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An Experimental Study on the Required Performances of Roof

Concrete Placed in the In-ground LNG Storage Tank

Yeong-Ho Kwon""
1)Dept. of Architecture and Fire Service Administration, Dong Yang University, Youngju 750-801, Korea

ABSTRACT This study is to derive from the required performances and the optimum mix proportion of the roof concrete placed in
the in-ground LNG storage tank with a capacity of 200000 m’, and propose the actual data for site concrete work. The concrete
placing work without sliding and segregation in the fresh concrete condition is very important because the slope of domed roof is
varied in the large range by its curvature. Also the control of hydration heat and the strength development at test ages are classified
with massive section about 1.4 m thick and considered to the pre-stressing work and removal of air support after concrete placing
work. Considering above condition, slump range is selected 100+25 mm under the slope 20° and 150425 mm over the slope 20° s
until 60 minutes of elapsed time. Also, the roof concrete is satisfied with compressive strength range including design strength at 91
days (30 MPa), pre-stressing work at 7 days (10 MPa), air support removal work at 21 days (14 MPa). Replacement ratio of
limestone powder is determined by confined water ratio test and main design factors include water-cement ratio (W/C),
sand-aggregate ratio and dosage of admixture. As test results, the optimum mix proportion of the roof concrete used low heat cement
is as followings. 1) Replacement ratio of limestone powder 25% by confined water ratio test 2) Water-cement ratio 57.8% 3)
Sand-aggregate ratio 42.0%. Also, test results for the adiabatic temperature rising test is satisfied with its criteria and shown the lower
value compared to preceding storage tank (TK-13, 14). These required performances and the optimum mix proportion is to apply the

actual construction work.
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Fig. 1 The Optimum mix design procedure of roof concrete
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Table 1 Required performances of the roof concrete

Measurement items | Target value Remark
Specified design
compressive 30
strength (MPa) KS F 2405
- 91 days
Required (©100x200 mm)
compressive 36
strength (MPa)
Shump (mm) 100£25"
ump (mm ) <9200
150:|:252) 2)Slope 200
. Slope =20
Air contents (%) 5.0+£1.0
Chloride cc}mtents Max. 03 KS F 4009
(kg/m’)

Fig. 2 Actual data and the required concrete strength
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Fig. 3 Roof section of in-ground LNG storage tank
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Table 2(a) Chemical composition of the belite cement

SO3 MgO Fe;0;| GsS C.S | GA |Loss Ig.
o) | o) | (o) | () | (B) | (B) | ()
1.7 | 2.0 | 3.8 | 262|548 | 1.9 1.1

KS L

Max. | Max. | Max. | Max. | Min. | Max. | Max. 5201
2.3 5.0 | 6.0 35 40 7.0 2.5

Remark

Table 2(b) Physical properties of the belite cement

Setting time|  Comp. Hydration
Autocla}ve (Gilmore) |strength (MPa)| heat (cal/g)
expansion [—— -

(%) Initial| Final | 7 28 7 28
(min) | (hr) | days | days | days | days
0.03 300 |08:30| 16.5 | 32.2 | 58.1 | 68.7

KS L

Max. Max. | Max. | Min. | Min. | Max. | Max. 5201
0.8 60 10 | 7.3 | 17.7| 60 70

Remark

Table 3(a) Test results of the fine aggregate

Ab§0rp- Density Sound Organ{c Chloride| Passing Re-
FM | tion ( /mg) ness |Impuri-|content| 0.08 mm mark
ratio (%) & (%) ties (%) (%)
2.67| 1.10 | 2.60 4.1 OK | 0.01 1.1 KS F
Max. | Min. | Max. |Lighter| Max. Max. 2526
) 3.0 2.50 10.0 [than ST| 0.04 5.0

Table 3(b) Test results of the coarse aggregate

Absorp- Densit Sound | Clay |Abrasion|Passing
FM | tion ( g/m3)y ness | lumps | ratio |0.08 mm|Remark
ratio (%) P) | ) | o) | (D)
6.57| 0.66 | 2.63 4.6 0.01 20.8 0.1

KS F

Max. | Min. | Max. | Max. | Max. | Max. 2526
3.0 2.50 12.0 1.0 0.04 5.0
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Table 4 Test results of the high-range water reducing
admixture

Table 6 Mixing condition for the roof concrete

Setting time Compressive Flexural
Water £t strength ratio | strength ratio
content| (hr: min) o o Remark
(7o) (%)
(%)

Initial | Final |7 days |28 days| 7 days |28 days

81.0 | 30 | +20 | 124 | 119 | 107 | 104
ASTM

Max. | 1:00 earlier | Min. | Min. | Min. | Min. C494
88 |nor 1:30 later| 115 110 100 100

Classification Mixing condition| Remark
Max. size of coarse aggregate (mm) 20
Water-binder ratio (W/B) (%) Max. 55
Unit water content (W) (kg/m3) Max. 175 KS F
Unit binder content (B) (kg/m’) Min. 270 4009
Sand-aggregate ratio (S/a) (%) Max. 55
Dosage of HRWR agent (%) Max. Bx3.5

Table 5 Test results of the lime stone powder

Table 7 Basic mix condition for roof concrete

W/B|W/C| S/a Unit weight materials (kg/m’)

(%) | (%) | (%) | Water |Cement| LSP | Sand |Gravel| Ad

Density Moisture | Blaine (sieve size: um)
/m’) content Remark
(& ©%) | 600 | 150 75
2.61 0.06 - 100 100
: , . S A
Min. Max. 100 Min. Min. 5008
2.60 1.0 90% 70%

434 62 | 41 | 155 | 250 | 107 | 721 | 1049 | 2.32

Table 8 Test ranges of mix design factors
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Fig. 4 Mixing method and time of the fresh concrete

Fig. 5 Confined water ratio for LSP replacement ratio
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Table 9 Mix design conditions according to W/C

Unit weight of materials (kg/m’
W/C | S/a g (ke/m) i
(%) | (%) | Water |Cement| LSP | Sand | Gravel %)
()
107
62.0 |41.0| 155 250 721 1049 | 0.65
(30)
57.8 |41.0| 155 268 |91 (25)| 721 1049 | 0.75
542 |41.0| 155 286 |77 (21)| 721 1049 | 0.85

( ): Replacement ratio of lime stone powder

Fig. 6 Comp. strength for water cement ratio (W/C)

Table 10 Mix design conditions according to S/a

W/C| S/a Unit weight of materials (kg/m®)
(%) | (%) | Water |Cement| LSP | Sand |Gravel |Ad (%)

41.0| 155 268 91 721 1049 0.8
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Fig. 7 Slump results for S/a by elapsed time

Fig. 8 Air content results for S/a by elapsed time

Table 11 Optimum mix proportion conditions

Unit weight of materials (kg/m’)

No. |W/C|S/a

(slump) | (%) | (%) |Water| Cement | LSP | Sand |Gravel (/?/(1)
0

57.8|43.0| 155 268 91 757 | 1015 0.8

150425 |57.8 142.01 155 | 268 | 91 | 739 |1,032| 0.8

45.0| 155 268 91 792 979 0.8

100+25 | 57.8 142.0{ 155 | 268 | 91 | 739 |1,032| 0.7
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Fig. 9 Slump results for slump range by elapsed time
(until 60 minutes)

Fig. 10 Air contents for slump range by elapsed time
(until 60 minutes)

Fig. 11 Compressive strength results for slump range by
test ages
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Table 12 Test results of adiabatic temperature

Strength and E. test results for ages (MPa)
Qo Stre-

C)l 7 ngth 3 5 7 14 | 28 | 56 | 91
days | days | days | days | days | days | days

Comp.| 9.6 | 129|152 |21.8|29.4|363 |41.2

Ten-

26.310.58] sile 1.03 | 1.37 | 1.60 | 2.10 | 2.71 | 3.39 | 3.72
E.
(X104) 1.64 | 1.81 | 1.93 | 2.29 | 2.65|2.97 | 3.10
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