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Part I- General Information concerning the RCC Dams

l.a) Statistics about RCC Dams in the World
I.b) Main RCC Dams
l.c) Advantages and Disadvantages about RCC Dams

l.d) Comparison and Cost
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Part II- RCC Dam Construction- Methodologies

Il.a) Materials Availability and Processing — Timely
Material Production

Il.b) Production, Handling, Pouring, Compaction
Il.c) Upstream and Downstream Faces

Il.d) RCC Arch Dams
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Part I- General Information concerning the RCC Dams

l.a) Statistics about RCC Dams in the World
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Development Worldwide

The idea of Technical Construction of the RCC, was initially
mentioned at conferences In Asilomar, California, as can be
conveniently remembered:

v in March 1970 — Rapid Construction of Concrete Dams —
“The optimum Gravity Dam” — Prof Jerome Raphael and ;

v in May 1972 - Economical Construction of Concrete Dams
and their discussions, should be remembered:

z\
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[01] "..The very lean concrete dam such as Professor
Raphael apparently has in mind, would require that the
upstream face have an impervious membrane which could be
cemented.. provide to prevent deterioration from
weathering...”

[02] ".. it should suffice to say that the construction
procedure is feasible, and that concrete compacted by this
procedure is in every respect equal to or higher in strength
than conventional concrete with equal cement content..
(This publication should be read by all who use the technique!)

[03]§_‘t is concluded that the techniques are here to take
the next step to building the economical soil-cement dam....”

IRCOLD - Iranian National Committee on Large Dams
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The Industry for Construction of Dams, almost immediately after World
War Il, developed two main lines of construction methods

The Concrete Face Rock Fill Dams (CFRD), and
The Roller Compacted Concrete (RCC) Dams

Both of these disputing for room and technical advantages, of time and
costs, in the Worldwide scenario.

The series of RCC dams in the world reached at the end of 2010 over
420, and currently it could be more than 450, because several entities
of several countries avoid sending information in order to reduce the
harassment by professionals on the Project decisions. The CFRD,
started earlier, total to around 320.

Each onzows advantages and characteristics in different places in
various hydrological systems and a single reason cannot be declared
for the preferences, which make up the appropriate and correct
discretion.

memem RCC : Use & Special Aspects
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RCC Development in the World

Average
Highest 300 196 234
Lowest 15 15 26

China contribute with 42% of the CFRD and

themmethers Countries (Large Builders) as
Austrea, Brazil, Chile, Colombia, USA

part|C|pate with Just 6% from the Total
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Countries with large Number of RCC Dams
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By the end of 2010 there were more than 420 dams in the World.

[ 10%) e 2 [52.] Spain: 22 (7%)

[12.] China: 115 (26%)

[22.] Brazil: 65 (15%) [32.] Japan: 47 (11%)

Note: The 5 countries are responsible for about 70% of the RCC Dams in the World.
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The practice of "Low Cementitious Content" was adopted at the
outset of the first RCC Dams in the United States.

Almost simultaneously, Japan began to use the evaluations for
using RCC in 1974, adopting the nomenclature RCD, with a
cementitious content of 130 kg/m3 with 91 kg/m?3 of cement and
39 kg/m? of Fly Ash.

China, another Country considered a great builder, began
studies for the implementation of the RCC around 1980, with an
cementitious content of 120 kg/m?3 to 152 kg/m?3, given that the
Kengkou Dam effectively began a cycle of large RCC projects in
Chinagwith a content of 140 kg/m?3 of cementitious materials (60
kg/m3 c%‘ment and 80 kg/m?3 of Fly Ash)

IRCOLD - Iranian National Committee on Large Dams -
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RCC Main Characteristics

The average ratio of Tensile Strength (indirectly by diametrical
compression- Brazilian Test) the Compression was around 11%,
and Direct Tensile Strength / Compression between 6% to 7%.

Clearly, when a particular property is required, one should seek
the mix proportion, with the materials available in order to meet
such properties.

For example, a greater resistance to RCC of a Double Arch
Curvatuge Dam, or Pavement.

But these concrete thus rationed, and applied by a Vibrator roller
compaction are RCC, or better said-CONCRETE!

o RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams
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Part I- General Information concerning the RCC Dams

l.a) Statistics about RCC Dams in Brazil

a\ :
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Brazil

CENTRAIS ELETRICAS DE SAO PAULO S.A.

SETOR DE LABORATORIOS. - ILHA SOLTEIRA.

BELATORIO DE VIAGEM-ESTADOS UNIDOS-MAIO 1975

CESP

SETOR DE LABORATORIOS - ILHA SOLTEIRA

RELATORIO DE VIAGEM - ESTADOS UNIDOS

FF.109 - Rolo compactador usado para adensamento. Se-—
gundo informagoes do Frof. Raphael (Berkeley) e Dr-
Borge (Corps - Portland) esta se estudando a possibi
lidade de uso desse tipo de concreto, na construgao

MAORE=_ S OW:S

de uma pequena barragem de regularizacao.
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ENG2 FRANCISCO RODRIGUES ANDRIOLO
CHEFE SETOR DE LABORATORIOS — I.S.
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TESTEMUNHO DE CONCRETO ADEN

COM ROLO VIBRATORIO (NOV/7

APLICA2AQ
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OE ACESSO DA EL. 63,00 A EL. 85,00
A J SANTE pa ESTRUTURA DE DESVIO

LR S MEDIOS OBTIDOS :  (1apE 110 dics ¢
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XIII SEMINARIO NACIONAL DE GRANDES BARRAGENS
RIO DE JANEIRO

ABRIL 1980

"CONCRETO ADENSADO COM ROLO VIBRATGRIO"

TEMA: IT

ENG2 IDEVAL BETIOLI
Diviedo de Controle de Quali

dade de Campo

ENG2 LU

ERCIO SCANDIUZZI

Divis@io de Laboratdrio e Ins
trumentagso do Concreto

ENG® FRANCISCO RODRIGUES ANDRIOLO
Assisténcia Construgéo de
Concreto

ITATPU BINACIONRAL

RCC:Use &S

(

ecial Aspects

Use of Roller
Compacted

Concrete

ment al t

in Brazil

by Francisco Rodrigues Andriolo,
Gustavo Reis Lobo de Vasconcelos,
and Humberto Rodrigues Gama

methods for greate
ment in shorter

totally avoid the cracking of con-
crete.

In recent yea has
also been directed at new mix
i or the construction of
d embankments

has led to roller compacted con
searched  crete, commonly referred to as
conatrue RCC or rollcrete. gutional lock.

for m
CONCRETE INTERNATIONALMAY 1988

<
/

/

| C'GB\) Comité Brasileiro de

ICOLD

/ @Grandes Barragens

XVISEMINARIO
NACIONAL DE
GRANDES
BARRAGENS

Comparag¢oes de Caracteristicas e Propriedades de Concreto Rolado
Aplicado no Brasil e em Outros Paises

ANAIS

»Belo Horizonte. novembro de 1985
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Part I- General Information concerning the RCC Dams

l.a) Statistics about RCC Congresses
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PROCEEDINGS

International Symposium on
Roller Compacted Concrete Dam
April 21~25 1999

Chengdu, Sichuan Prov.

CHINA

Volume |

- Andr e Emgroher 5 L380

New Progress on Roller

mf g (8% | ’ , Compacted Concrete Dams

A |
vatiov o¢ Tne Hiotopy 0 VNo Xovypete Aap wrtnovt
XpaykivyV
Znv Bodavy
Xniva Ivotitvte o/Qatep Peoovpyeo avd Hydporowep Peoeapyn, Beipivy 100038,
Xniva
ABotpayt: Altnovyn o ceplec oP peacvpes Mowe Peev deWEAOTED TO TMPEWEVT
LPOYKLVY 1V yovypete OauUc ovye 1930,mpaytiyaliy TneEPE 16 VO OO MITNOLT
LPOYKLVY. APTEP CYOTEUATLY LVBESTLYATIOV, TNE ALTNOP OIGYOWEPED TNAT TNE Pacty
PEAGOV 1G TNE VEYAEYT OO CLTEPPLYLOA TNEPUAA LVOLAATIOV LV TNE AATEP OYE OO
YOVYPETE. IT 16 TOGGIPAE TO TMPEWEVT YPAYKLVY LV YOVYPETE OAUC Py TEPUAVEVT
GUTEPPLY LA TNEPUOA LVGUAATIOV 1V AOOLTLOV TO Y OUTPENEVOIWE TEUTEPATLPE Y OVTPOA
vV TNE OVOTPLYTIOV TEPLOD. TNEPE ape TNPEE YOVYPETE OOUT MITNOLT YPAYKLVY APTEP
YOUTAETIOV v XMiva. Tne Y0oT 0 TEPUAVEVT GLTEPPLYIOA TNEPUAA LVOLAATIOV 1C
paATNEP LOW.
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Study on Seismic Safety of CSG Dam*

Xiong Kun, He Yunlong, Peng Yunfeng

State Key Laboratory of Water Resources and Hydropower Engineering Science,
Wuhan University, Wuhan 430072, China, E-mail: lynnxiong@163.com

Abstract: Hal‘dflll dam |S a new tyDe Of dam (called

CSG dam in Japan), which has a symmetrical trapezoid shaped cross section and a
concrete impervious facing in the upstream. The hardfill dam is deemed to own a
stronger earthquake-resistance. By means of the finite element method (FEM)

Study on the Structural Safety of CSG Dam*

Peng Yunfeng, He Yunlong, Xiong Kun

State Key Laboratory of Water Resources and Hydropower Engineering Science,
Wuhan University, Wuhan 430072, China, E-mail: whpyf@163.com

abstract: HArAfIll dam I1s a new type of dam, wiichis

called C dam in Japan. It is a symmetrical trapezoid shaped dam with a concrete
impervi face in the upstream. From the viewpoint of structural stability, the
symmetrical trapezoid-shaped hardfill dam should have advantages of high safety. ......
In this paper, the 3D finite element method (FEM) is used to analyze....
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El)
GHT — 35.5 METERS
(116 FEET)

Water Melody in the Passage of Time 'TED—1791

A Review of Hydro Structures of IRAN
From Ancient Era to Present Time

ORIGINAL DAM AS CONS

B.Farhangi
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PROCEEDING OF THE 2002 INT
CONFERENCE ON ROLLER COMPAC'
DAM CONSTRUCTION IN M

Edited by :
Abdallah I. Husein Malkawi
Markus Aufleger
Theodor Strobl

Intermational Canference an RCC Dam Constrection in Middee Fase 7 Apeil 2002, Irbad, Josdan

FACING METHODS AND MATERIALS
FOR RCC CONSTRUCTION

Gary K. Mass
MWH Energy & Infrastrocture, Ine
Denver, Colorade, USA

ABSTRA

The water-tighiness, dorability, and appearance of roller-compacted concre
dams and other works depend, to a large extent, on the facing methods and
used. The paper presents the vanety of methads that are currently employec
advantages and disadvantages of each. Unlike conventional concrete dams, I
facings permit a great deal of innovation in forming and construction metha
materials have emerged that can provide the necessary degree of water-tightn
thermore, the enecgy dissipation of spillways can be greatly enhanced

stepping the hydraulic surface on the downstream face of RCC works as they
structed. Regardless of the method or matenals selected for facings, goad
construction practices must be followed.

INTRODUCTLON

The economy of concrete dams 15 achieved by constructing the minimoam secti
sary for safely meeting the design loads. For gravity dams this minimum se
vertical or near vertical upstreamn face and a sloping downstream face. In oo
the dam, formwork is used to confine the placement of fresh, plastic concrete.
nonal concrete dams are constructed i Blocks or monaliths and the concrete
m each block in lufis of 1.5 10 3-mete ght. After hardening of each place
forms are raised and reset, This method is very labor intense and time consumi.

With the armival of roller-compacted concrete and its apphcation n dams ar
waork, the designer and contractor are no longer resiricted to conventicnal fon
tems. ROC is placed and compacted hin, roughly horzontal layers from
to abutment similar to earth or rock fill consts . Placement of RCC is
continuows and at a high production rate. The need for facing the RCC const
now a matter of economcs and meeting criteria for water-tnghiness, durab
appearance rather than & constroction requirement

RCC can be constructed 1o a maximem slope of about 0.8H @ 1V without son
or means to restrain the mixture during compacticn. An unformed slape m
ceptable for the downstream face of a dam but 15 seldom economical for the
T'he cost of a vertical upstream surface is easily offset by savings in fc
excavation and in matenal in the sloped section, The designer and contracto
to select the most cost effective method for constructing this vertical surfac
variety of methods, These methods inclu rmed ROC and conventional
pre-cast concrete, and slip-formed concrete. In addivion, the upstream facin
ceive special treatment to increase water-tightness such as a cast-in-place
seetion against the ROC, grout-enrichment of BCC, or an impervious m
Various upstream facing methods are shown in Fig. 1.

face

International Conference on ROC Dam Consiroction s Middie Fast dApeil 22, Irbsd, Joedan

forms, Also, an adjustment 10 the step height and width is necessary at the spillway
crest to follow the geometry of the ogee overflow surface. Special forming is reguired
in this area. Fig, 20 shows the results of the model study for Stagecoach Dam spill
way that compares the energy dissipation of a smooth surface and varicus step
heights

Model study of spillway energy reduction for
Stagecoach Dam

Smooth Surface

" 500-mm slep_|——+
= et
"1 4200-rith slep

]_ B00-mim slgg_,.---""'

Termiral velocity, mis

15

Unit Discharge, m3sim

Fig, 20 - Stagecoach Dam - Results of model study
SUMMARY

This paper has presented a variety of facing methods currently used worldwide in roll-
er-compacted concrete construction. It shows the in
linue to develop as more structures are built and performance eva d. It also shows

enuily and innovation that con-

that the facing method selected is very project and site-specific in nature.

By far the most common method of facing is conventional fo & and concurrent
placement of conventional concrete with the RCC. However, a significant increase in
the use of prowt-ennched RCC can be expecied in the future. This method produces a
facing with all of the desired attributes including economy, water-tightness, durability,
and pl g AppPEATANCE.

In several recently designed projects an exposed geomembrane facing has been speci
fied because of the concern about leakage. The long-term performance and the cost of
mainienance of this system still need to be determined

Great progress has been made in the develepment of facing methods and materials
singe the first RCC 15 progress will continue




PRE-CAST CONCRETE

Pre-cast concrete facing has been used for both upstream and
downstream faces.

It produces a very high-quality concrete since elements are
manufactured under more controlled conditions.

It Is also a very rapid method of installation that has little inter-
ference with RCC placement.

Furthermore, site pre-casting can be done during periods
when weather or river water level prevent the placement of

e
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MEMBRANES

A very positive method of ensuring water-tightness is the use of
membranes. Two years after construction of Willow Creek Dam,
Winchester Dam was constructed which also used the pre-cast panel
system for the upstream face. However, at Winchester Dam the
Interior face of the panels was lined with a 6.S-mm thick, polyvinyl
chloride (PVC) membrane for the impervious barrier. Joints in the
membrane were thermally welded to produce a continuous watertight
seal. Similar to Willow Creek Dam, the panels were anchored into the
RCC body. Performance of this dam with respect to seepage has
been excellent.

Galesville Dam was constructed about the same time as Winchester
Dam but used a different technique. It incorporated an exposed
elastomeric membrane coating that was sprayed on the upstream
conve‘)nal concrete formed face Iin two 2.0-mm coats.
Performance of the dam with respect to seepage has been much

lower than expected. Maintenance on this structure has been hlgh

RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues = o driolo




[consTRUCTION

This RCC dam was construcred 2 supplemental
but never busle,
20 upstrear

creee, bt 1o rans-

water supply and flood protection
shale ol mine and processing plant, The dam ha
am facing of conventional
cow canyon site

As wirh macy KCC dams, the concrere face effectively reduced
seepage through the dam to acceprable himits. cation of the
RCC mass further reduced seepage with time, with the scepage
reduction being the most tapsd duting the first three montbs afte:
complete reservour flling in the fall of 1934,

Sigaificant devel
when calciam hydre
ried by seepage water

cne of cakeite (caliom catbonate) formed

de from the cement hydration process is car
0 the gallecy or dam drain holes. Here, the
calcium hydroxide combines with carbon dioxide from the air to
form thes haed white precipirate. With time, this material can canse
drain holes within the dam to clog. The dran holes ar Maddle Fock
Dam were re-drilled 10 reestablish cheir effectiveness foe
e warer and assuting reduction in nplift pressures.

ruring see

lle Dam is anocher example of the rapid placemenc of RCC
The 161,000m> of RCC faced in about 1% mooths i has-
cally Junc and che first half of Jaly in 1985, Placing all conduirs
throngh the dam in a conctete encasement on one sbutment helped

Gales

speed constmcrion. The veetical
crere with 00 transverse cc
for the downstream slope with o
The ovecbuild was allowed 10 ravel and served
acted RCC

elastomeric membeane was speayed 0a the npstreas
in the sart of the RCC placement 10 warmer weath

complerion ¢
i0g 3 cedue

n in volume and thus ceacking. The sproyed on

Vegotarion mrowth ef the dowrstream
tace of Menkseie Dam

membrane did wot have sufficieat elasticity to bridge the cracks
ds wsed 10 reduce tc;ugc through the crscks
1) dumping pelictized € fcom a boar near the
widest crack; an ;;..1‘\"“,,,'1.”;(hn acks 10 a depth of 59
1060 fr (15 below the warer susface. The dumped peflers
worked reasona’ ell when thexe was sufficient velocity (0 deaw
the bentonite into the crack. Cracks lower in the structure
temained wncaulked due 10 3 linutation on the depth the divers
could effecrively work. The repair methods, together with s
ural calcifica n, rednced seepage by about 70%

on and siktat

< 3 two year peeiod.

The seepage concrol system for this 432m koag RCC dam consisred
of a conventional concrese face and parially sealed face joints spaced
4.6m on centee. No wateestopped transverse jounes were included n
the design. {1 was repocted that the ociginal joint sealant nsed in o
vertical dummy joints was 0ot of the type recomenended by the man
ufsctnrer for underwatec placemest and was nor applied (© the
depth spacified in the formed Venotch joint

Upon uitial hlling in 1988, nearly two years after

e gallery h—u-d

her with repair of ode hole at the right-end of
reduce total seepage. During cold weather the following wintes, the
ROC mas d measnred seepage increased. The reser
voir was t ed o allow for repaie of the verncal jouns and
<racks. In addition to the seepage through cracks and joinrs, the
autho thaz addirional seepsge may be coming theough hor:
20ncal life lines in the conventional concret
placing successive layers of facing concrete

Tn 1995-1996, the New Mexico Scate Engineer’s office reporsed it
vorher rehabditation project that redinced seepage by 70%.

ace dne 0 & delay i

ovecsaw as

Monksville Dam became the st RCC dam construceed m the ea:
€n US whea complesed in 1986, Jt had a conventions face

i 4

Rk i 1

,,,H. ey

'hvnm

Lessons from the pa

Kenneth D Hansen provides an msight mto what today's engineers can learn from

the first five years of RCC dam construction in the US

INSFRUCTION

enne

apsrr
slope. Tt was
the purpose of dee

stopped traneverse joincs.
ow

stopped joiuts at higher elevations
which inchaded placemeut of bedding morta;
the upstream face, worked reasouably well

It was 0n the exposed RCC dow:

ell as expected. The or)
reut (110kg/m
mw.”.‘.‘u ed

ully there would be a ¢
Thes lean, dry RCC mux ded not

that it ex

well 15 wetting and dryin

due to rain

o lack of outer restrai
ators working 100 close 10 this steep edge

24

m and uncompacted RCC on 2 0.78H.1.0 V downsteeam

fiest dam in the US o utlise a theemal analysis for
muning amoug other things the s
B a delay in RCC ¢
weather would produce higher placing and peak tem
pecatutes, the desiguers decided 10 decrease the spacing of water
The seepage control system,

eam face that things did uot
ual design called for a higher
RCC mix aloag the downstr:

intended. It was believed that the lean
fly ash) would be sufficieutly durable,

savings in using thi

o masy cycles of reesing a0d thawiug anevaly, =
The mix was also poorly
acted at the edge as the roller could not efficiently compa
he fear of oper.

th D. Hansen

A coriog avd e me for the dam was undertak-
enin 1993, I descemmted, among a(hrnhmp,uul the freeze thrw
deterioration affected about 12 10 18 inches of RCC
¢ oriaed downétres fce. Toe loose ROt face was oo
determined 1o have 2 high degree of water absorption. This led o
condition whete bushes and other vegetation grew and covered the
m face shown in the photograph on

ed from

sralled 10 peovide a durable, more antractive face aud 1o bmix
-

any further dererioration of the RC

This RCC dam was constructed in late 1986 on a generally dry ceeek
w0 provide flood control for a copper mine. The creek drains into »
watershed containing active and iactive open pit coppee mines and
mine waste dumps. ater from these feamstes
Type V (high sulfate cesiscance) porriand cement was
conventional concrete face for the RCC dam. No transverse joints
were included in the design

The 20m high dam is unique in that the graviey structure is buik
06 2 low modulus non-rock foundacion, The site consists of a con-
glomecate overtaid by alluvium. In order to build a stable structure
with less seetlement and seepage potential, the design incloded plac
ing the gravity structure atop an RCC foundanion mat that exteud
ed through che alluviam aud onto the conglomecate. The mat was
upto 7.€m deep.

The deformatiou modulus of the couglomerare foundation was
determined 10 be anly 125 MPa. Scepage was not a problem through
the usually dry dam

Ama ed in the non-overflow secrions at each end
the spillway, which extended across the deepest portion of the
s opinion, the cracks were caused by differen
the structure rather than being thermal related. In

portion of the dam, greater dead load was applied to ¢
smerate than by the reduced section adjacent to each abut

crack occur

The design peoved an RC

dam of this height could be placed on
julus foundation. Howeves, ceacks caused by diffecential
sertlements need (o be considered, especially for structuees that will
tetain water most of the tune

The design for Upper Stillwater Dam departed from all previous

RCC dams ir, the US wich respect 1o the RCC mixtuce propotions

a0d design concept. Whereas the mixes for all seven previous RCC

darms ruight be categorized as lean RCC mixes, Upper Stllwater u

 high paste mux. Its

cement and 172kg

aterials. Upper Stillwater alsc

ed by 2 Vebe coasistency (ASTM C1170) cene in the 13-20

second range. The RC w0 inch maximam se sggre
e termed an ‘excess paste’ mix. This RCC mixture sur

passed che minimum design ditect tensile (180 psi) and direct shear

300 pai) properties at the hife lines at one year

Ar
yeat. After ten years, cores

rength of 3000 psi was
dicated the main interior d
ply to lamter age effects of the

m mix had
70% poz-

mum compressive

lled foc che RCC eass 10 act as the warer
the air-entrained slip-formed facing serving 25 a form
owiding ducabibity ac this cold sice in the Utah mountains
where the mean average temperatuce is 1.7 C. Seepage pecfoemance
ongh the bigh sreagzh ROC mae b beos excellern
T e hasbecn eskage theough cracks theough the RCC
buoted to most of the leakage through the
in the phy on the lefe
tuded in the design
posed wateestopped joints at
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Oam (construction period). location  Owner Max. Dimension nee CorA (he/m)
Weight () Length (m)  Voluma (m¥)

1 . Wegpner, of Engreers: 52 53 331000 52425 Meinge
Oregen Walia Wt Drstict

2 £ Ketord, 2 63 24.800 10440
Wrcheses, Fertucey

3 Misiin Fork (19684), Porachuts, £uon Co. U8 3 25 42200 8640
Colorado

4 Oafeswite (1505), Acwien. Oregon  Dougles County %0 220 )

5. Ganstene Coryon (1085). Vesgo of udoso a2 a2 8040 Mee
Fuidoss, Naw Moxko

£ Morkaie (1088, Ringaoss, N1 Distrct wates Comm. & a on 219,000 sae0
New sersey Hackeraach wate! Co.

7. Lomer Chase Conok (1687) Preips Ooage Maroncl, e 20 122 13800 63402
Masench, Arizons & Sumtomo Wt Mang

£ Uppor { d US Boresu %0 815 1125000 194172
Oucheane, Utah

Scillwatee Dam is 3 high-cementitious (oc high paste) RCC dam as
it coneained more than 160 kg C+FA pee m3. The lean RCC dams
were also construeced using a drier consistency RCC mixture

Discussion of the relevant fearures and lessons learued from each
dam follows.

RCC for o new dam in the LIS beganin 1982 wich consruction f this
flood control dam just ups 5, Oregon

C dam" umn\mr( 331,000m? was placed in just five
lnce cast of about $23.00 pec . This
uld he huile faster and ar considerably
less cost than a comparable concrete grawity or earthfill dam.

Although no transverse joints weee inchaded in the long d
problems with cracking were reported  However, seepage thro
the dam raised concemns with the US Army Corps of Engincers
{USACE),

Soon alter the ceservoie was filled in the spring of 1983, seepage
in the drainage gallery and ar the downstream face was noticeable
{see main photograph, left]. As with nearly all RCC dams, measuced

seepage cedoced with time. This redu b
addinonal calcif
e it s

age is
20 of the RCC mass, silting, and other puiest
n vhe B

in the slip-formed concrere upstream face was

complicate the placing operation and thus ncrease
1. With slip-formed concrete facing elements, producing a
weakened plane is uo problem. It is the sealig of the joint thac
has proved to be expeusive

A finiee element thermal avalysis peedicred ceacking, bar the analy-
sis deccrmined the cracks would uot penetrate the RCC mass by
mote than 20ft (ém). Thea, because the reservoir would be lowered
annually, i was thought the cracks could be repaired from the
apstream face, if needed. It has been theorized tha the major
may have hee init 20neal downstream movement in
the foundation of 10mm aftet the reservoir load was appbed to the
earice sucture

Crack repaies have been accomplished on several occasions by the
US Bureay of Reclamation warh varying result

In 2004, 3 major grouting and crack leakage repast program was
wmitiated. Seven cracks in the dam were chemically grouted with
drawns installed. L thus case, hydrophobic polyuretk

acks

sout peoved
1o be more successful than the prevously used hydrophallic
polyurethane chemical grout. An additional seven cracks only had
deams installed to rekieve warer peessures in the dam

Theee of the wader cr. the dam received » more positive
cutoff. Fourreen foot (4.3m} wide siots with a mivimum width of
47 inches were drilled in the ROC scross ach major crack. Then a
sainless meel ‘corrugated’ membeane was installed in 206t (6in) se
ions from the dam crest that were welded together 1o provide a con
ninuous water barner. The acca in the slor o et side of the sieel
membeane was the filled with an asphalicenvent mex. All indicatious
are that this repair programme will provide the koag teem fix 10 the
coacking problem at Upper Stillwater Dam

dam in the US in the early 19805 was.

The development of the RC
met with a g

rechuiques previously applied 1o building embankmene dams. Seill,
the inherent safery of a concrete dam was masnined.
g the first five years of RCC dam development in the US,

reee graviey dam were pymm Many
featuges in the desiga of these damms were posstive.

Howeves, in all but ove case (Winchester Dam), cercain features
of the design did aoe perform s anticipated The perceived prob-
fems included excessive seepage though the RCC mass, leakage
through cransverse cracks, cracks due to differential serdemeat, dere

hese e\g frat gunenstion ACC come 11 B US ove:

acon At el duced comtiactin

'mmum'umm

oroparties i I ires.

cuen 2008

using chemical grouting from the dam's upseream face did not pro-
doce sufficieve reduced seepage. Subsequently, 8 cement groutng
programme ceportedly reduced scepage siguificaurly. Furehy
teduction of seepage was measured during the next two yea
$nll, 15 yeacs aftec conseuction, a line of secpage continues fo be
visible ou the downstream face with bushes growing out of the
wer loose RCC

With the joines berween the upstream precast couctete panels
unsealed, the RCC mass was considered 0 be the
barrier. The initial seepage throug
voids at the lift lines caused by segregation of the three inch
maximum size coarse ageregate of the lean-dry RCC mix doring
construction

The main lesson leatned from Willow Creek was that a more
impermeable upstream face was needed for seepage reduction,
and secondly that a reduction in the maximum size aggregate
would help reduce segregarion of the lean, dry RCC mixrure
duoin

nary water
h the dam was attribured to

placement.

The design foc chis small muniipal waer sopply dam was similar

CONS TRUCTION

tioration at the dawnstream face due o frecac-thaw and wet-dey!
eycles, and the 4-..n.u of calciom hydroxide to form calcium
carbonare de ehere it meets the it lIn no case did the!
oblem encountered jeopardize the safety of the dam

Many of these problems required maintenance following corn
pletion of the dams. The performance of this fiest geoetaton of ROC!
dams ie. the US was usually well pablicized. The designes of future
RCC dams owe 3 great deal of gratinude 1o the pioneerirg efforts ofl
these eaddy RCC dam designess. Lessons were learned thac would be
applied 10 moee recent RCC dam dessgns:

Because of the noteworthy efforrs of these pioncers, designees
of RCC dams nowadays can develop  concrete dam rhar will
perform well wirh lictle anticipared futute maincenance. The cost
has, however, risen somewhat Jor these improved designs.

Semor Consultant, Schua

¥, Sui

Kennet

D. Hansen, It

250, Awrc

com
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CONCLUSION

The development of the RCC dam in the US in the early 1980's was
met with a great deal of optimism and promise.

Design engineers and owners became enthused with this new method
of building a concrete dam more rapidly and at less cost by using
construction techniques previously applied to building embankment
dams.

Still, the inherent safety of a concrete dam was maiurained.

During the first five years of RCC dam development in the US, eight
dams greater than 15m in height were designed and built.

Time_and time again, more rapid construction and significantly less
cost t}a a conventional concrete gravity dam were proven.

Many features in the design of these dams were positive.
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However, in all but one case (Winchester Dam), certain
features of the design did not perform as anticipated.

The perceived problems included excessive seepage through
the RCC mass, leakage through transverse cracks, cracks
due to differential settlement, deterioration at the
downstream face due to freeze-thaw and wet-dry cycles,
and the leaching of calcium hydroxide to form calcium
carbonate deposits where it meets the air.

In no case did the problem encountered jeopardize the
safety of the dam.
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Many of these problems required maintenance following
completion of the dams.

The performance of this first generation of RCC dams in the
US was usually well publicized.

The designers of future RCC dams owe a great deal of

gratitude to the pioneering efforts of these early RCC dam
designers.

Lessons were learned that would be applied to more recent
RCC dam designs.

Because of the noteworthy efforts of these pioneers,
designers of RCC dams nowadays can develop a concrete dam
that fgl/ perform well with Iittle anticipated future
maintenance. The cost has, however, risen somewhat for these

WOK@ @@§I’Iﬂ% Information Eng. ANDRIOLO, Francisco Rodrigues = o Andriolo
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Lessons Learned

The main lessons learned from the design and subsequent
performances of these eight first generation RCC dams in the US
are:

= RCC dams should have sufficiently watertight upstream faces:;
© RCC dams should have induced transverse water-stopped joints,
to accommodate thermal induced contraction,
© The maximum size aggregate for lean, dry RCC mixtures should
be reduced from 75mm to 38-50mm to help reduce segregation;
© Bedding mortars or excess paste RCC mixtures are needed near
the upstream face to:

© a) Reduce seepage, and

© b) Increase shear and tensile properties at lift lines;
© Leagpoorly compacted RCC mixtures should not be left exposed
in fre@*thaw areas;
© Low and variable foundation conditions need to be properly

addressed in the design

- RCC : Updating the Infofmation Eng. ANDRIOLO, Francisco Rodrigues = o, Andriolo
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Part I- General Information concerning the RCC Dams

I.b) Main RCC Dams
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The Khlong Tha Dan Dam_—f(;l'hailand) was compléted in 2005.

It is 93m high, 2720m long and 5.500.000 m3 of concrete.

It Is also the largest and longest RCC Dam in the World.
=
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The Miel -1 Dam Colombla) was comp#eted in 29(‘).

\

It is 188m high, 34% kong and 1.750. ooo'
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http://upload.wikimedia.org/wikipedia/commons/0/05/Miyagasedam.JPG

The Urayama Dam (Japan) was completed in 1999.

It is 156m high, 372m long and 1.600.000 m? of
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International Milestone RCC Projects

There are number of RCC dams constructed in last three decades
around the globe. Eight RCC projects are recognized as
International Milestone RCC Projects at the symposium based on
the engineering design accomplishment and innovative
Instrumentation. There names are as follow:

Dam Country Aspect

Longtan China 216,5m; 6.300MW
Miel | Colombia 188m; 375 MW
Miyagase Japan 156m

Olivenhain USA 97,1m
Ralco Chile 155m; 690 Mw
Rialp Spain 101m
Salto Caxias Brazil 67m; 1240 Mw

Wolwedans South Africa 70m
I il = ANDRIOI O Erancicco Rodriaties




Some Additional Highlights

Miel | Dam- 190m Colombia
Largest Volume- Tha Dan Dam — 4.900.000 m3 Thailand
Simplest Dam Beydag Dam-3.000.000 m3-Just one aggregate  Turkey
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Part I- General Information concerning the RCC Dams

l.c) Advantages and Disadvantages about RCC Dams

- RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues = o, Andriolo
O

.

e



Conceptual Aspects

Gravity dams built using the RCC construction method, afford
economies over conventional concrete through rapid placement
techniques.

Construction procedures associated with RCC require particular
attention be given in the layout and design to watertightness and
seepage control, horizontal and transverse joints, facing elements,
and appurtenant structures.

The designer should take advantage of the latitude afforded by
RCC construction and use engineering judgment to balance cost
reductigns and technical requirements related to safety, durability,

and loM@term performance.
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The advantages of RCC in dam construction as
compared with traditional-concrete dams include:

« more rapid construction (2,5 to 3 m vertical progress per week can be
achieved in large dams - greater rates have been achieved in smaller
dams);

« effective use of conventional equipment (trucks, dozers, vibratory rollers,
etc.);

« a reduced cost of construction as a consequence of the above,

 thinner layers which lead to increased safety during construction by
reducing the differences in levels between placement (a similar concept
can be applied to traditional concrete dams using the ELCM (extended
layer construction method) that has been used in Japan for smaller dams
using similar methods to the RCD dam but using immersion vibrators
rather than vibratory rollers — similar methods can be used for the top
section of large dams);

- safetyglalso enhanced by the reduced dependence on formwork;

- reduced impact on the environment as there needs to be no excavation
of the abutments for cableways, etc..
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Advantages as compared with fill dams include:

« reduced time of construction by placing material at a comparable rate
with a very much reduced volume;

* incorporation of the spillway over the dam;

 shorter river diversions (both in terms of length and time) during
construction and reduced cofferdam requirements. As the flood risk is
decreased, the size of the diversion can be reduced,

 shorter penstocks and conduits and the construction of any intake
tower Is possible against the dam face rather than being free-standing
and is thus less sensitive to earthquake loading;

e as a consequence of the above a comparable cost of construction;

* reduced impact on the environment as less material is required,
which in turn leads to a reduction in traffic and a reduction of dust, etc.;
* the dam is capable of passing floods during construction by over-

toppir@/:ithout damage,;
* the construction season can be longer than that for a fill dam.

RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues = o Andriolo



Design Focus

Problems related to impermeability have arisen in several dams.
Some engineers are Iin favour of building RCC dams to profit from
their advantages but warranting their impermeability with a
watertightness system in the upstream face.

Which are the current trends with regard to the specific
Impermeabilization of the face?

Which systems are the most used to have a minimum influence
on costs and construction timing?

Cementitious content used in RCC dams have low cement
content. In theory, this must reduce the risk of chemical expansions
and/oﬂ]ermal aspects?

RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues Andriolo



Design Focus

Is it true that these dams present less risks with regard to
expansions. On the other hand, the type of addition can trigger
possible expansions?

Have expansion phenomena been observed in RCC dams?

Advisability of using “wet” RCC mixtures instead of dry ones for
dam construction

Advantages or inconvenient of the use of bedding mixes with
high-paste content RCC mixtures

RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues Andriolo




Crack and Temperature control

If the RCC was developed to simplify the concrete
constructions:

Which are the reasons to apply a temperature control,
eventhought for layer of thin thickness?

IS It not better to request for a maximum temperature in the dam
body?

And so on, the Contractor develop its Construction Work
Program on basis the layer thickness, placement interval
(construction speed), ambient, placement and dam maximum
temperatures, and cementitious content?

%e the point of view that the watertightness of the upstream
face is very important for the dam, which is best system to be used?

- RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues Andriolo
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Application on Faced Symmetrical
Hardfill Dams (FSHD)

© Under what foundation or materials availability conditions will a Hardfill Dam be
more advantageous technically or economically than a typical RCC gravity dam?

© If the selection of the dam type is based on the rock foundation conditions, which
are the geotechnical characteristics of the rock foundation that are required to build a
FSHD?.

© How are the settlements at the concrete face considered?
© Do they always need a PVC membrane to prevent from leakage?

© If the selection of the dam type is based on the low cost of the materials, it is
necessary to quantify the cost estimates that lead the designers to select the
cemented gravel sand and/or hardfill materials instead of the traditional RCC mixes?

&) Does it seem that the cost reduction of the CGS depends mainly on the
availat“gf on site-generated materials?

©)
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Materials Focus

Aggregate Gradings
Application on cemented sand and gravel materials for dams (CGS)

Cementitious Content - There seems to be a continuing debate on RCC mixes- low
or high cementitious content (or lean * high paste mixes). What is a contractor's
perspective in working with both types of mixes?

Is there an optimum fly ash content for RCC mixes depending on the percent fines
in the aggregate? also, an optimum content based on the relative cost of cement vs. fly
ash?

Also, | would to explore whether there is a different optimum aggregate gradation
band depending on the consistency of the RCC (example low VeBe time vs. high or no
VeBe time).

Rock Flour

CSG is defined as a material prepared by simple mixing of rock-based raw materials
suchy uck and riverbed gravel together with cement and water. CSG is being studied
with aaintion of making full use of site-generated materials. The CSG can be used as
an alternative construction material to reduce construction costs. The quality of CSG is

affected by various factors including grain size distribution, water content, cement mixing
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Part I- General Information concerning the RCC Dams

l.d) Comparison and Cost
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DAM TYPES AND STRUCTURES

Designated as:

Behaviour (Rigid ou Flexible);

Material (Earth- Soil; Rock; Concrete; Mortar);
Geometry (Axis Linear; Curve-Arched)
Construction Methodology (CVC, CCR; CFRD..)
etc...

L

v" Structural Concern
v “New Fashion” Dam
v' Advantages e disavantages

v_dgeneral Lay Out
v [#sails
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General cost comparisons between RCC gravity structures and
earthfill and rockfill structures will be wolume dependent and can
best be illustrated on a unit cost basis. Figure 4 is a semi-log
plot of average dam height werzus the volume ratio of an embankment
dam to a gravity dam (developed for use in conjunction with Figure
2). This plot (om Figure &) gives average dam height versus the
ratio of earthfill or rockfill embankment dam volume to RCC gravity
dam volume per unit length of dam. For example, based on wvalues from
Figure 2, at a dam height of 250 feet (76 mw.), the required material
volumes per unit length of dam for (1) an earthfill dam, {2} a
rockfill dam, and (3) a gravity dam of RCC would be 6,643 cu. vyd.
{5,079 cu. m.); 4,097 cu. yd. (3,132 cu. m.}, and 949 cu. vd.
(725 cu. m.), respectively. The wvolume rtatio of the-earthfill and
rocklfill embankment dams to the RIC gravity dam would then be 7.0 and

4.3, respectively. This procedure was used to determine the dJdam
height versus volume ratio relationship illustrated im Figure & for
average dam heights ranging from 50 feet (15 m.) to 500 feet
(122 m.)-

Figure 4 rtakes on greater significance when urilized in con—
junction with cost ratios developed from material and placement
costs for the three major mote—3-1 #oooe Mo amefan do o dasaoe

mination of the unit cost construction 1s available for a selected structure. It

COST COMPARISONS

between RCC gravity dam structures and
ss concrete dams indicates the use of
mtional earthwork placement techniques
costs per unit of concrete. This is
h shows basic ceost relationships from
88 concrete gravity dam projects (ex—
ly bid RCC gravity dam projectse. Only
lal are approached, does the economic
¢ less significant. For placements of
yde (1.5 million cu. m.) or less, a

dvantage of about 1:2 is realdized with
concrete gravity dams.

nstructed mass

iz assumad

recently bid dam projects acpehat in an economic assessment the poinr at which material and

Figure 5. Because the ceme:

rion of the dam design,
unit costs. These costs re ROC gravitj dam,
only. Using Table 1 as a g
£i11, and RCC of $3.80, $7.5

result in cost raties of average unit coscts
RCC to rockfill,

line is drawn horizonotally
curve of che earchfill dam.

MATERIAL

CORE MATERIAL
FILTER AND DRAT!
MATERIAL
RIPRAP

RANDOM FILL
ROCKFILL

RCC ment) based on average

it placement costs for an earthfill or rockfill dam equal those of an
the volume ratio of
gravity dam will be equal to the dams' cost ratio.
and $30.70 per cu. m.), res)Tabic to cost ratie will equal one.

the embankment dam te the RCC
Thus, the volume
Toc apply this premise using the

previously cited for earthfill dams is entered
respectivell ¢ .om the left of Figure 4 at a cost ratio of 6.2 at which point a
to intersect

This intersection corresponds to & dam
TIPICAL theight of approximately 115 feet (35 m.)
cited unit price costs of mareriale and placement, an RCC gravity dam
gould provide esconomic advantage
tives in structures over 115 feet (35 m.) in height.
height at which this would occur for =z
would be approximately 30 feet (9 m.).
analysis relates only to dam construction costs (material and place-
dam height and does not consider the found-

the earthfill wvolume ratio
indicating that for the

over earthfill embankment alterna—
Similarly, the
rockfill embankment structure
It must be realized that this

SLIP FORMED FACiation preparation costs or the important appurtenant structures such

*To convert cost te as $Pillwa}', outler tower, etc.
these relationships can

economic
for RCC gravity dams have been previously discussed in

aver,
On rthe basis of these COols. The

determination of appropriat gtructures
can be made as to whether -
this paper.

possible

Even under such restrictions how-
be useful asz preliminary evaluation
advantages related to appurtenant




Usual... In the practices
Earth Fill Dam

It is the most traditional material

Impermeabillity it is done by the compacted clay

Transversal Section can be optimized based in percolation
studies (slopes from 1V: 2,2 to 2,5H
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Usual ...In practices
Earth Fill Dam

v’ There are build with fine and coarse grain soils and low
permeability;

v There are constructed by compaction, and can be :
» Homogeneous (with claily soil less permeable)
» Zoned (with an impermeable core and 2 zones less
Imprmeables, with coarser material to avoid some sliding)

v Due to the large base area the body apply low loads to the
foundation;

v Du'a'this can be constructed on quite poor foundation

- RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues = o, Andriolo
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LEFT BANK CROSS SECTION
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Rock Fill Dams

v Are construted with rock blocks or gravel;

v  Are costructed by compaction and with na impermeable
element and a drainage system;

v There are less dependent of the rainy seasons than Earth Fill
Dams;

v Due to the large base area the body apply low loads to the
foundation;

v Impermeable System for the Dam Body:
4

v Impermeable System for the Dam Face:
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Xingo Hydro and Dam
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Concrete Dams

Gravity Dam,;

Butress Dam;

Hollow Gravity; and

Arch (cylindical or Double)Dam

The Stability
(Sliding and Turning)
IS provided by the
Dead Load induced
by the Adopted

Section, for the i A how 2]
Geomechanical N =i N P b
if HE =l Yo(hj# hen=h|)

condition of the [u— i
avalla Foundation | TEEE i i
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Contrete
“Gravity” Dam
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gl Concrete Butress Dam

v' The under-pression it
IS reduced,;

== v The concrete volume

RCC : Updating the Information

Eng. ANDRIOLO,

IS reduced:

v The load on the
Foundation It 1S
Increased:;

v Due to this the
Foundation need be
better
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Curved sliding form
seL on runners
bolted to the burtresses

Gunite
N

FORMWORX FOR THE ARCHES

igure 63: Rabodanges Dam, France, (See Figure 1)

RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues




Hollow Gravity Dam

__E1144.00

A

o
.. 35.00] 35.00/31.35

1 Grout curtain
2 Consolidation and contact grouting
3 Drainage tunnel
4 Shear keys (W 1 Plan and section at E1. 40
5 Contact (shear zone) : & f 11 Detail
6 Direct and inverted pendulum . [ il ab Monoliths
7 Discontinuity (4 pRrad YK .

[ 1 Contraction joints

T 2 Water stops
g Piezometer 3 Drain at joint ¢
4 Internal dewatering pipes
5Keys

Figure 7 - Foundation treatment of main dam and powerhouse in the niver channel ™

@ Extensometer

MA@ Drainage curtain

Figure 25 - Hollow grawvity dam-details of typical hollow gravity block
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Figure 4 - Typical geclogic section al taipu site
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Choosing the Best Location

Foundations that are suitable for massive internally vibrated
concrete dams also are suitable for RCC dams with similar
properties.

However, because of the low cost, construction technigues, and
material properties of RCC, this type of dam can use a wider base
and special design details to accommodate foundations that
would otherwise be unsuitable.

To build a well-constructed RCC dam on unique foundations,
proper attention to certain details is crucial.

n\”fetalls Include the width of the structure, isolation of
monolith joints, foundation shaping (including use of steps),
footln%s for the dellve%oystem and use of Ievellng concrete

CC : Updating the Infor Eng. ANDRIOLO, Francisco Rodrigue
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Considering Leveling Concrete

One particular foundation consideration worth noting is the use of
“leveling” concrete.

Builders of some RCC dams have used leveling concrete to cover
the foundation and provide a smooth base for the RCC.

For other RCC projects, builders have started with RCC directly
on the foundation.

Each approach has merit, with each being more or less suitable to
different conditions.

There are considerations for and against the use of leveling

concreﬁ.
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Some Considerations in Designhing an RCC Dam

By Ernest K. Schrader

Builders of roller-compacted-concrete dams need to consider several design elements before
beginning construction.

These elements include choosing the best location, determining the need for leveling concrete,
deciding the overall configuration of the dam, and designing to minimize the effects of features
embedded in the dam.

Roller-compacted concrete (RCC) offers a range of economical and safe design alternatives to
conventional concrete and embankment dams. And while the same basic dam design concepts
apply, there are several unigue considerations for RCC dams.

Some important considerations to address before proceeding with detailed final designs include but
are not limited to: the basic purpose of the dam, the owner’s requirements for cost, construction
schedule, appearance, watertightness, operation, and maintenance.

A review of these considerations guides selection of several key components, including location,
the use,ﬁyeling concrete, the basic configuration of the dam, and how to deal with conveyor
supports,

To fully capture the advantages of rapid construction using RCC technology, the overall design

should keeg construction as simple as possible.
RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues Andriolo
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Leveling concrete simplifies the start of RCC placing and its initial production rate, but
makes construction more time-consuming and costly;

On a foundation with substantial undulations and slopes, the leveling concrete will be
very thick in most locations, requiring forced cooling;

Leveling concrete typically has long-term stiffness (modulus) values of 20 Giga- Pascals
(GPa) to 35 GPa (3 to 5 million pounds per square inch), with low creep. If placed on a
foundation with lower tensile mass modulus, this concrete creates added restraint and
higher thermal stresses;

Any type of RCC mix can be placed directly onto foundation rock without leveling
concrete. This is accomplished by first spreading a thin layer of high-slump bedding mix
onto the rock, then spreading the RCC over the bedding and compacting it while the
bedding is still fresh;

If the foundation is relatively poor and would deteriorate from exposure before placing
RCC, it is common to use shotcrete or a thin “mud mat” to seal and protect it; and

Where Shotcrete is placed against abutments and the foundation still tends to
deteriorg or where the abutment could not be cleaned to sound material before
shotcreting, grout pipes have been used to ensure a seal between the shotcrete and
foundation.

RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues = o Andriolo
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Determining the configuration of the RCC dam

RCC dams can be built with straight or curved axes, vertical or inclined upstream faces,
and downstream faces varying from vertical to any slope.

The design type chosen, proposed height, and foundation characteristics strongly
influence the basic dam cross section.

The overall design of an RCC structure must balance the use of available materials,
selection of structural features, volume and strength requirements for different-sized
dam sections, and proposed construction methods. Each factor must be considered in
light of the others. For example, a particular dam section may require certain shear
strength for stability.

However, available materials may not be capable of providing this strength or the
construction method may not ensure sufficient lift-joint quality to provide the strength. In
these situations, changes to the mix design, construction method, or section structure
may be the solution

e
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Other RCC dams

Many RCC dam designers have used the basic gravity dam
section with a vertical upstream face and constant downstream
slope on a vertical face.

The low cost of RCC often makes it reasonable to flatten the
downstream slope of the dam and add more mass than is
economically feasible with conventional concrete.

This reduces foundation stress, RCC strength requirements,
and lift-joint concerns.

Redug_\tjons In cement content also result, with related
reduc#®ns in unit cost and in thermal stresses.

RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues Andriolo




However, the possibility of using higher cementitious contents with higher strengths also
should be investigated if the thermal stresses can be tolerated and the volume reduction
offsets the increase in cost due to higher unit costs of the RCC.

Influencing factors in this decision are the length of the dam, shape of the valley, cost
and availability of cement and pozzolan, quality and production costs of the aggregates,
and foundation quality.

A parapet wall can reduce costs of constructing larger dams by reducing the quantity of
RCC. The wall also can act as a personnel barrier and curb.

Added height or “freeboard” for overtopping waves is not necessary with RCC.
Also, curving the top of the parapet wall outward can direct waves back to the reservoir.

The wall can be a continuation of upstream precast panels, if that option is used to form
the upstream face of the dam.

A “breal@y” parapet (fuse plug) designed to fail during overtopping can be designed.

This can allow water to flow over one side of the dam while protecting any downstream

powerhouse or access road on the other side
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The width of the dam should be established after considering
several factors, including:

v" Cost of additional RCC and downstream vertical facing;
v Required width for access during operation and construction;

v Inertia (seismic loading) of the laterally unsupported top section
of the dam;

v' Effect of the mass on sliding stability due to the added confining
[oTo

v’ Effect of the mass on the location of the resultant force for the
section;

v Distﬁution of foundation stresses: and

4 P055|b|I|ty of causmg tensile stress across downstream lift Jomts
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COSTS

COSTS

10.1 Main Aspects

The use of RCC technique in the construction of dams and pavements has started formally
in the beginning of the 70's and came to a summif fen years later. In 1994, about two hundred

dams have already been built with this fechnology.

This constant evolution is meaningful and widely known. However, some issues

are still

under debate regarding costs of the many waterproofing face alternatives, the use of the

bedding mix and the cost of RCC itself, as well.

Payment Item Description UNIT Lowesi Average | Lowest | Average

RCC RCC CFRD CFRD

Common Excavafion UsS/m3 1.53 2.45 1.22 1.96

Rock Excavafion in Pit Us5/m3 5.42 6.16 5.25 4.83

CVC Concrete- Fc 164 MPa Us%/m3 63.30 78.31 78.13 106.30

CVC Concrete- Fc 21 MPa Us%/m3 59.61 95.92 8a.78 124.68

CVC Concrete- f'c 24 MPa Us5/m3 84.76 130,33 1046.59 142.82

Fumishing and Installing Reinforcement Steel USS/kagf 1.02 1.10 0.89 1.00

RCC Concrete- f'c 8.5 MPa (Less rock excavation for aggregates) Us5/m3 20.22 24.50

Rockfill (Handliing & Compaction) Us$/m3 0.50 0.65

Transifion (Crushing + Handling + Compaction) Us5/m3 8.89 2.08

Figure 10.02 - Jorddo bid unit costs comparison [10.11]

Payment ltem Descriplion UNIT Engineering Engineering Bid Offers | Bid Offers
Report CFRD Report RCC CFRD RCC

Common Excavafion Us5/m3 5.00 5.00 1.96 2.45

Rock Excavation in Pit Us$/m3 12.00 17.00 4.83 5.25

CVC Concrete- Fc 14 MPa Us$/m3 122.00 122,00 106.30 78.31

Fumishing and Installing Reinforcement Steel USS/ kgt 1.43 1.43 1.00 1.10

RCC Concrete-f'cB.5 MFPa (Less reck excavafion for aggregates) Us5/m3 44.37 24.50

Rockfill (Handling & Compaction) Us5/m3 4.10 0.65

Transifion (Crushing + Handling + Compaction) Us%/m3 18.50 .08
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METOLONG DAM

Works Unit RCC DAM CFRD DAM Comments
Quantity | Unit Cost Total Cost Quantity | Unit Cost Total Cost
(US$) (US$) (USS) (US$) Main costs to be adjusted to Lesotho basis
Dam 15.808.878 9.845.416
Commun excavation m3 9.500 4,20 39.900 25.000 4,20 105.000
Open rock excavation m3 31.185 12,75 397.505 10.000 12,75 127.467
Compacted soil m3 - - - -
Transition m3 - - 25.000 14,80 370.000
Rockfill m3 - - 1.000.000 6,33 6.333.333 |Rock Fill Compaction Cost
Conventional Concrete (Without Cement) m3 2.411 130,42 314.443 8.000 130,42 1.043.360 |Concrete Face and Plinth
RCC (Without Cement) m3 256.000 31,81 8.142.507 - -
Cement t 26.263 231,46 6.078.920 2.400 231,46 555.504 |Review Cement Cost at site
Reinforcement Bar t 255 3.276,88 835.604 400 3.276,88 1.310.752 |Review Rebar Cost at Site
River Diversion - 1.482.812 - 2.352.587
Cofferdams m3 8.983 20,47 183.852 20.000 20,47 409.333
Diversion Tunnel - -
Commun Excavation m3 4,20 3.000 4,20 12.600
Open rock excavation m?3 12,75 10.000 12,75 127.467
Underground Rock excavation m?3 190,67 8.000 190,67 1.525.333 JCost for small section of Tunnel
Treatments gb - - This can be adjusted, enlarging the section
Conventional Concrete (Without Cement) m3 130,42 800 130,42 104.336
Reinforcement Bar t 3.276,88 36 3.276,88 117.968 JReview Rebar Cost at Site
Cement t 231,46 240 231,46 55.550 JReview Cement Cost at site
Diversion Galleries - -
Commun Excavation m3 4.000 4,20 16.800 - -
Open rock excavation m3 10.000 12,75 127.467 - -
Conventional Concrete (Without Cement) m3 3.000 130,42 391.260 - -
Reinforcement Bar t 180 3.276,88 589.838 - - Review Rebar Cost at Site
Cement t 750 231,46 173.595 - - Review Cement Cost at site
Pit Rock Excavation in m3 350.000 11,18 3.913.000 | 1.000.000 11,18 11.180.000
Spillway - 6.704.397 - 2.853.840
Commun Excavation m3 4,20 - 3.000 4,20 12.600
Open rock excavation m3 12,75 - 15.000 12,75 191.200
RCC (Without Cement) m3 31,81 - 31,81 -
Conventional Concrete (Without Cement) m3 10.000 130,42 1.304.200 5.000 130,42 652.100
Conventional Concrete (Without Cement) m3 10.000 138,99 1.389.933 3.000 138,99 416.980
Cement t 6.000 231,46 1.388.760 2.300 231,46 532.358 |Review Cement Cost at site
Reinforcement Bar t 800 3.276,88 2.621.504 320 3.276,88 1.048.602 |Review Rebar Cost at Site
~ Ddo 0 0 allo g. ANDRIOLO 2 0 Rodrigue




RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues




B i
LR )
e
LR LY
SRl

Ve Suichome
- LA Wy
ro

LRl L R ¥

CERRY
-0
- 10 Gy
PR T

rechs & % )0 miy e
EAETM ge2IM

Dasets m\l; Vt‘ A
Feam ge il

UHE Cs
Modelo Geomecdnico
Abril 1997

Lactohanste ¢ » | 3 WMy
L R )
1) v

B R
Lentie
o
LR R )

. LS
Lassmenats ¢« 13 WP P a0
oM ars g v AT

co 1My fe 2
St e i T
Pt 4% 10 W0y =
. 23

Amejtwaets Dmem
L Lot o

. ar

UHE Campos Novos
Geologia Local

RCC : Updating the Information

Eng. ANDRIOLO, Francisco Rodrigues




‘t"Q’

= P ATIINTH P,
P AT P20 LR L

!

9

RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues
|







Foundation

Topographic

Climatic Condition-

Climatic Condition-

Temperature
Hidrological
Condition
Material availability

Good: Can accept all types of

structures

Open Valley: It is not remakable
point. Just can be used to have a
relaxed Lay Out, and to execise a
better use of materials

Low Rain Level: It is not a relevant

condition for decisions

Low Average Temperature: Good for
Concrete. But if have High Amplitude
induces Cracks

Poor: Normaly induces the Decision
for a Deformable Dam, or a large
Base

Narrow Valley: Induces to a better

Fair: The Structure or the shape

must be adjust to it
Medium Valley: As Open

Lay Out, some time reduces the

option for decision

High Rain Level: Induces to reduce
the Clay Option; Induce to pay
attention in concrete surface
finishing

High Average: Pay attention- need be

Medium Rain Level: How it affects

the Clay works?
Medium Average: Pay attention

analyzed

Need be analyzed for Diversion System, Cofferdams and Reservoir Filling. RCC can be overtoped

Need be analyzed for all dam type

Alluvium

Available- Earth; rock Fills and
concrete

Non Availbale- Rock exploitation-
Cost

Fair or far: need be cost analyzed

Rock Quarry

Available- Earth; rock Fills and
concrete

Non Availbale- Rock exploitation-
Cost

Fair or far: need be cost analyzed

Clay

Available- Earth; rock Fills and
concrete

Fair or far: Non Availbale- Rock exploitation-

Cost

need be cost analyzed

Cements

Near Available- Concrete Cost

Fair or far: need be cost analyzed |Non Availbale- Cost Analyzed

Pozzolanic Materials

Handling-
Transportatigh,Cost

Earth Quake Need be analyzed for all dam type

Workman Labor
Qualification

Near Available- Concrete Cost

Fair or far: need be cost analyzed |Non Availbale- Cost Analyzed

Need be analyzed for all dam type

Need be analyzed for all dam type

Need be analyzed for all dam type maintenance and repairs

Specific Conditions

RCC : Updating the Information

LA

Need be analyzed for all dam type
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Part II- RCC Dam Construction- Methodologies
Il.a) Materials Availability and Processing -
Timely Material Production

Il.b) Production, Handling, Pouring, Compaction

Il.c) Upstream and Downstream Faces And
construction Joint Treatments

Il.d) RCC Arch Dams

»
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Part IlI- RCC Dam Construction- Methodologies

Il.a) Materials Availability and Processing-
Timely Material Production
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MATERIALS
Objective of the selection of the materials for

and design of the mixture proportions of an
RO G

Materials for RCC can be from pit-run
minimally-processed aggregates with low
cementitious (cement plus mineral
admiy®8ke) contents to fully-processed
concrete  aggregates  with  different
cementltlous contents.

g RCC : Use & Special Aspects

IRCOLD - Iranian National Committee on Large Dams
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Aggregates v Selection of aggregates and control of
As the RCC Is agrading are important factors influencing the
concrete, the in-situ quality and properties of RCC.
Specifications
should reflect an v Variability of aggregates- Significantly
appropriate degree affects the cementitious and water
of control of requirements (affect workability- strength).
aggregate

quality . "
and grading. Aggregates gradlng composition curve

(cubical type) as p= (d/Dmax)¥3 *100%

Aggregate Compo sed Gran Sixe Curve -RCC MSA (75; 65 5& 38)mmn Aggregate Composed Gran Sixe Curve -CVC MISA (75; 65; 58; 38)

)

o2 3 8388338188
)
uh

PerosntPassing ¢4)
S EEEEEEEREEE

=O=MSA-Dmax 75mm | |
2~ MSA - Dmax 63mm || |

~@—MSA - Dmax 50mm

=3=MSA - Dmax 38mm

£
=
=
-
-
-
o
E
=
2
-
o

75 63 S8 38 32 25 19 16 12595 43 24 12 05 83 015088 % 63-60° 38°32-28°'18 16°12,5°06° 4572412 05 0.3 5,15 0,00

Grain Size framd Gran Sixe (mmnj
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As the aggregates MSA iIn the grading composition IS
reduced, a greater quantity of “sand” (mafe‘ Al finer than
5mm) Is required, as well as a greatp\\ y of “fines”

(material inferior to O O75mm) “
\ er of 2 svmds with a

» closed grading with a sm
maximum density ane “ rmeah

§=ad fo the ‘need of
closeg &od.admg and

The unavaif *’% uf “fin
d&% alternﬂfgg i
minif tne%eu “

smg pozzolanic material (if

This™ obtam
availa t a I Qelther of Silt or of Rock Flour. The
choice of the a natlve must be made, prudently, on a

technical and economical basis.

RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams -
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4% Designation: C 33 - 03

ull

WTIPRANATOMAL

Standard Specification for
Concrete Aggregates’

6.3 Fine aggregate failing to meet these grading requirements shall meet the
requirements of this section provided that the supplier can demonstrate to
the purchaser or specifier that concrete of the class specified, made with
fine aggregate under consideration, will have relevant properties

at least equal to those of concrete made with the same ingredients, with
the exception that the reference fine aggregate shall be selected from a
source having an acceptable performance record in similar concrete
construction.

8. Soundness

as meetglilithe requirements of this section provided that the supplier
demons 5 to the purchaser or specifier that concrete of comparable
properties, made from similar aggregate from the same source, has given
satisfactory service when exposed to weathering similar to that to be

8.2 Fineﬁegate failing to meet the requirements of 8.1 shall be regarded

encountered
RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams -
= Fna ANDRIOI O Erancisco Rodriaties




) Designation: C 33 -03
wan’

WTIPRANATOMAL

COARSE AGGREGATE
9. General Characteristics

Standard Specification for
Concrete Aggregates’

NOTE 7—The ranges shown in Table 2 are by necessity very wide in order to
accommodate nationwide conditions. For quality control of any specific operation, a
producer should develop an average grading for the particular source and
production facilities, and should control the production gradings within reasonable
tolerances from this average. Where coarse aggregate size numbers 357 or 467
are used, the aggregate should be furnished in at least two separate sizes.

NOTE 8—The specifier of the aggregate should designate the class of coarse
aggregate to be used in the work, based on weathering severity, abrasion, and other
factors of exposure. (See Table 3 and Fig. 1.) The limits for coarse aggregate
corresponding to each class designation are expected to ensure satisfactory
performance in concrete for the respective type and location of construction.

: ‘z‘ﬁ-‘f' :

@ . Selecting a class with
lenient iMItS“may result in unsatisfactory performance and premature deterioration of
the concrete.

RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams
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The most popular MSA was in the 75- to 80-mm size (up
to years 2000), although there now seems to be a trend
towards smaller (60-50mm) sizes due to segregation
aspect .

The MSA is tending towards 50 to 60 mm. The maximum
size of aggregate is not related to layer thickness nor
compaction machinery. Compactability iIs governed
primarily by the workability of the concrete.

Field tests with up to 40% flat and elongated particles
(with an average below about 30%)

Sel Al . The US Army Corps of Engineers
currentfffias a limit of 25% on the allowable content of
flat and ‘elongated particles, but this aspect is more
Impoktant for Pumpable Concrete than RCC.

- RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams
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Gradings of fine aggregate conforming to
traditional CVC have been successfully used
for most RCC dams.

Fine aggregates with these gradings may
occasionally require more cementitious
material than Is needed for lean mixtures
using aggregate with more fines than is
generally allowed.

Uh&hed aggregates with a much broader
grading range than iIs usually specified have
also'been used.

RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams -
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@ The aggregate grading and low fines
content affects the relative compactability of
the RCC and may Iinfluence the minimum
number of vibrating passes required for full
consolidation of a given layer thickness.

@ |t also affects the water and cementitious
material requirements needed to fill the voids
In the aggregate and coat the aggregate

partigﬁ

& Crusher fines and silt (no-plastic fines)
material are usually acceptable.

RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams -
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« Some cost savings might be achieved by combining two or
more size ranges to reduce the number of stockpiles.

« The Designer and/or Contractor must balance the potential
cost savings in a reduction in number of stockpiles and
separate handling and weighing facilities with the potential for
Increased variation in aggregate grading and its impact on
uniformity of the RCC.

 Three or four aggregates sizes are mostly used in RCC dams.

The RCC can be
proportioned and compacteia:
with natural aggregates ‘
(gravel) or with crushed




The Designer and/or Contractor must balance the potential cost savings in a
reduction in number of stockpiles and separate handling and weighing facilities with
the potential for increased variation in aggregate grading and its impact on uniformity
of the RCC. The Figure shows an unique aggregate curve that is was used in Beydag

RCC Dam in Turkey

Bevdag RCC Mix Proportions Study

Porveet Plesaiz (a9

Beydag RCC Dam in Turkey

Eng. ANDRIOLO, Francisco Rodrigues o Andriolo
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Cementitious Materials

RCC can be made with any of the basic types of cement or, more
usually, with a combination of cement and a mineral admixture.

The use of mineral admixtures has the desirable effects of reducing
the Portland cement content, thus usually lowering costs and
reducing the heat of hydration, and giving slower strength
development which can reduce thermal stresses.

RCC can be made from any of the basic types of cement.

Strength development for lower-heat cements is usually slower
than forﬁﬂ]ary Portland cement at early ages.

At greater-ages, the slower-early-strength-development cements
usually ultimately produce higher strengths than Ordinary Portland
cements.

RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams -
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Mineral admixtures

The use of pozzolanic materials in the massive
concretes Is an old and renowned practice, with
the use of percentages around 15 and 25%,
predominantly.

Natural

The advent of RCC led to the
use of higher contents of

Pozzolan
pozzolanic materials. In a
special range the Dblast-
furnage slag can be placed,
which 4 also presents
pozzolanic characteristics. “
l

Flour
ranian National Committee on Large Dams -

memem RCC : Use & Special Aspects
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Prior testing of potential sources of pozzolanic
material in the RCC mixture Is advisable for all
structures. If no other source of mineral
admixtures Is available, it is possible to obtain a
certain pozzolanic activity using a siliceous filler
by crushing rocks with certain amount and
mineralogical condition of siliceous matrix. Even
If these two last materials are generally less
effeee than other types of materials, they
have'®®en used in RCC for dams, particularly in
Brazil, and some other countries.

RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams -
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Use of mineral admixtures or fillers in RCC mixtures may
serve one or more of the following purposes:

¥~ as a technical purpose to minimize the Alkali-
Aggregate Reaction;

¥~ as a proportion of the cementitious content to reduce
heat generation;

¥~ as an additive to provide supplemental fines for
mixture“xkability, and impermeabillity, and

" as a proportion of the cementitious content to reduce
COSt.

RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams -
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A good example about this evaluation can be observed in
Japanese, Chinese, and Brazilian studies, where it is evidenced:

#* Some Japanese studies - “...As a result, it became clear that
by mixing the filler of proper quantity, the VC value (Vibrating
Compacting Value) of concrete quantity dropped, and
compacting became easy, and compressive strength was
Increased. Moreover it is thought that the use non-washing
crushed stone is possible...”,

# Some Chinese studies - “...The optimum content of Fly Ash
should determined according to the quality of Fly Ash,
strengﬁd strength design age of concrete, variety and
strength grading of cement, price ratio of cement to Fly Ash and
S{o o] P

RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams -
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Pozzolanic Activity: StrengthMHeat - Fly Ash Sam ples -

A X Pozzolanic Activity: Strength/Heat - Fly Ash Samples -
Raw Material Blaine -2,962 cm2/g

Grinded Blaine-4,024cm2/g

130% " 150%
300 | _ il et— | il 140%
. 110% 13 0%
S T 120%
= 100% 1 = 1M0%
't:s 90% - Z 100%
- : E oo
: Z :
| — —28 days age
3 035 308 80%
70% - e ) 035 208 - - il 50 days age
O 355 days 3ge | 70% |0 365 days sgel”
o H J 0 b, 60% ¥ ¥ v
10 15 20 30

10 15 20 30
Fly Ash % Replacement

Fly Ash % Replacement

Pozzolanic Activity: Strength/Heat - Fly Ash Samples -
Grinded Blaine-5,200 cm2/g

160%

BRAZILIAN S

= ——rr ~0
£ 110% 4
SUUDIRG | =
< 90% = 08 days age
80% 1 el 50 days age
70% 1 e=Om= 285 days age
60% T T T
10 15 20 30
Fly Ash % Replacem ent
Pozzolanic Activity: Strength/Heat - Fly Ash Samples- Pozzolanic Activity: Strength/Heat - Fly Ash Samples -
Grinded Blaine-6,056 cm2/g Grinded Blaine-7,142 cm2ig
160% 180%
150% ¢ i : '
140% 160% A
£t 5 1
£ 110% 2 120% |
§ 100% Sl é e
90% {— i 28 day's agE 1 =l 28 days sge
80% {—-| ==o==30daysage I ! | e=Dleem 50 day's age
70% 1 w=Os 265 days age ==Ow= 365 days age
60% T T T 60% T T T
10 15 20 30 10 15 20 30
Fly Ash % Replacement Fly Ash %: Replacement
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Sample as produced - Blaine 2,962 Sample grinded - Blaine 4,024
Mortar Test Control cm2/g cm2/g
Fly Ash Content (%) 0 10 15 20 30 10 15 20 30

209 166 159 139 107 205 192 172 116
331 254 243 233 169 318 282 199
397 342 352 327 279 433 423 420 308
426 435 471 472 389 548 538 537 466

76 63 60 63 52 68 64 61 62
Heat of Hydration 28
(callg) days 80 74 72 72 68 83 73 73 73

100% 83% 82% 78% @ 60% 9Q8% 105% 93% 66%

wla NI~
ol .
0

Com pressive
Strength (kgficm 2)
|8
(4}

&
@

100% 93% 9% 92% 83% 105% 117% 116% 85%

Activity:
Strength/ Heat

Q. Q Wl N ~
[+V] N Ol Q.
0

100% 110%  123% 123% 107% 124% 138% 138% 120%

Sample grinded - Blaine 5,200 Sample grinded - Blaine 6,056 Sample grinded - Blaine 7,142
Mortar Test cm2/g cm2/g cm2/g
Fly Ash Content (% 10 15 20 30 10 15 20 30 10 15 20 30

237 211 188 155 238 198 163 152 226 205 214 169
359 325 296 253 365 339 303 298 391 372 377 345
436 421 428 413 479 452 455 477 450 481 500 502
55690 563 548 579 557 553 566 @ 583 551 569 569 605
- 68 65 61 57 64 62 59 60 68 66 63 56

Heat of Hydration 28
(callq) 76 74 70 71 73 74 75 71 78 78 70 70

da 112% 106% 102% 86% 121% 111% 121% 115%

Com pressive
Strength (kaficm2)

ol R R
g I3 ol oy

@

&
@

da 116% 115% 123% 117% 132% 123% 116% 124%

365
da 138% 143% 147% 153% 143% 140% 133% 137%

Strength/ Heat
o (o]
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| POTENTIAL REACTIVITY OF CRUSHED POWDER FILLER
ACCELERATED MORTAR BARSMETHOD OF TEST (A.S.T.M.-C-1260)

EXPANSION (%)
05 .
- EMEXPANSION MAX.-11 DAYS
ws CEMENT+PYR+0% FILLER , ,
04 I~ WrCEMENTPYRSISAFILLER =~~~ "~""=======q=======-— gy e R
== CEMENT+100%CRUSHEDS AND
\ CEM+100%CRU.SAND+15%F A , : L
03 b CEMSIOOICRU SANDFISYFA 1 === et it B - R iy~ i -
S TR S B Al it |
0,1 oo ————— - T —— s
o :
0 5 0 (3 20 25 30

AGE (DAYS)
CEMENT:CPS (ALKALIES=FROM 0,52% TO 0,76%)
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The use of pozzolanic material has made the designers
revise the properties control age, which around the
sixties was between 28 and 90 days, with very few
countries using the ages of 180 days and one year, to
the present situation where the properties began to be
controlled mainly with more than 90 days.

The use of high contents- Part of the
pozzolanic material can act as “Filler”
and’gathis must be economically
evaluated.

RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams -
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e R
Chemical Admixtures

The use of additives In RCC Is a relatively
new approach. The use of chemical additives
has Increased since mid 90's, aiming at
controlling the “Set” and broadening the
operational margin for RCC transportation
and compaction.

Its use has propitiated, besides control of the
g S IN resistant properties and that
meS a technical parameter with
mic implications that must be analyzed.

RCC : Use & Special Aspects -
Fna ANDRIOI O Francicsco Rodriatlies T
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Mix Efficiency - Comparison

== RCC with Plasticizer-Retarder

== RCC without Plasticizer-Retarder

Mix Efficlency (MPa)/(kg/m3)
e o £ o
E R S

Coefficient of Variation - Comparison

=h
o
3

s
&

-l
N
2

e

-h
o
2

=== RCC with Plasticizer-Retarder

Cosfficlent of Varlation (% )

=== RCC without Plasticizer-Retarder
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Water

As RCC 1Is a concrete, the usual
requirement for water in CVC Is adopted
for RCC mixes.

The requirement Is that it be free from
excessive amounts of alkalies, acids, or
orgagie. matter that might inhibit proper
strength gain.

- RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams
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Part IlI- RCC Dam Construction- Methodologies

Il.a) Materials Availability and Processing-
Timely Material Production

- RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues = o, Andriolo
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PROJECT

CONCRETE
TYPE

Maximum
Rate

Country

Hoover

Grand Dixence

Dworshak

Itaipu

Tucurui

Huites

Shimajigawa

Urugua- i

Upper Stillwater

Miel - |

Olivenhain

Beydag

Longtan

CVC Mass

190.000

USA

200.000

Switzerland

180.000

USA

335.000

Brazil/Paraguay

215.000

Brazil

285.000
30.000

Mexico

Japan

100.000

Argentine

204.000

USA

118.000

Colombia

225.000

USA

150.000

Turkey

380.000

China

NOTEmo one of the CVC Mass Dams had required 40%
or 60% of total aggregates being produced in advance

memem RCC : Use & Special Aspects

IRCOLD - Iranian National Committee on Large Dams




We can imagine if for the Itaipu Construction we
had needed to stok 60% of the aggregates
before start up the concrete placement ?

Histograms for the
concrete works- Yellow -
—Planned; Red realiz

RN Y
» (- .
SO UL

w RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams -

‘{' ‘v— j ‘.‘ L‘All. -
e il 1 ANDRIOI O Francicco Rodriaties



Concrete 60% of the | Aggregate

Volume Volume /m3
Concrete

13.000.000 8.400.000 2,2t/m3

Total Area used during the
Construction

Diference between the example and
the Real situation

-~ o ¥
S5,

o -

v iy O™
, r.

Aggregate Volume | Stokage Area considering
requirede for the|a Surge Pile height of
60% 12m (as exemple
12.000.000m3 1.000.000m2

About 60.000m2 in both systems

1.000.000-60.000= 940.000m2 it means about
16 times the really required

Areas of the Aggregate processing Systems and Aggregate pre-cooling with wet-belt , in
both sides of the Parana River, during the Dam Construction

RCC:Use &S
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Dpening side=
80 mm

Water
Treatment
System

“8 The fine
content
will be

Waste

Material



Alluvium Material

Basic System
Sieve Screen
Station Number 4

SS-03- DD
By Pass By Pass
. BP-02 BP-01
Primary Jaw
Crusher — PJC-01
Opening @50mm &  §

Sieve Screen Station 25mm
Number 11 or 18
SS-01- TD 10mm
<10mm
Unwashed Sand

Coarse |

<10mm
Unwahsed Sand (25-10) mm

RCC : Updati

Feeder Hopper
with Gates

Secondary
Cone Crusher
working in
closed circuit

SCC-01
Opening @
25mm

Feeder Hopper
with Gates

Terciary Rotopactor
Crushers TRC-01/02 to
produce Rounded
Sand with Fines,
working in closed
circuit

F, r R, WEET L
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Part IlI- RCC Dam Construction- Methodologies

Il.b) Production, Handling, Pouring, Compaction

- RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues = o, Andriolo
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Hydroelectric-
CVC Concrete
Volume

Ilha Solteira-
3,680,000m3

ltumbiara-
2,080,000m3

Itaipu-
13,000,000m3

Tucurui-
6,000,000m3

RCC : Updating the Information

Period

1970-1972

1975-1980

1977-1982

1978-1984

Event

Use of CVC Mass with an 84kg/m3 of cementitious
consumption (61 cement + 23 Pozzolan). Concretes
controlled at 180 days age.

Concrete class zoning, with age control from 90 to
180 days.

Concrete class zoning, with age control from 180 and
360 days. 90 kg/m3 of cementitious content.
Production rate above 750m3/h

Concrete class zoning, with age control at 180 days.
Up to 95 kg/m3 of cementitious content. Production
rate above 500m3/h

»n o E_.T _W__
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Materials Analysis
Cement

The parameters of each type of cement are comparatively analyzed

Pozzolanic Material

The iInformation concerning the availability — Technical and
Economically of Pozzolanic Material

A Preliminary Program of Tests can (or must) be developed. This
program will demonstrate the technical validity of the Pozzolanic
Material or Rock Flour for eventual use as materials with pozzolanic
characteristics.

Wat“and Admixtures

Tests Certificates from the available water must be obtained.

- RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues = o, Andriolo
O
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To provide these aggregates, at the beginning of the construction, two options
can be viewed:

Procure Local Producers, if any. In this case, adopting a rigid System of
Quality Control and Contracts is advisable;

Rely on a mobile classification system, fitted with a loader and feeding the
trucks. Without any doubt, a simplified system of placing screens on the trucks
may be adopted, however with less productivity and uniformity;

In order to choose the options it is advisable to establish a Costs Analysis
making them compatible with Contractor’s Equipment Policy.

h__ A A

RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues = o,
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Construction Planning-
Equlpment & Techniques

Plant Requirements:-The batching
and mixing plant requirements are
essentially the same as for a project
built with conventional concrete.
Experience indicates that forced
mixers produce faster and more
effective mixing and can be used
for production of various concretes

type.

RCC Placement Rates:-One of
the cost-saving features of RCC
IS the rapid rate at which it can
be placed and consolidated by
earthmoving and embankment
compaction equipment.

Eng. ANDRIOLO, Francisco Rodrigues o ¥ AndrioloYto
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CONCRETE BATCH PLANTS FOR RCC PRODUCTION

-

Ca Uy, ’N ~
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Precooling Systems

Genera

|, the Consultant, do not see a need for adopting a Pre-refrigeration system for
the Roller Compacted Concrete, due to many reasons that can be understood
from the Publication from the Consultant (myself) at the Symposium on RCC
Dams that took place in November/2003 in Madrid, Spain

Precooling System for CVC concretes

Considering the calculations and options shown ahead, one can see that in
order to meet the Temperatures for concrete placmg,theresume of activities
cited it can be adopted e

<>=Minimum Daily = Maximum Daily =O=Average Daily Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov ec
n . T W

. ANDRIOLO, Fran @ i &



As oreviously rentioned, there seems io be no need for
ine use of Pre-cooling of the RCC, even for ternperaiures of

up io 35°C, wiih layers of 30crn in neight, olaced caily,
close near ihe rock founcation

e
7

»

- - RCC : Updating the Information
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onstruction FPilanning-
Equipment & Techniques

the dumping,
compacting of the .. .
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Concrete Handling

Concrete Transportation

Essentially, the transport system for the CVC and RCC should be foreseen,
seeing that as previously considered, the following will be adopted:

Truck Mixers with capacity for 6ms3, for the CVC, and mortars, and;
Dump Rear Trucks with capacity about 8-18ms3, for the RCC, and
Processed Aggregates.

The structures Lay-Out and available area for the Installations indicate that
distances for concrete Transport will be less than 1km.

The use of Conveyor Belts for concrete transport can be considered, since
although it is perfectly adequate equipment, but it requires elevated costs.

Howevemathere are technical possibilities for their use, even though the
required™roductivities are very small.
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The Soviets, during the 50-60, were the users of
this methodology to handling the concrete.

Since the 70’s the Brazilians incorporated this
metodology also
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RCC — DAM CONSTRUCTION - CVC & RCC HANDLING

CVC & RCC HANDLING — HANDLING BY CHUTES & TRUCKS
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RCC — DAM CONSTRUCTION - CVC & RCC HANDLING
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Construction Planning-
Equlpment & Techniques

Spreading RCC:-The design of dams
o= =3 with lift thickness greater than 300mm
%, "~ is based on the realization that
B . 3 constant spreading of the RCC with
# = heavy dozers not only remixes and
redistributes the concrete in such a way
- as to elimnate (and overcome)
.- .| segregation, but also provides most of
the required compaction. This also
| results In the paste and mortar
‘4 becoming thoroughly distributed in the
.| mass.

___~ Compaction:-Roller speed has an
Important effect on compaction.
Evaluating uniformity throughout the
entire depth of the lift has caused

control procedures to be adopted.

Eng. ANDRIOLO, Francisco Rodrigues o Anderiolo
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RCC Leveling and Spreading

Conditions of the Foundation Rock (Photos bellow) infer that there will be
need for using some volume of Leveling Concrete, which was cautiously
considered in the Planning.

To spread RCC a Bulldozer with frontal blade type Cat D5 can be used, or
equivalent, working jointly in more open areas with a Motor Grader.

Cat D5 bulldozers, or equivalent, can be used for the spreading of the RCC. A
laser beacon can be fixed to the plate of the dozer for leveling of the RCC
surfacegAdditionally the Cat 428 B backhoe-loader, or equivalent, can be used
{o] re-nﬁg and for reaching the restricted areas.

The spreading should be in layers of 30cm maximum height (after

mpaction). .
ﬁ) %&I&)UpdatlngtheInformatlon Eng. ANDRIOLO, Francisco Rodrigues ' o, Andriolo




Construction Planning-
Equlpment & Techniques

« Lift Surface Moisture Maintenance:- For
roller compression lift surfaces should be
moistened and kept continuously damp until
the next lift is placed or until the required
curing period has ended. This is very
Important in hot weather condltlons

« Lift Surface Preparation:- Lift surface
preparation prior to placement of the
overlying RCC lift depends, to some
extent, on construction procedures and
routines being used.

t Bedding:-As previously mentloned R structures designed

o Llft?‘l
for watertightness require bonding between lifts by applying a bedding
mortar over the entire surface area between all lift placements.
RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues &

h__ A A

F, r R, WEET L



Concrete Compaction or
Densifying

Q o The CVC concretes should be densified by

- iImmersion vibrators, by Pneumatic,
Hydraulic or Electric action (depending on
Contractor’s interest and Equipment policy)
with sizes of 107mm; 77mm; 47mm and
26mm, advising to use an Effective Set
(completely vibrating the concretes) with a
minimum of 2 units per size.

Flywheel power: 112kw-150hp.
Max. Operating Mass: 14.200kg.

After spreading, the RCC
concrete will be compacted by
Roller Compactors with the

followinﬁaracteristics

Flywheel power: 23kw-29hp.
Max. Operating Mass: 2.400kqg.

Reverse vibratory plate, with speed and
compaction depth regulated by hydraulic
servo control of the eccentric element.

A
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Concrete Curing

Technically speaking, this activity is quite
relevant for the success of the concrete
work, considering the Region’s Climate at
the Job site.

From this, it be seen the need to foresee the
water supplying system and sprinklers for
the CVC concretes, in addition to an efficient
protection system (during spreading) and
RCC curing.

Agricultural Tractors with sprinklers, or
sprinkler bars handled by the workers can be
viewed, as suggested by Figure. The
decision should be based on costs.
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Construction Joint
Treatment

For the Construction Joints
surfaces treatment, cleaning by
humid air jets Is foreseen for the
RCC and high pressure water jet
for the CVC.

After cleaning the construction V= """"
joints of the RCC, it will be applied ———T’ u ?

_ﬂ

iIn the required regions of the *‘“—"_ SO
Project Design, the Bedding @ %‘*._--'
Mort directly with the Mixer s =
Truck'd€hute and complementary | =
spreading with the aid of handle -

tools. P
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Contraction  Joint I
Casting

Molding the Contraction Joints can be
performed as illustrated by Figures
bellow, depending on Contractor’s
criteria and cost.

o AR SRR -
NG = N v
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-
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RCC CONSTRUCTION TECHNOLOGIES
General

RCC is a technique in permanent development. New challenges have been afforded
from the last meetings, symposiums, congresses, seminars and, consequently, trends
and technologies have been either updated or developed. It always means an
improvement in our techniques related to the construction and the quality

A new factor has much to do with this new frame of mind among the RCC dam
professionals. Some questions were put in the last RCC Symposium (Spain-2003)

What is more Contractor’s friendly, RCCs with high VeBe times (>20 sec) or with low
VeBe times (<20 sec), regarding segregation and ‘compactability’ of the material?

How is solved the placement at the starting and ending areas against the abutments
with the sloped-layer method?

What is the cost difference (capital cost & running cost) between the all-conveyor
system and the option of conveyor+trucks on the lift, for the same real system outputs?

Description of the handling process of the rock-powdered fines at the job site
installati@ns, (silos, transportation systems, concrete plants) in the Brazilian experience.
Are any$fECial cares required?

What is the maximum practical moisture content of the fines at the entrance of the
mixer?

- RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues . o, Andriolo
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INTERFACE- DESIGN & CONSTRUCTION

v RCC arch dams
RCC CONSTRUCTION TECHNIQUES

® Faces
©® Mass Dam Body Materials
® RCC Handling and Accesses
® RCC Placement
© Horizontal Layers
© Sloped Layer Method
© RCC Contraction Joint Interval
@ RCC Construction Joint Surface Treatment

\/$NITORING Instrumentation

- RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues = o, Andriolo
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° Pre- cast Concrete Element with
PVC Membrane (2mm) Inside

CVC Concrete (< 200kg/m3)
Placed at the same time as RCC
Layers

~ | Bedding mortar, between RCC
Layers, for Cohesion and Tensile
Resistance (Sbafety)

» RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams
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RCC — TRADITIONAL METHOD

v 6 layer with h=0,33m

gidd Base
ﬁ RCC Layer
Bedding Mortar
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METHODOLOGY
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RCC — SLOPE LAYERED METHOD
v' Sub-layer continuous with h=0,33m

@aad Sub-layer of RCC

-:-i Bedding Mortar

Line of the top of the mold
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Conventional — Horizontal Layers
Oy CVC=39°C
O, ,x CCR=39°C

“NEW FASHION !”- Sloped Layers
®,,,x CVC= 45°C
®MAX CCR: 410C 2 3 4 5 W

Tkl (o)
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Construction by Successive Arch Effect & Double
Watertightness Curvature

Applcation of RCC Layers \
Grouted Jonts . - }‘fw
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From the previous considerations, it IS
iImportant to mention that the best
alternative for a RCC dam should be
analyzed depending on the particular
conditions of the foundation, the
materials locally available and their
local cost of exploitation and
processing.
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Part II- RCC Dam Construction- Methodologies

Il.c) Upstream and Downstream Faces And
construction Joint Treatments
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Watertightness and seepage control.

Achieving watertightness and controlling seepage through RCC
dams are particularly important design and construction
considerations.

Excessive seepage is undesirable from the aspect of structural
stability and because of the adverse appearance of water seeping
on the downstream dam face, the economic value associated with
lost water, and possible long-term adverse impacts on durability.

RCC that has been properly proportioned, mixed, placed, and
compacted should be as impermeable as conventional concrete.

The jolits between the concrete lifts and interface with structural
elements are the major pathways for potential seepage through
the RCC dam.

RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues = o Andriolo

F



Horizontal joint treatment.

Bond strength andpermeability are major concerns at the
horizontal lift joints in RCC.

Good sealing and bonding are accomplished by improving
the compactibility of the RCC mixture, cleaning the joint
surface, and placing a bedding mortar (a mixture of cement
paste and fine aggregate) between lifts.

When the placement rate and setting time of RCC are such
that the lower lift is sufficiently

RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues = o
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CVC agalnst Formwork and RCC poured at same time
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BUT, IF IN OLIVENHAIN RCC DAM THE GE-RCC ASPECT WAS LIKE...
" X 3 2 //




AND AN ADDITIONAL CARPI PVYC MEMBRANE WAS APPLIED

SPANCOLD

1ECA

CHINCOLD
_ |

Y
i
|-

Figure 8. Olivenhain, USA: the drainage geonet is placed
on the RCC and under the PVC geocomposite to enhance
drainage collection and discharge.

Edited by:

,L' Berga, J.M. Buil, Figure 9. Olivenhain, USA: the PVC geacomposite wndet
C. Jofré & S. Chonggang mstallntion at lefl abutment.
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r— DESIGN OF ROLLER-COMPACTED CONCRETE FEATURES FOR THE
— OLIVENHAIN DAM
USSD =Sk~
- Robert A. Kline, Jr..P.E} Rodney E. Holderbaum, PE*

22nd USSD Conference] Glenn S. Tarbox, P.E’ Randall J. Hartman, P.E.*
ABSTRACT

The Olivenhain Dam will be a new roller-compacted concrete (RCC) gravity dam located
near San Diego, California. At 318-feet-high (97 meters). the Olivenhain Dam will be
the largest RCC dam in North America and the first RCC dam 1n the state of California.
The Olivenhain Dam will create a 24,000 acre-ft reservoir as part of a 12 year,
Emergency Storage Project (ESP) for the San Diego County Water Authority. The ESP
1s being developed to protect the residents in the San Diego region against a disruption in
water deliveries from outside the County, including earthquake and drought.

Dams — Innovations
for Sustainable
Water Resources

This paper presents the design approach and results for RCC-specific features for this
record-setting project. These features include upstream and downstream facing systems,
foundation gallery, and thermal stress cracking computer modeling.
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SELECT RCC DESIGN FEATURES

Facing Systems

Prior to RCC dams, the upstream and downstream faces of conventional mass concrete
dams were generally not considered as a separate design element, and there was no
special costs allocated to the faces of the dam. The mtroduction of RCC construction
techniques sought to reduce the cost of the forming materials for the dam faces and the
associated high labor and equipment costs of setting, stripping, and resetting forms. This
led to innovations for building both the upstream and downstream faces of RCC dams. A
variety of upstream and downstream facing systems have been used on RCC dams with
varying degrees of success.

the upstream face. Since the early 1990’s, geomembrane liners have and are being used
on a higher percentage of RCC dams due to these performance characteristics. Some of
the advantages of the geomembrane liner are further described below:

Selection of a facing system for an RCC dam 1s site specific and must consider the
intended purpose of the dam, operation and performance criteria, local climatic
conditions, materials availability, structure size, and owner and public perception of the
finished product.

1. Permeability: Dams constructed or retrofitted with a geomembrane liner system have
unit seepage rates per upstream face surface area that are markedly lower than other
upstream facing system alternatives.

Contraction Joints: The liner system eliminates the need to construct cumbersome and

sometimes ineffective traditional waterstop systems concurrently with RCC

placement operations at contraction joints within the dam. The liner can also span a

high degree of differential movement at contraction joints and continue to function as

intended.

Crack Propagation Reduction: Geomembrane liners have a significant impact on

minimizing the potential for short and long-term cracking in the dam because of the

reduction of reservoir pressure acting on shallow thermal stress cracks in the RCC at
the upstream face, commonly referred to as surface gradient cracks.

4. Internal Drainage: Internal drainage 1s incorporated into an external liner system via a
geogrid placed behind the liner at upstream face of the dam. This drainage layer 1s
much more effective in reducing uplift pressure within the dam than conventional
drilled drain holes positioned within the interior of the dam.

5. Seismic Stability: With the risk of horizontal crack development resulting from
seismic-induced tensile stresses that exceed the RCC’s ultimate tensile strength, the
liner system material can elongate as much as 200% to span crack openings.
Following a seismic event, the liner will prevent seepage losses through any resulting
cracks.
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Gallery : Inspection, Monitoring, Grouting & Drainage

Upstream Face: Durability
& Impermeable Barrier Dam Body : Mechanical, Elastic, Durability, Thermal Properties

Dowstream Face: Pleasant Aspect & Durability

&/( Bedding Mortar : If required by the Stress
Mo Analysis

Bedding Mortar : If required
by the Stress Analysis

Leveling Concrete &
Consolidation Grouting
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SPECIFIC DETAILS — POURING & SPREADING THE BEDDING
MORTAR

RCC — DAM CONSTRUCTION - CVC & RCC HANDLING

» e

*

Section 1-1: PRINCIPAL TENSILE STRESSES

aI Tensile Stresses (kgf/icm?2)

Zones where can occur
TensHeaStresses
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RCC — DAM CONSTRUCTION- CONCEPTUAL ASPECTS

wwwwwww

e = Pre- cast Concrete Element with PVC
Membrane (2mm) Inside.

Y4 Additional Impermeable & Safety Barrier

CVC Concrete (< 200kg/m3) Placed at the
same time as RCC Layers

Bedding mortar, between RCC Layers, for
Cohesion and Tensile Resistance (Safety)

W\ RECHMIXES

»n o E_.T _W__
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RCC — DAM CONSTRUCTION - CVC & RCC HANDLING

SPECIFIC DETAILS — SURFACE TREATMENT OF THE CONSTRUCTION
JOINT
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RCC — DAM CONSTRUCTION - CVC & RCC HANDLING

SPECIFIC DETAILS - PROVIDING THE IMPERMEABLE BARRIER
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Part IlI- RCC Dam Construction- Methodologies

Il.c) Upstream and Downstream Faces
And Thermal Aspects

- RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues = o, Andriolo
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And the Thermal Aspect ??

Basic Relations

g= Cte * AT * (K) * (K)

= Strain induced in RCC

Cte = Coefficient of thermal expansion
AT = Temperature change of RCC
(Ko = Foundation restraint factor

ﬁ (K,) = Structure restraint factor

- RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues ' o, Andriolo
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If

[,tAB;] — ®, > 0 - No cracks — concrete can support the total
temperature drop

[@,+AB]-O,, <0- Thermal cracks - concrete can not support the total
temperature drop
Where

O, = Average ambient temperature considered for the thermal
equilibrium (Concrete structure and Ambient)

A®g = Equivalent in temperature drop gradient that the concrete can

support@ut crack;

Oy = Maximum temperature reached in the concrete structure, due to the
conditions adopted

IRCOLD - Iranian National Committee on Large Dams
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AOL =g/ o,
Where

A®g = Equivalent in temperature drop gradient
that the concrete can support without crack;

g; = Strain capacity at final load ( tensile strain
due to temperature drop) under slow load

o E_Coefficient of thermal expansion

- RCC : Updating the Information Eng. ANDRIOLO, Francisco Rodrigues & Avderinis
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& ={l0 Ey] + [(O;+0)*1J/2]}

Where
G,/ E_ = Strain Capacity at final load under rapid load test
€; = Strain Capacity at final age under slow load test;

O~ Modulus of Rupture at final age;

E.~ Modulus of Elasticity at final age under compressive load test;

O;= Mcﬂé of Rupture at age that start the load,;

fC = Creep coefficient for the period between the initial and final loads

RCC : Use & Special Aspects IRCOLD - Iranian National Committee on Large Dams -
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Figura 5-I-01- Preparativo para a Figura 5-I-02- Vista geral antes do inicio da
concretagem de um dos Blocos, através do concretagem.
bombeamento

Figura 5-1-03- Posicionamento do caminhdo Figura 5-I-04- Descarga do concreto do

betoneira para a descarga do concreto na caminhio na bomba
bomba

\ {
A
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Figura 5-I-06- Lancamento no molde do
Bloco de Medicao de temperaturas
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7- MEDICOES DE TEMPERATURAS NOS BLOCOS MOLDADOS

7.1- Registros

As medicoes das Temperaturas lidas no historico térmico dos Blocos moldados, bem como da Temperatura Ambiente no instante das referidas leituras
de temperatura do concreto, foram registradas em planilhas que se mostram no ANEXO II. A partir dos registros foram elaborados graficos dos

historicos térmicos como se mostram nas Figuras 7-1 e 7-I1, a seguir.

7-2-Etapal

CONDIGAO: ¢-IV [C= (200+50); TL=25°C; HL=0,5m; IL=2 dias] 0 CONDIGAOQ: -1V [C=(240+60); TL=25°C; HL=1,0m; IL=2 dias]

50,0

‘Primeira Camada (HL=0,5m): Dia 31/01/2007 16:40; TL=24,2°C
450 { ] : %

/ —=|Segunda Camada (HL=0,5m):
Dia 02/02/2007 18:20; TL= 24,5°C

Segunda Camada (HL=1,0m):

Primeira Camada o
D 4:‘02!2007 15:25; TL =
(HL=1,0m): Dia - o %03‘1'6

02/02/2007 14:50; o _
TL= 23,8°C Temperatura Maxima,_,
no Concreto=48,2°C

_40,0
o

<35=° - Temperatura Maxima
o no Concreto=38,8°C

=
30,0 -
<

o
5,0

=
10,0

15,0
10,0 3222883222888 338¢Y
*ESGEEET 8

SEER8ES

TEMPERATURA (°C)

|Temperalura Ambiente

Figura 7-1I- 01- Condicio a-IV, com 20{)l(gf’m3 de Cimento e SI]l(ghn3 Figura 7-I- 02- Condicio B-IV, com 240kgfm3’ de Cimento e G{JIkghn3
de Pozolana, Lancado a 25° C, em Camadas de Altura de 0,5m, em de Pozolana, Lancado a 25° C, em Camadas de Altura de 0,5m, em
Intervalos de 2 dias. Temperatura Maxima atingida igual a 38,8° C. Intervalos de 2 dias. Temperatura M:axima atingida igual a 48,2° C.
Para essa condicao a Temperatura Maxima Prevista pelos Estudos foi Para essa condicao a Temperatura Mixima Prevista pelos Estudos foi
de 40,4° C. de 46,6° C.
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CONDIGAD: y- Il [C=(260+40): TL=25°C; HL=0,5m: IL=1 dia] CONDICAO: & Il [C= [240+60); TL=25"C; HL=0,5m; IL=2 dias]
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Figura 7-I- 03- Condicio y-III, com 260kg/ m’ de Cimento e -Hfll.g m’ Figura 7-I- 04- Condicio &-III, com I-I[Il;_i_ﬂ.-'l.tl3 de Cimento e IEF[II::g,-'m'i
de Pozolana (ver nota 1 na Tabela do Item 5.1), Lancado a 25° C, em de Pozolana, Lancado a 15° C, em Camadas de Altura de 0,5m, em
Camadas de Altura de 0,5m, em Intervalos de 1 dia. Temperatura Intervalos de 1 dias. Tempemmln Maxima atingida igual a 3%° C.
Maxima atingida igual a 35" C. Para essa condicio a Temperatura Para essa condicio a Temperatura Mazima PIE‘H‘SHI pelos Esmdos foi
Maxima Prevista pelos Estudos foi de 40,47 C., de 36.3° C,
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CONDICAO: sV [C={200+50)TL=30°C; HL=0,5m; IL=2 dias] CONDIGAO: o- IV [C=(200+50); TL=30°C: HL=1,0m; IL=2 dias]

e [Primeira Camada (HL=0,5m}: Dia 20002/2007 1700; TL= 23,10C | ' Temparatura Maxima
o - n Concreto=52,.2°C ¥ S
#| Segunda Camada (HL=0,3m): F u“noﬂ',nﬁ%ﬂnnb:m:

Sepunoa cyﬁgm [HL=0,5m):
[t 2202007 12:50; TL= 25,6°C
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= [Primaira Camada (HL=1,0m}): DL’E
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Figura 7-I- 05- Condicio &-IV, com 200kg/ m’ de Cimento e S0kg/ m’ Figura 7-I- 06- Condicio o-IV, com "'I]I:IL_,m de Cimento e *I]L.m
de Pozolana (ver nota 2 na Tabela do Item 5.1), Lancado a 30° C, em de Pozolana (ver nota I na Tabela do Item 5.1), Lancado a 30° C, em
Camadas de Altura de 0.5m. em Intervalos de 2 dias. Temperatura Camadas de Almra de 1.0m, em Intervalos de I dias. Temperatura
Maxima atingida igual a 41.9° C. Para essa condicio a Temperatura Maxima atingida igual a 51,2° C. Para essa condicio a Temperatura
Maxima Prevista peloes Estudos foi de 42,47 C. Mazxima Prevista pe]m Estudos foi de 49.7° C.
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CONDIGAO: g [C={400+0); TL=20°C; HL=0_5m; IL=1 dia

-+ | Temperatura Maxima
"ty no Concreto=46,7°C

o
T T

Primeira Camada [AL=0,5m]: Dia
162007 #:45; TL=20,0°C

:|s pgunda Camada (HL=0,5m):

Diia 2202007 I}_‘%I;;TF 2E°C
¥
a

fd-,

TEMPERATURA (*C)

ﬁh{mp&mﬁn Amhlenltlﬂ| w

e
I."l

Figura 7-I- 07- Condicio @-I, com -IIIIIIII::g-'n'n‘i de Cimento e
lizen:u3lfI|;1__1'."|.113 de Pozolana, Lancado a 20° C, em Camadas de Altura
de 0.5m, em Intervalos de 1 dia. Temperatura Maixima atingida igual

a 46,7° C. Para essa condicio a Temperatura Maxima Prevista pelos
Estudos foi de 58,57 C.
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Fizura 7-I- 08- Condicio o-L com 400kg/m® de Cimento e
{zem]ﬂkg,-'m" de Pozolana, Lancado a 25° C, em Camadas de Altura
de 1.0m, em Intervalos de 2 dias. Temperatura Maxima atingida igual

a 60,6° C. Para essa condicio a Temperatura Maxima Prevista pelos
Estudos foi de 56,9° C.
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CONDICAD: A [C= (350+0); TL1=12°C; HL=2,0m; IL=5 dias]
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Figura T-]I- 01- Condicie A, com 330kg/m’ de Cimento e
Ezﬂ'n]{ll._u'm de Pozolana, Lancado a 12° C, em Camadas de Altura
de 1.0m, em Intervalos de 5 dias. Temperatura Maxima atingida igual
a 60,6° C. Para essa condicio a Temperatura Mixima Prevista pelos
Estudos foi de 487 C.,
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CONDIGAO F [C= (350+0); TL1=12.0°C; HL=2.0m; IL=5 dias]

» | Teemiperatura Maxima
no Concrefo=58,5°C
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Figura -II- 02- Condicio A, com 330kg/m’ de Cimento e
{zew]l]hcr m’ de Pozolana, Lancado a 12° C, em Camadas de Altura
de 1.0m, em Intervalos de 5 dias. Temperatra Maxima atingida igual
a 58,5° C, Para essa condicio a Temperatura Maxima Prevista pelos
Estudos foi de 487 C,
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CONDIGAD: B [C={300+50); TL=30,0°C: HL=05m: IL=2 dias]
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COMDICAD: C [C={300+50); TL=30,0°C; HL=0 5m; IL=3 dias]

. |T9mp-aratura Maxima no Concreto=50,5°C |

|F'nmaia Camada (HL=0.5m}: Dia 310052007 19225, TL= 25.8°C |

Segunna Camada (FHL=0,5m];
[da GI0EROOT 21:55; TL= 28,0°C
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Figura 7-II- 03- Condicio B, com Sl}l}kg-'m‘! de Cimento e FIJ]::g,-'m‘! de
Pozolana, Lancado a 30° C, em Camadas de Altura de 0,5m, em
Intervalos de 2 dias. Temperatura Maxima atingida igual a 50,5° C.
Para essa condicio a Temperatura Maxima Prevista pelos Estudos foi

de 49° C.

pAadcieie Tt
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Figura 7-II- 04- Condicio C, com 300kg/m’® de Cimento ¢ 50kg/m’ de
Fozolana, Lancado a 30° C, em Camadaz de Alura de 0,5m. em
Intervalos de 3 dias. Temperatura Maxima atingida igual a 50,67 C.
Para essa condicio a Temperatura Maxima Prevista pelos Estudos foi
de 48° C.,
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CONDIGAO: D [C={300+0+PR; TL=30,0°C; HL=0,5m; IL=2 dias]
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CONDIGAD: E [C={300+0)+PR; TL=30,0°C; HL=0,5m; IL=3 dias]

|Frirneira Camada [HL=0,5m]: Dia 0S0G2007 26:30; TL= B.0°C |
& | 5egunda Camada {HL=0,3m;:
Dz RR/0GFAMT 10:00; TL=30,3°C
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Figura 7-II- 05- Condicio D, com Sl]l}kg-'me' de Cimento ¢ Po de
Pedra, Lancade a 30° C, em Camadas de Altura de 0.5m, em
Intervalos de 1 dias. Temperatura Maxima atingida igual a 45.5° C.
Para essa condicio a Temperatura Maxima Prevista pelos Estudos foi
de 45,77 C.
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Figura 7-II- 06- Condicio E, com E-illflkg'."uzt3 de Cimento e e Po de
Pedra, Lancado a 30° C, em Camadas de Altura de 0.5m, em
Intervalos de 3 dias. Temperamra Maxima atingida igual a 39,5 C.
Para essa condicio a Temperatura Mazima Prevista pe]uf Estudos foi
de 41.5° C.
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% As condigdes de usar Camadas de Altura entre 0,.5m e 1.0m. mesmo quando os Intervalos de
Colocagdo sdo ao redor de 2 a 3 dias, e com Temperaturas de Colocacio entre 25° Ce 30° C
se mosfram mais favoravels ao concreto, alingindo Temperaturas Maximas, menores que ao
se considerar Camadas de Altura de 2 0m, Intervalos ndo menores que 5 dias e Temperatura
de Colocacgdo ao redor de 12° C;

Ao observar os Intervalos de Vanagdo das Temperaturas Ambientes e as Curvas dos
I-hs.tnn-ms de Temperatura pode-se comentar:

Os concretos aplicados a intervalos de langamentos enfre 1 e 3 dias, mostram

gradientes de abaixamento de temperatura inferiores a 10° C, sendo que;

Os concretos aplicados a intervalos de langamentos nio menores que 3 dias, mosram

gradientes de abarxamento de temperatura malores a 13" C (ver grafico da Figura 7-II-

02},

Isso mnduz fissuras superficiais no concreto, a partir do 2° ou 3°. dia apos a

concretagem. e que podem prossegulr para a o interior da massa do concreto.
Comparande os Cases “F", com “B” e “C”, evidencia-se que a reducdo da Altura da Camada
para valores de (. 5m, mesmo com temperaturas de Lancamento entre 23° C e 30" C, € mais
eficiente (mais favoravel a termogema do concrete) do que manter uma Altura de Camada de
2,0m, mesmo com a redugdc da Temperatura de Lancamento para 12° C. Esse conceito aqu
evidenciado, € o que faz o sucesso das construgoes de Concreto Compactado com Rolo, por
utilizar camadas de pequena altura (0,3m) langadas sucessivamente (de uma a 3 camadas por
dia), sem haver necessidade de precaugdes térmicas;
Ao se reduzir a Altora das Camadas, simultaneamente com a mummizacio dos Intervalos
entre Camadas, praticamente nio se estabelece conflitos cronologicos-programaticos como se

comenta mais a frente.
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comprovacdo dos Estudos Téermucos atraves de de n:w-dj-;--ir:-s de temperatura em blocos e concreto
moldados na Obra, permite estabelecer condigdes metodologicas que:

% Viabilizam o langamento dos concretos, mesmo 4 temperatura de até 30° C, com menor
potencial de Fissuracdo, bastando para isso reduzir a Altura de Camadas e trabalhar a
Intervalos entre Camadas de 2 a 3 dias;

3,
Viabilizam o emprego de Matenal Pozolamico, e o translado da idade de Controle do concreto
das Estrufuras massivas, para 90 dias

Viabihzam reducdes -::le: Prazo.
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1:1 scale tests on Picada dam
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And:

recommendation:

Develop YOUR OWN Solution, Methodologies,
Practices, looking for YOUR advantages and
, NOT just the others perform some !!!

The to consider the DEFENSES
considering the LOCAL Aspects (Materials,

Equipments, Logistics, Remotes Areas, and
LABORS!)!
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Main Recommendations:

Site Conditions
Lay Out;
Shape; -
Flows and Periods; -
Available Material;

[ S

Design
Foundation Aspects- Shape;
Spillway- Discharge;

Stress Analysis (Fundamental Requirement);
Balance: Shape*Stress*Properties Requirements;
Defenses: Faces, Drainage, Contraction Joints;
Details and Simplicity: Intakes, Conduits, Shafts;

Con 0N : =
| Is & Equipments Availability; =0 =
Facilities (Aggregates, Concretes [CVC &RCC], Cement; Poz Mat)

Workman Labor
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