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Study on Analysis Technique Comparison and Evaluation of High Thermal
Conductivity Concrete with Magnetite Aggregates and Steel Powder
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ABSTRACT Concrete as a construction material is widely used in nuclear vessel and plant for excellent radiation shielding.
However the isolation characteristics in concrete may affect adversely in the case of fire and melt-down in nuclear vessel since
temperature cooling down is very difficult from outside. This study is for development of high thermal conductive concrete, and its
mechanical and thermal properties are evaluated. Magnetite aggregates with volume ratio of 42.3% (maximum) and steel powder of
1.5% are replaced with normal aggregates and thermal properties are evaluated. Thermal conductivity little increases by 30%
addition of magnetite but rapidly increases afterwards. Finally thermal conductivity is magnified to 2.5 times in the case of 42.3%
addition of magnetite. Steel powder has a positive effect on high thermal conduction to 106 ~113%. Several models for thermal
conduction like ACI, DEMM, and MEM are compared with test results and they are verified to reasonably predict the thermal
conductivity with increasing addition of magnetite aggregates and steel powder.
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Table 1 Mix proportions for this work

Unit content (kg/m’) RV
Type o
W | C|FA| G| S [WRA/MG|MS | SP | (%)
Control | 163[324] 82 [935[750] 2 |0 |0 | 0| 0
Wg;gw 210[420|105| 468 563| 2 |468|188| 0 |22.9
WGS50W
Cooon’ [210[420/105 | 468|563 | 2 |468] 188 120|22.9
W(S}g(())W 216(432|108 468375 2 |468(375| 0 [29.3
WGS50W
Cooon [216/432| 108|468 |375| 2 |468(375[120(29.3
Wcs}ggw 220(440| 110|104 |563| 2 |831]188| 0 |35.9
WGOW
CSeon’ [220(440|110|104|563| 2 |831|18812035.9
wgggw 230(460|115104(375| 2 |831(375| 0 |42.3
WGOW
Cooon 1230 460/ 115]104|375| 2 |831(375|120(42.3

W: Water, C: Cement, FA: Fly Ash, G: Gravel

S: Sand, WRA: Water Reducing Agent (super-plasticizer)
AE: Air Entrainer, MG: Magnetite Gravel

MS: Magnetite sand, SP: Steel powder

RV: Replacement ratio of volume

Table 2 Chemical component of cement and fly ash (wt.%)

Si0; | Fe,0;3| CaO | MgO [SO;|ALOs| TiO; |ete. | Ig.loss

OPC|21.95| 2.81 |60.12|3.32 |2.11| 6.59 | - |3.1| 1.85

FA [53.60| 9.40 | 4.70 | 2.60 {1.80/20.00| 4.2 |3.8| 3.4

Table 3 Physical properties of aggregate

Gmax | Density |Absorption
Types (mm) | (kg/m’) | ratio(%) FM.
Normal 5 2,550 2.20 2.40
Sand -
Magnetite 5 4,200 - 2.21
Coarse | Normal 19 2,500 0.80 7.10
aggregateMagnetite] 19 4,000 - 6.80

(a) Steel powder (b) Magnetite gravel (c) Magnetite sand

Fig. 1 Various mineral admixture for the test

Table 4 Physical properties of steel powder

Density|  Purity Melting Particle Carbon
(g/em’) (%) point (C) | size (mm) |content (%)
7.87 | over 98.0 932 < 5Smm < 1.5%
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Fig. 3 Thermal conductivity in concrete with FA, magnetite,
and steel powder
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Fig. 4 Thermal conductivity in composite layers
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Fig. 5 Models for equivalent thermal conduction in composite
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Table 5 Variables for thermal conductivity analysis

. Density Thermal conductivity
Material (k g/m3) (W/m.K)
Magnetite 4200 10

Steel powder 7800 45
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Fig. 6 Thermal conductivity comparison with test and various
technique
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