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s=v =@ ?qk QU wO ẁv R= Q[=L VywSB QO xO=iDU= OQwt |Oqwi h=}r=
xm 'CU=}r=D}= QwWm 3sJQwO CmQW |O}rwD FIBERCEMF1=5 |Q=HD

[19]"CU= 4 pwOH QO GQOvt C=YNWt =@ j@=]t h=}r= C=YNWt

|=y|oOQwNlQD '=y|@=QN R= xDUO u}= "CU= xOW xDN} Q |vD@ p=O |wQ Q@ |Dr=iU;
QO =Q �ly; =} u=t}U =@ xOW C}@FD T=U= ,qFt� T=U= |x}q Qo}O `=wv= |U=mav=
OvyO|t Q=Qk |[Qa w |rw] |=ylQD |xQtR QO =Q =ylQD xvwou}= "OvQ}o|tv Q@
|v=t}U uD@ p=O s�=k w |ki= C=mQL QF= QO ,=DOta RQO |U=mav= |oOQwNlQD w
OwHw x@ |D@ w]Q w |DQ=QL C=Q}}eD '|Q=PoQ=@ R= |W=v |Dr=iU; uD@ |x} wQ Q} R QO

[12w11]"O};|t
Q@=Q@ QO |R=UwQ Ctw=kt ha[ p}rO x@ |R=UwQ QO |U=mav= |=ylQD O=H}=
C=ar=]t T=U= Q@ |rm Qw] x@ "CU= |WWm w |WQ@ |=yVvD |xOvvm O=H}= pt=wa
|x}q ,=YwYNt |R=UwQ |=yx}q QO lQD VQDUo w ẁQW pt=wa OQwt QO xOW s=Hv=
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[31w16]%OW
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QO |mDre uD@ |xvwtv 'VwQ l} QO "OvDUy |rm |xDUO 2 pt=W 'Ov=xDiQ Q=m x@
OwW|t sm =QDt x}q OvJ QO w Q=@ QU uRw CLD 'V=aDQ= R}t |wQ w ?r=k pN=O
VwQ QO "� CU= xOQm u=}@ =Q QwmPt VwQ C=}�RH ASTM C1176 OQ=Ov=DU=�
R}v w xOW QmP VwQ j@=]t x}q OvJ QO x@ wm C=@ Q[ |xr}Uw x@ =yxvwtv 'Qo}O
x@=Wt |r=oJ Ovv=wD|t ASTM D1557 OQ=Ov=DU= QO xOW x�=Q= VwQ j@=]t
CN=U s=ovy CQwY u}= QO xD@r= xm 'OvW=@ xDW=O =Q |R=UwQ R= xOW PN= |=yxvwtv
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30 `=iDQ= w QDt|Dv=U 15 Q]k =@ OQ=Ov=DU= |}xv=wDU= |=y?r=k R= '|mDre uD@
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"OvOW
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|Q=Oyov O=Qo|Dv=U |xHQO 20 |=tO QO u=WCN=U R= Oa@ Ca=U 24 COt
C@ w]Q QO 'V}=tR; u=tR x@ uO}UQ u=tR =D TBU "OvOW R=@ ?r=k R= TBU w
\}=QW "OvOW |Q=Oyov ?; |=yxJ[wL QO Qwx]we ,qt=m CQwY x@ w pt=m
xOW s=Hv= ASTM C31 OQ=Ov=DU= =@ j@=]t xvwtv |Q=Oyov |xwLv w pLt
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xOW x}yD |=yxvwtv =@ |}xv=wDU= |=yxvwtv |wQ Q@ |Q=Wi Ctw=kt u}}aD V}=tR;
ASTMC39 OQ=Ov=DU= ptar=QwDUO =@ j@=]t OQ=Ov=DU= |}xv=wDU= |=y?r=k\UwD
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@"=y\wrNt \qDN= |=yC@Uv "9 pwOH
u=tR h=}r= h=}r= xv=OCWQO xv=OR} Q ?; u=t}U KQ] Om |xQ=tW

V eBe=s
|Qt}rB |Oqwi

kg=m3 kg=m3 kg=m3 kg=m3 \qDN= \wrNt
(kg=m3) (kg=m3)

33 0 0 1165 750 105 350 B �RCCP 1
40 0 39 25 1165 750 105 350 SF �RCCP � 1 2
43 0 78 5 1165 750 105 350 SF �RCCP � 2 3
36 3 3 0 1165 750 105 350 PF �RCCP � 1 4
37 6 6 0 1165 750 105 350 PF �RCCP � 2 5

"|Q=Wi Ctw=kt uwtR; G}=Dv "10 pwOH
G}=Dv u}ov=}t (MPa) p=oU=B=ot |xRwQ 28 Ctw=kt xvwtv |xQ=tW KQ] Om \wrNt |xQ=tW

39 5 39 B �RCCP � 1
B �RCCP 140 B �RCCP � 2

41 5 42 PF �RCCP � 1� 1
PF �RCCP � 1 241 PF �RCCP � 1� 2

42 44 PF �RCCP � 2� 1
PF �RCCP � 2 344 PF �RCCP � 2� 2

43 5 44 SF �RCCP � 1� 1
SF �RCCP � 1 443 SF �RCCP � 1� 2

45 46 SF �RCCP � 2� 1
SF �RCCP � 2 544 SF �RCCP � 2� 2

EL@ w G}=Dv "4
s=Hv= |=yV}=tR; R= xOt; CUO x@ G}=Dv |UQQ@ x@ =yV}=tR; s=Hv= s=tD= R= Oa@
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x@ |QwWvt |vD@ Q}D |WtN Ctw=kt V}=tR; w |QDt|Dv=U 15 � 30 OQ=Ov=DU=
C@F \qDN= KQ] Qy |=Q@ xv=o =OH CQwY x@ |QDt|Dv=U 15� 15� 50 O=a@=

"CU= xOW
x@ xm 'h=}r= uwO@ |mDre uD@ |wQ Q@ xDiQo CQwY |=yV}=tR; G}=Dv '=OD@= QO
'Q=Oh=}r= |mDre |=yuD@ \qDN= |=yKQ] Q}=U G}=DvTBU wCU=XN=W u=wva

"OvOW u}}aD 'OvOw@ xOW K}rUD |Qt}rB w |Oqwi |=yh=}r= |xr}Uw x@ xm
'|WWm '|Q=Wi Ctw=kt |=yV}=tR; G}=Dv xm Ow@ CQwY u}O@ xU}=kt |xwLv
hQYt h=}r= u=R}t w h=}r= ẁv =yv; QO xm '=y\qDN= |=yKQ] R= s=Om Qy |WtN w
xm|WtN w|WWm '|Q=WiCtw=kt |=yV}=tR; G}=Dv =@ w u}}aD 'Ow@XNWt xOW
|x}rm xm &OvOW xU}=kt 'OvOw@ xOW s=Hv= �XN=W� h=}r= uwO@ |mDre uD@ |wQ Q@
Q[=L VN@ QO \@DQt |=yh=Qo w =yQ=Owtv R= xO=iDU= =@ w l}miD x@ pY=L G}=Dv

"|WtN Ctw=kt u}}aD V}=tR; QO Q_vOQwt O=a@= "3 pmW

'u; QO xm
&Map |WtN |oDN}Uo pwOt %fr

&N xOQ=w |wQ}v |xv}W}@ %p
&mmxvwtv `=iDQ= %d
&mmxvwtv ZQa %b
"mm xvwtv pw] %L

126



4/
2|

xQ=t
W'

35
�2

|xQ
wO'

�13
98

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt

"|WWm Ctw=kt V}=tR; G}=Dv "5 pmW

"|WtN Ctw=kt V}=tR; G}=Dv "6 pmW

x@ |Qt}rB h=}r= uOwRi= 'u}vJty w OwW|t xRwQ 28 uU QO uD@ |WWm
Ea=@ ?}DQD x@ 'uD@ OL=w sHL QO OYQO 0 6 w 0 3 u=R}t x@ |mDre uD@
xRwQ 28 uU QO |mDre uD@ |WWm Ctw=kt |OYQO 31 w 21 1 V}=Ri=

"OwW|t

|WtN Ctw=kt G}=Dv p}rLD "3"4
|=yxvwtv |wQ Q@ 12 pwOH QO GQOvt |WtNCtw=kt |=yV}=tR; R= pY=L G}=Dv
OyO|t u=Wv xRwQ 28 w 7 u}vU QO Q=Oh=}r= w h=}r= uwO@ |mDre uD@ |QwWvt
OL=w sHL QO OYQO 1 w 0 5 Q=Okt wO QO |mDre uD@ x@ |Oqwi h=}r= uOwRi= xm
|WtN Ctw=kt |OYQO 55 w 33 8 V}=Ri= Ea=@ ?}DQD x@ xRwQ 7 uU QO 'uD@
Ctw=kt |OYQO 66 5 w 40 6 V}=Ri= Ea=@ ?}DQD x@ R}v xRwQ 28 uU QO w uD@

"�6 pmW� OwW|t uD@ |WtN
QO OYQO 0 6 w 0 3 u=R}t x@ |mDre uD@ x@ |Qt}rB h=}r= uOwRi= u}vJty
Ctw=kt |OYQO 35 w 21 V}=Ri= Ea=@ ?}DQD x@ xRwQ 7 uU QO 'uD@ OL=w sHL
42 7 w 29 1V}=Ri=Ea=@?}DQD x@ xRwQ 28uU QOu}vJty w|mDreuD@|WtN

"OwW|t uD@ |WtN Ctw=kt |OYQO

|Q}oxH}Dv "5
|=y|L=Q] QO xm |rt=wa u} QDtyt xm OW XNWt xDiQo s=Hv= C=ar=]t x@ xHwD =@
x=Q |R=UwQ |=yx}q C=YNWt w C=}YwYN 'OvQ=O Q}F-=D =yxO=H |=y|R=UwQ
"Ovvm ptLD =Q xOQ=w |=yVvD |xv}W}@ 'x=Q |R=UwQ O}it Qta pw] QO O}=@ xm 'CU=

"|Q=Wi Ctw=kt V}=tR; G}=Dv "4 pmW

w |Oqwi |=yh=}r= R= s=Om Qy Q}F-=D Qou=Wv xOt;CUO x@ G}=Dv "Ov= xOW xO=OV}=tv
"OvwW|t xO=iDU= =y|R=UwQ QO xm 'OvDUy |mDre uD@ |m}v=mt X=wN QO |Qt}rB

|Q=Wi Ctw=kt G}=Dv p}rLD "1"4
|=yxvwtv |wQ Q@ 10 pwOH QO GQOvt |Q=Wi Ctw=kt |=yV}=tR; R= pY=L G}=Dv
OyO|t u=Wv xRwQ 28 w 7 u}vU QO Q=Oh=}r= w h=}r= uwO@ |mDre uD@ |}xv=wDU=
sHL QO OYQO 1 w 0 5 Q=Okt wO QO |mDre uD@ x@ |Oqwi h=}r= uOwRi= xm
uD@ |Q=Wi Ctw=kt |OYQO 13 9 w 10 1 V}=Ri= Ea=@ ?}DQD x@ 'uD@ OL=w
u=R}t x@ |mDre uD@ x@ |Qt}rB h=}r= uOwRi= u}vJty w OwW|t xRwQ 28 T QO
|OYQO 6 3 w 5 V}=Ri= Ea=@ ?}DQD x@ uD@ OL=w sHL QO OYQO 0 6 w 0 3

"�4 pmW� OwW|t xRwQ 28 uU QO |mDre uD@ |Q=Wi Ctw=kt
p@=k uD@ |Q=Wi Ctw=kt QO h=}r= Q}F-=D xm OyO|t u=Wv xOt; CUO x@ G}=Dv
QO xO=iDU= OQwt |Qt}rB h=}r= R= QDW}@ |Oqwi h=}r= Q}F-=D =t= 'CU}v x_Lqt
|}=}t}W Q=DN=U QO |QF= xvwoI}y h=}r= xmu}= x@ xHwD =@ "CU= Q[=L VywSB
h=}r= sm Q}F-=D w OQ=Ov |Q=Wi Ctw=kt QO |yHwD p@=k Q}F-=D =Pr 'OQ=Ov uD@
R= |Q}owrH w =ylQD uDNwO QO h=}r= Vkv R= |W=v |Q=Wi Ctw=kt QO R}v
|i=}r= |=yuD@ |Q=Wi |oDN}Uo `k=w QO "CU=yxvwtv uOW OQN w OQD |oDN}Uo
^iL =Q OwN |oDUw}B '|oDN}Uo s=ovy =D xvwtv w CU= x=Qty |Q}PBpmW =@

"Ovm|t

|WWm Ctw=kt G}=Dv p}rLD "2"4
28 u}vU QO �Ci=mW� uOQm s}v wO VwQ x@ |r} RQ@ |WWmV}=tR; R= pY=L G}=Dv
V}=Ri= u; |WWm Ctw=kt 'uD@ x@ |Oqwi h=}r= uOwRi= =@ xm CU= u}= Qou=Wv xRwQ
'CU= x_Lqt p@=k uD@ s}kDUt |WWm Ctw=kt Ow@y@ |Oqwi h=}r= Q}F-=D "O@=}|t
pN=O =yh=}r= Ctw=kt '|r} RQ@ V}=tR; QO =yxvwtv CUmW u=tR QO xm |Qw] x@
K]U QO \ki w xOQm |Q}owrH xOQ=w Q=@ CLD xvwtv |v=yo =v uOW s}v wO R= uD@
uD@ |}xv=wDU= |=yxvwtv QO =t= &CU= xOW OwyWt lQD 'Q=Oh=}r= |=yxvwtv `]kt
w CiQo CQwY V}=tR; |x_Lr u=ty QO =yxvwtv Ci=mW 'h=}r= uwO@ |mDre

"�5 pmW� OW s}UkD s}v wO x@ xvwtv
|wQ Q@ 11 pwOH QO GQOvt |WWm Ctw=kt |=yV}=tR; R= pY=L G}=Dv
u=Wv xRwQ 28 uU QO Q=Oh=}r= w h=}r= uwO@ |mDre uD@ |}xv=wDU= |=yxvwtv
OYQO 1 w 0 5 Q=Okt wO QO |mDre uD@ x@ |Oqwi h=}r= uOwRi= xm OyO|t
Ctw=kt |OYQO 45 w 29 5 V}=Ri= Ea=@ ?}DQD x@ uD@ OL=w sHL QO
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@"|WWm Ctw=kt uwtR; G}=Dv "11 pwOH
G}=Dv u}ov=}t MPa p=oU=B=ot |xRwQ 28 Ctw=kt xvwtv |xQ=tW KQ] Om \wrNt |xQ=tW

3 55 3 7 B �RCCP � 1
B �RCCP 13 4 B �RCCP � 2

4 3 4 2 PF �RCCP � 1� 1
PF �RCCP � 1 24 4 PF �RCCP � 1� 2

4 65 4 6 PF �RCCP � 2� 1
PF �RCCP � 2 34 7 PF �RCCP � 2� 2

4 6 4 3 SF �RCCP � 1� 1
SF �RCCP � 1 44 9 SF �RCCP � 1� 2

5 15 5 1 SF �RCCP � 2� 1
SF �RCCP � 2 55 2 SF �RCCP � 2� 2

"|WtN Ctw=kt uwtR; G}=Dv "12 pwOH
G}=Dv u}ov=}t MPa p=oU=B=ot |xRwQ 28 Ctw=kt xvwtv |xQ=tW KQ] Om \wrNt |xQ=tW

4 8 4 6 B �RCCP � 1
B �RCCP 15 B �RCCP � 2

6 2 5 8 PF �RCCP � 1� 1
PF �RCCP � 1 26 4 PF �RCCP � 1� 2

6 85 7 1 PF �RCCP � 2� 1
PF �RCCP � 2 36 6 PF �RCCP � 2� 2

6 75 6 6 SF �RCCP � 1� 1
SF �RCCP � 1 46 9 SF �RCCP � 1� 2

8 7 8 SF �RCCP � 2� 1
SF �RCCP � 2 58 2 SF �RCCP � 2� 2

w C}i}m Ci= Ea=@ 'x} wQ K]U QO xOt; OwHw x@ |U=mav= |=ylQD 'x=Q K]U
|=yx=Q C} Q}Ot |xm@W Q@ s=ovyOwR C=Q}taD w |R=UR=@ |=yxv} Ry p}tLD u}vJty
|=yx}q |WWm w |WtN Ctw=kt xm |}=Hu; R= "OwW|t |QyWuwQ@ w |QyW
|mDre uD@ R= xO=iDU= xm '?mQt |}=y|R=UwQ XwYNr=|ra |vD@ |=y|R=UwQ
xOW |aU Q[=L VywSB QO =Pr 'OQ=O |}=RU x@ C}ty= =yv; QO |Dr=iU; VmwQ =@
'xv=o =OH Qw] x@ |Qt}rB w |Rri |=yh=}r= R= xO=iDU= =@ |mDre uD@ QO xm CU=
Vy=m Ea=@ ẁ[wt u}= xm 'Ovm =O}B V}=Ri= uD@ |m}v=mt |=yQDt=Q=B QO Ctw=kt
QO |U=mav= |=ylQD Vy=m 'C}=yv QO w |R=UwQ |vD@ |=yx}q QO |oOQwN lQD
x@ |mDre uD@ K}rUD X=wN R= |NQ@ "OwW|t ?mQt |=y|R=UwQ QO x=Q |x} wQ

%CU= KQW u}=

\=U@v= p}rO x@ x} wQ QWk QO RQO l} VQDUo =} |oOWR=@ O=H}= =} uDW=OQ@ lQD
"CU= CQ=QL xHQO C=Q}}eD w l}i=QD Qw@a R= |W=v |=yR}N w Ci= w Z=@kv= w
VmwQ QO lQD |wQW}B w O=H}= Ea=@ xOQwN lQD |R=UwQ s�=k w |ki= C=mQL

"CU= QwyWt |U=mav= |=ylQD |xO}OB x@ xm 'OwW|t x=Q |Dr=iU;
|Dr=iU; VmwQ =@ |vD@ ?mQt |R=UwQ QO |U=mav= |=ylQD xmu}= x@ xHwD =@
w 'CU= V}=Ri= x@ wQ |mDre uD@ R= xO=iDU= R}v QwWm QO w CU= OwyWt Q=}U@
uD@ |wQ Q@ K]U C}i}m Ow@y@ CyH |Dr=iU; VmwQ |x}q R= xO=iDU= u=tRty
|=ylQD CqmWt R= |}=QH= w |vi |=ys}D xv=iU-=Dt =t= 'CU= xOW pw=ODt |mDre

"OvDUy pi=e |Q=OQ@xQy@ u=tR QO |U=mav=
C}i}m w Qta V}=Ri= CyH |R=UwQ CN=U QO uD@ R= xO=iDU= seQ|ra
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yt w |vD@ |x}q QO lQD pQDvm x@ xHwD =@ |Dr=iU; VmwQ x@ lQD p=kDv= Vy=m "7

&|U=mav= |=ylQD RwQ@ R= |Q}owrH
|oOQwN lQD RwQ@ R= Oa@ uD@ |xOQwN lQD C=a]k pt=m |oOW =OH R= |Q}owrH "8

&=yRQO pLt QO |m}i=QD |xOQ=w Q=@ ptLD u=mt= w
&x=Q |R=UwQ Qta pw] V}=Ri= "9

&|yOT} wQU Qta pw] QO |Q=Oyov Q}taD |=yxv} Ry Vy=m "10
h=}r= |=H x@ Q[t w xOvQwN Kqt= |=Q=O |=ypLt QO |Qt}rB h=}r= R= xO=iDU= "11

"|Oqwi

&|mDre uD@ |Q=Wi w |WWm '|WtN Ctw=kt V}=Ri= "1
&|m}i=QD |xOQ=w |=yQ=@ CLD uD@ |oOQwN lQD R= |Q}owrH "2

&uD@ |oOW `tH w Z=@kv= R= |W=v uD@ |oOQwN lQD R= pQDvm w |Q}owrH "3
&x@ Q[ Q@=Q@ QO uD@ Ctw=kt V}=Ri= "4

&|rYi |DQ=QL |=ylwW R= |W=v |oOQwN lQD Vy=m "5
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