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'x@ Q[ Q@=Q@ QO sw=kt |=y=v@ CN=U QO xO=iDU= OQwt Kr=Yt u} QD?U=vt xwQo
OvwQ|t Q=tW x@ R}v 'xQHivt O=wt |Q=Oyov |=yQ=@v= w =yx=oy=vB |=yxR=U uwJty
x@ Q[ |SQv= ?PH QO |}xO=ar= jwi C}r@=k uD@ ẁv u}= R= xOWxDN=U |=y=v@ w
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OwW|t jq]= uD@ w Oqwi u}@=t|WQ@VvD x@|oOv@UJ "OQ=O|U=U=C}ty=|vD@
|Oqwi VvD w O};|t OwHw x@ u; h=Q]= uD@ w Oqwi u}@ wQ}v p=kDv= j} Q] R= xm
OQ@ Q=m p}=w= u=ty R= ẁ[wt C}ty= x@ xHwD =@ "OyO|t Q}}eD hrDNt `]=kt QO =Q
xHwD OQwt Qo}Om} Q=vm QO QwD=tQ; w uD@ Q=DiQ w |Q=mty |xwLv xQ=wty 'xtQ;uD@
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|y=oW}=tR; |xt=vQ@ "1"2
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'=QH=CaQUV}=Ri= x@ u=wD|t sm =QDOwN uD@ R= xO=iDU= |=}=Rt xrtH R= "OQ}o|t Q=Qk
'QwD=tQ; |q=@ sm =QD =@ j]=vt QO uD@ |i=m sm =QD R= u=v}t]= '|v=Uv= |wQ}v Vy=m
|} wHxiQY QDsyt xty R= w pwYLt |}=yv C}i}m uDiQq=@ '|DwY |oOwr; Vy=m
xm OQ=O R}v |@}=at X=wN Q_v R= sm =QDOwN uD@ |iQ] R= [3w2]"OQm xQ=W= |O=YDk=
|OQD w sm |Q}PBpmW p}rO u}ty x@ 'CU= u; sm |WWm Ctw=kt =yv; u} QDsyt
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F- =D"xU=t w uW |Ov@xv=O "1 pwOH
lr= |xQ=tW |Qw@a OYQO |Qw@a OYQO

xU=t uW
�Iv}=� 1 2 100 100
�Iv}=� 3 8 100 96 8

4 100 15 2
8 91 8 0 49
16 57 5 -

30 39 7 -

50 11 2 -

100 2 3 -

"T}r}Uwv=v |m} R}i C=YNWt "2 pwOH
Q]k sHL � K]U C@Uv |r=oJ XwrN

15� 5 160� 20 < 0 15 > 99 9
QDtwv=v sQo Q@ `@ QtQDt ?amt QDt|Dv=U QO sQo OYQO

"ur}B wQB|rB h=}r= |vi C=YNWt "3 pwOH
XwYNt uRw Ctw=kt Q]k pw] pmW

|WWm |Qy=_
900 350 20 12 h=Y?amtQDt QO sQowr}m p=mU=B=ot uwQm}t QDt|r}t

"|iQYt ur}BwQB|rB h=}r= "1 pmW
xOW xO=iDU= uOWs}v wO w |r} RQ@ VwQ R= VWm V}=tR; |=Q@ "OvDiQo Q=Qk V}=tR;
x@U=Lt 1 |x]@=Q R= p=mU=B=ot 0 05 CkO =@ uOWs}v wO |WWm Ctw=kt "CU=

%OwW|t

ft = 2P
�Ld

(kg=cm2) (1)

xm 'V}=tR; x=oDUO Q} R QO xvwtv pw] L '|Q=Wi |wQ}v |xv}W}@ P 'u; QO xm
|xvwtv Q]k R}v d w �|}xv=wDU= |xvwtv `=iDQ= u=ty� QDt|Dv=U 30 jwi Cr=L QO

"CU= �QDt|Dv=U 15� |}xv=wDU=
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CQwY u}= x@ V}=tR; VwQ "CU= |oO}WmuwQ}@ V}=tR; =yVwQ u}= R= |m} xm
2 pmW j@=]t |Owta CQwYx@ |@amt |vD@ |xvwtv l} pN=O QwD=tQ; xm CU=
xOWxDN=U li QO uDiQoQ=Qk =@ XNWt u}vU QO =yxvwtv 'C}=yv QO "OQ}o|t Q=Qk

xO=iDU= pmW L |x@aH V}=tR; R= |oOW=OH Q@=Q@ QO sm =QDOwN uD@ |Q=O}=B w Qw@a
"CU= xOW

s=Hv= u; |wQ Q@ xR=D uD@ |=yV}=tR; w xDN=U x=oW}=tR; QO \wrNt KQ] Qy
QDt|Dv=U 10 � 10 � 10 O=a@= x@ |@amt |=y?r=k pN=O QO uD@ TBU "OW
|=Q@ |QDt|Dv=U 30� 15 |}xv=wDU= |=y?r=k QO '|Q=Wi Ctw=kt V}=tR; |=Q@
15�15�15 O=a@= x@ |@amt |=y?r=k pN=O w |r} RQ@ VwQ x@ VWm V}=tR;
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w 3 pwOH QO u; C=YNWt w CU= ur}B wQB|rB ẁv R= R}v |iQYt h=}r= "CU=

"CU= xOW x�=Q= 1 pmW QO u; |Qy=_ pmW

\wrNt C@Uv "3"2
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uD@ \wrNt KQ] 4 "Ovm ^iL =Q |tm =QDOwN X=wN uD@ 'T}r}Uwv=v w ur}B wQB|rB
C} wkD u}rB wQB|rB h=}r= ?amtQDt QO sQowr}m 1 8 w 1 2 '0 6 '0 |=yQ=Okt =@
4 pwOH QO \wrNt KQ] 4 C=YNWt "Ov=xDiQo Q=Qk V}=tR; w |UQQ@ OQwt w xOW
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C=LiY =@ T=tD QO h=Y ,qt=m xwHw =@ |@amt |xvwtv '|Q=Wi V}=tR; QO
0 4 =D 0 2 C@=F CaQU =@ |@amt |xvwtv Q@ OQ=w Q=@ w CiQo Q=Qk V}=tR; u}W=t
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O}U "�?amtQDt Q@ sQowr}m ?UL Q@� ur}B wQB|rB |i=}r= =@ xOWC}wkD sm =QDOwN uD@ |}=yv |=y\wrNt KQ] "4 pwOH

jwi xU=t uW ?; QOwB T}r}Uwv=v u=t}U h=}r= KQ]xOvvmu=wQ nvU ur}B wQB

13 5 744 806 216 150 13 5 450

0 Scc A

0 6 Scc B

1 2 Scc C

1 8 Scc D

Cr=L QO� uD@ pN=O QwD=tQ; |Q=OQ}o pw] L '|WWm Q=@ |xv}W}@ P 'u; QO xm
�QDt|r}t 16 Q]k x@ VywSB u}= QO� |iQYt QwD=tQ; Q]k d w �QDt|Dv=U 15 QwmPt

"CU=

Q}UiD w =yV}=tR; G}=Dv "3
xR=D uD@ |=yV}=tR; "1"3

G}=Dv w s=Hv= xR=D uD@ V}=tR; 'h=}r= =@ xOWC} wkD sm =QDOwN uD@ Q=DiQ CN=vW |=Q@
XNWt pwOH u}= O=Oa= R= xm xvwou=ty "CU= xOW x�=Q= 5 pwOH QO R}v =yu;
"OvQ=O xR=D sm =QDOwN uD@ |Swrw�Q X=wN QO |ivt C=QF= 'h=}r= R= xO=iDU= 'CU=
\qDN= KQ] Qy uD@ |oOWVNB Q]k |xv}W}@ |]N Q=Owtv '4 pmW QO u}vJty

"CU= xOW xO=O u=Wv AtqU= V}=tR; x@ \w@ Qt
wO QO pmW V h}k R= uD@ |x}rND u=tR x@ \w@ Qt |=yQ=Owtv '5 pmW QO
R}v 6 pmW QO "CU= xOW sUQ xk}kO 5 R= Oa@ x}rND w x}v=F 10 R= Oa@ x}rND Cr=L
\qDN=KQ] Qy |=Q@ pmW L |x@aH V}=tR; QO O=OUv= C@Uv x@ \w@ Qt Q=Owtv

"CU= xOW XNWt
ur}B wQB|rB h=}r= "CU= xOW xR=D uD@|}=Q=mVy=mEa=@|iQYt h=}r=V}=Ri=
|v=wQ XwYN x@ uD@ |tm =QDOwN X=wN w OvQ@|t q=@ COW x@ =Q \wrNt CHRr
Q=Qk Q}F-=D CLD =Q =yQwD=tQ; |xm@W u=}t R= =Q |Q}PB Qw@a C}Y=N w AtqU=

"OvyO|t
XwYN x@ 'CU= xOW xOy=Wt xR=D uD@ V}=tR; QO xm xHwD p@=k |xDmv
x@ sm =QDOwN uD@ |oOvwW=OH sOa w |oOv@UJ ^iL 'AtqU= u=} QH V}=tR; QO
Q@ ur}B wQB|rB h=}r= |=yC} Rt OwOat R= C}Y=N u}= xm 'CU= xOw@ h=}r= x=Qty

"CU= xR=D sm =QDOwN uD@ X=wN

"AtqU= |=yV}=tR; |]N Q=Owtv "4 pmW

"|oOv@UJ Ctw=kt V}=tR; QO QwD=tQ; x=Qty |vD@|xvwtv "2 pmW

"|oOv@UJ Ctw=kt V}=tR; QO =yQwD=tQ; |WWm x=oDUO "3 pmW

QO QDt|Dv=U 1 CaQU =@ w OvQ}o|t Q=Qk QwD=tQ; VWm x=oDUO QO 3 pmW j@]
ltm x@ u=wD|t "OwW|t xO}Wm uwQ}@ x@ |vD@ |=yxvwtv pN=O R= QwD=tQ; 'xk}kO
QO QwD=tQ; VRer w xOWp=ta= |wQ}v |vLvt 'VWm x=oDUO x@ xOWR}yHD s=UQ
|Q}oxR=Ov= u; |=yDv= wO Qy QO xr}t VRer CU= QDy@ xD@r= "OQm sUQ =Q uD@ pN=O
|xv}W}@ x@ xHwD =@ [15w14'12]"OwWv p=ta= xr}t pw] V}=Ri= R= |W=v |=]N =D OwW
|vD@ |xvwtv pN=O QO QwD=tQ; uO} Rer =} w uOWGQ=N x@ xOWO=H}= |WWm |wQ}v
x@U=Lt =Q uD@ w QwD=tQ; u=}t |oOv@UJ Ctw=kt '2 |x]@=Q R= xO=iDU= =@ u=wD|t

[14]%OQm
� = P

�Ld
(kg=cm2) (2)
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h=}
r=Q}

F- =D"xR=D uD@ |=yV}=tR; G}=Dv "5 pwOH
pmW L |x@aH pmW V h}k AtqU= u=} QH |xQ=tW

T40�20 cm
h1=h2

T5 min T T50 cm AtqU= KQ]
(s) (s) (s) (s) (cm)

1 9 0 81 8 2 7 6 1 9 69 Scc A

2 3 0 67 8 6 6 8 2 1 63 Scc B

3 0 0 59 9 7 6 4 3 7 57 Scc C

3 2 0 43 12 4 5 9 7 4 53 Scc D

"hrDNt u}vU w \}=QW |=Q@ �p=mU=B=ot� |Q=Wi Ctw=kt "6 pwOH
Scc D Scc C Scc B Scc A �RwQ� uU |Q=Oyov \}=QW
49 6 50 6 49 0 50 1 28

d52 8 59 4 56 9 57 8 56
56 1 62 7 59 3 60 5 90
16 3 19 2 20 9 22 3 3

w

32 6 34 6 38 9 41 0 7
53 6 58 1 55 8 57 3 28
56 2 64 1 60 3 43 6 56
57 0 67 3 63 9 65 7 90

"hrDNt u}vU w \}=QW |=Q@ �p=mU=B=ot� |WWm Ctw=kt "7 pwOH
Scc D Scc C Scc B Scc A �RwQ� uU |Q=Oyov \}=QW
3 50 3 20 3 02 2 50 28

d3 81 3 35 3 20 2 72 56
3 91 3 42 3 31 2 84 90
3 75 3 41 3 35 2 80 28

w3 93 3 66 3 52 2 89 56
3 99 3 78 3 59 3 06 90

"hrDNt u}vU w \}=QW |=Q@ �p=mU=B=ot� |oOv@UJ Ctw=kt "8 pwOH
Scc D Scc C Scc B Scc A �RwQ� uU |Q=Oyov \}=QW
5 26 5 00 4 94 4 09 3

d

7 43 7 37 7 24 6 43 7
8 58 8 44 8 32 8 01 28
8 63 8 49 8 40 8 14 56
8 65 8 52 8 44 8 20 90
5 26 5 00 4 94 4 09 3

w

8 56 8 91 8 20 7 78 7
10 93 10 61 10 18 9 96 28
11 02 1 72 10 35 10 11 56
11 10 10 79 10 41 10 18 90

"pmW V h}k R= uD@ |x}rND u=tR |]N |=yQ=Owtv "5 pmW

"pmW L |x@aH QO O=OUv= C@Uv |]N Q=Owtv "6 pmW

xOWCNU uD@ |=yV}=tR; "2"3
Ctw=kt V}=tR; G}=Dv '7 pwOH QO '|Q=Wi Ctw=kt V}=tR; G}=Dv '6 pwOH QO
QwD=tQ; w uD@ |oOv@UJ Ctw=kt V}=tR; |xOW?Um G}=Dv '8 pwOH QO w |WWm

"CU= xOW x�=Q= hrDNt u}vU QO w w d |Q=Oyov \}=QW QO =yxvwtv \UwD
xOw@ =yxvwtv CUmW |xwLv 'xOWCNU uD@ V}=tR; QO xHwD p@=k |xDmv
uD@ CUmW Owt R= |i=}r= uD@ QO CUmW Owt '|WWm Ctw=kt V}=tR; QO "CU=
|v; CQwYx@ CUmW u; QO xm 'h=}r= uwO@ uD@ hqN Q@ "Ovm|tv C}a@D |rwtat
V}=Ri= =@ ur}B wQB|rB h=}r= |w=L uD@ QO 'CU= x=Qty sy R= xa]k wO uOW=OH =@ w
x=Qty sy R= xa]k wO uOW=OH =@ w CU= |H} QOD CQwYx@ CUmW h=}r= u=R}t

"CU}v
=yxvwtv |xty QO =yQwD=tQ; uOw@ Q=OH; Cra x@ '|oOv@UJ Ctw=kt V}=tR; QO
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q=@ CtU x@ xvwtv |rw] CyH QO w ẁQW u}}=B R= =ylQD "OwW|tv xOy=Wt uD@

"CU= xDiQ V}B
|oOv@UJ Ctw=kt w |WWm Ctw=kt |=yV}=tR; QO =yxvwtv CUmW |xwLv
|Q}PBpmW x@ Cr=L u}= QO ur}B wQB|rB h=}r= xm 'OwW|t xOy=Wt 7 pmW QO
QO w |Q=Wi Ctw=kt C=Q}}eD |]N Q=Owtv '8 pmW QO "CU= xOQm ltm =yxvwtv
|Q=Oyov \}=QW QO u=tR ?UL Q@ |WWm Ctw=kt C=Q}}eD |]N Q=Owtv '9 pmW
|}xr}t Q=Owtv u}vJty "CU= xOW xO=O V}=tv \qDN= |=yKQ] |xty |=Q@ w w d

hrDNt |=y\qDN= KQ] |=Q@ u=tR ?UL Q@ |oOv@UJ Ctw=kt C=Q}}eD x@ \w@ Qt
"CU= xOW sUQ 10 pmW QO w w d |Q=Oyov \}=QW |=Q@

u} QDW}@ xm OwW|t xOy=Wt |Q=WiCtw=kt |=Q@ xOt;CUOx@ G}=Dv x@ xHwD =@
q=@ x@ RwQ 28 u}vU QO "CU= Scc A KQ] x@ \w@ Qt RwQ 7 w 3 uU QO Ctw=kt
Q=Owtv '11 pmW QO "OQ=O Scc C =Q Ctw=kt u} QDV}@ |Q=Oyov \}=QW wO Qy QO
xOW sUQ RwQ 90 uU QO |iQYt h=}r= Q=Okt ?UL Q@ |Q=Wi Ctw=kt |]N

"CU=
xDW=Ov |Q=Wi Ctw=kt V}=Ri= QO |O=} R |r}N Q}F-=D ur}B wQB|rB h=}r= V}=Ri=
sy x@ 'OvQ}o Q=Qk sy Q=vm QO =yh=}r= xm p=tDL= u}= 'h=}r= u=R}t V}=Ri= =@ "CU=
p}O@D uD@ T} QD=t |=Q@ |ia[x]kv x@ w 'OyO MQ uOWxrwro |xO}OB 'OvwW xO}vD
|Q=Wi Ctw=kt u} QDtm '|iQYt h=}r= u} QDW}@ =@ Scc D KQ] "OQ=O OwHw 'OvwW

"CU= xOQm ?Um =Q
�25 =D =Q |WWm Ctw=kt h=}r= xm CU= XNWt |WWm Ctw=kt G}=Dv R=
=Q |WWm VvD w pta xa]k wO u}@ pB Ovv=ty =yh=}r= OwHw "OyO|t V}=Ri=

"|oOv@UJ Ctw=kt w |WWm Ctw=kt V}=tR; R= Oa@ xOWxDUmW |=yxvwtv "7 pmW

"hrDNt |Q=Oyov \}=QW QO u=tR ?UL Q@ |Q=Wi Ctw=kt |]N Q=Owtv "8 pmW

101



"""u
=}t

|oO
v@U

JQ
Ou

r}BwQ
B|rB

h=}
r=Q}

F- =D

"hrDNt |Q=Oyov \}=QW QO u=tR ?UL Q@ |WWm Ctw=kt |]N Q=Owtv "9 pmW

"hrDNt |Q=Oyov \}=QW QO u=tR ?UL Q@ |oOv@UJ Ctw=kt |}xr}t Q=Owtv "10 pmW

"|iQYt h=}r=?UL Q@ |oOv@UJ Ctw=kt |]N Q=Owtv "13 pmW

"XNWt |v=tR pY=wi QO |oOv@UJ VvD OWQ nvy; "9 pwOH
Scc D Scc C Scc B Scc A Q}}eD nvy;
0 543 0 593 0 575 0 585 RwQ 7 x@ 3 R=

d
0 055 0 051 0 051 0 075 28 x@ 7 R=
0 002 0 002 0 003 0 005 56 x@ 28 R=
0 001 0 001 0 001 0 002 90 x@ 56 R=
0 825 0 978 0 815 0 923 7 x@ 3 R=

w
0 113 0 081 0 094 0 104 28 x@ 7 R=
0 003 0 004 0 006 0 005 56 x@ 28 R=
0 002 0 002 0 002 0 002 90 x@ 56 R=

"|iQYt h=}r= ?UL Q@ |Q=Wi Ctw=kt |]N Q=Owtv "11 pmW

"|iQYt h=}r= ?UL Q@ |WWm Ctw=kt |]N Q=Owtv "12 pmW

102



|v}
UL

u=U
L=

O}U
w|

tW=
yO

}tL
O}U

"|Q=Oyov \}=QW Qy QO |oOv@UJ Ctw=kt � |Q=Wi Ctw=kt |]N Q=Owtv "14 pmW

"|Q=Oyov \}=QW Qy QO |oOv@UJ Ctw=kt � |WWm Ctw=kt |]N Q=Owtv "15 pmW

h=}r= u}@ T=tD |x}q QO |wQ?; R= |Q}owrH =@ =yuqwRwB Qo}O hQ] R= "O@=}|t
s}UrmO}UmwQO}y |=yp=DU} Qm u=R}t Vy=m w |oOvvmQB j} Q] R= u=t}U Q}tN w

"Oy=m|t p=kDv= |x}L=v Ct=N[ R= T=tD K]U QO
V}=Ri= =@ OwHwt |=y\qDN= KQ] QO VWm uwtR; R= pY=L G}=Dv x@ xHwD =@ �
u; p=@vO x@ w |WWm Ctw=kt V}=Ri= Oy=W sm =QDOwN uD@ QO h=}r= OYQO
T}r}Uwv=v |vqwRwB w |Qr}i QF= x@ u=wD|t u}vJty w s}DUy |Q}PBpmW V}=Ri=

"OQ@ |B u=t}U T} QD=t w h=}r= p=kDv= |x}L=v C} wkD QO
1 2 Q@=Q@ |Q=Wi Ctw=kt u} QDW}@ ?Um |=Q@ ur}B wQB|rB h=}r= |xv}y@ Q=Okt �

"CU= ?amtQDt QO sQowr}m
'|oOv@UJCtw=kt w|WWmCtw=ktV}=tR; QO h=}r= |=Q=O |=yxvwtvCUmW �

"CU= QDW}@ |Q}PBpmW =@ w QDsQv
QDW}@ |Q=Oyov \}=QW x@ C@Uv h=}r= V}=Ri= Q}F-=D '|WWm Ctw=kt V}=tR; QO �
xO=O V}=Ri= =Q |WWm Ctw=kt �25 |iQYt ur}B wQB|rB h=}r= |xv}W}@ "CU=

"CU=
h=}r= V}=Ri= x@ C@Uv |Q=Oyov \}=QW Q}F-=D '|oOv@UJ Ctw=kt V}=tR; QO �
V}=Ri= xv}W}@ Q=Okt x@ =Q|oOv@UJCtw=kt �10 ur}B wQB|rB h=}r= "CU= QDW}@

"CU= xO=O
'Ov=xOW |Q=Oyov w \}=QW QO |va} 'Ov=xDW=O |QDpt=m |Q=Oyov xm |}=yxvwtv �
x@ C@Uv |QDq=@ |oOv@UJ Ctw=kt w |WWm Ctw=kt 'QDy@ |Q=Wi Ctw=kt

"Ov=xO=O u=Wv OwN R= d \}=QW QO xOW|Q=Oyov |=yxvwtv

"OQm O=H}= |oOv@UJ Ctw=kt w |Q=Wi Ctw=kt u}@ s}kDUt |}x]@=Q u=wD|tv xm
Ci= xv}y@ Q=Okt R= V}@ w V}=Ri= xv}y@ Q=Okt =D h=}r= V}=Ri= =@ |Q=Wi Ctw=kt
Ea=@ h=}r= V}=Ri= '|oOv@UJ Ctw=kt QO xm |r=L QO 'CU= xOQm =O}B Ctw=kt
Ea=@ h=}r= OL R= V}@ |xO=iDU= 'Qo}O CQ=@a x@ "CU= xOW |oOv@UJ V}=Ri=
"CU= xO=OV}=Ri= R}v =Q|oOv@UJCtw=kt xm|r=L QO 'xOW |Q=WiCtw=ktVy=m
xm CU= XNWt |oOv@UJ Ctw=kt � |WWm Ctw=kt C=Q}}eD Q=Owtv QO
V}=Ri= =@ w OvQ=O s}kDUt |x]@=Q Qo}Om} =@ |WWm Ctw=kt w |oOv@UJ Ctw=kt
ur}B wQB|rB h=}r=V}=Ri= "CU= xDi=}V}=Ri= R}v|oOv@UJCtw=kt '|WWmCtw=kt
"CU= xOW|oOv@UJCtw=ktV}=Ri=Ea=@ sy w|WWmCtw=ktV}=Ri=Ea=@ sy

|Q}oxH}Dv "4
xR=D sm =QDOwN uD@ |Swrw�Q X=wN QO |ivt C=QF= ur}B wQB|rB h=}r= R= xO=iDU= �
|=yV}=tR; G}=Dv x@ xHwD =@ "OvyO|t Vy=m =Q |tm =QDOwN C}Y=N w OvQ=O
X=wN QO|ivt C=QF= h=}r= R= xO=iDU= xmCU= xOW xOy=Wt sm =QDOwNuD@|};Q=m
uDW=O Cra x@ T}r}Uwv=v R= xO=iDU= u}vJty w OQ=O xR=D sm =QDOwN uD@ |Swrw�Q
"OwW|t sm =QDOwN uD@ CHRr w 's=wk '|};Q=m Vy=m ?@U 'q=@ |Q}PBVvm =w

QwmPt VwQ xmCU= xOW xO=O u=WvVywSB u}= QO |SwrwvmDwv=v R= |Q=OQ@xQy@ =@ �
|v=t}U Kr=Yt X=wN QDW}@ xJ Qy Ow@y@ CyH ?U=vt |Q=my=Q Ov=wD|t
w h=}r= u}@ |QDW}@ T=tD K]U '\wrNt sm =QD V}=Ri= =@ xm |Qw] x@ 'OW=@
Ow@y@ h=}r= OQmrta w V}=Ri= l =m]Y= =Pr "CU= xOW sy=Qi u=t}U Q}tN

103



"""u
=}t

|oO
v@U

JQ
Ou

r}BwQ
B|rB

h=}
r=Q}

F- =D

=yCWwv=B
1. self-compacting concrete
2. Poly Carboxylic-Ether

�References� `@=vt
1. Skarendahl, A. and Petersson, �O., Self-Compacting Con-

crete - State of the Art Report of RILEM Technical Com-
mittee 174-SCC, Report 23, Published by RILEM Pub-
lications s.a.r.l., pp. 141-149 (2001).

2. Domone, P.L. \A review of the hardened mechanical
properties of self-compacting concrete", Cement & Con-
crete Composites, 29(1), pp. 1-12 (2007).

3. ACI Technical Committee 237, Self-Consolidating Con-
crete, American Concrete Institute, Final Draft, pp. 24-
34 (2005).

4. Takada, K., Pelova, G.I. and Walraven, J. \Inuence of
mixing e�ciency on the mixture proportion of general
purpose self-compacting concrete", International Sym-
posium on High-Performance and Reactive Powder Ce-
ments Sherbrooke, Canada, pp.19-39 (1998).

5. Bonen, D. and Shah, S.P. \Fresh and hardened prop-
erties of self-consolidating concrete", Progress in Struc-
tural Engineering and Materials, 7(1), pp. 14-26 (2005).

6. Soroushian, P. \Secondary reinforcement adding cellu-
lose �bers", ACI Concrete International, 19(6), pp. 28-
38 (1986).

7. Mazaheripour, H., Ghanbarpour, S., Mirmoradi, S.H.
and Hosseinpour, I. \The e�ect of polypropylene �bers

on the properties of fresh and hardened lightweight self-
compacting concrete", Construction and Building Mate-
rials, 25(1), pp. 351-358 (2011).

8. Hemant, B., Dhonde, Y.L., Thomas, T.C. and Vogel,
J. \Fresh and hardened properties of self- consolidat-
ing �ber-reinforced concrete", ACI Materials Journal,
104(5), pp. 491-500 (2007).

9. Moncef, N. and Ladanchuk, J.D. \Fiber synergy in �ber
reinforced self-consolidating concrete", ACI Materials
Journal, 101(6), pp. 508-517 (2004).

10. Sivakumar, A. and Santhanam, M. \A quantitative
study on the plastic shrinkage crackinhigh strength hy-
brid �ber reinforced concrete", Cement & Concrete
Composites, 29(7), pp. 571-581 (2007).

11. Nili, M. and Afroughsabet, V. \The e�ects of silica fume
and polypropylene �bers on the limpact resistance and
mechanical properties of concrete", Construction and
Building Materials, 24(6), pp. 927-933 (2010).

12. Homayon, H. and Abrishami, D.M. \Simulation of uni-
form bond stress", ACI Materials Journal, 89(2), pp.
161-168 (1992).

13. EFNARC, Speci�cation and Guidelines for Self-
Compacting Concrete, http://www.efnarc.Org (2005).

14. Tanyildizi, H. \Fuzzy logic model for the prediction of
bond strength of high-strength lightweight concrete",
Advances in Engineering Software, 40(3), pp. 161-169
(2009).

15. Foroughi-Asl, A., Dilmaghani, S. and Famili, H. \Bond
strength of reinforcement steel in self-compacting con-
crete", International Journal of Civil Engineering, 6(1),
pp. 24-33 (2008).

104


