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The Evaluation of flexure performance of SCP modules for LNG outer
tank
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Abstract When constructing LNG storage structures using the cast-in-place method in extreme areas, the construction
cost and time may be increased due to the poor working environments and conditions. Therefore, demand for modular
energy storage tanks is increasing. In this study, we propose using an SCP module as an alternative for lighter-weight
LNG storage tanks. The purpose of this study is to evaluate the feasibility of LNG storage outer tanks by performing
bending tests on the thickness of composite steel plate concrete under field conditions. The loads on specimens with
thicknesses of 100 mm and 200 mm were linearly increased to the design final loads of 413 kN and 822 kN,
respectively. The slope was rapidly changed, and fracture occurred. The two test conditions showed linear behavior
until the steel plate yielded, and after an extreme load behavior, sudden yielding of the steel plate yield occurred in
the SCP bending test according to the INCA guidelines. The results satisfied the design flexural load and showed
the possibility of using the specimens in a modular LNG outer tank. However, it is necessary to evaluate the structural
performance of the SCP by performing compression and shear tests in future research.
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Fig. 1. Steel concrete plate(SCP) module [1]
(a) Concept [3] (b) Section
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Table 2. Concrete mixing design

Unit Mass (kg/m")
. . . W/B | S/a . AD | RS
Table 1. Maximum resistance moment according to N o Binder Sand
. %) | (%) | w Gy | ®%) | %)
stud clearance and thickness c | Bs|FalEAlcs | ss
Spec. 100 mm 200 mm 40.7 |55.6| 171 (295 | 84 | 42 | 9 | 472 (478|754 (145| 1.0
Clearance of studs 80mm 90mm here, W: Water, C: Cement, BS: Blast furnace slag, FA: Fly-ash, EA:
460MPax6000mx 460MPax6,000mx Expansive agent, CS: Crash sand, SS; Sea sand, Gio: Coarse aggregate
Ulti MRu (107mm-6mm) (207mm-6mm) of Gmax 10mm, AD: Admixture(Superplasticizer), RS: Shrinkage
timate =f,xAsxds duci ¢
flexural = 278.8kN * m = 5548 kN + m reducing agen
load | pry 278.8%(2/1.35m) 554.8%(2/1.35m)
=RuxA/B = 412.98kN = 821.87 kN
MRd 78 8LLS Ssag/LLs Table 3. Guideline for high-filled concrete [7]
f]l)eSlg:l =Ru/Vseel = 2424kN -m = 4824 kKN -m Propose Test method Guideline
exur:
load | PRd 412.98/1.15 821.87/1.15 - Slump flow > 600 (mm)
_ _ 1lling test
=PRu/Vsew | = 359.11kN = 714.67kN T500 2-7 (sec)
here, A: Distance between supporting points (= 1.35 m) a ) ) L-Box 0.4 -0.7 (sec)
. i i = earance integrity test
B: Number between supporting points (= 2 ea) U-Box > 200 (mm)
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Table 4. Test Specimen Data

Size of specimens [mm]

Width

Name of
specimens

Number

Length Depth

Bd-100mm-#01
Bd-100mm-#02
Bd-100mm-#03 5,000 1,000 107 5
Bd-100mm-#04
Bd-100mm-#05
Bd-200mm-#01
Bd-200mm-#02
Bd-200mm-#03 5,000 1,000 207 5
Bd-200mm-#04
Bd-200mm-#05

Total 10

here, in case of Bd-100mm-#01, Bd: Bending test, !00 mm:
Depth of specimen, #01: Number of specimens

Fig. 2. Manufacture of test specimens
(a) Placing concrete using small sized bucket
(b) View of SCP test specimens for testing of
structural performance
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Fig. 3. Test method of bending member
(a) Concept of loading
(b) View of experiment on a bending member
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4@650 mm Table 5. Test result of fresh concrete
(a) 500 mm
6 Classification ﬂS\Tfl([rrrl::n) reaching time [g[-f:i;
T6mm | | (sec.)
c1 ca T 625 6.7 335
L o ]
G2y intiD e 620 7.0 337
16 mm —— EEEE EEE. -
C3 T CH cY C 630 6.5 341
100 mm ‘100mm.
(b) 60
cL
T S0
| | a
%IOOmm]OOmm% % wl
R T LT P — 2
ST1  ST2  ST3 2 a0l
SB1 sB2 SB3 o
m 10 mm % 20}
s
g 10 |
(c) o
Fig. 4. Gauges locations of specimens ° g 7 2 2
(a) LVDT locations Age(day, log scale)
(b) Concrete strain gauges locations Fig. 5. Compressive strength test result
(c) Top and bottom skin plate strain gauges
locations N _
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Fig. 6. Test results (Bd-100mm-#02)
(a) Load-displacement curve (Bd-100mm-#02)

(b)
(©
(d)

Load-compressive strain curve of upper
steel plate (Bd-100mm-#02)

Load-tensile strain curve of lower steel
plate (Bd-100mm-#02)

Comparison of load - strain curves of
concrete (Bd-100mm-#02)
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Fig. 8. Test results (Bd-200mm-#05)
(a) Load-displacement curve (Bd-100mm-#02)

(b)
(©

(d)

Load-compressive strain curve of upper
steel plate (Bd-200mm-#05)

Load-tensile strain curve of lower steel
plate (Bd-200mm-#05)

Comparison of load - strain curves of
concrete (Bd-200mm-#05)
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Fig. 9. Displacement shape with load increase
(Bd-200mm-#05)
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