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CONCRETE BEAM UNDER CORROSION. Advisor: Assoc. Prof. WITHIT

PANSUK, Ph.D. Co-advisor: Rungrawee Wattanapornprom, Ph.D.

From the past until now, a reinforced concrete structure is one of the most widely
used structure. However, the reinforcing bar, used in the structure, has low corrosion resistance.
The corroded reinforcement steel in the structures can reduce the overall structural load
capacity due to the reduction of bar diameter, which can cause the accident to the users.
Therefore, the development of reinforced concrete structures that have an efficient load
capacity under corrosion conditions is necessary. As a consequence, the objective of this
research is to study the bending behavior of reinforced concrete beams with different amounts
of steel fibers under corrosion conditions. The experiments are conducted by casting concrete
beam with steel fiber (0, 0.5, 1.0, and 1.5 percent by volume of concrete) and induce the
corrosion (0, 2, and 5 percent) by acceleration method. From the test, the results showed that
when added fiber 1.0 percent to the concrete beam, the average crack width due to corrosion
was decreased 63.55% at 2% corrosion level and decreased 27.96% at 5% corrosion level. The
steel fiber mixing can also compensate for the loss of flexural strength due to corrosion. When
added fibers 0.5%, the capacity of the beam is higher 101.3% (at 2% corrosion) compare to the
controlled beam. When added fiber 1.0%, the loading capacity were improved 101.2% at 5%
corrosion level. Moreover, the steel fiber can also improve the efficiency of load transfer to the
tensile reinforcement and ensures the bending behavior of the reinforced concrete beam under

corrosion conditions.
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Mixture | Mixture Volume fraction of fibers, % | Total quantity | Compressive
No Type Type I Type II of fibers, Vs strength,
' ’ ’ (%) MPa
M-0 Control —- . — n
M-1 single 0.25 - 0.25 44
M-2 fiber --- 0.25 0.25 42
M-3 Hybrid 0.25 0.25 0.5 43
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Y ] 3 Aa o : . Vo a ¥
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fouay 242 Tagmnizedgeludindranouniavia lvadald (Self-Compacting Concrete)
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MI NI 2 T1eaBeAfI08NAN 97 ¥ NAa@UYEN Boulekbache et al. [5]

Mixture 0oC FROC SCC FRSCC HSC FRHSC
Cement (C) 275 275 425 425 425 425
Silica fume (SF) - - - - 425 425
Limestone filler (LF) 90 90 200 200 90 90
Gravel 4/10 910 900 825 814 825 814
Sand 0/4 830 820 750 740 750 740
Water (W) 178 178 192 192 161 161
Super-plasticizer (%C) - 0.70 1.20 1.70 1.00 1.60
Steel fibres - 39,78 - 39; 78 - 39; 78
WP 0.49 0.49 0.32 0.32 0.30 030

Notations used: FROC: Fibre Reinforced Ordinary Concrete; FRSCC: Fibre Reinforced Self-Compacting Concrete; FRHSC: Fibre Reinforced High Strength Concrete.
" P (Powder)=C+SF+LF.

MINA 3 HAMITNATDUAMBITUNTOAUASAIDITULTIANAAYEN Boulekbache et al. [5]

Orientation factor ~ Compressive strength f. (MPa)  first crack strength fe, (MPa) ~ Ultimate flexural tensile strength f, (MPa) Increase in f, (%)

0cC - 293 - 233 -
FROC65-0.5 045 270 241 354 52
FROC 65-1 0.42 284 290 549 136
FROC80-0.5 049 283 2,64 438 88
FROC 80-1 0.52 285 294 5.82 150
SCC - 613 - 230 -
FRSCC 65-0.5  0.57 571 284 3.80 65
FRSCC65-1  0.54 536 3.08 7.04 206
FRSCC 80-0.5  0.62 56.7 3.04 5,67 98
FRSCC80-1 059 546 324 7.86 242
HSC - 826 - 285 -
FRHSC 65-0.5  0.37 79.1 298 424 49
FRHSC65-1  0.35 788 3.56 722 153
FRHSC 80-0.5 042 739 3.03 539 89
FRHSC 80-1  0.38 722 3.58 782 174
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Name of the Compressive strength of Fiber volume

specimens concrete (MPa) fraction (%)
C25-250 25 0.250
C25-375 0.375
C25-500 0.500
C35-250 35 0.250
C35-375 0.375
C35-500 0.500
C45-250 45 0.250
C45-375 0.375
C45-500 0.500
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Applied current

Current density

Study Specimen type (mA) (pA/cm?) Cathode type Corrosion environment
Uomoto et al. (1984) Beams 167 200-630 External copper plate Constant immersion,
5% NaCl solution
Tachibana et al. (1990) Beams 1,000 500 External copper plate Constant immersion,
3.3% NaCl solution
Al-Sulaimani et al. (1990) Beams Varies 2,000 External stainless steel plate Constant immersion,
salted solution®
Lee et al. (1996) Beams 1,000 2,000 External copper plate Constant immersion,
3% NaCl solution
Lee et al. (1997) Beams 672 230" External copper plate Constant immersion,
3% NaCl solution
Phillips (1991)" Slabs 1,800 (average) 600 (average) External steel mesh Constant immersion,
3% NaCl solution
Almusallam et al. (1996a) Slabs 2,000 3,000 External stainless steel plates Specimen soffits in contact
with 5% NaCl solution
Tachibana et al. (1990) Bond pull-out 32 500 External copper plate Constant immersion,
3.3% NaCl solution
Al-Sulaimani et al. (1990) Bond pull-out Varies 2,000 External stainless steel plate Constant immersion,
salted solution®
Almusallam et al. (1996b) Bond pull-out 400 10,400" External stainless steel plate Constant immersion,

Bonacci et al. (1998)"

Columns

150 (average)

45 (average)” Internal stainless steel bar

3% NaCl solution
2.5 day dry, 1 day immersion cycle
in 3% NaCl solution.
Concrete cast with 2% NaCl
by weight of cement

“Not reported. Estimated using reported reinforcement sizes and dimensions.

"Phillips (1991) and Bonacci et al. (1998) used constant applied voltage of 6V and 6

averages for whole corrosion process.

“NaCl percentage not reported

12V, respectively, with variable applied current. Listed currents are
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Predicted degrees
of corrosion

Dimension Steel Level of impressed c\ur[r.‘nl density Time for induced corrosion (Faraday’s law)
Group  Specimen® (mm) reinforcement (pA/em?) (h) (% mass loss)
[A] p-D
K-R 150250300 2-M10 100 815 4
H-G
[B] M-Z
X-B 150 250300 2-M10 200 766 7.15
C-0
[c] N-A
E-I 150% 250X 300 2-M10 350 380 6.32
Y-T
[D] U-F
L-V 150 250300 2-M10 500 306 7.27
1-Q
*Specimen nomenclature refers to letters that were stamped on cross section of steel rebars.
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Efjs’;'_ Yielding | Ultimate | |
Author Date | Ref. | Conservation . threshold | capacity ty
section | loss loss
loss (LC) 0ss
Castel
et al. B1CL CI- o o o o
[CAS 2000 | 14 years 20% 19% 16.7% 70.7%
00a]
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DC Power supply

l o (-3\ Stainless steel bar

5% NaCl pond
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Ultimate capacity (kN-m)

R =04
D-29Qqiture + 39.00
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Mo =-0.29Q + 36.97
30 X R>=0.93

Mass loss of steel (%)
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Deep beams  Age (years) Length (mm) Net span (mm) Status

B2ClI3-1 28 1200 1000 Corroded
B2Cl3-2 28 1040 840 Corroded
B2T3-1 28 1020 820 Un-corroded
B2T3-2 28 1020 820 Un-corroded

M1597 10 NamINAFe U AUTATINAAIUANYEN Zhu et al. [16]

Label Net span (mm) Yield capacity (kN) Ultimate capacity (kN) Deflection (mm) Stiffness (kN/mm) Failure mode

B2C13-1 1000 1138 140.2 333 47 Bending
B2C13-2 840 140.1 1453 10.16 68 Bending
B2T3-1 820 170.1 199.0 16.6 7 Shear
B213-2 820 1723 185.1 114 63 Shear
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| Spalling of concrete cover
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tensile bar

Failure of tensile bar

(¥) Spalling of concrete cover and failure of tensile bar (beam Bs04).
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Mixing Properties (kg/m’)
Specimens Cement Sand Aggregate Water Steel Fiber
(kg.) (kg.) (kg.) @) (kg.)
OF 445 666 1126 178 0
0.5F 445 666 1126 178 44.5
1.0F 445 666 1126 178 89
1.5F 445 666 1126 178 133.5
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Parameter
Levels of
No. Name of Specimens
Volume of Fiber (%) Corrosion
(%)

1 NC-0F 0
2 NC-0.5F 0.5
3 NC-1.0F 1.0 ’
4 NC-1.5F 1.5
5 2C-0F 0
6 2C-0.5F 0.5
7 2C-1.0F 1.0 ?
8 2C-1.5F 1.5
9 5C-0F 0
10 5C-0.5F 0.5
11 5C-1.0F 1.0 ’
12 5C-1.5F 1.5
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andal C = %Corrosion, F = %Fiber
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Specimens Levels of Corrosion
Times (hr.)

No. Name Fiber (%) (%)
1 2C-0F 0 452 2
2 2C-0.5F 0.5 452 2
3 2C-1.0F 1.0 452 2
4 2C-1.5F 1.5 452 2
5 5C-0F 0 905 5
6 5C-0.5F 0.5 905 5
7 5C-1.0F 1.0 905 5
8 5C-1.5F 1.5 905 5

Power Supply
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v v Y
M5 NN 15 wanaaeumsnansauinavu ludieg19n 1y

Specimens Time (hr.) Percent of Maximum Crack
Corrosion (%) widths (mm)
NC-0F - 0 -
NC-0.5F - 0 -
NC-1.0F - 0 -
NC-1.5F - 0 -
2C-0F 452 2.26 0.20
2C-0.5F 452 2.04 0.20
2C-1.0F 452 2.05 0.10
2C-1.5F 452 241 0.20
5C-0F 905 5.92 0.30
5C-0.5F 905 5.13 0.50
5C-1.0F 905 5.04 0.60
5C-1.5F 905 5.34 0.60

118116 C = Level of corrosion F = Percent of fiber
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