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K ILMIS BETON
Roller Compacted Concrete”




SILINDIRLE SIKISTIRILMIS BETON
(SSB)

o Silindirle sikistirilmis beton (SSB),
Ingilizce teknik literatlirde “roller
compacted concrete (RCC)” olarak
isimlendirilir. SSB, temel olarak klasik
beton gibi cimento, su, kum ve
agregalardan olusur. Fakat SSB normal
betona gore ¢cok daha kuru kivamdadir
(sifir cokme) ve iyi sikismanin
saglanabilmesi icin normal betona gore
cok daha yuksek sikistirma enerjisi
gerektirir.




Roller-Compacted Concrete

* Concept and significance. The development of
Roller Compacted Concrete (RCC) caused a major
shift in the construction practice of mass concrete
dams and locks. The traditional method of
placing, compacting, and consolidating mass
concrete 1s at best a slow process. Improvements
in earth-moving equipment made the construction
of earth and rock-filled dams speedier and,
therefore, more cost-etffective.




Roller Compacted Concrete

» The first successtul application of RCC
technology was demonstrated in 1974. The
repair of the collapsed intake tunnel of
Tarbela Dam proved that the material had
more than adequate strength and durability.
The maximum placement of 18,000 m3 of
RCC 1n one day, which 1s still the world’s
record, was a clear evidence of the potential
of this new construction method.




Silindirle sikistiriimis beton (RCC) ile baraj yapimi




Silindirle sikistiriimis beton (RCC) ile yol yapimi
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Sikistirma islemi




Derz yapimi
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Willow Creek Dam, Oregon 1979-1983




Ghatghar Dam, India 2001




Beydagi Baraji 2009
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Weber dam California 2001




Zintel Canyon Dam




By 1997, 150 projects using RCC, including 46 new dams, were completed m the
United States. The U.S. Army Corps of Engineers’ list the following advantages of using
RCC:

. Costs: Depending on the complexity of the structure, RCC costs 25 to 50% less than

conventional concrete.

¢ Rapid Construction: For large projects, RCC dams can be finished 1 to 2 years

earlier compared to regular mass concrete dams.

° Spillways: Compared to embankment dams which normally require that spillways be
constructed m an abutment, RCC dams offer the attractive and cost-effective alternative

of constructing the spillway in the man structure of the dam.



° Diversion and Cofferdam: The costs of river diversion and damages caused by

cofferdam overtopping are smaller for RCC dams than for embankment dam.
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Hirose and Yanagida™ list several additional advantages from the Japanese experience with RC

dams when compared with conventional concrete dam construction:

o Cement consumption 1s lower because much leaner concrete mixtures can be used.
o Formwork costs are lower because of the layer placement method.

o Pipe cooling 1s unnecessary because of the low temperature rise.

o Cost of transporting, placement, and compaction of concrete 1s lower, because

concrete can be hauled by end dump trucks: spread by bulldozers and compacted by
vibratory rollers.
o Rates of equipment and labor utilization are high because of the higher speeds of

concrete placement.



SSB, cok kuru kivamdaki betonun insaat

sahasina tasinip serilmesinden sonra silindirlerie
sikistiriimasi ile imal edilir. SSB’nin cok kuru
kivamindan dolayi, bilinen cokme deneyi ile
Olcllebilen bir cokme degeri yoktur. SSB genel
olarak baraj ve yol insaatlarinda kullanilir. Dlasuk
cimento icerigi nedeniyle ekonomik bir betondur.
SSB, baraj ve yol insaatlar gibi masif yapilarda
kullanildigindan tabakalar halinde serilip
sikistirilir. Bundan dolayi her tabakada yeterli ve
etkili sikistirmanin saglanabilmesi, SSB'nin
performansi icin cok onemlidir.




TASIMA




YERLESTIRME




SIKISTIRMA




Maternials -- Cement

* The consolidation by a roller does not
require special cements; however, when
RCC 1s to be used 1n mass concrete, the
recommendation of selecting cements with
lower heat generation should be followed.



Mineral Admixtures

« Mineral admixtures are used extensively in RCC
mixtures. The use of large amounts of mineral
admixtures reduces both the adiabatic temperature
rise of concrete and costs, and improves
durability. In the United States, Class F fly ash 1s
the most common mineral admixture used n
dams, however, 1 other parts of the world Class C
fly ash , slag , and natural pozzolan have also
been used.




Chemical Admixtures

» Air-entraming and water-reducing admixtures are
used in RCC compositions that contains higher
volume of paste.

» Set-retarding admixtures can extend the time up to
which the concrete lift should remain unhardened,
reducing the risk of cold joints with the
subsequence lift. In RCC mixtures of dry
consistency, however, chemical admixtures show
rather a limited effectiveness.



SSB'nun karisim oranlari, belirli bir
tabaka kalinliginda dokuldiginde,
istenilen Ozellikleri tam sikismis bir
malzeme olarak saglayacak sekilde
ayarlanmalidir(101). SSB'nin
sikistirilabilme 6zelligi; karisimin serbest
su icerigi, cimento ve puzolan icerigi, kum
miktari ve gradasyon, maksimum agrega
capi! ve kullanilan katkilarin 6zellikleri gibi
karisim parametreleri etkiler




N

Aggregates

» Aggregates greater than 76 mm 1n diameter (3 1n.)
are seldom used 1n RCC because they can cause
problems 1n spreading and compacting the layer.

* The size of coarse aggregate has a significant
intluence on the degree ot compaction in small

layers. This inf

thicker layers s;
rollers are empl

uence 1s less marked 1n relatively
pecially when large vibratory

oyed.

* The use of material finer than 75 mm (No. 200
mesh sieve) produces a more cohesive mixture by
reducing the volume of voids.



Concrete Mixture Proportioning

« Method I

» uses the principles of soil compaction to produce a lean
RCC, where the optimum water content of the concrete 1s
the one that produces the maximum dry density of the
mixture.

* This method does not utilizes the conventional concept of
minimizing the water-to-cement ratio to maximize the
concrete strength; the best compaction gives the best
strength, and the best compaction occurs at the most wet
mix that will support the operating vibrating roller.

* The overriding criteria for these mixtures are the
compressive and shear strength since the dam using this
type of concrete typically will have an impermeable
upstream face made either by traditional mass concrete or
precast panels.




 Method II

* uses traditional concrete technology methods to
produce high-paste RCC mixtures. Upper
Stillwater and Elk Creek Dams are examples of
dams that were built using this approach. The
overriding criteria for these mixtures are the shear
strength between the lifts and low permeability of
concrete sice no protective, impermeable face 1s
used upstream .



Laboratory Testing

* RCC 1s a zero-slump concrete whose properties
are strongly dependent on the mixture proportions
and on the quality of compaction. Concrete 1s
consolidated 1n the field using vibrating rollers.

» Despite extensive research on this subject, there 1s
as yet no unanimously accepted methodology to
simulate the field condition 1n preparing
laboratory samples.



Strength

* For RCC mixtures made according to the concrete
technology approach, where the volume of the
paste exceeds the volume of the voids between the
aggregate, the compressive strength follows the
dependence on the water-to-cement ratio as
predicted by Abram’s rule.

* For RCC mixtures made according to the soil
mechanics approach, where the cement paste may
not fill the voids between the aggregate, Abram’s
rule does not apply, and strength 1s often plotted as
a function of the moisture content




Elastic Modulus and Poisson’s ratio

* The thermal stresses generated by heat of
hydration are proportional to the elastic modulus
of concrete. Theretfore, lean RCC mixtures, which
produce concrete with low elastic modulus, are
attractive to designers.

* As with regular concrete, the elastic modulus of
RCC depends on the degree of hydration, volume
and type of aggregate, and water-to-cement ratio.

* Poisson’s ratio for CCR typically ranges from 0.15
to 0.20.




o Sikistirilabilirlik derecesini en fazla
etkileyen parametre karisimin serbest su
icerigidir. Karisimin su miktarn optimum
seviyenin Uzerine ciktiginda, islenebilirlik
artar fakat bu kez de titresimli silindirin
agirliginin etkisine, serilen beton
tabakasi mesnet olusturacak kadar rijit
olmaz. Bu nedenle dizayn mumkun
oldugunca kuru kivamda olacak sekilde
ayarlanmalidir.



Creep

* The long-term deformation of RCC depends on
the amount and the type of aggregate, the water-
to-cement ratio, the age of loading, and the
duration of loading.

» RCC with lower compressive strength and lower
elastic modulus will normally show high creep
which 1s a critical factor 1n determining the stress
relaxation when thermal strain 1s restrained.

» Lean concrete with large amounts of fines also
shows high creep.



SSB, cokme deneyinde sifir cokme degeri
veren bir beton oldugundan islenebilirlik
duzeyi VeBe deneyi gibi kuru kivaml
beton karisimlar icin uygun olan bir
deney yontemi ile belirlenebilir. Sifir
cokme degerine sahip olan karisim igin
Olctlen 5 sn’lik VeBe slresine karsilik
elde edilen kivama sahip bir karisimda
sikistirma silindirini titresim olmadan
kullanmak cok zor olabilir.




Thermal properties

* The adiabatic temperature rise of RCC 1s similar
to conventional mass concrete mixtures and
depends on the amount and type of cementitious
material used in the mixture.

» The specific heat, conductivity, and coefficient of
thermal expansion are a function of the type and
amount of aggregate used 1n the mixture.



Baraj insaatlarinda tipik olarak kullanilan
karisimlarda, 15 sn’lik VeBe suresi 10 tonluk
titresimli silindirin tabaka Uzerinden 4 - 6
gecgisinde uygun sikismanin saglanmasi igin
yeterlidir. Genel olarak 15 - 20 sn’lik VeBe
siiresine sahip karisimlar uygundur(101). Ince
agrega miktari, su miktari kadar olmasa da
karisimin sikistirilabilirligini etkiler. Ince agrega
miktarinin geleneksel beton karisimlara gore
daha fazla oldugu SSB karisimlari, dokim
sirasinda segregasyona karsi daha az hassastir.



o Ucucu kul, su azaltici ve priz
geciktirici katkilarin kullanimi,
SSB’nin sikistirilabilirligi acisindan
yararhdir. Ucucu kul, cimento yerine
ikame olarak kullanildiginda,
Olculebilen belirli bir kivama sahip
karisimin su ihtiyacini azaltabilir




o Ucucu kul, ayni zamanda dustk hamur
hacmine sahip karisimlarda islenebilirligi ve
SSB’de yogunlugu arttirmak icin mineral filler
olarak kullanilabilir. Ugucu kil iceren SSB’lerin
icermeyen SSB'lere gore daha az bosluk
hacmine sahip oldugu gosterilmistir(103). Ote
yandan Atis vd.(104), cimentoya ikame olarak
%15 ucucu kil iceren SSB karisimlarin 28
gunluk dayanim ozelliklerinin icermeyen
karisimlara esit veya daha iyi oldugunu
gostermislerdir.




Durability

* The coetficient of permeability of RCC 1s a critical
parameter for long-term performance ot dams, particularly
1f no impermeable membrane has been used at the
upstream face of the dam.

* The construction process of RCC generates porous zones
between the lifts where water can percolate. Depending on
the mixture proportions and construction process, the
coetficient of permeability can very over 8 orders of
magnitude.

* For instance, the lean concrete at Willow Creek dam had a
coefficient of permeability of 2 x 10-4 m/s, while the
coetficient of permeability at Upper Stillwater Dam was 4
X 10-12 m/s. Willow Creek Dam, however, has an
impermeable membrane at its upstream face.




Durability

* If the moisture content in concrete goes beyond
the critical saturation point, the performance of
non-air entrained RCC to cycles of freezing and
thawing will be poor; however, 1f the structure
does not become saturated, the frost resistance of
RCC 1s satisfactory.

* Air-entrainment of very lean RCC mixtures has
not been very successful.



o Kul

lanilan maksimum agrega cap! normal

olarak SSB’'nin sikistirilabilirligini etkiler.
300mm kalinliginda serilmis SSB icin
maksimum agrega cap! 75mm’yi
asmamalidir. Uygulamada, ayrisma

pro
Ma
dald

blemini en aza indirmek igin,
KSimum agrega capl 37,5 = 50mm

Iginda secilir



Construction Practice

» The overall planning of a RCC dam 1s
conceptually different from a gravity dam. To
minimize thermal stresses, traditional mass
concrete 1s built in separate, monolith blocks.

» This process 1s slow but allows great tlexibility; 1f
a problem develops in one of the blocks, the
construction front moves to another block. RCC
dams do not have such luxury.

» The operation 1s continuous, building one
horizontal lift at a time.




Construction Practice

There are no special requirements for batching and mixing
of RCC which can be produced using the same equipment
as for conventional mass concrete.

Ready-mixed concrete trucks cannot be used to transport
RCC because the zero-slump concrete is too dry and
cannot be discharged.

To obtain significant economical benefits, special care
must be taken 1n the selection of equupment and
construction methods for fast placement and consolidation
of RCC.

Conveyor systems can be an efficient method of
transporting RCC.



Construction Practice

The success of a RCC dam 1s often contingent on the
correct selection of lift thickness, which depends on the
mixture proportions and on the equipment available.

If the lift 1s too thin, the placement rates will be small,
thereby reducing the advantages of using RCC.

If the lift 1s too thick, the compaction will not be adequate,
creating horizontal layers of higher porosity. thereby
compromising the strength and durabaility of the structure.

Normally, the thickness of the lifts ranges from 0.15 to
0.90 m; i the U.S. a lift thickness of 0.3 m 1s often used.



Construction Practice

Compaction of the lift 1s achieved by using a
vibrating steel-wheel roller.

Compaction of the lift should be performed as
soon as possible, typically within 10 minutes after
spreading and no more than 40 minutes after
mixing.

Once adequate compaction 1s achieved, good
curing conditions for the finished surface are
essential; the surtace should be kept in a
moistened condition until the next lift 1s placed.



Construction Practice

* The dry consistency of RCC results in difficulty n
bonding fresh concrete to hardened concrete.

* This bond can be improved between the lifts by
reducing the time of casting the lifts or by
increasing the paste content in the mixture.

* Typically, bedding mixtures contain 360 to 460
kg/m3 of cement, 170 to 220 kg/m3 of fly ash, and
4.75-mm maximum size aggregate.



It 1s not surprising that Abram’s rule does not work for these lean RCC mixes. The

relationship was developed for fully compacted concrete where the porosity is in the continuous
cement paste matrix. Ferret’s rule®, which was proposed in 1892 , is more appropriate under
these condition because it accounts for all the porosity due to the hydration process and to the

lack of vibration. His expression is given by:



(’cf

cC+Ww+a

f =k

where, f., 1s the compressive strength, k, 1s a constant, ¢, 1s the volume of cement, w, is the
volume of water, and . a , 1s the volume of air. Alternatively, Feret’s equation can be expressed

as

B k
a (lJri.ﬁ.r..chra..fc)2

-

C

For plastic concrete the air to cement ratio (a/c) 1s small and 1t can be neglected, however for dry

mixes that can entrap larger amounts of air, the a/c ratio may become significant.



Mix Proportions used in the Tamagawa Dam (from T. Yamauchi, J. Harada, T. Okada, S.

Shimada), Construction of Tamagawa Dam by the RCD method, Commission

Internationale des Grands Barrages, Quinzieme Congres, Lausanne, 1985).

Content (kg/m°) Quant Location
Wat Cem Sa Coarse Admixt ity that was
er ent nd aggreg ure 10° used
+ly- ate m’
ash
115 240 44 1572 0.60 100 Upstream




Yol kaplamasinda kullanilacak SSB karisimlarinda
daha-dtzgtnytzeyelde—editmesiamacrie——
maksimum agrega capinin 19mm secilmesi
onerilir(106). Ayrica kullanilan agregalarin
kalitesi de SSB'nin performansini etkiler. Fiziksel
olarak kusurlu bulunan, zayif agregalar agir
sikistirma yuku altinda kirthp dagilabilirler. Fakat,
SSB karisimlari dizgun gradasyona sahip
olmayan agregalarla da bir olclye kadar
olusturulabilirler. Yani SSB bu acidan bakildiginda
agrega gradasyonuna normal betona gore daha
az hassas bir beton taraddur.




Cement: Low cement content was used in the interior structure of the dam. Fly-
ash was used to reduce the adiabatic temperature rise.

Lift thickness: The thermal analysis indicated that close to the foundation,
where the restraint 1s higher, the thickness of the lifts should be 0.5 m. Away
trom the foundation. the thickness of the layers can be increased to 0.75 m
(location EI 348m), and finally to 1.0 m (above location EI 348 m).

Cooling: Mixing water was cooled to 4°C m the summer, and the lift surfaces
were sprayed with water after the placement.

Insulation: The lift surfaces were insulated when it was necessary to halt

construction because of weather related interruptions.



Silindirle Sikistiriimis Betonun
Avantaj/Dezavantajlar

Geleneksel Beton

1%  16% 6% 26% 41%

CM.  Water  Air FineAgg.  Coarse Agg.
Silindirle Sikistirilmis Beton

1.9%
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10%  13% 38% 40.5%
CM.  Water  FineAgg. Coarse Agg.

CH  M%el  Lueydd cosize yaad
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Geleneksel betona gore avantajlari:

Geleneksel betonunkine esdeger bir egilme dayanimina
sahiptir,

insaat siiresini diisiiriir, insaati kolaydir,

Diisiik su icerigi nedeniyle birim agirhigi daha yiiksek beton
olusur; Diisiik su icerigi nedeniyle daha az ¢cimento igerir;

Hidratayon isisi geleneksel betonlara gore daha dusiiktiir;

Genis alanlarda ¢ok hizli ve biiyiik hacimde yerlestirme imkani
saglar.

Biitiin bu 6zellikleri bakimindan geleneksel betonlara gore
daha ekonomiktir.



Silindirle Sikistirilmis Betonun
Avantaj/Dezavantajlan

Asfalta gore avantajlari:

Daha yiiksek egilme dayanimi saglar,

A§|nmaya kar§| yuksek direng gosterlr,

bununla b|rI|kte gelecekte asinma
yuzeyinin bozulmasindan sonra

oruvucubirtabakakullanilabilir
Yakit ve hidrolik doklilmelerine karsi

daha yiiksek direng gosterir,
Yukfsel«m-egkllklamgm-dcaﬁa-lypdlr |




Silindirle Sikistiriimis Betonun
Avantaj/Dezavantajlar

~ SSB’nin baraj insaatlarindaki avantaj ve dezavantajlari

Hizli insa

adilebilme Uygun temel yeri

_— sec¢imi,
Dusuk maliyet .
3 i Insaat esnasinda

Dolusavak ¢ok iyi bir zaman

insasinda daha planlamasi
basit ve ekonomik gereksinimi,
¢Ozlim,

Uretimde

Kaya dolgu ve devamlilik | Here o 2006 3 -
v o - . s /

JPDId UJOIE




Silindirle Sikistiriimis Betonun Tarihgesi ve
Kullanim Alanlar

1 m3 SSB icin malzemeler

Maks. Dane Capi 150 mm
Su 95 kg/m3
Cimento 91 kg/m3
Ucucu Kul 39 kg/m3
Ince agrega orani 30%
ince Agrega 657 kg/m3
Kaba Agrega 1444 kg/m3
Hava Miktari 1.5 %

Tamagawa Baraji Japonya - 1987



1-Taban Zemini, Temel ve Alt Temel

Hazirlanmasi 2-Beton Karisimin Hazirlanma

= :
@ - S R e - z > s :
Tesisin Uretimi, sericinin yerlestirme ve sikistiricinin sikistirma

hiziyla benzer olmali ve tesis miimkiin oldugunca uygulama
alanina yakin bir yere kurulmalidir.

Betonun serilmesinden 6nce temel tabakasi nemsiz,
yabanci malzemelerden arindirilmig ve donmamig
olmasi gerekmektedir.




Yerle

oL

gtiriimes

.

; % é SSB genelde yol yapim sericisi ile yerlestirilebilmektedir. SSB
imalati miktarina gore sericide bazen kiigiik modifikasyonlar
yapilmasi gerekmektedir. Bazi yiiksek sikistirmali tablalar

ihtiva eden sericilerde tek bir tabakada kalinhgin 20 cm’yi
gecmemesi, tabaka kesitinde homojen bir yogunlugun elde
edilebilmesi icin onerilmektedir.



5-Beton Karisiminin Sikistiriimasi

gecirimliligi ve yuizey duzginliigi agisindan olduk¢a 6nemlidir. llk
sikistirma genellikle 10 ton agirliga sahip ¢ift tamburlu titresimli gelik
bandajli silindir ile yapilmaktadir . ilk sikistirmanin ardindan, 20-30
tonluk lastik tekerlekli silindir ile gecis yapildiginda titresimli sikistirma

~




Silindirle Sikistirilmis Beton Kur
ve Korumea

SSB tabakasi, sikistirmanin tamamlanmasindan sonra vakit gegiriimeden, en fazla 2 saat icerisinde etkili ve {iniform bir koruyucu kiir
tabakasi ile kaplanmali ve nem kaybi engellenmelidir. Havanin sicak ve giinesli oldugu zamanlarda bu siire daha da azaltilacaktir. SSB
tabakasi, serilmesinden sonra en az 7 giin siire ile kiir edilmelidir.




SSB’nin dayanimi, serilme kalinligina
bagli olarak sikistirma derecesinden ¢ok
fazla—etkilenir—SSB,taze halde-tkencok—
fazla kalin tabakalar halinde serilip
sikistiriimaya calisilirsa yeterli sikisma
elde edilemeyebilir. Sikistirma ile
uzaklastirilabilecek ve yetersiz sikisma
nedeni ile hapsolan her %1’lik hava,
dayanimda yaklasik olarak %5’lik
azalmaya neden olmaktadir.
Rollings(107), SSB yol kaplamalarinin
performansinin, en alt serilme
tabakasinda esdeger sikistirmanin
basarilamamasindan olumsuz
etkilendigini belirtmistir.




o Yol kaplamasinin en alt tabakasinda, en
Ust tabakaya gbre %25 egilme dayanimi

Kd
Kd

ya
ka

kaybi olabilmektedir. Ozellikle SSB yo

blamalarinda esdeger olmayan serilme
inliklari ve tabakalar arasinda iyi
viIsSmanin saglanamamasi tim

blamanin mekanik ozelliklerini

olumsuz etkiler. Ote yandan bu durum
SSB ile yapilmis beton baraj govdelerinin
kaymaya kars! direncini de etkileyen bir
parametredir.



o Sikistirma derecesi SSB’de dogrudan

basing dayan|m| gekme dayanimi ve

AnLin vaciinlhiiAiLinLl Q‘l‘/l adidindan ivzi

taba
dura
Ozel
alan

betUIIUII YUHUII UHUIIU |\l CUIHIIIUCII IYI

sikistirilmis SSB tabakalari, daha Ustte
bulunan ve yeterli S|k|§t|rllmam|§

Kalara gore daha iyi mekanik ve
Dilite Ozelliklerine sahip olacaktir.
ikle baraj govdeleri gibi genis

arda yeterli, etkili ve homojen

sikistirmanin saglanabilmesi icin silindirin

alan

Uzerinde belirli bir dizene gore

hareket etmesi gereklidir. ACI 309.5R’de
Sekil'de gorulen sikistirma sekli
onerilmistir.



Pass 1,3,5 7, elc,

Pass 2,.4,6.8, elc.




o Burada onemli olan, tek bir
sikistirma hattinin Gzerinden, diger
hatta gecilmeden Ust Uste sikistirma
yapllmamasidir. Yeni serilen
tabakalar sikistirilirken yan hatta
bulunan ve sikistirma islemi
tamamlanmis kisimlara zarar
verilmemelidir.




Baraj insaatlarinda, SSB’nin sikistirilma
slemterindedikkatediimesigerekendiger—
ir onemli nokta da baraj govdesinin
memba ve mansap taraflarinda sikistiriima
dereceleridir. Egimli yizeylerde (6rnegin
baraj govdesinin mansap ylzu) serilen
malzemeni sikistiriimasinin agir silindirler
ile yapilmasi zordur. Bu nedenle bu
kissmlarda Sekil’de goruldigi gibi el
kompaktorleri ile ek sikistirma islemi
uygulanir.




o El kompaktorl ile sikistirma islemi



o SSB’nin kalite kontroll, kivam ve
nem icerigi testleri, yogunluk
testleri ve dayanim testleri ile
saglanir. SSB gibi cok kuru
kivamdaki bir betonun kivami VeBe
testi ile belirlenebilir.




o Nem icerigi ise mikrodalga firin veya
kalsiyum karbit gaz basinci yontemi
ile belirlenebilir. SSB’'nin
yogunlugunun belirlenmesi
laboratuvarda en az dort farkli nem
iceriginde yapilir. Nem icerigi -
yogunluk egrisi cizilir ve SSB’nin
Islak ve kuru yogunlugu bu egrilerin
pik degerleri kullanilarak optimum
nem iceriginde tespit edilir.




o Dayanim ise laboratuvarda Sekil ‘de
gorulen elektrikli titresim cekici
kullanilarak hazirlanan numuler
Uzerinden belirlenebilir. Yerinde
dayanimin belirlenmesi ise karot
numuneler araciligi ile yapilir. Ayrica bu
karot 6rnekler gorsel olarak yogunluk ve
SSB 6rnegindeki bosluklar hakkinda da
fikir verirler




o SSB test orneklerinin elektrikli titresimli cekic
kullanilarak hazirlanmasi



o SSB ulkemizde de Ozellikle baraj
insaatlarinda uygulamasi olan bir beton
turadar. Turkiye'de ilk SSB beton
uygulamasi Karakaya Baraji batardo
insaasinda olmustur. Atatlrk Baraji dolu
savak temelinde de SSB uygulanmistir.
Helen yapimi devam eden Cine Baraji
bitirildiginde timuyle SSB’den yapilmis
olan Turkiye'nin ilk baraji olacaktir




Dokuz Eyliil Universitesi Insaat Miithendisligi
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