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Outhine

In this approach,

We introduce method of evaluation for RC ‘Pit’

using expansive concrete in disposal facilities low level radioactive waste

1. What Is expansive additive? _
- How does expansive concrete works?
Application of expansive concrete in Japan
2. Evaluate of expahsion for concrete members

3. Section analysis for expansive concrete

4. Controlling crack of concrete using expansive additive




Introduction

What is Expansive Additive?

Expansive additives provide a means of offsetting volume change

due to hardened shrinkage of concrete.
By using expansive additive, shrinkage of concrete can be compensated.

= It can reduce risk of concrete cracking and decrease crack width.

Expansive additive is used by mixing with concrete.
General dosage is 30kg/m3

Expansive additive is powder type supplementary comentitious material |




Introduction

Expansive co'né'réte can :com'p"e'r'i;ate shrinkage
= Crack and Crack Width should be reduced

Around 200%x10% ( 0.02% )
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Expansive concrete compensate the shrinkage of concrete due to dryness



Introduction -

Use of expansive additive for concrete.
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Introduction

How does Expansive Concrete work?

Mechanism of reducing crack risk using Expansive Additive

______________________________________________

s Expansive . Free expansior:h'
( Unrestralht) concrete « B

( Restraiht) Expansive Reliiceeiy
' concrete stress

Tensile force

- Restraint . | .
Ex: Steel bars etc. _ : :
il it =i Chemical Pre-strain

This chemical pre-stress decreases cracking of concrete
like mechanical Pre-stress.




Background

Background

Basic design of the sub-surface disposal facilities

for low activity waste is under planning in Japan.
And there are carrying out full-size specimen modeling for the facilities.

Basic required performance of this reinforced concrete ‘pit’
= It is to control crack width by mixing expansive additive.

So, it is Important to evaluate physical properties of concrete
with expansive additive.

This study proposes a limit state design method
for expansive concrete members.




Topics

This presentation introduce,

a) Evaluation of the expansion

Method of estimating
both chemical pre-strain and chemical pre-stress
using a concept of work done.

b) Sectional nalysis |

Method for calculating shrinkage reduction is explained
using a fiber model with the concept of work done.

c) Controlling crack

~ Crack control of RC members using expansive concrete. | '




A concept of work done =
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2. A Concept of Work done by expanswe addrtrve

Work Done of the concrete doesn t be affected by the degree of restrarnt
That is, for any structure, the work done is constant for the same
expansive concrete.




A concept of work done
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A Conéept of Work done by..expansive additive

This concept can calculate both chemical pre-stress and chemical pre-strain
of a RC member by using the expansive strain result of a standard specimen.

Real structures, RC members

Effective chemical pre-stress
and chemical pre-strain

Standard specimen

Work done U : U :iac > B :ip- E. -532 = const.
2 2

g, : Chemical pre-stress

& . Chemical pre-strain

E. : Young modules of bars (restraint)

o . steel rate 10

for length change test
' (JIS A6202 )




A concept of work done

DENKI KAGAKU KOGY0O KABUSHIKI KAISHA

A method of estimating both chemical pre-stress and
chemical pre-strain using the concept of work done
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The concept
< b > b #Ef Work done
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<Strain / Expansion>> < Stress>
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A concept of work done

Example

O O
D10 ( SD345 )

wwooc

D13 ( SD345 )
O O

< 150mm 2

Length of beam : 1200mm

&

Xpansive additive: Expansive additive
25kg/m3 40kg/m3

Distance of section buttom (mm )

Compregsive bars

Tensile bars

300 600 900 1200

Chemical pre- strain (x 10°° )
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Section AnaIyS|s

3. Sectlonal AnaIyS|s by A Flber I\/Iodel
with The concept of work done

- £u - . | Cc’
] A % i=1 : J
AS’ -OFI 1 i=2 Cs
> = —
e x \\\\: x s \ \ '
T e i %iantressfS_tram Curves b —
i _._._.__._4_4_._._._._.7_._.__];1E_._.___._._._.f ___________ T
It —,
M
AS
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= : : . : j=m . \ |
B . Strain distribution Stress Stress

[ > _ _ _ of concrete of steel bars

# Equilibrium condition

Force: Cs'+Cc’'=Ts+Tc

Moment: M=Cs’ (d-d’ ) +Cc’ ( d-
g yC')




Section Analysis

Stress Strain Curves

Concrete/ Expansive concrete | Reinforcement (Steel Bars)

gs fy

A 4

gy €S

Chemical Pre-stress

Chemical Pre-strain !

The origin of the stress-strain curves of expansive concrete is moved
according to chemical pre-stress and chemical pre-strain
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Calculation results ';_ Ultimate .st__reng_th-

F_Iexurél--StrengtHof CPC member i " —f

_ _ _ o p’ 0.3% &
: - : - : - : 8 g
RC Plain concrete (without expansive additive) : p 0.6% °
CPC-200 Expansive concrete (Expansion; 200x10°) §
CPC-500 Expansive concrete (Expansion; 500x109) B {7 1000mm
400
O cracking moment
3 Bflexural strenath (v b :1.15)
é 300 |
= l
o
£ i
= 200
(@)
=
e |
g 100 | —
il )

RC(A) CPC-200(A)  CPC-500(A)
a) The cracking moment increased by introducing the chemical pre-stress.

b) Ultimate flexural strength of expansive concrete is almost same as
plain concrete one. The reason of yield strength of reinforcement is same
with of both expensive concrete and plain one.
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Calculation results ; Ultimate strength

Interactive carves of CPC member | =
_ _ _ o P 0.3% &
3 5
RC Plain concrete (without Expansive additive) = P 0.6% ’
CPC-200 Expansive concrete (Expansion; 200x109)
CPC-500 Expansive concrete (Expansion; 500x109) . 5 {/# 1000mm
10000 RC(A)
—— CPC- 200(A)
8000 — CPC- 500(A)
\Z: 6000
()
o
§ 4000 """"""""""""""""""""“.'“::."N',,,T.? ----
T
-
-
- 2000
0 200 400 600 800

Bending momnet (KNm)

| Likewise,
Ultimate strength of expansive concrete equals to plain concrete one.
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Calculation results : Controlling crack-
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4, Controlllng crack and crack Wldth
sy expansrve concrete

Crack width relates to the strain of main relnforcement o
and the distance between each cracks. i

Crack width w ( mm) | Japan Societ of Civil

w=1.1-k, -k, -k, {4c +0.7(c, —¢))E

\— '\
y

Sectional Factors Strain of tensile steel bars
(Distance between each cracks)

| The strain of the main reinforcement can evaluate |
& the crack width of the concrete
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Calculation results ; Controlling crack e e

B.ending moment and Strain of reinforcement

. al
=
: _ . g P 0.3% g
Casel Plain concrete i a3 — ?
Case?2 Expanswe concrete (Expansmn 200><1O 8y e | '
. B {7§8 1000mm

Case3 Expansive concrete (Expansion;500x10°)

Cracking

500 1000 1500 2000

Strain of main reinforcement (x 10°® )

The cracking moment,
! Increased with the introduction of the chemical pre-stress.




Calculation results ; Controlling crack e e

Effect of Expansive concrete ——
| | - : P 0.6% °
Casel Plain concrete i —Eaay St L]
e B {JiE 1000mm

Case?2 Expanswe concrete (Expan5|on 200><1O 8y
Case3 Expansive concrete (Expansion; 500x10- o

522x10°6

Degrees of decreasing is
almost same as pre-strain.

2000

1500

500 1000

Strain of main reinforcement(x 10

-6)

For the same bending moment,

the strain of reinforcement of the expansive concrete is small.
The reason of chemical pre-strain is introduced into the reinforcement.
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Experiment

Loading test of Box culvert 55

CiL.
150, Load
= !
o ;
| : D10 (SD345 )

Method of loading test

Cross section
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Effect of chemical pre-strain
- - ' e :Measured value
of strain of reinforcement

9.5kN

P=19.0kN

C.L.
2.01kNm (P/2=9.5kN ) 2.01 |

l e Plain concrete

o —

o

Bending moment

diagram

1000 2000%10¢ Calculafuon of
- Expansive concrete

For the same Load, i€ Loading test results;

Strain of reinforcement decreases by Strain of reinforcement
chemical pre-strain using expansive i i
additive.
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Calculation results ; Controlling crack

Crack Width

w
o

Experimental

N
(O)

N
o

RN
(&)

N
o

Bending moment (kNm )

(&)

| Calculation

0 = |
= 20
0.2 0.3 £
Crack width (mm ) §15 i
210 |
O
o
D 5 |

Casel Plain concrete
Case2 Expansive concrete (Expansion;200x10-5) 0.1 0.2 0.3 0.4
Case3 Expansive concrete (Expansion;500%10-%)

0.5
Crack width (mm )
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Conclusion
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Conclusion

(1) The concept of work done for expansive concrete can estimate
both chemical pre-stress and chemical pre-strain.

(2) The Fiber model with The concept of work done can evaluate
mechanical behaviors of the expansive concrete members.

(3) Crack width of reinforced concrete decreases using an expansive additive.

Degree of decreasing crack width is corresponds to with degree of
chemical pre-strain.

The control of the crack width using expansive concrete can greatly
extend the life of concrete structures.
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Thank you

Thank you very much for your attention.

Please E-mail your question and comment to the following.

kentaro-suhara@denka.co.jp
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ettringite increases the density of the concrete matrix,
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Expansive additive CSA°

Expansive additive ‘CSA' is produced by crushing a sintered compound
mainly consisting of limestone, gypsum, and bauxite (calcium oxide, calcium sulfate
and aluminum oxide) in adequate amounts. The chemical composition of sintered
CSA clinker mainly consists of hauyne, free lime and free gypsum.

Hydration of these minerals forms
ettringite (3Ca0-Al203-3CaS04-32H20),

a very small crystal with dimensions of several
microns. In the cement paste hardening process,

this colloid-like crystal becomes burr-like within
minute gel voids. It thus reduces hardening shrinkage
and dry shrinkage of the gel, and furthermore it acts
to expand the gel. Therefore, the presence of

reduces dry shrinkage, and induces compressive 25kl x5.000
stress into a concrete structure under a restrained
condition. Through the above mechanism,

CSA reduces dry shrinkage cracking in concrete
and increases the water-tightness of concrete structures.

Scanning electron microscopy
Image of ettringite
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What is DENKA CSA? (Properties of CSA)
L Hvdralion SVStem - s T

- CSA's ingredients ‘

CaSoO,
1,0 |
ca0 | » Ca(OH),
. +H,0 ‘
i 3Ca0- Al203
. Hauyne [ > - CaSO," 12H,0| |
_ i +H,0 ‘ 3CaO- AlLO, : 0
"""""""""""" - Ca(OH), - 12H0O
: Expansive substance

“Ettringite”
26
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A Proposal of Limit State Design Method Considering Chemical Pre-strain of
Chemically Pre-stressed Concrete Members by Expansive Additive
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