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Evaluation of Engineering Properties in Early-Age Concrete with TDFA

Jae-Sung Park’, Sang-Min Park’, Hyeok-Jung Kim’, Seung-Jun Kwon"*

Abstract: This paper presents an evaluation of engineering properties in TDFA(Tire Derived Fuel Ash)- based concrete in early age. Concrete containing
0.5 of w/b(water to binder) ratio and 20% of FA(Fly Ash) replacement ratio are prepared, and FA content are replaced with TDFA from 3% to 12%
for evaluating the effect of TDFA on fresh and hardened concrete properties. With higher than 6% of TDFA replacement ratio, workability is significantly
worsened but it is improved with more SP(Super plasticizer) and AE(Air Entrainer) agent. Concrete with 6~12% of TDFA shows reasonable strength
development and better resistance to carbonation and chloride attack in spite of early-aged condition. However concrete with 6% TDFA shows poor
resistance to freezing and thawing action due to insufficient air content. If air content and workability are obtained, replacement of TDFA to 12%

can be used for concrete with FA.
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Fig. 1 Process of TDFA generation

Table 1 List of test for TDFA-based concrete and mortar

List Examinations Standards
Air amount KS F 2421
Fresh concrete Slump KS F 2402
Performance Setting time KS L5108
Flow test KS F 5105
Compressive strength KS F 2405

Mechanical .
Performance Tensile strength KS F 2423
Flexural strength KS F 2408

N Accelerated diffusion test Tang's method
Durability Accelerated carbonation test KS F 2584
Performance
Freeze/ Thawing test KS F 2456
2. TDFA M=

TDFA% #Eto]o] Al#(30~50 mm)S 71E} She bz 34k
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(c) Specimens under curing

Fig. 2 Various concrete specimens with FA and TDFA
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Fig. 3 Photos for compressive, tensile, and flexural strength test
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Table 2 Mixture proportions

Case w/b W(kg/m?) C(kg/m®) FA(kg/m®) TDFA(kgm®)  S(kg/m’®) G(kg/m®) AE(kg/m®)
OPC 350 0 0 876 893 123
70 0 865 882 123
F17T3 59.5 10.5 864 881 123
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0.5 175
F14T6 280 49.0 21.0 864 880 123
38.5 31.5 863 879 2.45+SP0.175
F8T12 28.0 42.0 847 863 2.45+SP0.175

S: Sand, G: Gravel, AE: Air Entainer, SP: Super-plasticizer

Table 3 Physical properties of fine and coarse aggregate

Specific

Item  Gpax . Absorption
gravity o F.M.
Types () (%)
Fine aggregate - 2.60 1.00 2.70
Coarse aggregate 25 2.62 0.78 6.78

F.M.: Fineness Modulus

Table 4 Chemical compositions for OPC, GGBFS, FA and TDFA

Types  Si0,  ALO;  CaO SO;  Blaine (cm%g)
OPC 2196 527 6341 1.96 3214
FA 5566 2776  2.70 0.49 3,621
GGBFS 3274 1323 4414 184 4,340
TDFA 275 6.49 24.6 5.14 5,200

o}, &3k 718291 OPC(Ordinary Portland Cement) 32 E
o] EAES 7198 FAZF X85 A gF2 s 7o g 11
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Fig. 4 Slump in TDFA and FA concrete
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Fig. 5 Air content in TDFA and FA concrete
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Table 5 Mortar mixture for setting time

Case OPC  F20TO0 F17T3 F14T6 F11T9 F8TI12

W(g) 1240 1550 1500 1575 1575 160.0
C(g) 500.0  500.0 500.0 500.0 500.0 500.0

FA(2) 0 100 85 70 55 40
TDFA(g) 0 0 15 30 45 60
350
. o

Time (min)
%]
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Fig. 6 Setting time of TDFA mortar

250

200

150

Flow (mm)

100 -

50 4

OPC F20T0 F17T3 F14T6 F11T9 F12T8

Fig. 7 Flow test results in TDFA mortar
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Table 6 Results of average compressive strength

Average compressive strength(MPa)
Age(day)

OPC  F20TO0 F17T3 F14T6 FI11T9 F8T12

7 23.8 18.2 16.7 17.1 18.7 16.8
28 312 26.3 27.5 28.4 26.5 26.9

w
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Fig. 8 Compressive strength of TDFA concrete with TDFA ratio

Table 7 Results of average tensile strength

Average tensile strength(MPa)

Age(day)
OPC  F20TO F17T3 F14T6 FI11T9 F8T12
7 2.1 1.8 1.6 2.0 1.7 1.9
28 2.6 2.5 2.5 2.8 2.1 23
3
B 7 days W28 day%
~ 25 7
g
A
g
£ 1.5 4
&
= 1
F 0.5 4
0

OPC F20TO F17T3 F14T6 F11T9 FaT12

Fig. 9 Tensile strength of TDFA concrete with TDFA ratio
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Fig. 10 Average flexural strength of TDFA concrete with TDFA
ratio
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Table 8 Results of average carbonation depths

Average Carbonation depths(mm)

Weeks
OPC F20T0 F17T3 F14T6 FI11T9 F8TI12

2 1.84 5.86 7.85 4.47 4.71 4.84
4 4.16 9.16 10.54 7.06 8.62 8.63

-
N

2 weeks

-
=]

==}

B
!

Average Carbonation depths (mm)
¥ o
| |
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L
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Fig. 11 Carbonation depths of TDFA concrete
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Fig. 12 Carbonation depth after 4 weeks under carbonation test
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Fig. 13 Diffusion coefficient of TDFA concrete
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Fig. 14 Durability factor of TDFA concrete
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