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Examination of Strain Model Constants considering Strain Properties at High
Temperature of Ultra-high-strength Concrete

Eui-Chul Hwang', Gyu-Yong ijz*, Gyeong-Cheol Choe’, Min-Ho Yoon®, Bo-Kyeong Lee’

Abstract: Evaluation on the test of actual concrete member to confirm the fire resistance of the concrete member using ultra-high strength concrete
is required. However, test equipment which has large loading capacity is needed to the actual member experiment. So, many researchers evaluated
the fire performance through analytical studies using the material models. This study experimentally evaluated strain properties on ultra-high-strength
concrete of 80, 130 and 180 MPa with heating and examined to apply the existing strain model about ultra-high-strength concrete. As a results, constants
are drawn by method of least squares applying experimental values and calculated values by the existing strain model, it proposed strain model that
can be applied to ultra-high-strength concrete.
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Table 1 Experimental plan

Heating Heating
Fck  Method (XL(-);;Su) temp. Test item
(°C/min) °C)
80 0 12000 + Stress-strain
200 + Creep strain
130 1 0.25 300 * Thermal strain
500 * Transient creep strain
180 0.40 700 « Total strain

Table 2 Physical properties of used material

Material Physical properties
OPC (density: 3.15 g/em’,
specific surface area: 3,200 cm”/g)

Density: 2.9 g/em’,

Cement

Blast furnace

slag powder specific surface area: 6,000 cm*/g
- Density: 2.5 g/em’,
Silica fume specific surface area: 200,000 cm*/g
Density: 2.2 g/em’,
Fly ash specific surface area: 3,000 cm’/g
Density: 2.9 g/em’,
Gypsum specific surface area: 3,550 cm’/g
Crushed granitic aggregate (size: 13 mm,
Coarse age. density: 2.7 g/cm’, absorption: 0.9% )
Fine a Sea sand
£ (density: 2.65 g/cm®, absorption: 1.0%)
Super . ..
plasticizer Polycarboxylic-based super plasticizer

Table 3 Concrete mix proportion

Unit weight(kg/m®)

wi SUmP Ao g
-Tlow

Fck
(%) (mm) (%) () W C BFS FA SF Gy S G

80 20.0 750 43 150 525 0 150 75 0 644 870
120 145 £ 2+1 35 150 652 207 0 124 52 448 848

180 12.5 100 35 150 660 240 0 240 60 389 736
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Table 4 Strain model of concrete

ey =at+bX THexX TP4dx T° 20<T<650

Thermal
. >, =€ 650=<T 2

strain T © )

a, b, ¢, d, e : constant

£, n
=0, pX—X
' €l &
n—1+(—2)"
€

Stress : calculated stress (MPa) X
strain =~ &, : measured stress (MPa) 3

o, r : ultimate stress at current Temp.(T)(MPa)

e,; : peak strain at ultimate stress at Temp.

n : constant that determines gradient of curve

t
=fx(—)9

fo =¥ (355
Creep ¢ : creep strain at 180min. 4)
strain

g : constant

t : time (min.)

>, =— kX X
Eir T 200 Ein
Transient : stress (MPa) (5)

strain
0, 90¢ : stress at room Temp.(MPa)

k : constant
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Fig. 1 Heating machine and method of strain measurement
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Fig. 2 Heating method and temperature of concrete
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Fig. 3 Evaluation method of strain properties of concrete
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Fig. 4 Thermal strain of Ultra high strength concrete

Table 5 Constant used in thermal strain model

constant a b c d e
thisstudy 7x10™""  -5x10®  2x10°  6x10*  97x10™
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Fig. 5 Stress-strain curve of Ultra high strength concrete
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Table 7 Constant used in creep strain model

Table 6 Constant used in stress-strain model —
Stressed condition

fic  Temp.°C) 0, 7/ oc  £a(x107%) n fu  Temp.(°C) 0.25 f, 0.40 £,
20 1.00 0.0026 5.45 a b a b
100 0.90 0.0027 3.48 100 0.00025 046  0.00045  0.46
200 1.01 0.0028 6.75 200 0.00051 046  0.00087  0.46
50 300 0.88 0.0031 5.43 80 300 0.00071  0.60  0.00134 038
500 0.58 0.0064 2.89 500 0.00093 046  0.00093  0.46
700 0.44 0.0110 2.19 700 0.00290 045  0.00556  0.46
20 1.00 0.0031 7.46 100 0.00060 046  0.00140  0.46
100 0.69 0.0036 2.71 200 0.00067 046  0.00092  0.46
30 200 0.95 0.0040 5.07 130 300 0.00082  0.60  0.00151  0.60
300 0.92 0.0040 46.95 500 0.00132 041 - -
500 0.46 0.0065 8.97 700 0.00324 045 - -
700 0.17 0.0093 15.10 100 000051 046 000102  0.46
20 1.00 0.0043 13.82 200 0.00041 046  0.00102 046
180 100 0.59 0.0029 4.82 180 300 0.00123 046  0.00165  0.60
200 0.90 0.0038 483 500 0.00128  0.46 - -
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Fig. 6 Creep strain of Ultra high strength concrete
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Fig. 7 Total strain of Ultra high strength concrete
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Fig. 8 Transient strain of Ultra high strength concrete

Table 8 Constant used in transient strain model

k
fex Stressed condition
0.25 f, 0.40 f,
80 6.47 8.35
130 8.85 7.70
180 8.59 9.93
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