char;

procedurg switch_off(heater:integer);
begin
if heater=1 then
begin
if {port_a and 1)=0 then
begin
port_a:=port_a+1;
PORT[portA}:=port_a;
end,
end else
begin .
if (port_a and 2)=0 then
begin
oort_a:=port_a+2;
PORT[portAl:=port_a;
end;
end,;
end;

procedure switch_on(hester:integer);

begin
if heater=1 then
begin
if (port_a and 1)«<>0 then
bagin
port_a:=pori_a-1;
PORT]portAl:=port_a;
end;
end else
begin
it (port_a and 2)<»0 then
begin

port_a:=port_a-2;

AT



>\

PCRT[portAl:=port_sa;
end
end;
end;

FUNCTION ADSAMPLE (channe Lif TEC R, iTEGER;
VAR
LINTEGER,;

BEGIN _
PORT [ADcon] := (channel SHL &) + 7; { channe! selection and }
{clear software—clock bit }
PORT [ADcon] := (channel SHL 4) + 3; {channel selection and }
, {setting of software—-clock bit }

FOR =1 TO 6 DO
BEGIN {loop uriil end of conversion }
END; :

ADSAMPLE =((PORT[ADmsb. AND $0F) SHL 8) + PORT[ADIsh};
END;

begin
test day:=0;
last_data[0]:=0;
last_hour:=0;
complete:=faise,
first_ploti=true;
repeat
repeat
power_check;
for h=0to 2 do
k :gin
data[i]:=0:
for Ji=1 to 100 do
dataflj:=datajl}+acsample(l);
data(l}:=data[l}/100;
data{i]:=data[l]"100/4026;
end;
set_cp(20,2);
write('Referenca : 'da!g[0]:5:1,' '.chr(248),'C
RECORD' jast_data[0}:5:1,' ’,chr{248),C;
set_cp(21,2);
write('Small Bath: ',data[1]:5:1,' ¢hr(248),'C"):
if data[1]>dataf0l+1 then
write(" '.chr{24));
if data[1]<data0]-1 then
write(' '.chr{25));
if (data[1]<=data[0]+1} and (data[1]>=data[0])~1} then

A.T2

LAST
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PORT{portAl:=port_a;
end
and;
end;

FUNCTION ADSAMPLE {channel:INTEGER): INTEGER;
VAR
LINTEGER;

BEGIN
PORT [ADcon] := (channel SHL 4) + 2; { channel selection and }
{clear software~clock bit }
PORT [ADcon] = (channel SHL 4) + 3; {channe! salection and  }
_ {setting of software—clock bit }

FOR =1 TO 6 DO
BEGIN {loop urdl end of conversion }
END;

ADSAMPLE =((PORT[ADmsb’ AND $0F) SHL &) + PORT[ADIsb};
END;

begin
test_day:=0;
last_daiaf0]:=0;
last_hour;=0;
complete:=ialse;
first_plot=trusg;
repeat
rapseat
power_check;
for 1:=0 to 2 do
begin
datafi]:=0;
for J:=1 t0 100 do
data[l]:=data[l]+acsample(l);
data(l]:=dataf{]/100;
data(l):=datafl]*100/4028;
end;
set_cp(20.2);
write('Reference : 'data[0l5:1, chr(248),'C
RECORD'last_data[0]:5:1," *,chr{248),C");
set_cop(21,2);
write(Small Bath: ",data[1]:5:1," ",chr(248),'C";
if data[1}>data[0)+1 then
write(' ',chr(24));
if data{1}<datal0]~-1 then
write(" '.chr{25}};
if (data[1]<=data[0]+1) and {data[1]>=data[0]-1) then

LAST



write{' 'chr(18));
if (port_a and 1)=0 then
write{! HEATER ON Y
glse
write{! HEATER OFF'};
set_cp(22.2);
wriie(Large Bath: "data]2}:5:1, ",chr(248),'C);
if dataf2]>data{0]+1 then
write(" ',chr(24));
if data[2]<dataj0]-1 then
write(* °,chr(25));
if (data{2]<data[0)+1) and (data{2}>=tata{0]-1} then
write(' ',chr(18));
if {port_a and 2)=0 then
write(' HEATER CN)
else
write{" HEATER OFF";
if data[0)>dataf1]+lim_smali{1] then switch_on(1);
if data[0)<data[1]}-lim_small[2] than switch_ofi(1),
if data[0]>datal2]+lim _large[1] then switch_on{2);
if data[0l«data 2)-lim_large[2! then switch_off(2);
GetTime(hour,min,sec,sec100});
if (hour=0) and (last hour=23} then test_day:=test day+1;
Set_cp(24.2); '
write('Elapsed Time:'test_day:3,’ Days,’ ,hour:3,' Hours,' min:3," Minutes");
it (abs(data[0l~iast_data[0}):»1)
or (hourstast_hour)
or {{hour=0) and (last_hour=23}} then
begin
bleat;
plot, dataffirst_plot);
first_plot=false;
store_data;
for 1:=0 10 2 do
last _datafl]:=dataflj;
end;
iast_hour:=hour;
until (keypressed) or {test_day>14);
bleat;
if keypressed then
begin
resp:=ReadKey;
if resp=#0 then
begin
resp:=FReadKey;
if resp=#25 then print_test;
if resp=#16 then complete:=irue;
if resp=#38 then

begin
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SwapScreen;
StoreWindow(2);
limit_set;
ResioreWindow(2,0,0);
SwapScreen;
end;
end;
end eise complete:=true;
untll complete;
PORTIponA] 1= 3; {set heaters oif}
port_a:=2
set_cp(20.2)
cir_line;
sat_cpizi .2y
cir_ling;
set_cp(2z.2);
clr_line;
end;{capture data}

————— )
procedure ¢ cse_down;

var
message:sing;

begin
. ser_foreeu .

ps_wisy 'SWITCH OFF THE PUMP/STIRRER 'responce);
ps_wisy SWITCH OFF THE MEATERS 'responce);
ps_clear:

fila_chec«{'power.dat file_there);

if file_the-a then

begin

writen(Ist POWER FAILURE/S AT THE FOLLOWING TIME/S :-);

writein(lst);
assizn{data_file,'power.dat’);
rese: data_file);

repezt
readin‘data_file,message);
writeln{lst,message);
until esf{data_file);
writeln{ist,chr($C));
end;
end;
{

e e e e B g

procedure p'ot_old_data;
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var
J, | K:integer;
message:string;
ok:boolearn;

function open_oid_file:boolean;{opens data file and reads parameters}

var
id_status,file_statusfile_ok:boolean;
Finteger;

begin
file_status:=frue;
file_ok:=tfalse;
es_clear;
if not test_cont then
begin
while not file_ok do
begin
t.5_Wist{ENTER FILE NAME ‘file_nams)};
if length(file_name)<9 then fite_ok:=true;
if not file_ok then
begin
es_write(Name must be less than 9 characters’);
end;
end:
po_clear;es_clear;
file_name:=dafa_drive+file_name+'ixt";
end slse
begin
assign(data_file,'Dower.tst);
reset(data_file);
readin{data_filefile_name);
readin{data_file,s_year,s_month,s_day,s_dow);
readin(data_file,s_hour,s_min,s_sec,s_sec100);
close(data_file);
end;
file_check(file_name,file_status);
if file_status then
begin
assign(data_file filv_name);
reset(data_file); {opens data file}
open_old_file:=trus;
end else
begin
es_write('FILE NOT ON DISK 11I);
delay(2000);
open_old_file:=false;
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end;

end;
begin
ok:=open_oid_file;
first_ploti=true;
it ck then
begin
for h=1 t0 20 do
readin(oata_file,message);
draw_axis;
repest
read(data_file,test_day,hour,minj;
for J:=0 fo0 2 do
read(data_file,datalJ]);
readin(data_filp}-
plot_dataffirst_y. of};
first_plot.=faise;
for K:=D i0 2 de
last_data[K]:=data[K];
until esi(data_file);
close(data_file);
if not test_cont then
print_test
end;
end,
{
procedure re_start;
var
Kreal;

hour_caicinteger;

begin
plot_old_data;
GetTima(hour,min,sec,sec100);
GetDate(year,month,day,dayoiweek);
hour_cale:=nour;

it min<s_min then
begin
min;=min+60;
hour_cale:=hour_cale-1;
end;
min;=min-s_min;

if hour_calc<s_hour then

begin
hour_calc:=hour_calc+24;
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day.=cay-1;
end;
hour:=hour_calc~s_hour;

if day<s_day then

begin
if s_month in [1,3,5,7,8,10,12] then

day:=day+31;
if s_month in [4,6,9,11] then
day.=day+30;
i s_month=2 then
begin
if 5_year=1992 then
day:=day+29
glss
day:=day+28;

end;
end;
day:=day~s_day,
SetTime(hour,min.0,0);
test _day:=0ay;
power_olf:=false;
gdaia_capture;
iest_conti=false;

end,

{
{$F+}
procedure Exit{{Controls termination process i there is an error}
{BF~} :
begin

PORT[portA] = 3; {set heaters off}

port_a:=3;

LeaveCraphic;

ExitProc:=ExitSave;
end;

procedure load_defaults;{loads values from default file}

var
file_status:boolean,
ca!_file:text;

begin
fite_Lneck(iimit.cal' fila_status);
if not file_status then
begin
assign(cal_file,limit.cal'’);
rewrite{cal_file);



data_drive:="B";
lim_sr  “=0.2{sets on the: off limits}
lim_smiz ,.,.=0.5; _
lir_large]1):=0.2;{sets on then off limits}
lim_laige[2):=0.5;

end

glue

begin
assign(cal_file,limit.cal’;
reset(cal_file);
readin/cal_file,data_drive);
readir: al_file im_small{1]};
readin{cal_file lim_smali[2]};
readin{cal_file,lim_large{1]);
readin{cal_file lim_largef2]);

end;

close(cal_file);

end;

e}

begin
PORT{ADset] := $82;  {Initialization of A/D PPJ}
PORT[portset] == $8B;  {set parrallef port A~out,B&C—in)}
PORTportA] := 3; {set heaters off}
ExitSave.=ExitProc;
ExitProc:=@Exit;
toad_defaults;

port_a:=3;
powsr_off.={aise;
InitGraphic;

SeiectScreen(2):{enlarged screen)

DefineWindow(2,0,0,XMaxGlb,YMaxGib);{graphic screen[main screen]}
file_check(power.tst',test_cont);{check If rebooted after power faiiure}

repeat

SelectScreen(2);

ClearScreen;

SelectScreen(1);

ClearScreen;

scr_format;

if not test_cont then

begin

- ms_menu(main’,no_of_options);
ms_options({option,no_of_pgtions);
ms_clear; '

end eise
option:=0;

case option of
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0: begin
it not test_coni then
begin
file_check{ power.dat file_there};
if file_thera then
bagin

ps_wisy(DELETE POWER FAILURE DATA FILE

{Y/N)'responce);

if {responce="y"} or (responce="") then

begin :
assign{data_file,'power.dat’};
erase(data_file);
end;
ps_clear;
end;
fimit_set;
checkiist;
input_details;

ps_wisy('Press <Enier> 1o Start Test'.responce};

end;
" if test_cont then re_start

glse

begin
draw_axis;
GetDate(s_year,s_month,s_day.s_dow);
GetTime(s_hour.s_min.s_sec,s_seuv100);
SetTime(0,0,0,0);
ies’_say:=0;
data_capfture;

end;

nrint_test;

close_down;

end;

1: plot_old_data;
end;{case}
. scr_format;
untii option=2;
end.
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2.1

2.1.1

2.1.2

2.1.3

2.1.4

ta

CHAPT™R 7
Section il

DETERMINATION OF ABRASION RESISTANCE
OF _CONCRETE USING A WIRE BRUSH OR SILICON CARBIDE GRIT

INTRODUCTION

Besistance to abrasion is important in some structures, eg concrete
finors, stilling basins, etc and can be assessed by a varlety of tests.
The two tests used at PCI are the wire-brush method and the silicon
carbide-grit method.

The wire-brush methnd measures the depth to which a standard wire brush,
wnder standard conditions, abrades the concrete.

The silicon carbide grit method meacures the depth to which silicon
carbide grit beneath a rotating steel disc, under standard conditions,
abrades the concrete.

Where wear is caused mainly by abrasion of a2 relatively weak matrix the
wire-brush method is preferred.

where the abrasive action 1s resisted jointly by the matrix and any
coarser agegregate particles present the silicon carbide-grit test is
recommended, In this test the hardness and gradation of the aggregate
used has a pronounced effect on penetrations obtained.

Both tests can be performed using the same test Japparatus.
NATUNS_OF_THE TEST

Abrading tiie surface of in sitn concrete or a2 concrete specimen to assess
its resistance to abrasion by determining the depth of penetratioa.

Important notes

When measuring the depth of penetration, care should be taken to measure
the nverage depth to which the materidl hes been abraded.

The volume of concrete sbraded away can be measured using modelling clay
which ig brought to the regquired consistence with petrolena jelly.

Where comparative testing is being undertaken, the duration of test can
be altered to suit the prevailing circumstances.

The wear penetration will be different when using a new or a worn brush.
The standard test requires the use of a new brush which will give more
reproducable results but is wmore costly as it can only be used once.
Where comparative tests only are required, a "worn-in" brush can be used
up to 5 times whilat s8till giving mecceptable results, but the same
acceptance criteria cannot be applied,
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2.1.5 The depth to which the material has been ahraded is measursd using a
wtraighiedge and depth gange. Sufficient readings mugt be taken to
seasure the average depth “o which “he material has beqn abraded. At
leagt 20 measurements are to be taken per test area. For rough .. -
surfaces whare readings must be taken before and after test, suiiable
datuw points wust be provided to suit the prevailling conditions eg ieing
a jubilee clip on core specimens, forming a “dam” on an indestrial floor
using a 50/50 mix of OPC and plaster of paris levelled off with a glass -
plate. This will zlso provide a means of pre-sozking the test area.

3. EQUIPMENT

3.1 A machlne which clamps the concrete zpecimen in position and rotates &
wire brush {or rigid disc, in the case of the silicon carbide-grit test)
at 400 rpm while a normel force of 165 N is applied to the brush or disc.
The direction of rotation must be reversible. For in situ testing it
must be possible to lower the brush (or disc) below the level of the
‘apparatys. : '

3.2 Cup brush, 60-mm diameter, code 662142 made by Transvaal Brush Company.

3.3 Straight edge. o

3.4 Bepth gauge.

2.5 Stop watch.

" 3.6 70-mm-diameter steel disc with grooves, of different lengths radiating
from the centre to distribute the grit over the entire test area.

3.7 C6/38 “Carporundum” silicon carbide-pric.

4. TEST PROCEDURE

Both the wire brush tests and the silicon carbide-grit tests can be
perforned in situ, on drilled cores, on various manufactured products or
on laboratory prepared concrete specimens (usually 100 mm cubes), made
and cured under the appropriate conditions,

4.1 The wire brush test

4.1.31 This is a wet test and the specimens must be soaked in water for a
ainimom of 24 hours prior fo test {this also applles to the test area in
ST the caae of in sitn testing).

4.1.2 The specimen is clamped into position onm the machine. A new brush {see
Important notes 2.1.4} is fixed to the spindle and a force of 1685 N is
applied to it in a direction perpendicular to the tested surface, The
specimen is adjusted so that the test area is perpendicular to the
spindle,

o

4.1.8 » regulated supply of water is passed through the brush and onto the
specimen so as to gool the brush and help remove zbraded material.

\Y“ﬂ!';‘ i e AT L

o

4.1.4 The brush is rotated at 400 rpm for 4 minutes, the direction of rotation
being reversed every 30 seconds,

(
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4.1.85

4.2.3

4.2.4
4.2‘5

4.2.6

5.1

6.2

L R i e R I TS

The specime is removed from the machine and the abrasive wear is
measured 1n one of the following two ways:

. Measuring the mean depth of wear as described in 2.1.5 of Important
notes,

» Measuring the volume of abraded material using'mndelling clay.
Using the areas abraded, this volume can be sxpreased in terms of
mean depth of penetration.

The silicon carbide-grit test

Thia is a dry test. The presence of moisture will cause blockage of the
silicon carbide-grit, _

The specimen is clamped ihto position un the machine, The steel disc
ig fixed to the spinale and a force of 185 N {s applied to it irn a
direction perpendicular to the tesated surface. B6: .ut care must bhe taken
tp snsure that the test area is perpendicular to the spindle.

A supply of silicon carbide C8/36 grit is fed through the disc for the
duration of test. If the flow of grit is being ocbstructed in any way
then the waste material (used grit and abraded material) must be
continuocusly brushed away d ring test to ensure that "fresh" grit iz
being used in the abrasive action so as io produce more consistent
results,

The disc 1s rotated at 400 rpm for 2% minutes in one direction only.
"Used" grit shall not be used a second time,

The specimen is removed from the machine and the abrasive wear lIs
neasured in one of the follewing two ways:

L] Measuring the me: 1 depth of wear as described in 2.{;5 hf Inportant
notes,

. Measuring the volume of abraded material using modelling clay.
Using the areas abraded, this volume can be expressed in terms of
mean depth of penetration.

REPORTING OF RESULTS

Calculate the average cf all the valid meastirements taken on one test
area, and report to the nearest 0,1 mm,

Where passible a result should represent the mean of three tests (not.
alyays possible -~ eg, interlocking paving blocks. In this example it
wonld be necessary to test several pavers due to variability in the
manufacture of such a product).
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NTERPRETATION OF RESELTS

The following information is supplied to assist in the interpretation of
results:

The acceptance criteris provided below are applicable to -5 mm mortars.
In wost applicacions it is nprmal for a layer of mortar to be present at
- ‘the concre:e surfaces and hence the criteria can stfil be used.
Howeveir, in special spnlications or where deep penetrations have ecceured,
the presence of stone might influence the results obtained and this
factor should he congidered in the interpretation, At this stage a
means of systematically allowing for such a variable factor has not bheen
established. In the majority of situations wear of even 1 me will be
regarded a8 ‘a failure of the surface.

Acceptance criteria for concrete surfaces

Classification Wire Brush Test &1licon Cerbhide
for severe service Test
conditions General concrete* | Concrete Pavers

Excellent <0,5 <, B <1.0

Good 0.5 ta 1,5 0,5 - 1.0 1,0 ~ 2,8

Fair 1,8 to 2,0 1.0 to 1,8 z.5 to 8.5

Poop >2.0 : >1.8 >3,5

*

This applies to cvonciwte surfaces which have not been treated by
delaved trowelling, eg off-shutter or tamped .ad screeded concrete,
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5.3 Alternate acceptance criteria for dhgcrefe surferes

The following tab’=s gives suggeste linits for abrasion resistance based
on wire brush testing:

Maximum
Class | penetration . Application
{mm}

ir 0.5 Very severe abrasion cowditions
teel wheeled traffic
Protaction against erosion apd cavitation
Concrete subject to impact
Ore-passes in the mining industry
Certein guality propristary surface
hardeners and toppings

1 1,0 Industrial floors where abrasion resistance
is important

Power trowelled finishez (Grade 25 MPa

- upwards}

High strength off-shutter concrete {>50 MPa)

Certain proprietary surface hardeners

Heavily-trafficked roads and paved aress

Heavily-trafficked public footways

2 2,0% Industrial and commercial floors where
abrasion is net a prime requirement
Lightly~trafficked roads and paved areas
Lightly trafficked public ﬁootways

* 1,5 mm for concretfe pavfng blocks

3 R,0%% Ordinary coacrete applications where
abrasion s of little sigrnificance
Domestic garages and drivev .¥$ and pathways -

##* 2.0 mm for concrete paving blocks

4 »3.0 Domestic applications where the concrate
is to be eovered by screeds, tile, ete
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