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Abstract Precast concrete blocks are used mainly for score protection, slope protection and riverbed structure
protection, etc. Because these concrete blocks are exposed to water or wetting environments, the steel rebar used
as reinforcements in concrete blocks can corrode easily. Corrosion of the steel rebar tends to reduce the
performance and service life of the concrete blocks. In this study, Glass Fiber Reinforced Polymer(GFRP) rebar,
which does not corrode, was applied instead of a steel rebar to prevent performance degradation of the blocks.
Recycled concrete aggregate and high early strength cement(HESC) were used in the concrete mix for field
applicability. The experiment results showed that the workability and form removal strength of the recycled
aggregate concrete using HESC showed comparable results to normal concrete and the compressive strength at
28 days increased by about 18% compared to normal concrete. The load resistance capacity of the recycled
aggregate concrete blocks reinforced with a GFRP rebar increased by approximately 10~30% compared to
common concrete block.
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(a) Pearl harbor(U.S.A)
[Fig. 11 Overseas concrete block

(b) Concrete fleximat(Norway)
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[Table 1] Variables of concrete

Steam curing
Speci | Coarse Fine conditions
Cement e o
-men | aggregate | aggregate M.T.” | D.T.
(0) (hr)
Crushed | Crushed | Ordinary
cco 100% 100% 100% 60 2
Recycled, | Recycled, |High early
RRH 60% 40% strength 50 0
replaced | replaced 86%
* Increase and decrease rate of steam curing temp.
: 20C/hr
** M.T. : Maximum Temperature
#%% D.T. : During Time at maximum temperature
80 R
70 Lo Lo j==RRH
9 =-cco
%
g’_
£
k3
0

0o 1 2 3 4 5 6 7 8 9 10
Curing time(hr)

[Fig. 3] Steam curing conditions(RRH, CCO)

[Table 2] Variables of concrete block

Specimen | Concrete block” | Concrete| Reinforcement
R-CS CCO Steel rebar(D13)
— 1 Rapids block
R-RG RRH | GERP rebar(D13)
F-CS CCO | Steel rebar(D13)
—— 1 Fish-hall block
F-RG RRH | GERP rebar(D13)

* Refer to Fig. 2
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[Fig. 4] Sieve analysis result

[Table 3] Properties of aggregate

Aggregate Density(g/cm’) | Absorption ratio(%)
Crushed coarse 2.69 0.91
Recycled coarse 2.54 2.16

Crushed fine 2.60 0.89
Recycled fine 2.44 5.17

[Table 4] Mix proportions

Unit mass(kg/mS)

Speci | Gmax| Stump | Air (W/C| S/a
-men (mm)(mm) |(%)|(%)|(%)| W | C

S G Ad.

C|R|C|R|H]J|A

CCO| 25 | 150 |5.0(45.7|45.6/180|393|765| 0 |943| 0 |2.91/0.02

RRH| 25 | 150 | 5.0(45.7|45.6| 156| 342|488|305|401|569|2.53/0.02

H : High range water reducing admixture

A" ¢ Air entraining agent
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[Fig. 5] Specimen size of R-CS and R-RG (unit:mm)

1500
I 700 |

i

F
L

1500
N
Ll
RN

(a) GFRP(left) and Steel rebar(right) (b) Casting mould
[Fig. 71 Reinforcing bar and form work(R-CS, R-RG)



(a) GFRP(left) and Steel rebar(right) (b) Casting mould
[Fig. 8] Reinforcing bar and form work(F-CS, F-RG)
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[Fig. 9] Connector(left) and Connection Shape(right)

[Table 5] Properties of reinforcement

. Tensile strength | Tensile modulus
Reinforcement
(MPa) (GPa)
Steel rebar 300 200
GFRP rebar 970 34
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[Table 6] Conditions of CFD Analysis

Working fluid Water(constant property)
Flow type Steady & Incompressible
Inflow Normal Velocity
Turbulence k-0 model
Mesh FVM
Velocity Sm/s

[Table 7] CFD Analysis result and Loading point

R-CS, R-RG F-CS, F-RG

Singular
block

Assembly
block

Loading point Loading point '
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point
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(a) R-CS

(b) R-RG
[Fig. 12] Loading test result(R-CS, R-RG)
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[Fig. 13] Result of load-displacement(R-CS, R-RG)

(a) F-CS (b) F-RG
[Fig. 14] Loading test result(Fish-hall blocks)
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[Fig. 15] Result of load-displacement(F-CS, F-RG)
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[Table 9] Unit cost of production

dbzom Hto] wAl= GFRP HAdo] Hg) Concrete | Reinforcement oil Unit cost
oF 4~ orZ 3 ‘; o] @; PAX-BA I SR RPAR-L 2 (won/EA) | (won/EA) | (won/EA) | (won/EA)
A& A7} GFRP R3S A3k A|alA R} 5151 9) R-CS | 21,959 2,826 21,665 46,450
A0 7187 & ASR dulA St} whaka] & Age| R-RG| 17,103 8,040 8,124 33,267
A% GFRP H7}-0] Whe epA| el B} EE Q3] FCS | 15,787 6,861 21,665 44313
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