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Typical aggregates
Specific Grzwltyf Percent by weight
Heavy Aggregate Composltlon§ Coarse pieces| Fine sand Iron Fixed water
limenite Fe, 11, O, etc. 4.50 4.60 40 0
Limonite-goethite 2Fe,04-3H,0 3.45 3.70 55 11
Magnetite Fe30y, etc. 4.50 4.55 60 1
Magnetite Hydrous iron 4.30 4.34 60 2-5
Barite >02 percent BaSg, 4.20 4.24 1-10 0
Barite >90 percent BaS@, 4.28 431 <] 0
Ferrophosphorous FesP, Fe,P, Fe 6.30 6.28 70 0
Steel aggregate 7.78 99 0
Iron shot 7.50 99 0

*Source: Reference 4.
"Material water-saturated. with its surface drv.

SIn some instances the composition may be more important than the spe@fic gravity if the aggregate’s attg@fiation characteristics are good.
"Ferrophosphorous when used in portland cement concrete will generate Yunmable and possibly toxi s that can develop high pressures if confined.
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Elements

Aggregate type

Cement Gravel

TiO, 0.01 0.02

3.0 1.02
Fe 0.02 0.5
Si10, 21.5 95.1
Al,O4 6.1 1.5

Bag 0.45 0.05

0.1 0.04

S10; 0.01 0.02
CaO 63.5 0.1
MgO 3.8 0.2
1.0lL. 1.4 0.1
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ASTM-C9 on Concrete and Concrete Aggregates
ASTM-C638 Standard Descriptive Nomenclature of Constituents of
Aggregates for Radiation—Shielding Concrete

ASTM-C637. Standard Specification for

Aggregates for Radiation—Shielding Concretel
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Typical proportions for heavyweight concrete

t Conventionally placed concrete
Density Conprassive Water content®
(unit wc;ghl). strength, C cmct;l. Heavy aggregate, e’ (kg'm") Mix \f:;lﬂ. e’ (k 8..m_l)

(kg/m") psi (MPa) (kgim’) Fine Coarse (kg/m*) Minimum | Maximum

00 3000 23.9 | ot 195 120 3.3 120
(4810) (34.5) (376) Serihone (3120) (192) (56) (192)

. 70
Magnetite (1120)

100 4870 24.1 Ferrophospho- 92 Fcrrophospboﬂ 171 12.7 36 12.7
(4810) (33.6) (386) rous (1470) rous (2740) (203) (58) (203)

362 3330 337 Feophospho- 70 Ferrophospho- 70 128 36 B
(4200) (36.9) (380) rous (1120) rous (1120) (205) (58) (205)

: 35 : 50
Barite ($60) Barite (800)

232 6500 24.3 : 86 : 110 I3 3.7 135
(3720) (44.8) (a89) | Magnetite | 13gg) [ Magnetitc | 060 (184) 1) (216)

222 6000 193 : 86 ; 103 16 29 e
(3560) (41.4) (309) ki (1380) i (1680) (186) (46) (186)

219 6500 249 Hydrous iron 82 Hydrous ron 100 120 9.2 17.5
(3510) (44.8) (399) ore (1310) ore (1600) (192) (147) (280)

190 5750 209 e 50 > 106 13.0 9.1 19.0
(3040) (39.6) (33s) | Sereentine | 2oy | Magnetite | 900 (208) (146) (304)
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Density Compeaasive Water content®
(unit wcujghl). strength, C cmct}l. Heavy aggregate, e (k&(m-" Mix y:;m. v (k g/ m")
(kg/m’) psi (MPa) (kg/m" ) * Fine Coarse (kg/m*) Minimum Maximum
__Preplaced-aggregate method ™
6 1000 06 " EF e 70 T3 13 TR
(5540) (207) (330) gnetite (700) e (4330) (181) (36) (189)
L L1 9.8 Mamsa r §) > o 5] K] N 20
(4810) (34.5) G317 " (670) agnedt (1070) (17%) (66) (192)
: 10
Punchings (2560)
23 6000 222 ' - 25 : : 60 12.2 130 219
(4210) (41.4) (356) S (450) T (960) (195) (208) (351)
. 140
Punchings (2240)
262 4500 9% . 42 . 122 10,9 4.7 126
(4200) (33.1) a1m Magnetite (670) Magnetite | 1950) (175) (75) (202)
. 67
Punchings (1070)
743 - 193 : 7 : 1 ¥ - -
(3920) i (312) | Serpentine | 455, | Serpentine | ac0) (157) = EE
- 145
Punchings (2320)
244 5000 17.5 . 37 . 180 9.7 48 1.9
(3910) (34.5) (280) Magnetite (590) Magnetite (2880) (15%) (7N (191)
215 2000 217 . - 29 - . 28 12.5 10.9 2000
(3440) (34.5) (364) | mente | 4eg) | HMmeme | 4sq) (200) (175) (320)
. 122
Magnetite {1950)

*Maximum water content 1s water weight when concrete 15 wet. Mimimum water content 15 amount lefl after drying to constant weight at 185 F (535 C). Differ-
ence beitween the maximum water content and the amount of mix water added is the waier of crysiallizaiion held by the aggregate. The difference between

the minimum water content and the water of crystallization s the water rctamed by the hardened cement paste.
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Proportional mix designs of difterent types of concrete

Type of Materials used

el Cement content Fine aggregate Coarse aggregate Mixing water Super plasticizer
[kg/m3 of concrete] (<5 mm) (5-20 mm) (WIC=40%) (sikament-163)
[kg/m” of concret] [kg/m” of concret) (U’ of concrete (U’ of concrete]
Gravel 400 730 1125 160 -
Baryte 400 1236 1510 160 .5
[Imenite 400 | (4] 1933 160 2




Physical properties of different types of studied concrete

Type of
concrete

Physical properties

Slump (according
to ASTM
C-149-90a) [mm)]

Density after

28 days
AR
[kg/mm” |

Absorption %
after 28 days
(ASTM (C462-90)

Gravel
Baryte
[Imenite

100120
50-70
20-30

D




Maximum compressive strength (MPa) of different types of concrete at
different temperatures (°C)

Type of Temperature
WP 9596 A0 B B0 58600

Gravel 44 36.79 [8.2 0.58 0.0
Baryte 47 43.95 28.25 15.0 0.77
[Imenite 51 47.58 43.2 29.92 13.44
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