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ABSTRACT

Two sheets of high strength cement paste using ordinary Portland cement and water soluble polymer (polyac-
rylamide) were made by kneadmg with a twin roll mill. A carbon fiber layer was laid out between two sheet
of the cement paste, and then carbon [iber reinforced high strenpth cement composites were prepared by
pressing them The mechanical properties of the composites were investigated through the observation of the
microstruclure and the application of {racture mechanics. When the carbon fiber was added with 0.2 and 0.3 wi%
to the composites the flexural strength and Young's modulus were about 110~116 MPa and 74~ 77 GPa respec-
tively, and critical stress inlensily was about 3.14 MPam'?, It can be considered that the strength improvement
of high strengih cement fiber composiles may be due fo the removal of macropores and the increase of varigus
fraciure toughness effects; prain bridging. frictional interlocking, polvmer fibril brdging and fiher bridging.
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Table [. Chemical Composition and Physical Properiies
of Starting Materials
a) Portland cement (type )

Sy | ALQ; Feus| (a0 S50y {Free| Ig.

2159|585 | 3.25 6239|272 | 2.06]0.78 056

b) Polvacryiamide

Tg | Density | Fineness

Average molecular weight () (um)

5,000,000~~6,000,000

b} Carbon fiber
Tensile strength

230 GPa

Young’s modulus
Tensity

Carhon content

Filament diameter

6.8 um

-~140-

@71

A<l polyacrylamideE AHEHele}. A E/AIERIR
AHE selnEl] FEEE AR T s S
2= dlFo] 1.21¢] naphtalene| sulfonate 2+ naph-
thalene formaldehyde condensate(4-%9 | Mighty 150)
of ox THE BEAE Jws BARC oF &
dlge A FfzAdd E2A Ae e Table 14
vhel glet.

FAl% MDF Al9lB B3ha9) Al Au9s) zha
vpfo® AZF F Ae] MDE #He]~E sheel Ale]e]
eG4 4lde] MDF Al-E BgAg Aas
oir) P HEe AldEed dsle FARR 42 0,
0.2, 0.3, 0.4, 0.5%% Hridte] B E., a4 59
Az F AL MDF A|WE HeolAased 0% AlRlE
ol Wt wRd el 2 AHrlekE 500 mie] oY
Za] gZal vejAHe] gelge! ik ghid4 d
a2 5X10cmE AZ2F BoRr)d] Foldw ATE
Z2 el A whad434 d9rh 5XW0em
Zrudla] gha d5-3-S A2 B3 el 200 kg/om?
9] 942 7lete] Z~3mm FAE A A=A ¥
e Al#g Azsev)

ol AHE &Yl 3, 7, 14, 28997 A
60T ovenol A 727l Azl e, cross head speed
005 mm/ming =72 % Instron 4302 AF&-31¢] Fig.
1ol 412} 2+a) 3 point bending method A4 ©}-5 A5«
g8 A7k x(Nexural strength @ o) 3 Young's modu-
lus(Eng Fdsbscl

1.5PL

MDF cement paste

Carbon fiber layer

].._

oV 07 w
P2 P2

Fig. 1. Three pomnt bending specimen.

FEEER



g AlE B TR A|oe 2t FH 3 B4 A dT

MDF cement paste 0.200
a)
Carbon fiber layer
0.150 [
w 1}
l i F0.200 ”‘-\,‘
. L. E ,\‘\
_' A}
d _l_ / Eu os0 b 3
A g \
! |
e | & a.000 : e
; - J] 5 bl
P72 piz g 0-040 1 ciper
E( . plain
‘% 2. - b imen. o L 0. 1wt
Fig. 2. The single edge notched beam specimen 50_030 0.1er
0.3t
or . flexural strength 0.020 |
E; ! Young's modulus vom b
P : toad d . depth

w . width L : span :
0.00L  0.010 6.100  1.000  10.000 104.000
y . maximum deflection
Pore diameter (pm)

Z2| 3 Fig 2] lebd ulel zbe] SENB(single edge Fig. 3. Pore size distributions of ordinary cement paste
notched beam)q]” 2=t} Aldl wet AskA e 4 and MDF cement composites, cured for 28
AE Mg FAH s days.

(z) ordinary cement paste (W/C=04)

Kig="o@"* (b} carbon fiber reinforced MDF cement com-

Y=1.93—3.07(a/w)+ 14.53a/w)* posites (W/C=0.1}

—25.11{a/w)*+ 25.80(a/w)!
Fe] A 2AEA i glevt B4R ARk

m:ﬁ— 02~05wt%Z Z715tel] meh 2713 Erpskedeh
dw ol7le MDE Alsie 4siA el uws‘}mcq glel W
o714 Y aiw B FuAe] o Behe Apeleh w9 wAo R AFH Hfseld Bdake TF g
7] 453 Ulﬂﬂ:ﬁ"% #asl) $l4 DCB(double can- 2% )

tilever beam) Al e 24 SEM #3-& Aa)sleich
3.2 AYZE 9 Young’s modulus

3. 3z 9 A W/C=0.19 27 MDF AlE Eshale] disie
FAATNER Fade] Wl W AYYEE &
L 7128 %% ATE Fig 49 vpehlgic:. W/C=04< ) 2897}
28407 oFAiA1Z]l AlBe] ojsle] WAC=049 LA sk 2|2l JuiAHE Az e My der) 10MPa 4
wE 75k W/C=010) 2 eh -2 43 MDF  £qldl uwkEte plain A|H« A& 97 MPa Axg < 104)
AME BBl dd, FLglELE &3 71F Asy AEEE dshdch 58 S22 4RE 0 02
¥ E Fig 3¢ vhelgleh W/C=0.181 A4137 MDF 03 wt%s d7-q] wa) 7=s) 25tss AL s
Al e Bgkge) 7)Fe] W/C=044 dyrgie A5 o glel B3] 28907 A% MDF Al B3%
HAnct w4 2Lste] FaEse 22 F]F R 213 A 0.2 wt% M7k AL oF 116 MPa 0.3 wi%m vkt
g o 9 gith el W/C=0131 A9E S, Ho oF 111 MPa AEe & Awghd vehdich
45 HrlEA ke MDE AW 7 5 (plain 2@t} 04, 05wt ,}ﬁ"d % A7FE ASole
A)s) DaEfE 01wt #r1E Bgddde 7] plan AARCE W AERS e

A 30 A 2 5(1993) -141-



755 - g7] 4
120ta) CF 0 wts Lh} CF 0.1 wti ¢) CP 0.2 wtg §_
:—__—,"-»””_‘
100+ r P = %:::"i
.0 . 1, 8% 57
I - - L:
vt
60 fiber length f
= 40 ¥ —3¥:plain E---0:3 mm
(]
aA— 4
2 a0l A—2:6 mm 3
= L 1 1 Ly .1 1 1 Lo 1 2 i
2 —
B 120(d) CF 0.3 wt% E Fe) CIP 0.4 wktg FE£}) CF D.5 wti
w2
= 100 — F B
£ E;E 3 o TR 3 |
& so & o L U L
= ,f’ r e
EO ‘l’ rl
i
ll
40 ]
20 F -
1 1 1 1 L L 1 i 1
3 7 14 28 3 7 14 28 3 7 14 28

Curing time (days)

Fig. 4. Flexural strength of MDF cement composites with various content of carbon fiber (CF) at various curing
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Scanning electron micrographs and schematic
illustrations of MDF cement composites, sho-
wing examples of grain bridging (W/C=0.1,
cured for 28 days).
C: crack
GB: grain bridging
FB: fiber bridging

Fig. 8.
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Fig. 9. Scanning electron micrographs and schematic
Wustrations of MDF cement composites, she-
wing examples of frictional interlocking at grain
bridging site (W/C=10.1, cured for 28 days).
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GB: grain bridgmg
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Fig. 11. Scanning electron micrographs and schematic
llustrations of fracture surface of MDF ce-
ment composites, showing examples of fiber
bridging (W/C=0.1, cured for 28 days).

: % Fig 110 viehigich AdAE FdA) A&7 4

o kA, Ballds A%t AE A matrixe}e)
i 2| (debonding)?7} Lol B 5 i)

¥ S 4 {7rs sy FAAR el 454 elrlA 42 Fig 12

¢ o “hephgich A9Y 44F WAL 5 oAy, #Y

& 4B YRE BEAR FAPFER| AR 02

: ol o] B& AlAE A matcix Wl 4 47} %3]

Fig. 16. Scanning electron micrographs and schematic 7t Zé%ﬂoi 3120\':'43-} " 7—]’?}‘“—]—. iEﬂ’ Fl% 12b‘))-‘?-] A

illustrations of MDF cement composites, sho- FEdlAde T M ARk A SEe

wing examples of polymer fibril bridging (W 2 sh Aol FYHAFol defui Aot Ak

'y
¥y

(h)

/C=0.1, cured far 28 days). Hef 7l Wehdam ok
C: crack o . ofaboll 4 <153t fiber bridging A7+ T TEHE
PB: polymer fibril bridging QA A FARAE welely, H47) BRE A A
JE AA matrix el A HE5 BE e A4S
A% F AAHE A ALE At 5 3 degly] AW sslE $-8evRE 2RrAA F -

PAFA] GFHEES AFAAE AFFY CSHY  §7l whaddd Aele) QP Yo Fose] FAdD
whg-sted CSH-polymer-CSHe| Zih-g o]Fe] ulpsh  g2g 3h2A|7lE E9)(stress shielding effect)7} A
47 F2)9) CSH gel F9% Airbe #2495 L dof 2dASE PaPsiv] die] FHAAE 27}

EAZ o] walale) QA e FoAAch T olge A7l Aem agzbEd,

CSH-polymer-CSH 8] 28a1g00] Avtae 2o MDF 4|32 B gad4 5 22 MDF Al%= 2
Fag PAATE halE IAE Fratel Bl sheet Aold] EATE ARFEE AT FAHAALY
A ZAAAE Aoz ARl mg Af ASA) AL Fig 13l vehidch ol A43el 28

A% Ca(OH)}t dAlo) =23l crack initiater®4) 2HE- Bae) A= RAEA-AME  7hE(polymer-fiber
FAint iEAbE el HotE P dale v)A CalOH)y  bridging)ls o137 5lew 3 hedds df 4=
AL o]Zr] oduk AnERT T9/27) A e FEE(C-SH gelie]l HH4lolel] #ZgsEe] gle #E
v A Pobe BaPrt glan o] fqls HaelAe sad ¢ gich
27171 AR AzErc)

dede] depd AlHe] $EY AlRE Ho)AERS 34, SAMRE S
A B dgrteddiE FaAg FahdaAdel Ak A7z b ok 3.3 GPasl 2 Young's moduluszl 230

A 304 A2 3 (1993) -145-



U))

Fig. 12. Scanning electron micrographs and schematic
llustrations of MDF cement composites, sho-
wing examples of fiber bridging (W/C=0.1,
cured for 28 days).

C: crack
FB: fiber fridging
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Fig. 13. Scanning electron micrographs fraclure sur-
face of MDF cement composites, showing exa-
mples of polymer-fiber bridging {W/C=0.1,
cured for 28 days).
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