7 th INTERNATIONAL CONFERENCE ON ALKALI- AGGRAGATE REACTION

August, 1986

THE USE OF POZZOLAN FROM CALCINED CLAYS IN PREVENTING EXCESSIVE EXPANSIONM
DUE TO THE ALKALI-AGGREGATE REACTION IN SOME BRAZILIANS DAMS

FRANCISCO RODRIGUES ANDRIOLO - CONSULTING ENGINEER
BENTO CARLOS SGARBOZA - RESIDENT ENGINEER -
PORTO PRIMAVERA AND ROSANA DAMS - CESP
SRO PAULO - BRAZIL



THE USE OF POZZOLAN FROM CALCINED CLAYS [N PREVENTING EXCESSIVE EXPANSION
DUE TO THE ALKALI-AGGREGATE REACTION IN SOME BRAZILIANS DAMS

FRANCISCO RODRIGUES ANDRIOLO - CONSULTING ENGINEER
BENTO CARLOS SGARBOZA - RESIDENT ENGINEER -
PORTO PRIMAVERA AND ROSANA DAMS - CESP
SAO PAULO - BRAZIL

ABSTRACT

The evolution of the construction of hydroelectric power plants in Brazil,
clearly observed as of 1960, made the development of concrete technology and
concrete production and construction techniques imperative.

Due to the growth in dam construction, some problems came up that called
the attention of technicians and engineers.

One of these problems was the alkali-silica aggregate reaction, observed
during the preliminary studies for the construction of the Jupia Hydroe-
lectric Power Plant - with a volume of concrete on the order of 1,600,000 m3-
during the period of 1962-1969.

The present report deals with a sequence of activities which includes the
evaluation of the aggregate's characteristics, preventive measures against
expansion and the installation of a processing and production system for
pozzolan made of clay found near the job site.

1. INTRODUCTION

In Brazil, the construction of concrete dams increased greatly as of 1960,
reaching about 23 000 000 m3 of concrete for dams, trouthought the 70'.

The Jupia Hydroelectric Power Plant is located on the border of the States
of Sao Paulo and Mato Grosso do Sul, approximately 610 km northeast of the
City Sao Paulo and 20 km from the mouth of the Tiete River.

The material available for the production of aggregates for concrete came
from the basaltic rock of the foundations and rolled gravel from a sedimenta-
ry deposit near the construction site.

The natural aggregates were extracted by means of dredging and processed
by means of a system of classification and washing, furnishing sand and gravel
up to a maximum size of 3" (76 mm).

The basalt was crushed and classified to furnish material ranging from
(38-76) mm and (76-152) mm in greater quantity to complement the granulometric
range.

2, RESEARCH AND DEVELOPMENT

2.1, Site Geology

The main source of material for the concrete of the Jupid dam was repre-
sented by the deposits of tertiary alluvial deposits in the region of the mouth




of the Sucuriu River. [1]

In the studies carried out it was observed that the tertiary alluvial
terraces were made up of medium and coarse sands and gravel with a certain
mineralogical uniformity with a predominant presence of quartz,quartzite,aga~

te,calcedony,silicificated sandstone, silicificated oolitic limestone, chert
and ferruginous concretions,

2.2. Analysis and Evaluations of the Aggregates

2.2.1. Petrographic Evaluation (ASTM-C-295)

Petrographic evaluation of the aggregates from the alluvial terraces
showed the simultaneous presence of innocuous and deleterious minerals
(quartzite,agate,calcedony), and also that the presence of the deleterious

minerals was more accentuated in the coarser fractions.

These materials were then considered suspect from the point of view of
alkali-aggregate reaction.
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2.2.2. Evaluation by Means of Chemical Analysis (ASTM-C-289)

The analysis carried out on samples of the material from the alluvial
terraces showed that (see figure (2)-2) only the sample of sand was situated
in the zone considered innocuous, which confirmed the petrographic analysis
(item 2.2.1).

The reactive behaviour of the aggregates with the alkalies of the cements
led to carrying out of tests on mortar bars.
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Figure (2)-2 - Results of chemical analysis (ASTM-C-289) on samples of aggre
gates .




2.2.3. Evaluation by Means of Tests Carried out on Mortar Bars (ASTM-C-227)

The expansion tests on mortar bars carried out with samples of aggregates
from the alluvial terraces made it possible to obtain (see figure (2)-3)a cor
relation of expansion and the content of deleterious material in the aggre-
gate,
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The importance of the content of deleterious materials in the aggregate
relation to the probability of development of harmful reactions is shown in
figure (2)-4 where one notes that the dangerous contents are situated in the
range between 5% and 30%.

The conception of the importance of the quantity of reactive grains inthe
aggregate for the development of expansions is based on the work[ ] of Plum-
Pousen - ldorn - which is that, according to this mechanism, the reaction
passes to the expansive phase more quickly when the quantity of reactive
grains is small,

From the values obtained (figure (2)-4) it was seen that the worst propor
tion for the studied material was that which contained 20% of deleterious ma-

EXPANSION (%)
S ©)
o) S
\

O
N

terial.
* )£7i\\ ! ol;TwlmLEj L] Figure (2)-4 =~ Expansion of Mortar Bars
=z y i_-_—is | vavue Corresponding to the Incidence of Delete
Q /k | N (ASTM-C:33) rious Material in the Samples Studied[ 1]
g 0.101—0f L l
< / | RN
. - N :
> |__|PERCENTS VALUES
w OF DELETERIOUS \

MATERIALS IN THE|

COARSE AGGREGATE \

FROM THE PROS- \y

" |PECTED PIT AREA \\

0.08 \ \TL_

0.00

o 10 20 30 40 B0 60 70 80O
CONTENT OF DELETERIOUS
- MATERIALS IN THE COARSE

AGGREGATE- %

2.3. Preventive Measures and Studies

Keeping in mind the positive diagnostic showing that the alluvial aggre-
gates behaved in a potencially reactive manner,an attempt was made to adopt
preventive measures that could possibly reduce the expansions that might occur.



As the first measure, in the beginning of the construction work, cement
with an alkali content on the order of 0.2% was used.

As the volumes of concrete were great, there were no normal supply condi-
tions for cement with this characteristic, so the use of pozzolanic material
was opted for as the broadest solution. Several wells and sounding were carri
ed out to evaluate the kaolinitic clay which makes up,the quaternary deposits
of the margins of the Rivers Parana and Sucuriu.

CESP- the power company of the State of Sao Paulo- then established a rou
tine of tests of characterization and processing of the clays,

After drying in a drying kiln, the samples were submitted to sieving on a
no.270 (0.053 mm) sieve. The criterium was adopted of acceptance of the areas
that contained more than 80% of material that would pass through the no. 270
sieve. Chemical analysis of the material was also made and material was ac-
cepted which contained more than 70% of the of Si0 + Al203 + Fey03.

The samples were then submitted to differential thermal analys:s to evalu
ate the temperature range for calcination of the clay,
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Figure (2)-5 - Differential Thermal Analy
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Based on the differential thermal analysis (see figure (2)-5), the calci-
nation temperatures in appropriate muffles were established.

The pozzolanic properties of the clays are, normally induced at around
5000C, and the usual temperatures are in the range of 700°C to 850°C. Over-
heating of the clays, at temperatures of over 920°C can cause a recrystali-
zation with formation of stable compounds, thus diminishing the chemical ac-
tivity.

After calcination of the percentagens of the samples, these were cooled,
crushed and ground to various finenesses after which they were tested, physi-
cally and chemically.

The effectiveness of this pozzolan in combatting the alkali-aggregate re-
action can be evaluated by the tests carried out with the use of aPyrex glass.
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3. PRODUCTION INSTALLATIONS

Keeping in mind the necessity of utilizing pozzolanic material to prevent
the alkali-silica reaction of the aggregates available for construction of the
Jupia Hydroelectric Plant, CESP decided to implant a system for the processing
and production of pozzolan, that was operated by CESP. from the date of its



implementation in 1963, until the middle of 1973.

L. THE APPLICATION OF CALCINED CLAY POZZOLAN IN CESP DAMS

i‘

During the period of 1963 to 1979, calcined clay pozzolan was used in the
construction of CESP dams, as shown in figure (4)-1.

NAME OF CONSTRUCTION ‘4 VOLUME OF TOTAL QTY oF  PQZ-
THE oAM PERIOD CONCRETE POZZOLAN zgw P Figure (4)-1 - Application of Calcined
a3 OF  con- s s
) o) | e waeb@0linitic Clay-Pozzolan in CESP Dams
Jupli - | 1962 - 1969 1,600,000 44,000 27
Hha 1968 - 1978 3,750,000 | 148,000 40
Soltelra hhd *

Capivara 1370 - 1975 660,000 12,000 17

Agua
Varmelha

1973 - 1979 1,560,000 65,000 4o

5. COMMENTARIES

As is shown by the information given (see figure (2)-6), the utilization
of pozzolan obtained from the calcination of kaolinitic clay was a very useful
and appropriate measure, since besides reducing the expansions stemming from
the alkali-silica reaction of the aggregate, it presented other benefits,such
as:

- reduction in the consumption of binder, due to the grater strength

(yield) of resistance, for the concrete mixture;

- reduction in bleeding;

- reduction in the elevation of the adiabatic temperature due to ther
lower unit elevation and to the reduction in the consumption of binder
for the same resistance levels.

The use of pozzolan also presented economic advantages as this material

was obtained and produced at a cost on the order of 40% of the cost of cement.

6. REFERENCES

1. Gitahy, H.S. - 1963 - "0 Problema doé Agregados para os Concretos da Bar-

ragem de Jupia'' - [PT - CELUSA,

2, P}um, N.M.; Pousen, E.; tdorn, G,M. - 1958 - "Preliminary Survey of Al-
kali Reactions in Concrete'' - Ingenioren - International Edition.

3. Saad, M.N.A.; Andrade, W.P.; Paulon, V.A, - 1963 - ""Propriedade do Concre
to Massa Contendo Pozolana de Argila'' - [|BRACON,

k. Andriolo, F.R. - 1975 - "A Utilizacao da Pozolana na Construcdo do Conjun
to Hidroelétrico de Urubupunga™ - .CESP.

5. Florentino, J.C.S. - 1969 - '"Consideracoes Técnicas sobre a Finura do Ci-
mento e Pozolana de Jupia'" - Laboratorio CESP - IlTha Solteira -

C-09/69.



L

Rc*REDUCTION IN
ALKALINITY: vM

200 TR MO I
SRS (RERSTI 6 A c0S 8 0 1- sanp
B N 2 - COARSE AGGREGATE -5%CALCEDONY
3 - . . «10% -
') e -20% L1
100
. 1 . » 50% e
o s - 70% .
LA e -100% )
olii:® Y
10 20 3040 70 100
Sc'DISSOLVED SILICA - vM
L
AGGREGATE MATERIAL PERCENTAGES OF MINERALS
RETAINED
IN( M)ESH INNOCUOUS DELETERIOUS FERRUGINOQUS FRIABLE N
mm) °
76 - - - -
50 25 72 - 3
Coarse 38 29 65 5 1
25 47 L7 3 3
15 77 19 2 2
4.8 85 13 1 1
2.4 89 8 3 -
1.2 95 3 2 -
Fine 0.6 97 3 - -
0.3 100 - - -
0.15. 100 - - -
< 00]5 100 - - -
NAME OF CONSTRUCTION V0‘LUME OF TOTAL QTY OF POZ-
ZOLAN PER
THE DAM PERICD CONCRETE POZZOLAN
' 3 m3 OF  CON-
(m?) (tons) 3
CRETE  (kg/m’)
= = T
Jupia 1962 - 1969 1,600,000 44,000 27
| Tha 1968 - 1978 3,750,000 | 148,000 50
Solteira ’ ? !
Capivara 1970 - 1975 680,000 12,000 17
Agua -
Vermelha 1973 1979 1,560,000 65,000 40




015 - , w
O/O — L | M _ _—
i " _ 0.10% SPECIFIED
2 / El \ VALUE
m ,\w _ / (ASTM+C-33)
N o.10 C ;
m \ | ! \
b4 PERCENTS VALUES /
w OF DELETERIOUS M
MATERIALS IN THE N
COARSE AGGREGATE /
FROM THE PROS— .
PECTED PIT AREA N
0.05 : //
Jr
0.00 ,
10 20 30 40 50 60 70 80

CONTENT OF DELETERIOUS
MATERIALS IN THE COARSE
AGGREGATE - %

- ————

w —
o
- —e
=3
- OoO—
«
o
R o
®
o
— o—
<
) )
b |l|_0
I
a _
w 1=
2 S,
- ©
o —
p o
A .
) - —9
g .
S )
Z _ g
n [+ ]
—Uh ——
o 18
= o
<« _
(73] [}
— 0|-l
i e
- uLO
o o
Qo
b

TEMPERATURE-C



O
N
o

Y.

0.10N

v

MORTAR BARS EXPANSION (%),

N\
A\
NN\
N — -

P00 0 e

O ]5TPERCE ITAGES

OF CALCEDONY
| IN THE AGGREGATE

é

Vs

. |
l

4 S
MONTHS

O.IO

O
®
@)

@)
@)
@

'EXPANSION (%)
o



[ ——

100 % CEMENT

T Y

A\

© Q'

% NOISNVdX3
3AVIID OLNY HlIM ALIAILOY

&\&\

oy
Lol
—l
.
>

(D
°

L3
o T

*TT T T -

O O OO
...... < 00

20
HO
110

100

(zwd/40%) 3NN % LIN3IW3D % INIWININOIY

H1IM ALIAILOY Y3alvm

@

3000

110

% NOISNVdX3
40 NOILONA3Y

10,000

Q
)




-

—
vy =

//;? 7 th INTERNATIONAL CONFERENCE ON ALKALI — AGGREGATE REACTION

2k

THE USE OF POZZOLAN FROM CALCINED CLAYS IN PREVENTING EXCESSIVE
EXPANSION DUE TO THE ALKALI-~AGGREGATE IN SOME BRAZILIANS DAMS

Francisco Rodrigues Andriolo, Engineer *
Bento Carlos Sgarboza, Engineer **

.Sao Paulo - Brazil

August 1986 - Carleton University - Ottawa, Canada



-~

INDEX

SUMMARY

INTRODUCTION

RESEARCH AND DEVELOPMENT
2.1 - Local Geology
2.2 - Aggregate Analysis and Evaluations

2.2.1 - Petrographic Evaluation (ASTM~C-295)

2.2.2 - Evaluation by Means of Chemical Analysis
(ASTM-C-289)
2.2.3 - Evaluation by Means of Tests on Mortar Bars

ASTM~C~-227)
2.3 - Studies and Preventive Measures
PRODUCTION INSTALLATIONS

THE APPLTCATION OF CALCINED CLAY POZZOLAN IN CESP DAMS

CHARACTERISTICS AND PROPERTIES OF CONCRETES PRODUCED WITH CAL
CINED KAOLINITIC CLAY POZZOLAN

COMMENTARIES

BIBLIOGRAPHY



Summayzrxry

The evolution of the construction of hydroelectric power
plants in Brazil, clearly observed as of 1960, made the develop
ment of concrete technology and concrete production and construc
tion technigues imperative.

Due to the growth in dam construction, some problems came up
that called the attention of technicians and engineers.

. One of these problems was the alkali-silica aggregate reac
tion, observed during the preliminary studies foxr the construc

tion of the Jupia Hydroelectric Power Plant - with a volume of
concrete on the order of 1,600,000 m° - during the period of
1962 - 1969.

The present report deals with a sequence of activities

which includes the evaluation of the aggregate's characteristics,
preventive measures against expansion and the installation of a

processing and oroduction system for pozzolan made of clay found
near the job site.
Information about concrete made with this pozzolan, showing

technical and cost benefits, is also given.

* CONSULTING ENGINEER - THEMAG ENGENHARIA LTDA
** RESIDENT ENGINEER - PORTO PRIMAVERA AND .ROSANA DAMS - CESP
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the construction of concrete
as shown in the figure below:
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2 — RESEARCH AND DEVELOPMENT

2.1 - Site Geology

The geology of the site of the Jupia dam presents, briefly:

- basaltic traps consisting of a series of basaltic flows mi

- xed or not with sandy sediments; ,

— "pbauru" formation consisting of sandstone, generaly with
little or no cementation;

- tertiary alluvial terraces consisting predominantly of
thick washed sand gravel;

- quarternary déposits formed by the lowlands of the Parana
and Sucuriu Rivers and made up predominantly of kaolinitic
clays with varying contents of "montmorilonita" and organic
matter. :

The main source of material for the concrete of the Juoia
dam was represented by the deposits of tertiary alluvial deposits
in the region of the mouth of the Sucuriu River.

In the studies carried out. [1] it was observed that the -ter
tiary alluvial terraces were made up of medium and coarse sands
and gravel with a certain mineralogical uniformity with a predomi
nant presence of quartz, quartzite, agate, calcedony, silicifica
ted sandstone, silicificated oolitic limestone, chert and ferrugi
nous concretions.

2.2 - Analysis and Evaluations of the Aggregates

- 2.2.1 - Petrographic Evaluation (ASTM-C-295)

Petrographic evaluation of the aggregates from the alluvial
terraces showed (see figure (2) 1) the simultaneous presence of
innocuous and deleterious minerals (quartzite, agate, calcedony),
and also that the presence of the deleterious minerals was more
accentuated in the coarser fractions. :

These materials were then considered suspect from the point
of view of alkali-aggregate reaction. .
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The Jupia Dam was built in the '®60 s, with the following

characteristics:

Figure (1) 2 - View of Jupia Hydroelectric Plant.

Construction Period 1962 to 1969,

Paranid River - Maximum observed flow - 27.260 m3/s.
Requlated flow 3,220 m3fs.

Power Capacity 1,400,000 ERw.

Type of Dam - Concrete and Clav. 3
Spillways - Botton and Surface - for 44,000 m~/s.
Height - 43 m.
Length of Crest - 5,604 m.
Volume of Concrete - 1,600,000 m3.
Maximum size of Aggregate - Loz w (g @t

- mw— e

The Jupia Hydroelectric Power Plant is located on the border
of the States of Sao Paulo and Mato Grosso do Sul, approximately
610 km northeast of the City of Sac Paulo and 20 km from the
mouth of the Tiete River.

The material available for the production of aggregates for
concrete came from the basaltic rock of the foundations and rol
led gravel from a sedimentary deposit near the construction site.

The natural aggregates were extracted by means of dragging
and processed by means of a system of classification and washing.

The classification system furnished sand and gravels up to a
maximum size of 3" (76 mm).

The basalt was crushed and classified to furnish material
ranging from (38 - 76) mm and (76 - 152) mm in greater guantity
to complement the granulometric range.
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Figure (2) 1 - Average mineralogical composition of material
from the alluvial terrace

'2.2.2 - Evaluation by Means of Chemical Analysis (ASTM-C-289)

The analysis carried out on samples of the material from the
alluvial terraces showed that (see figure (2) 2) only the samvole
of sand was situated in the zone considered innocuous, which
confirmed the petrographic analysis (item 2.2.1).

' The reactive behaviour of the aggregates with the = alkalies
of the cements led to carrying out of tests on mortar bars.
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(ASTM=C=227)

2.2.3 - Bvaluntion by Mcans of Tests Carried out on Mortar Cars.

The expansion tests on mortar bars carriced out with samples
of aggregatos from the alluvial terraces made it possible to
obtain (sce figure (2) 3) a correlation of expansion and the con
tent of deleterious material in the agaregate. B
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Figure (2) 3 - Tests results [l] from the mortar bar method
test (ASTM-C-227) _ _

The importance of the content of deleterious materials in the
aggregate in relation to the probability of development of harmful
reactions is shown in figure (2) 4 where one notes that the dange
rous contents are situated in the range ketween 5 % and 30 %.

The concepticon of the importance of the quantity oI reacti
we grains in the aggrzgate for the develcopment of expansions is
based on the work [1] of Plum - Pousen - Idorn - which is that,
according to this mechanism, the reaction passes to the expansi
ve phase more quitkly when the quantity of reactive grains is
small.
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From the values obtained {(figure (2) 4) it was seen that the
worst proportion for the studied material was that which con
tained 20 % of deleterious material. '

2.3 — Preventive Measures and Studies

Keeping in mind the positive diagnostic show1ng that the al
luvial aggregates behaved in a potencially reactive manner, an at
tempt was made to adopt preventive measures that could possibly
reduce the expansions that might occur.

As the first measure, in the beginning of the construction

work, cement with an alkali content on the order of 0.2 % was
used. :

As the volumes of concrete were great, there were no normal
supply conditions for cement with this characteristic, so _the
usc of pozzolanic material was opted for as the broadest = solu

tion.



NaTu=aL CLAY

SiEwE ANA.TS!S
5 weiz 270,0.038 mm}
ADMOGEMNI ZAT:Ox
CALCINATION CHEMICAL AKNALYSIS
+ 3 hs OF NATJRAL CLAY

[

|

TEMPERATURE TEMPERATURE TEMPERATURE
T1 T2 T3
|
[ ! |
VAN VAN VAN
COOLING COOLING COCLING
CRUSHING CRUSHINS CRUSHING
I l |
!
GRINDING GRINDING GR.NDING
z<s S FLNENESS Fit ENESS FLrNENESS FUNERESS
2/7 1 g90C cm?/g 8000 cm?/g 8CC0 cm2/g 6§CC0O tm2/g 8020 em2/g
+£20C :m¥ g =2C0 279 1-x2C0C =m¥g =20C ¢m¥g =200 cm?/p =230 cmé’g
[ [ I_—T““J I—’
CHEMICAL PHYSICAL PHYSICAL PHTSICAL CHEMICAL
TESTS TESTS TESTS TESTS TESTS
1- SPECIFIS WEIGHT
2= JNiIT A 2GHT
3 - ®ETAINED N2 323
4 — FINENESS { BLAINE)
3- PASTE FLOW
6 - AUTO CLAVE EXPANSION
7~ "WATZR REQUIREMENT
8~ ACTIVITY WITH CEMENT
9= ASTIVITY WITr LIME
10— REDJICTION OF EXPANSION
11- MORTAR EXPANSION .
12— JR1iNG SHRIMKAGE
Figure (2) 5 - Flowchart of the test routine for evaluation

of clav for pozzolan.



The guartenary deposits referred to in item 2.1 constituted
the topographically lower parts of the margins of the Rivers Para

na  and Sucuriu. Several wolls amd scunding were carried out to
evaluatothn xaolinitic clav which paoes un those denouits.

CLSP — thoe powor comnanv of {he state of Sho Paulo - then os
tablished a routine of tests of characterization and progcessing
oii the clavs.

The routine established (see figure (2) 5) foresaw | survevs
of the sites in which clavey material occurred and demarcation of

the areca. It was determined that samples would be taken by means
of a network of holes made with a @ 4" auger.

After drvingina Arying kiln, the samples were subnitted to
sieving on a To.270 (0.053 mn) screen. The criterium was adopted
of acccptance of the areas that contained mere than 80 % of wmate
rial that would pass through the no. 270 sieve. Chemical analysis
of the material was also made and material was accepted which con

tained more than 70 % of the of SiOp + Al203 + Fe203.

,:5
v]

(

The sanmnples were then submitted to dlfFoventlal thermal ana
lysis to evaluate the temperature range for calcination of the
clay.

l ) f ! pd i
N |
—-\/ CLAY SAMPLES HNCT CALCINED
T N N O N T IO O O
Q (o] o (@) (o] o < [} [} [} o o
2 s 2 4 2 3 b 2 e 2 2 ©
- ~ TEMPERATURE °C

Figure (2) 6 - Differencial thermal analysis of the material
of Jupia.

Based on the differencial thermal analysis(see figure (2) 6),
the calcination temperatures in appropriate muffles were establi
shed. :
The pozzolanic properties of the clays are, normally induced
at around 500°C, and the usual temperatures are in the range of
7009C to 850°C. Overheating of the clays, at temperatures of over

920°C can cause a recrystalization with formation of stable com
pounds, thus diminishing the chemical activity. ‘
After calcination of the percentages of the samples, these

were cooled, crushed and cround to various finenesses after which
they were testcd physically and chemically.

By means of thLSC tests it was possible to observe the in
fluence of the grinding fineness on the activity of the clay in
the diverse properties, as exemplified [3] in the following figure.
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pia. '




The effectivencess of Lhis pozzolan in combatting the alkali-

aggreqgate reaction ann bo cevalunbed by the tests carried out in
accordance with procodarcs of  ASTM-C-44]1, with the use of a Py
2] g

roiooolnes, with wnich the zot ol values shown in figure (2) 8§00 wo

re cbiained.
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Figure {(2) 8 - The use of pozzolanic materials to prevent

the alkali-aggrecgate .reaction - Jupia - poz
zolan - ASTM-C-441.



3 - PRODUCTION INSTALLATIONS

Keeping in mind the necessity of utilizing pozzolanic mate
rial to prevent the alkali-silica reaction of the aggregates a
vailable for construction of the Jupia Hydroelectric Plant, CESP
decided to implant a system for the processing and production oI
pozzolan. '

The Jupia pozzolan plant was operated by CESP from the date
of its implementation in 1963, until the middle of 1973.

As a temporary solution between the use of low ailkali con
tent cement (see item 2,3) and the installation of the pozzolan
plant, fly ash from the south of the country was used.

For production cf the pozzolanic material, the clay, after

extraction, was stored in the stock yard near th= factory where
it underwent sun drying, and then it was placed in a covered shed.
Manufacture of the pozzolan began with homogenization and
breaking up of the material by means of cog wheels and blades
[4] (see figure (3) 1).
Under these conditions, the clay underwent a second  drying

by means of passage through a gallery on a stainless steel con
veyor belt. This drying was made at a temperature of 2000C making
use of the hot gases expelled from the kiln into the above men

tioned gallery.

The material was then placed for calcination in a kiln 2.5 m
in diameter and 37 m long, spinning at a speed of between 40 and
45 RPM. The calcination temperature was established at 7500C,
measured on the cart in third part of the kiln.

Bunker oil was used for heating with a consumption of 70 to
90 kg of o0il per ton of pozzolan.

After calcination, the product was gquick-cooled in an air
cooler.

This cooling prevented recrystalization of the material
which would reduce its efficiency as pozzolanic material.

The next phase was grinding in a closed circuit ball mill
which contained a pneumatic grain separator which carried out
granulometric separation of the grains, retaining the coarser
particles which returned to the mill, and allowing passage of the
finer particles, within the fineness desired, which wecre then

takoen to storage of the end product.
In the beginning, the matbr1a1 was produced with a finencss
{Blaine of approximately 6,000 cm~/g. In 1969, by mcans of stu



dies of variablce fincness (sce figure (2) 7) it was found tnat
this type of material prescented an optimum fincness on the order
of 8,500 cm2/g (Blaine) .

To obtain such a high degree of fincness it was neccessary
to change the pneumatic separators, and use the Raymond type scopa
rator (see figurc (3) 1), and to keep production up to the fore
scen demand -levels for other works (see figure (4) 1), it was ne
cessary to install another grinding system which started up in
April, 1971.
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4 - THE APPLICATION OF CALCINED CLAY POZZOLAN IN CESP DAMS

During the period of 1963 to 1979, calcined clay pozzolan
was used in the construction of CESP dams. This pozzolan was ob
tained from the installations near the Jupia Hydroelectric Plant,
as shown in figure (4) 1. '

NAME OF | CONSTRUCTION | VOLUME OF | TOTAL QTY OF POZ
CONCRETE | pozzoran | 2§LAN - PER
THE DAM PERIOD (3) (tons) | ™3 OF  cox
CRETE _ (kg)
Jupia - 1962 - 1969 1,600,000 44,000 27
Ilha . ’
Solteira | 1968 - 1978 | 3,750,000 | 148,000 40
Capivara 1970 - 1975 680,000 12,000 17
Agua . ]
Vermelha 1973 - 1979 1,560,000 ; 65,000 40
Figure (4) 1 - Application of calcined kaolinitic clay in

CESP dams.



5 — CHARACTERISTICS AND PROPERTIES OF CONCRETE PRODUCED WImH CAL
CINED KAOLIMITIC CLAY POZZOLAN

ih

Figure (5) 1 [3] shows a summary of mixture of concrete, oOf
152 mm maximum diameter, containing varied percentages (0; 30 %
50 % in solid volume) of calcined clav vozzolan in place of par
of the cement. It was observed that at ages of more than 28 davs,
the mixture with pozzolan presented greater power (greater y18¢d)
of resistance. ,

Figure (2) 8 showed that the exvansion of the mortar con
taining Pyrex (ASTM-C-441) was reduced to values below the speci
fied, even for a substitution of cement of only 15 % in solid vo

lume.

o~

The bleeding of the concretes diminished [3] with the in
crease in the substitution of pozzolan, and the mixtures of 30 %
(in solid volume) of pozzolan in substitution of cement presented
bleeding of about 80 % of the value obtained for the reference
concrete (without pozzolan) and the mixtures with 50 % (insolicd
volume) presented bleeding of about 50 % of that obtained for
the reference mixtures.

The adiabatic elevations in temperature reduced with .the

increase in the pozzolan content, as is shown in figure (5) 1.

CONSUMPTION IN (kg/m3) OF UNIT ELEVATION OF TEMPERATURE
CEMENT POZZOLAM TOTAL (OC/kg/m3) AT 28 DAYS AGE

120 - 120 0.19

84 29 113 : . 0.17

60 - 49 109 0.15

Figure (5) 1 - Unit elevation of adiabatic temperature

(°C/kg/m”) at 28 cdays of age.



6 - COMMENTARIES

As is shown by the information given, the utilization of
pozzolan obtained from the calcination of kaolinitic clay wes a
very userul and appropriate measures,since besides reducing the

ag

exzansions stemming from the alkali-silica reaction of the
gregate, it presented other benefits; such as:

- reduction in the consumption of binder, due to the greater
strength (yield) of resistance, for the concrete mixture;

- reduction in bleeding;

- reduction in the elevation of the adiabatic temperature
due to ther lower unit elevation and to the reduction in
the consumption of binder for the same resistance levels.

The use of pozzolan also presented economic advantages as
#his material was obtained and produced at a cost -on the order
of 40 % of the cost of cement.
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