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Mechanical Properties and Impact Resistance Review of Carbon Fiber Reinforced
Cement Composites with Different Fiber Contents and Fiber Lengths

Gwang-Hee Heo', Ki-Chang Song?®, Jong-Gun Park®, Yoon-Jung Han’, Cae-Young Lim’

Abstract: Recently, the applications of carbon fiber have been broader than ever when it comes to such industrials as automobiles, ships, aerospace,
civil engineering and architecture because of their lightweight-ness and high mechanical properties. This study analyzed mechanical properties and
flexural behavior of carbon fiber reinforced cement composites(CFRC) with different fiber contents and fiber lengths, and also impact resistance by
natural drop test on mortar specimens was compared and examined. In addition, contents of carbon fiber(CF) were varied by 0.5%, 1.0%, 2.0% and
3.0%. Fiber lengths was used for 6 mm and 12 mm, respectively. As a result of the test, the flow value was very disadvantageous in terms of fluidity
due to the carbon fiber ball phenomenon, and the unit weight was slightly reduced. In particular, the compressive strength was decreased with increasing
carbon fiber contents. On the other hand, the flexural strength was the highest with 12 mm fiber length and 2% fiber content. As the results of the
impact resistance test, the specimens of plain mortar takes about 2~ 3 times to final fracture, while the specimens of CFRC is somewhat different
depending on the increase of the fiber contents. However, when the fiber length is 12 mm and the fiber content is 2%, the impact resistance was the

highest.
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Table 1 Experimental plan

Item Factors Levels
WI/C (%) 47.8
Plain -
Fiber contents
%) 0.5,1.0,2.0,3.0
Carbon |Fiber con:cents 918,36, 54
. . fiber (kg/m")
Mix design Fiber | h
condition tber lengths 6,12
(mm)
C:S (cement:sand) 1:2
Target flow (mm) 190+10

Average of measured
compressive strength 35
at 28 age (MPa)

+ Flow test
+ Unit weight test
+ Compressive
strength(MPa)
: 28 days
+ Flexural strength(MPa)
: 28 days
+ Impact resistance
: 28 days

Fresh mortar state

Experiment
content Hardened

mortar state
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Table 2 Physical properties of ordinary portland cement

Setting time | Compressive strength
Density | Fineness |Stability (min) (MPa)

(g/cm) | (cni/g) (%) | Initial | Final 3 7 28
set set | days | days | days

3.13 3,860 0.03 | 309 | 367 | 32.6 | 42.7 | 549
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Table 3 Physical properties of standard sand

. Unit . Percentage Fineness
Size . Density water
(mm) weight (g/cm) absorption modulus
(kgf/m) , (FM)
(o)
2 < 1,490 2.65 0.1 2.40
2.2.3 &5
B A7) A o AP RUED S FHROR S 317
o

% PAN(polyacrylonni-trile) Al B2 -f+= &
233 0 2 JAAHE714,900 MPa, 178EH3 52230 GPa ©]
o} g2 -2] dol=6 mmet 12 mmEA FLEHAHFA0lE
StR5E7] 8l m AARS] Ak AFr g Al A A& AT
SHATE B A 833 ©]/2] wil-¢- =2 F3 Yl (aspect ratio)
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Table 4 Physical properties of short carbon fibers

. . Tensile Tensile .
L(erlrll%tl 1)15 Déizmriger ]%glcsrgt)y strength | modulus Elot(l(%tlon
(MPa) (GPa)
6,12 7.2 1.8 4,900 230 2.1

(b) Chopped fiber

(a) Yarn rolls

Photo 1 Shapes of carbon fibers used in this experiment
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Table 5 Physical properties of superplasticizer

Specific
Type Color H Component Brand
(g/cmV) yp p p
. . .|Light original| 5.0 Flowmix
1.04 |Liquid or light yellow] £1.5 Polycarboxylate 3000E
2.2.5 o 9l &9

ARIE Z2El2o e BE EAMER|(W/IC)E
47 8%% TASIPO M, RE REE2 Y B T 295190+
10 mmE 33t} §AA-59) Zdol7F6 mme} 12 mmel 225
9}*4 FEJAES Z72H0.5%, 1.0%, 2.0% L 3.0%2] 4712] &=
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Table 6 Mix proportions of mortar

Unit mass Carbon fiber | content of
V(V//f C:s (kg/m’) (V) sp
W C S % | kg/m | (Cx1.0%)
308 | 645 | 1,290 | - - -
308 | 645 | 1,290 | 0.5 9
478 | 1:2 | 308 | 645 | 1,290 | 1.0 18 6.45
308 | 645 (1,290 | 2.0 | 36
308 | 645 | 1,290 | 3.0 54

* C:S : cement to fine aggregate ratio, V¢ : fiber volume fraction,
SP : superplasticizer
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(b) Flexural test

(a) Compressive test

Photo 2 Compressive and flexural strength test
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(b) Front of specimen

(a) Set up

Photo 3 View of setup for impact resistance test

234 NEAZ R 4 GAE NFEE

WA A S A% A3 ] 271 400x300 mm o] AL
248 o] 1 FA1= 30 mmE LG HA| sho] ZHzte) ehadd £l
Aojot EAELE MSAA A& AT Al A2 5
FehE A ER Ho Aol M 27t Basta A gAE =
ZollA AW ERstar, A L7 AF 28 Fe 71334
ol A AY3ESATE Photo 4= WEAA AP-& ZEELE A
Ho| B % gl ofY RG-S YEbA Zlolth @ Photo 5+ &
&8 U CFRCE AP T3S IR 24 SAE 8 4]

™ o
[
]

(f) Unit weight test (g) Slump flow test

Photo 5 Test procedures and progress of CFRC by every stages
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(a) Schematic diagram

(b) Curing appearance

Photo 4 Schematic diagram and curing process of mortar specimens
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(h) Compressive strength test (i) Impact resistance test  (j) Flexural strength test



(b) 0.5%

(a) Plain mortar

Photo 6 Ex perimental features of flow test due to various fiber contents
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Fig. 1 Flow test results of CFRC and plain mortar
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Fig. 2 Unit weight test results of CFRC and plain mortar
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Table 7 Results of mortar strength tests

Type of Fiber v'olume Concrete strength(MPa)
mortar fractions fo/fe
(%) feu fr
Plain 0.0 39.2 32 12.3
0.5 35.9 3.2 11.2
CFRC 1.0 32.6 3.9 8.4
(6 mm) 2.0 25.0 3.8 6.6
3.0 13.1 22 6.0
0.5 35.3 3.8 9.3
CFRC 1.0 31.3 3.5 8.9
(12 mm) 2.0 29.8 4.7 6.3
3.0 22.0 3.6 6.1

* f.u : Average of measured compressive strength at 28 days,

f. : Average of measured flexural strength at 28 days
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Fig. 3 Relationship between compressive strengths of CFRC and plain
mortar

= 6mm

Plain: 3.16 MPa
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Flexural strength(MPa)

0.50% 1.00% 2.00% 3.00%

Fig. 4 Relationship between flexural strengths of CFRC and plain
mortar
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Fig. 5 Relationship between flexural stress-displacement curves of CFRC and plain mortar
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Table 8 Observed failure pattern of specimens

Specimen | No.1 of plain mortar CFRC 6mm-0.5% CFRC 6mm-1.0% CFRC 6mm-2.0% CFRC 6mm-3.0%
Front
Rear
Specimen i No.2 of plain mortar CFRC 12mm-0.5% CFRC 12mm-1.0% CFRC 12mm-2.0%
Front
Rear
| mPlainl ®0.5% m10% ®=20% ®3.0% | | mPlan2 ®05% ®m10% ®=2.0% ®3.0%
300 300
_ _ 256
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