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Relationship between Compressive Strength and Dynamic Modulus of
Elasticity in the Cement Based Solid Product for Consolidating

Disposal of Medium-Low Level Radioactive Waste

ARG, & IRER /D LggEEe
Sangchul SHIN, Jinman KIM and Tomoyuki KOYAMA

Recently, the medium-low level radioactive waste from nuclear power plant must be transported from temporary
storage to the final repository. Medium-low level radioactive waste, which is composed mainly of the liquid ion
exchange resin, has been consolidated with cementitious material in the plastic or iron container. Since
cementitious material is brittle, it would generate cracks by impact load during transportation, signifying leakage
of radioactive ray. In order to design the safety transporting equipment, there is a need to check the compressive
strength of the current waste. However, because it is impossible to measure strength by direct method due to
leakage of radioactive ray, we will estimate the strength indirectly by the dynamic modulus of elasticity.
Therefore, it must be identified the relationship between of strength and dynamic modulus of elasticity. According
to the waste acceptance criteria, the compressive strength of cement based solid is defined as more than 3.44 MPa
(500 psi). Compressive strength of the present solid is likely to be significantly higher than this baseline because
of continuous hydration of cement during long period. On this background, we have tried to produce the
specimens of the 28 day's compressive strength of 3 to 30 MPa having the same material composition as the solid
product for the medium-low level radioactive waste, and analyze the relationship between the strength and the
dynamic modulus of elasticity. By controling the addition rates of AE agent, we made the mixture containing the
ion exchange resin and showing the target compressive strength(3 ~ 30 MPa). The dynamic modulus of elasticity
of this mixtures is 4.1~10.2 GPa, about 20 GPa lower in the equivalent compressive strength level than that of
ordinary concrete, and increasing the discrepancy according to increase strength. The compressive strength and the
dynamic modulus of elasticity show the liner relationship.

Keywords: Medium-low level radioactive waste, Ion exchange resin, Air entraining agent,
Compressive strength, Dynamic modulus of elasticity
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Fig. 1 Process of research
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Table 1 Chemical composition of solidifiable materials

Type | CaO | SiOz2 |ALO3| MnO |Fe203| SiOs | K20 | SrO | ZrOz | TiO2

PCV 7211112123 |01 |55 52|27 |01| - |03

CH? 938| 14 06|01 |14 |15 - |01 - -

1) PC : Portland Cement, 2) CH : Calcium Hydroxide
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#150%TH BN, BHIEREIOASITE AV bOBEIZIE
BERE 220, —F, BIBRIFORBOZERER LT
WBKGIE, BA Y NOBICEEERZE XS0, #iE
DORIF DRI ESHICHE N K0, #iso
NENC DB RS PBEFE L TWBRETHER L, BA 2
U AZWAREIE DK B Ot % Photo. 1, Table 2 12777,

— 124 —



Photo 1 Anion exchange resin

Table 2 Properties of anion exchange resin

Matrix Styrene divinyl-benzene copolymer
Physical form Pale yellow translucent beads

Ionic form Chloride

Specific gravity 1.063 ~ 1.093
Moisture (%) 49~ 55
Exchange capacity (eq/f) above 1.3

Effective diameter (mm) 035~ 055
2.2.3 ZERETH
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Fig. 2 Schematic diagram of foam production method

Phto enera or Photo 3 Produced foam
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lightweight insulating concrete) =& > THIE L7z, F=.
2 Z Y —REER ORE{L % ORBRIEO B ARER L EX
B3 [KSF2409, 7Ly a2y —OBUARE
BROZESERRGIEERE) X VEH L,
o350 TKSF2437, HRERENC L 2207 U — FOB)H
HRBR OERT Y ORI X > THIE L,
2.4 HEBGt

5T, BRa RBEEE T IRREOFEREO=DIZ
FIHEEBRIC LD 7 HIRE L 28 ARBEOHBERIHREZRET L.
FOFRER% Fig. 31U, ZIUT X D A A RHlE
ZRA LAV FEED 7 B & 28 BIREOFEIR R
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0.5 = 110X o, + 0.90 Eq.(1)
Z :“C‘\ [o73: 38 28 E O)Eﬁﬁ&’ﬁgoﬂa)
07:7 B DOJEHETREE (M)

a;5 = 1100, +0.90
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28 days compressive strength (MPa)

0
0 2 4 6 3 1 12 14 16

7 days compressive strength (MPa)
Fig. 3 Relationship between 7 and 28 day compressiv
e strength from the previous experiment
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Table 3 Plan of first experiment

Factor Levels Test items
0.0,0.1,0.2
Addition rates - Flow
0.3,04,0.5
of AE agent - Compressive
%) 1.0,1.5,2.0 y
) stren, 3, 7days
10%, 30%, 50°, 70" gh ¢ ¥e)

* . Addition rates of foams

250 ~

0 ||

00 Ol 02 03 04 05 10 lS 20 m* 30’ 50‘ 70*,
AE agent

Addition rates (%)

o
2

Flow (mm)
g

Fig. 4 Results of flow test
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0.1% AE FIFRANZE T b EMEHREEIIH 60%MREE & K& <
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OBAEBRKRE L RN ERHER SN, LR T,
0.1%LLF D AE FIFMBIZOWTHRETHZ Lic kY,
BEEL &0 (3~30 M) Thx 2MELET 58K

Table 4 Mixing design of first experiment

Resin| wmB | AE | Foam | o Unit volume (&/m?) Unit weight (kg/m?) AE
%) | () a(%;,r)“ r(%) (kgm’) | pc | CH | AER' | Foam | PC CH | AER (kagf,?,ts)
0~2| 0 372 306 41 281 0 965 97 312 | 0~21
0 10 334 276 37 253 100 869 87 281 0
179 | 35 0 30 260 214 29 197 300 676 68 218 0
0 50 186 153 21 141 500 483 48 156 0
0 70 111 92 12 84 700 290 29 94 0

* AER : Anion Exchange Resin
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Fig. 5 Results of compressive strength test
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BEERVOZERERZRIE L, £/, BbL-%, B
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PERBORBIRX A EH Lz,
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, 1) @y ;2 Estimiated 28 day compressive streagth. \ B4 A “F&AE‘”“ . .

[} $ 10 1 26 % k4 LX) 9.8 16 1y 28 .18 00 08 1.0 18 0 28
7 days compressive strength (MPa) Addition rates of AE agent (%) Addition rates of AE agent (%)
(A) Estimated 28 day strength of the first (B) Estimated 28 day sirength by addition (C) Determination of optimal addition rates
experiment rates of AE agent of AE agent

Fig. 6 Process of calculation of optimal addition rates of AE agent
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Fig. 7 Results of flow test
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Addition rates of AE agent (%0)
Fig. 8 Results of unit weight and air content test
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4.2.3 ERAEE

Fig. 9 i3 2 KRR DO ERSRERIERR 2 =T, HBRED
JEREIREEIE. AB FIFSINRAMEY VKETEBUIE L, &
IO RO NITIER T T2 2 L B3bhrot, —
Bz 7 ) — bOEFFIE LTHRMNT % AE FloE
1%, 0.02~0.05%TH Y, KEBRTHLOED AE AlDOHEH
TRIAEZETSE, EHEREEZRL I ENTE,
FREZEMIED L, LVEVWKEOREZBFZZ L
BAREThH o7, ZORR. —E#EA (33~286 M) O
BREEKHER 1S C BAZRE (3~30 MB) 2W-dZ&nT
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WBZ LR hhote, BAEMEICRT 5, EEOMER
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THHZ L EHRITIENRVBEFRZ L LHBEINAS,

Table 5 Mixing design of second experiment

Target

Resin | W/B AE Water | URit volume (&/m?) | Unit weight (kg/m®) AE .
) | (o) | STnEm | agent | ) agent Test items
(MPa) (%) PC CH AER PC CH AER (kg/m3)
30.0 0.011 0.1 - Flow
25.0 0.028 0.3 - Unit weight (slurry &
20.0 0.074 0.8 hardened state)
15.0 0.197 , ' 2.1 - Air content (slurry &
179 | 35 372 306 | 41 281 | 965 97 312
100 | 0.523 5.6 hardened state)
7.5 0.853 9.1 - Length change .
50 1.390 148 |~ Compressive strength
3.0 2.054 18 - Dynamic modulus of elasticify
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Addition rates of AE agent (%)

Fig. 9 Results of compressive strength test
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Ep = 161X 1075 —— Wf? Eq.(2)
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Ep =0270.+ 2.56 Eq. (3)
Ep = 0.860, + 7.25 Eq. (4)
Ep = 0.610, + 17.42 Eq. (5)

0.0 0.5 1.0 1.5 2.0 25

E3
L=]

Eq. (3) This experiment (5) Ep = 0.610, +17.42

Eq. (4) Kim Jinman, 1996
Eq. (5) Han Sanghun, 2001 pd

/ - (4) Ep = 0.860,
+7.25
/ (3) Ep = 0.270, + 2.56
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Compressive strength (MPa)
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—
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[~
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Fig. 10 Relationship between compressive strength
and dynamic modulus of elasticity
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