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|UQQ@ OQwt |U}r}U |xOwO w T}r}Uwv=v uOwRi= =@ uD@ |vqwRwB C}r=ai |}xar=]t
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|v} Ro}=H =@ uD@ |Q=Wi Ctw=kt Q@=Q@ |U}r}U |xOwO =@ u=t}U �10 |v} Ro}=H
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j@=]t [2]"OW=@ xOW p}mWD =yxv=Ol@U R= u; |Ov@xv=O R= |WN@ =} s=tD xm CU=
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50 Ot=H O=wt |vRw OYQO
6 (MPa.s) CHRr

10 OwOL PH

1030 (kg/m3) XwYNt uRw
50 (nm) C=QP wv=v Q]k

"|iQYt Kr=Yt |Ov@xv=O =@ OQ=Ov=DU= |Ov@xv=O |xU}=kt "2 pwOH
=y|Ov@xv=O |xR=Ov= |xv}W}@

xU=t =m}r |xv=Ol@U |Qw@a |xv=OnvU
|iQYt ASTM |iQYt ASTM (mm)

100 95�100 12 50
98 74 9 500

100 95�100 46 98 50�80 4 750
74 21 80�100 21 46 2 360
44 85 50�85 9 34 1 180
24 46 25�60 0 600
12 098 5�30 4 54 5�20 0 300
1 89 0�10 3 03 2�15 0 150

0�10 0 075
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u}= u}}aD |=Q@ |]@=wQ w xDiQo Q=Qk |UQQ@ OQwt l@U uD@ |m}v=mt C=}YwYN
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xO=iDU= uD@ \qDN= QO II A}D OvrDQB u=t}U R= 'xar=]t u}= QO =yxvwtv CN=U |=Q@
Q}oOvm |OL =D xm |vat u}O@ 'CU= \UwDt X=wN Q_v R= u=t}U u}= "CU= xOW
'u=t}U u}= XwYNt uRw "CU= sw=kt =yC=irwU |xrtL p@=kt QO |OL =D R}v w
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O}�Or=tQi |x}=B Q@ xm |}=yxOvvmu=wQ jwi "CU= xOW xO=iDU= 'OyO|t V}=Qi= =Q
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`=@W= C@ w]Q |x@U=Lt \}=QW lqt 'xDa=U 1 =D 0 5 ?; ?PH ,qwtat 'u}=Q@=v@
j@] xO=iDU= OQwt |=yxv=OnvU |xDa=U 0 5 ?; ?PH "CU= lWN K]U =@
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OwOLt 3 1 =D 2 3 x@ =Q xv=OR} Q |tQv pwOt Q=Okt [14]'ASTM-C33 OQ=Ov=DU=
C=Q}}eD OwOL "CU= 3 1 'xU=t w =m}r \wrNt |=yxv=OR} Q |tQv pwOt "Ovm|t
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[17]"OvwW|t \wrNt sy =@ um\wrNt C=} wDLt xk}kO 1 COt x@ w xi=[=
VwQ QO \ki xm OW xOy=Wt jwi VwQ 3 x@ \qDN= R= TB 'xar=]t u}= QO
"OQ=O R}v |@U=vt |voty w OwW|tv xNwrm \qDN= Ov}=Qi |] pY=L uD@ 'swU
TBU w |Q}oxR=Ov= [18]'ASTM-C143 j@=]t uD@ AtqU= =OD@= '\qDN= R= TB
=@ uD@ 'Ow@ QDt|r}t 2 5 R= QDtm uD@ AtqU= xJv=vJ "OW xDN} Q =y?r=k uwQO uD@
=} QDnQR@ 'AtqU= xm|DQwY QO w xQ@} w \w@ Qt OQ=Ov=DU= j@=]t QwD=Q@} w R= xO=iDU=
GQ=N ?r=k R= RwQ 1 R= TB =yxvwtv [16]"OW|t xO}@ wm uD@ 'Ow@ QwmPt Q=Okt |w=Ut
xOWxDiQo Q_v QO uU j@=]t u; R= TB 'OvOW xDW=Po ?; uwQO |Qw;pta |=Q@ w

"OvDiQo Q=Qk V}=tR; OQwt w OvOW GQ=N ?; R=

u=t}U x@ ?; C@Uv "3"2
|}=yxvwtv 'uD@ \wrNt|xv}y@Ctw=kt?Um |=Q@ sRq?; u=R}tj}kOX}NWD |=Q@
w 5 pwOH |vRw |=yC@Uv R= Qw_vt u}= |=Q@ "CiQo Q=Qk |UQQ@ OQwt \wrNt R=
?Um Qw_vt x@ '�0 45 w 0 42 '0 4 '0 39 '0 37� u=t}U x@ ?; C@Uv Q}}eD
uD@ |=yxvwtv |xRwQ 7 |Q=Wi Ctw=kt "OW xO=iDU= |Q=Wi Ctw=kt u} QDW}@
xO=O u=Wv 2 pmW QO w Ot; CUOx@ 6 pwOH j@=]t =yC@Uv u}= |=Q=O l@U
uwO@ w T}r}Uwv=v |=Q=O l@U uD@ ẁv wO Qy xm OwW|t x_Lqt "CU= xOW
|=Q@ 'u}=Q@=v@ "OvQ=O =Q Ctw=kt u} QDW}@ 0 37 u=t}U x@ ?; C@Uv =@ T}r}Uwv=v
'OW xO=iDU= 0 37 u=t}U x@ ?; C@Uv R= uD@ ẁv wO u}= C=}YwYN Qo}O u}}aD
T=U=Q@ [19]'ASTM C567 OQ=Ov=DU= x@ xHwD =@ u; lWN XwYNt uRw xm

%OW x@U=Lt 1 |x]@=Q
Qc = (Mdf +Mdc + 1 2Mct)=V (1)

?amtQDt Q@ sQowr}m ?UL Q@ uD@ lWN XwYNt uRw Qc 'x]@=Q u}= QO xm
uRw Mct w =yxv=OCWQO w =yxv=OR} Q uRw Mdc w Mdf R= xO=iDU= =@ xm 'CU=
"CU= ?amtQDt ?UL Q@ uD@ sHL V "O};|t CUOx@ sQowr}m ?UL Q@ u=t}U
xO=iDU= =@ 0 37 u=t}U x@ ?; C@Uv =@ l@U uD@ lWN XwYNt uRw Q=Okt

"Ot; CUOx@ ?amtQDt Q@ sQowr}m 1675 Q@=Q@ QwmPt |x]@=Q R=

"T}r}Uwv=v |=Q=O l@U uD@ w l@U uD@ |xRwQ 7 |Q=Wi Ctw=kt "2 pmW

"ACI-2R-98 T=U=Q@ \qDN= |=yC@Uv "3 pwOH
|vRw |=yC@Uv |tHL |=yC@Uv Kr=Yt

232 5 0 2325 ?;
341 91 0 11 u=t}U
332 64 0 4 =m}r
570 07 0 23 xU=t

"x}rw= \qDN= KQ] "4 pwOH
|vRw |=yC@Uv |tHL |=yC@Uv Kr=Yt

157 0 157 ?;
475 0 153 u=t}U
410 0 31 =m}r
840 0 34 xU=t

"\qDN= |vRw |=yC@Uv "5 pwOH
uD@ |xvwtv Kr=Yt

NLWC LWC

475 475 (kg) u=t}U
0 45 0 45 u=t}U x@ ?; C@Uv
255 255 (kg) =m}r
850 850 (kg) xU=t
2 1 8 xOvvmu=wQ jwi OYQO
3 T}r}Uwv=v OYQO

|=Q@ =Q 0 29 u=t}U x@ ?; C@Uv =@ =t= ACI =@ x@=Wt \qDN= |=yC@Uv R=
xOWx�=Q= |=yC@Uv =@ x}rw= \qDN= KQ] 'CU= xOQm x}YwD p=mU=B=ot 30 Ctw=kt
|@ wN x@ uD@ Q@ T}r}Uwv=v QF= xmv}= |=Q@ xar=]t u}= QO "Ot; CUO x@ 4 pwOH QO
xOW xO=iDU= xOW xO}O lQ=OD QDW}@ u=t}U =@ xm |]qDN= KQ] R= 'OwW |UQQ@

"CU=
?PH w xO=iDU= OQwt Kr=Yt XwYNt uRw x@ xHwD =@ x}rw= \qDN= KQ]
?; C@Uv '|vRw \qDN= |=yC@Uv |=Q@ s=Hv=QU xm 'OW K}LYD =yxv=OnvU ?;
|=yxvwtv QO xm CU= sRq QmPD u}= "OW Q=}DN= 5 pwOH j@=]t 0 45 u=t}U x@
xOW xO=iDU= u=t}U |vRw OYQO |v} Ro}=H |=Q@ T}r}Uwv=v R= 'T}r}Uwv=v |=Q=O
R= u=wD|t xv=Ol@U uD@ \qDN= |=Q@ xm OyO|t u=Wv xOWs=Hv= C=ar=]t "CU=

%OQm xO=iDU= VwQ 3
jwi =@ ,q@k xm '?; |Q=Okt x=Qtyx@ =yxv=OCWQO |rwtat uD@ x@=Wt '=OD@= QO "1
u=t}U 'xU=t u; R= TB w xDN} Q um\wrNt uwQO 'CU= xOW \wrNt xOvvmu=wQ
xk}kO 3 COt x@ \qDN= u}= "OwW|t xi=[= \wrNt x@ G} QODx@ ?; |x}k@ w
xk}kO 2 =@ =yDv= QO w Vwt=N um\wrNt xk}kO 3 u; R= TB w O@=}|t xt=O=

[16]"OwW|t xO=iDU= xO=t; uD@ 'OOHt \qDN=
'xU=t 'u=t}U pt=W xm pw= VN@ %OwW|t \wrNt xv=o =OH VN@ wO QO uD@ "2
x=Qty x@ =yxv=OCWQO 'swO VN@ w \wrNt 'CU= ?; swU wO OwOL w |vOwRi=

[11]"OwW|t xi=[= pw= VN@ \wrNt x@ ?; |xOv=t}k=@
=@ xk}kO 1 COt x@ =OD@= QO xU=t w u=t}U 'xv=OCWQO pt=W lWN Kr=Yt "3
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D@�
wv=v

|U
Ovyt

|=y
|oS

}w"T}r}U wv=v |=Q=O l@U uD@ w l@U uD@ |xRwQ 7 |Q=Wi Ctw=kt w u=t}U x@ ?; C@Uv Q}}eD "6 pwOH
|Q=Wi Ctw=kt XwYNt uRw AtqU= OYQO jwi OYQO ?; C@Uv xvwtv

(MPa) (kg/m3) (cm) T}r}Uwv=v xOvvmu=wQ u=t}U x@
14 6 1760 30 1 8 0 45 LWC-Cyl-1
18 37 1771 19 1 8 0 42 LWC-Cyl-2
19 93 1779 0 1 5 0 4 LWC-Cyl-3
21 17 1781 0 2 0 39 LWC-Cyl-4
20 5 1790 0 1 5 0 37 LWC-Cyl-5
21 23 1744 15 3 2 0 45 NLWC-Cyl-1
18 77 1755 19 3 2 2 0 42 NLWC-Cyl-2
19 1 1760 18 5 3 2 4 0 4 NLWC-Cyl-3
22 83 1765 19 3 2 6 0 39 NLWC-Cyl-4
24 03 1772 16 3 2 6 0 37 NLWC-Cyl-5

l@U uD@ w l@U uD@ |Q=Wi Ctw=kt ?UL Q@ |a=HDQ= pwOt C=Q}}eD "3 pmW
"T}r}Uwv=v |=Q=O

w Cw=iDt G}=Dv uD@ ẁv wO |=Q@ �pw@k p@=k |oDU@ty ?}=Q[ =@� j}kLD u}= G}=Dv
O=yvW}B 2 |x]@=Q T}r}Uwv=v |=Q=O l@U uD@ |=Q@ xm 'OyO|t CUOx@ =Q |rkDUt

%OwW|t
Ec = 6 458f 00 361

c (2)

=Q uD@ ẁv wO |Q=Wi Ctw=kt |xv}W}@ Q}_v VvQm Q=Okt '7 pwOH uwDU u} QN;
VvQm C=Q}}eD 4 pmW QO u}vJty "CU= l}ORv Qo}Om} x@ ,=@} QkD xm 'OyO|t x�=Q=
VR=Q@ =@ =yv; \@=wQ w xOWs}UQD |Q=Wi Ctw=kt p@=kt QO VvD |xv}W}@ Q}_v
l@U uD@ |Q=Wi Ctw=kt Q}_v VvQm '3 |x]@=Q "CU= xOW xO=O u=Wv |]NQ}e

%OyO|t u=Wv =Q T}r}Uwv=v |=Q=O
"0 = 4 473� 10�4f

02
c (3)

=yxvwtv V}=tR; "3
|a=HDQ= pwOt w |Q=Wi Ctw=kt "1"3

OQ=Ov=DU= j@=]t pY=L uD@ \wrNt '|}=yv \qDN= |=yC@Uv u}}aD R= TB
uD@ w l@U uD@ |=y|oS} w u}}aD x@ \w@ Qt |=yxvwtv |=Q@ [16]' ASTM-C192
xRwQ 7 uU QO =yxvwtv s=tD "OW |Qw;pta w |R} Q?r=k T}r}Uwv=v |=Q=O l@U

"OvDiQo Q=Qk V}=tR; OQwt \w@ Qt |=yOQ=Ov=DU= x@ xHwD =@ w OvOW GQ=N ?; R=
300 � 150 mm O=a@= |}xv=wDU= |=yxvwtv R= |Q=Wi Ctw=kt u}}aD |=Q@
uDw}vwr}m 2000C}iQ_ x@ ELE x=oDUO QO [20]'ASTM-C39 OQ=Ov=DU= j@=]t
|a=HDQ= pwOt "OW xO=iDU= x}v=F Q@ p=mU=B=ot 0 28 |Q=PoQ=@ CaQU =@ w
|Q=PoQ=@ CaQU =@ w [21]'ASTM-C496 OQ=Ov=DU= C}=aQ =@ xRwQ 28 |=yxvwtv
OQ=Ov=DU= j@=]t 'VvD RmQtD uOQ@u}@ R= |=Q@ =yV}=tR; u}= QO "OW u}}aD 0 28
=@ u=t}U Q}tN =@ w OQowo Q}tN =@ xw}W wO x@ |Q=Polyqm [22]'ASTM-C617

"OW s=Hv= =yxvwtv |wQ Q@ p=mU=B=ot 37 96 u}ov=}t Ctw=kt
Ctw=kt R= XNWt |D@Uv |}xv=wDU= |xvwtv |Q=Wi Ctw=kt xmv}=x@ xHwD =@
u}= |rwtat uD@ |=Q@ u=Q}= |rt C=QQkt syv EL@t 'CU= |@amt |xvwtv |Q=Wi
l@U uD@ w l@U uD@ |=Q@ C@Uv u}= u}ov=}t "OyO|t x�=Q= 0 8 Q@=Q@ =Q C@Uv
QO =yv; Q=Okt xm 'Ot; CUOx@ 0 66 w 0 53 =@ Q@=Q@ ?}DQD x@ T}r}Uwv=v |=Q=O
�3 l@U uD@ \qDN= KQ] QO Qo = 'pwOH u}= j@=]t "CU= xOW xOQw; 7 pwOH
|Q=Wi '|}xv=wDU= |Q=Wi Ctw=kt u}ov=}t 'OwW u} Ro}=H T}r}Uwv=v =@ u=t}U
uD@ Q}_v Q}O=kt x@ C@Uv T}r}Uwv=v |=Q=O l@U uD@ |a=HDQ= pwOt w |@amt
pwOt C=Q}}eD '3 pmW QO "O@=}|t V}=Ri= OYQO 79 w 24 '47 ?}DQD x@ l@U
pwOt u=}t \=@DQ= |Q=QkQ@ |=Q@ T}r}Uwv=v |=Q=O l@U uD@ w l@U uD@ |a=HDQ=
|x]@=Q =@ xU}=kt QO w T}r}Uwv=v |=Q=O l@U uD@ |Q=Wi Ctw=kt w |a=HDQ=
Qy |=Q@ ACI |O=yvW}B \@=wQ OwW|t x_Lqt xJv=vJ "CU= xOW xOQw; ACI

VR=Q@ R= xOt;CUOx@ \@=wQ xm |r=L QO "CU= xO}t=Hv= xH}Dv l} x@ uD@ ẁv wO
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|rw
mWm

C=}
@=Q}

tU
w|

t}vU
D|

raU
=@a "�xRwQ 28� T}r}Uwv=v |=Q=O l@U uD@ w l@U uD@ |UOvyt C=YNWt "7 pwOH

Q}_v VvQm pwOt Ctw=kt C@Uv Ctw=kt Ctw=kt C@Uv |WWm C@Uv |Q=Wi Ctw=kt C@Uv =@ |=yxvwtvCtw=kt |a=HDQ= x@ |WtN |WtN x@ |WWm
(MPa)

|}xv=wDU= |@amt |}xv=wDU= 0 37 u=t}U x@ ?;|Q=Wi (GPa) |Q=Wi (MPa) |Q=Wi |@amt x@
0 00155 9 58 0 20 2 24 0 19 2 10 0 43 26 11 24 LWC-Cy1 & Cub1
0 00191 8 13 0 20 2 38 0 18 2 20 0 48 25 12 07 LWC-Cy2 & Cub2
0 00173 9 66 0 21 2 51 0 19 2 28 0 45 26 7 12 11 LWC-Cy3 & Cub3
0 00153 13 10 0 20 2 64 0 18 2 41 0 48 26 7 13 05 LWC-Cy4 & Cub4
0 00191 11 90 0 18 3 18 0 15 2 55 0 65 27 17 55 LWC-Cy5 & Cub5
0 00201 12 20 0 17 3 18 0 15 2 70 0 68 27 18 45 LWC-Cy6 & Cub6
0 00182 10 80 0 19 2 72 0 17 2 37 0 53 25 23 14 08 u}ov=}t
0 0013 17 94 0 22 3 70 0 17 2 83 0 53 31 1 16 49 NLWC-Cy1& Cub 1
0 0014 18 74 0 22 3 98 0 17 2 97 0 58 31 1 18 14 NLWC-Cy2 & Cub2
0 0017 18 74 0 21 4 20 0 16 3 14 0 64 31 2 19 82 NLWC-Cy3 & Cub3
0 0022 18 52 0 20 4 38 0 15 3 2 0 69 31 2 21 53 NLWC-Cy4 & Cub4
0 0023 20 38 0 20 4 50 0 14 3 25 0 71 32 2 22 89 NLWC-Cy5 & Cub5
0 00286 21 23 0 18 4 52 0 14 3 44 0 79 32 2 25 44 NLWC-Cy6 & Cub6
0 00174 19 26 0 21 4 18 0 16 3 14 0 66 31 50 20 72 u}ov=}t

"T}r}Uwv=v |=Q=O l@U uD@ w l@U uD@ |WtN Ctw=kt "5 pmW

|=Q=O l@U uD@ w l@U uD@ |Q=Wi Ctw=kt Q}_v VvQm C=Q}}eD "4 pmW
"T}r}Uwv=v

|WtN Ctw=kt "2"3
OQ=Ov=DU= O=a@= x@ |QwWvt |=yxvwtv R= |WtN Ctw=kt u}}aD |=Q@
OQ=Ov=DU= \@=w[ T=U=Q@ xm 'CU= xOW xO=iDU= 150 � 150 � 650 mm

OQ=Ov=DU= QO GQOvtVwQ x@ w xk}kO Q@ p=mU=B=ot 1CaQU =@ [23]'ASTM-C293
OQwt |=yxvwtv |WtN Ctw=kt Q}O=kt "CU= xOW V}=tR; [21]'ASTM-C496
"CU= xOW xOQw; 7 pwOH QO |Q=WiCtw=kt x@ =yv;C@Uv wVywSB u}= QO |UQQ@
xOt;CUOx@ Q}O=kt =@ w s}UQDpf 0c p@=kt QO |WtN Ctw=kt C=Q}}eD '5 pmW QO
x_Lqt pmW u}= QO xm Qw]u=ty "CU= xOW xU}=kt ACI |xt=vu}}; \@=wQ R=
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"""QF
=w

l@
Uu

D@�
wv=v

|U
Ovyt

|=y
|oS

}w%CU= xOW x�=Q= |Q=Wi Ctw=kt ?UL Q@ T}r}Uwv=v
fct = 0 69f 00 5

c (5)

l@UuD@ � wv=v |}xR=U OQ@ Q=m "4
OQ@ Q=m 'T}r}Uwv=v |=Q=O l@UuD@ w l@U uD@ |m}v=mt C=}YwYN u}}aD R= TB
QDt 3 2 xk@] Qy `=iDQ= =@ xk@] 6 KrUt uD@ u=tDN=U 4 |}xR=U |=yu=tr= QO =yv;
|Q}PBpmW =@ |WtN ?=k =yu=tDN=U u}= |}xR=U sDU}U "CiQo Q=Qk |@=} RQ= OQwt
'|Q=PoQ=@ [24]'u=Q}= 2800 OQ=Ov=DU= swU V}=Q} w T=U=Q@ 'uQ=kDt uqB w \UwDt
|rY= Cw=iD [25]"OvOW |L=Q] �=@;� u=Q}= uD@ |xt=vu}}; j@] Q@ TBU w p}rLD
"CU= 8 pwOH QO xOWxO=O C=YNWt =@ uD@ ẁv |Q}oQ=mx@ QO u=tDN=U 4 u}=
xm '|rY= |=yw[a C=}�RH |NQ@ w uqB O=a@= pt=W xR=U |UOvy C=YNWt
xOW xOQw; 9 pwOH w 7 pmW QO 'CU= xOW ZQi u=Um} u=tDN=U 4 Qy |=Q@

"=yxR=U |L=Q] QO xDiQ Q=mx@ Kr=Yt C=YNWt "8 pwOH
|a=HDQ= pwOt |Q=Wi Ctw=kt XwYNt uRw w uD@ ẁv

(MPa) (MPa) |WWm/ (kg/m3) OQor}t
21450 18 � |Q=Wi 2400 |rwtat uD@
10773 18 � |Q=Wi 1675 l@U uD@
19259 18 � |Q=Wi 1675 T}r}Uwv=v =@ l@U uD@
200000 300 � |WWm 7850 �|WWm Ctw=kt� OQor}t

"Q}D w uwDU |=yOQor}t V}=Q; w u=tDN=U uqB "7 pmW

|rw 'CU= x@=Wt ,=@} QkD =yxvwtv |xty |=Q@ |WtN Ctw=kt C=Q}}eD OvwQ 'OwW|t
=@ 4 |x]@=Q 'Q_v u}= R= "OyO|t CUOx@ |QDtm Q}O=kt ACI |xt=vu}}; \@=wQ
|Q=Wi Ctw=kt T=U=Q@ |WtN Ctw=kt u}}aD u}tND |=Q@ q=@ |oDU@ty ?}=Q[

%OwW|t O=yvW}B
fr = 0 93f 00 5

c (4)

�|oDi=mW� |WWm Ctw=kt "3"3
OQ=Ov=DU= j@=]t |}xv=wDU= |xvwtv '�|oDi=mW� |WWm Ctw=kt u}}aD |=Q@
OQ=Ov=DU= QOGQOvtVwQ x@ w xk}kO Q@ p=mU=B=ot1 2CaQU =@ [9]'ASTM-C330
OQwt |=yxvwtv |WWm Ctw=kt Q}O=kt "CU= xOW V}=tR; [21]'ASTM-C496
w xOW xOQw; 7 pwOH QO |Q=Wi Ctw=kt x@ =yv; C@Uv w VywSB u}= QO |UQQ@
"CU= xO=O V}=Ri= =Q |WWm Ctw=kt '�26 T}r}Uwv=v uOwRi= xm OwW|t x_Lqt
w s}UQD pf 0c p@=kt QO |}xv=wDU= |=yxvwtv |WWm Ctw=kt C=Q}}eD '6 pmW QO

"CU= xOW xU}=kt ACI |xt=vu}}; \@=wQ R= xOt;CUOx@ Q}O=kt =@
Ctw=kt wO Qy QO C=Q}}eD OvwQ 'OwW|t x_Lqt pmW u}= QO xm Qw]u=ty
|xt=vu}}; \@=wQ |rw 'CU= x@=Wt ,=@} QkD =yxvwtv |xty |=Q@ �|WWm w |WtN�
?}=Q[ =@ xO=U |]N \@=wQ Q_v u}= R= "OyO|t CUOx@ |QDtm Q}O=kt ACI

Ctw=kt T=U=Q@ �|oDi=mW� |WWm Ctw=kt u}}aD u}tND |=Q@ 'q=@ |oDU@ty
|=Q=O l@U uD@ |WtN Ctw=kt Q=Okt '5 |x]@=Q QO "OwW|t O=yvW}B |Q=Wi

"T}r}Uwv=v |=Q=O l@U uD@ w l@U uD@ |oDi=mW Ctw=kt "6 pmW
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|rw
mWm

C=}
@=Q}

tU
w|

t}vU
D|

raU
=@a �I=1� \UwDt C}ty= =@ w |vwmUt |Q@ Q=m =@ =yxR=U u}= |xty u=tDN=U

Q_v QO II ẁv l =N w (A = 0 35 g) O=} R |r}N |@Uv Q]N =@ |xk]vt QO
p}rLD "CU= xOW ZQi lwr@ xJQ}D ẁv R= =yR=QD |xty QO =yhkU "Ov=xOW xDiQo
xU CQwYx@ SAP 140 0 Q=Ri=sQv \}Lt QO =yxR=U |xty |L=Q] x@ \w@ Qt
EL@t =@ j@=]t =yxR=U |rkF |Q=PoQ=@ "CU= xOW s=Hv= |]N |m}D=DU= w |Oa@
|=Q@ xOvR Q=@ w =y?=kv=}t uOQmQw_vt =@ xOQt Q=@ xm [26]'u=Q}= |rt C=QQkt sWW
xDiQo Q_v QO `@ QtQDt Q@ sQowr}m 150 s=@ |=Q@ xOvR Q=@ w 10 pwOH j@=]t C=k@]

"CU= xOW x�=Q= 11 pwOH QO x}rw= p}rLD G}=Dv |xYqN "CU= xOW

=yxR=U |]NQ}e p}rLD "5
xOW s=Hv= SAP 140 0 Q=Ri=sQv R= xO=iDU= =@ |m}D=DU= |]NQ}e |=yp}rLD
R= xO=iDU= =@ xar=]tOQwt |=yxR=U C}iQ_ |vLvt u}}aD w Q=DiQ |UQQ@ "CU=
OQmrta K]U |=Q@ hOy u=mtQ}}eD x@ uO}UQ =D '|]NQ}e |m}D=DU= p}rLD VwQ
w [27]'|}xRQr |R=Uy@ ptar=QwDUO \@=w[ T=U=Q@ "CU= xOW s=Hv= |v=H |vt}=
|=yqwr |Q}tN VNQJ u=R}t Q@ |vD@t <=[a= OQmrta Kw]U [28]'FEMA 356
<=[a= R= l} Qy QO O=R; xHQO l} |=ysDU}U |=Q@ XN=W u=wvax@ |Q}tN
u}}aD �?}=Q[ VwQ� 6 |x]@=Q R= xO=iDU= =@ hOy u=mtQ}}eD Q=Okt "OW u}}aD

"CU= xOW
�T arg et = C0C1C2C3Sa

T 2
e

4�2 g (6)

s=@ u=mtQ}}eD =@ |i}] u=mtQ}}eD uOQm\@DQt |=Q@ KqY= ?} Q[ C0 'u; QO xm
=Q Q_vOQwt |a=HDQ=Q}e u=mtQ}}eD |xv}W}@ xm CU= |LqY= ?} Q[ C1 'CU=
?} Q[ C2 'Ovm|t \@DQt |]N |a=HDQ= h}] R= xOt;CUOx@ |=yu=mtQ}}eD =@
xR=U |xv}W}@ |i}] u=mtQ}}eD QO T} RQDU}y Q=DiQ Q}F-=D uO=Ou=Wv |=Q@ |LqY=
Q=F; |xH}Dv QO u=mtQ}}eD V}=Ri= uOQmQw_vt |=Q@ |LqY= ?} Q[ C3 'CU=
u=tR x@ xHwD =@ xm 'CU= |i}] ?=DW ?} Q[ Sa w P �� =@ \@DQt swO |x@DQt
|=Q@ "CU= xR=U QF-wt |rY= ?w=vD u=tR Te w OwW|t u}}aD QF-wt |rY= ?w=vD
|=yu=tDN=U |}xRQr |R=Uy@ ptar=QwDUO \@=w[ R= C3 =D C0 ?}=Q[ |x@U=Lt
l}miDx@ hOy |x]kv w ?}=Q[ Q}O=kt '12 pwOH QO "OW xO=iDU= [27]'OwHwt
hOy u=mtQ}}eD j}kO Q=Okt u}}aD xm CW=O xHwD O}=@ "CU= xOW xOQw; =yxR=U
u}=|@} QkD Q=Okt xrLQt u}= QO 'u}=Q@=v@ 'CU= �Q*w)= VwB� uwRi=Q=@ p}rLD s=Hv= OvtR=}v
QO Q_vOQwt |=yxR=U |xty Q=DiQ QDj}kO |UQQ@ Qw_vt x@ "CU= xOW u}}aD QDt=Q=B
|=yxrRrR QF= CLD CU= umtt xm hOy u=mtQ}}eD R= QD=Qi |=yu=mtQ}}eD |xOwOLt

"xR=U |UOvy C=YNWt "9 pwOH
(mm) OQor}t w O=a@=

C=k@]=yQ}D =yuwDU
bb bd |rw] OQor}t dc bc

450 500 16�25 500 500 swU =D pw=
450 500 16�20 450 450 sWW =D swU

"|UQQ@ OQwt |=yxR=U C=YNWt "10 pwOH
xOvR Q=@ xOQt Q=@ |iQYt Kr=Yt w uD@ O=tv

(kg/m2) (kg/m2) ?=kv=}t =yhkU =yQ}D =yuwDU =yxR=U
200 700 ?�s s�? s�? s�? CC700
200 500 ?y T�? s�? s�? CC500
200 500 ?y T�? T�? s�? LWC500
200 500 ?y T�? T�?�u s�? NLWC500

'|}=v@ Kr=Yt = ?�s '|rwtat uD@ = s�?
"Tmr@y= ?y 'l@U uD@ = T�? 'l@U uD@ wv=v = T�?�u

w |rwtat |vD@ |=yuwDU w =yQ}D |=Q=O CC700 O=tv =@ xR=U u}DUNv "CU=
|�=v@ Kr=Yt R= =y?=kv=}t w xDN=U |rwtat uD@ =@ lwr@ xJQ}D R= =yhkU |xty
w 700 ?}DQD x@ u=tDN=U u}= QO C=k@] |xOvR w xOQt Q=@ xm 'Ov=xOW p}mWD
�CC500 O=tv |=Q=O� swO |xR=U QO "CU= xOW x@U=Lt `@ QtQDt Q@ sQowr}m 200
l@U uD@ w ?amtQDt Q@ sQowr}m 1675 XwYNt uRw =@ l@U uD@ |v} Ro}=H =@
xJQ}D hkU QO ?amtQDt Q@ sQowr}m 1200 XwYNt uRw =@ �xv=OCWQO uwO@�
'`@ QtQDt Q@ sQowr}m 80 uRw =@ =yQ=w}O QO Tmr@y |=ypv=B OQ@ Q=m w C=k@] lwr@

"Ci=} Vy=m `@ QtQDt Q@ sQowr}m 500 x@ C=k@] |xOQt Q=@
xOWx�=Q= C=YNWt =@ |}xR=U l@U uD@ R= C=k@] |=yQ}D 'swU |xR=U QO
sQowr}m 500 u=R}t x@ xOQt Q=@ QDW}@ Vy=m ?Hwt xm 'Ov=xOW p}mWD 9 pwOH QO
|xR=U Cw=iD "CU= LW500 xR=U u}= O=tv w CU= xOW xR=U QO ?amtQDt Q@
uD@ wv=v =} T}r}Uwv=v |=Q=O l@U uD@ R= xm CU= u}= QO swU |xR=U =@ sQ=yJ
"CU= NLW500 xR=U u}= |iQat O=tv "CU= xOW xO=iDU= C=k@] Q}D QO l@U

"CU= xOW x�=Q= 10 pwOH QO =yxR=U u}= Cw=iD |xYqN
"u=Q}= 2800 OQ=Ov=DU= T=U=Q@ xv=oQ=yJ |=yxR=U |x}rw= p}rLD G}=Dv "11 pwOH

x}=B VQ@ xrRrR ?} Q[ u=tDN=U uRw �x}v=F� ?w=vD u=tR
=yxR=U O=tv�uDw}vwr}m � 2800 OQ=Ov=DU= �uD� swO Owt pw= Owt OQ=Ov=DU=

x |=DU=Q y |=DU=Q 2800
1982 0 12 1669 0 95 0 98 0 6 CC700

1677 5 0 12 1425 0 87 0 9 0 6 CC500
1559 8 0 12 1321 1 1 0 6 LWC500
1559 8 0 12 1321 0 9 0 95 0 6 NLWC500
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"""QF
=w

l@
Uu

D@�
wv=v

|U
Ovyt

|=y
|oS

}w

"xar=]t OQwt |=yxR=U C}iQ_ |vLvt "8 pmW

|x}=B VQ@ w x}=B VQ@ |xv}W}@ Q=Okt QO |Q}}eD |rwtat uD@ R= xOWxDN=U |xR=U
VQ@ Q=Okt xm OwW|t xOy=Wt =t= "Ovm|tv O=H}= |]NQ}e |xOwOLt QO s}rUD
R= xOt;CUOx@ |=yQDt=Q=B "CU= xDi=}V}=Ri=|mOv= QDtm |xOQt Q=@ =@ xR=U QO s}rUD
Q}O=kt "CU= xOW x�=Q= 13 pwOH QO xOWp}rLD |=yxR=U R= l} Qy C}iQ_ |vLvt
w 2800 |xt=vu}�; T=U=Q@ xR=U |}=yv pmWQ}}eD R= xO=iDU= =@ =yxR=U |Q}PBpmW
xO=iDU= CQwY QO OwW|t xOy=Wt xm Qw]u=ty "CU= xOt; p}rLD G}=Dv T=U=Q@ R}v
'T}r}Uwv=v �3 \ki uOwRi= =@ =t= &O@=}|t Vy=m xR=U |Q}PBpmW 'l@U uD@ R=
u=mtQ}}eD xwqax@ "Ovm|t =O}B V}=Ri= l@U uD@ R= xOWxDN=U |xR=U |Q}PBpmW
uD@ R= QDW}@ 'T}r}Uwv=v |=Q=O l@U uD@ R= xOWxDN=U |xR=U QO pQDvm |x]kv
x�=Q= 14 pwOH QO xU}=kt |=Q@ xOt;CUOx@ |=yQDt=Q=B |=y C@Uv "CU= l@U

"CU= xOW

|Q}oxH}Dv "7
xOW\U@vt TQ |xv=Ol@U |=Q=Ol@U uD@ |m}v=mt C=}YwYN 'Q=DWwv u}= QO
Q=DiQ QO u; Vkv w |UQQ@ T}r}Uwv=v =@ u=t}U �3 |v} Ro}=H Cr=L QO xU=t w
u; G}=Dv sy= CtUk u}= QO xm 'CU= xOW |@=} RQ= |v=tDN=U |=y?=k |}xRQr

%CU= xOW xOQw;
"O@=}|t Vy=m |mOv= u; XwYNt uRw l@U uD@ x@ T}r}Uwv=v uOwRi= =@ "1
|xOvvmu=wQ jwi R= O}=@|}=Q=m u}t-=D |=Q@ xm 'O@=}|tVy=m R}v u;|}=Q=m u}vJty

"OwW xO=iDU= |QDW}@

"|]NQ}e |m}D=DU= p}rLD QO hOy u=mtQ}}eD w |LqY= ?}=Q[ "12 pwOH
|LqY= ?}=Q[ Q=Okt

=yxR=U O=tvC3 C2 C1 C0
1 1 1 1 42

�Target (cm) Sa

16 26 0 48 CC700
14 58 0 51 CC500
16 93 0 48 LWC500
15 29 0 48 NLWC500

"CU= xOW xDiQo Q_v QO 0 35 Q@=Q@ hOy u=mtQ}}eD 'OvQ}o Q=Qk QDW}@ COW =@
=yp}rLD |x}rm |R=Uy@ ptar=QwDUO w [28]'FEMA356 OQ=Ov=DU= V}B T=U=Q@
Q=@ ?}mQD CLD p}rLD 'xt=O= QO w (x; y) =DU=Q wO Qy QO |@v=H |=yQ=@ QF= CLD

"CU= xOt; 8 pmW QO =yxR=U u}= C}iQ_ |vLvt "CU= xOW s=Hv= |rkF

C}iQ_ |vLvt "6
|=Q=O l}miD x@ =yxR=U C}iQ_ |vLvt 'OwW|t xOy=Wt 8 pmW QO xm Qw]u=ty
QO xm '|}xR=U |DNU "CU= |Q}tN w |Q}tN � |a=HDQ= '|a=HDQ= |xrLQt 3
xm|r=L QO 'CU= |rwtat uD@ =@ xR=U R= QDtm 'CU= xOW xO=iDU= l@U uD@ R= u;
R= u=vJty |rw 'CU= xDi=} V}=Ri= u; |DNU 'l@U uD@ x@ T}r}Uwv=v uOwRi= =@
QO C=k@] |xOQt Q=@ Vy=m xwqax@ "CU= QDtm |mOv= |rwtat uD@ =@ xR=U |DNU

10



|rw
mWm

C=}
@=Q}

tU
w|

t}vU
D|

raU
=@a "2800 OQ=Ov=DU= w |]NQ}e p}rLD R= xOt;CUOx@ '=yxR=U |Q}PBpmW ?} Q[ Q}O=kt "13 pwOH

NLW500 LW500 CW500 CW700
4 56 �� 5 02 5 54 x QwLt |=DU=Q QO p}rLD OQ=Ov=DU= VwQ
4 79 �� 5 17 6 17 y QwLt |=DU=Q QO p}rLD 2800
2857 2402 3337 3302 �QDt Q@ uD� |DNU

QO |]NQ}e p}rLD1754 1750 1709 9 1712 8 �uDw}vwr}m � s}rUD Q}_v |x}=B VQ@
X QwLt |=DU=Q0 067 0 077 0 055 0 057 �QDt� �x

5 04 4 23 6 36 7 04 �� = �u=�y

2822 2335 3365 3376 �QDt Q@ uD� |DNU
QO |]NQ}e p}rLD1706 9 1736 4 1677 5 1658 �uDw}vwr}m � s}rUD Q}_v |x}=B VQ@
Y QwLt |=DU=Q0 065 0 08 0 054 0 052 �QDt� �y

5 34 4 38 6 48 6 73 �� = �u=�y

"�OYQO� |]NQ}e p}rLD R= xOt;CUO x@ '=yxR=U |}xRQr Q=DiQ pt=wa |xU}=kt "14 pwOH
NLW500 NLW500 NLW500 LW500 CW50 |Q=DiQ |=yQDt=Q=B
LW500 CW700 CW500 CW700 LW500
+18 9 �13 5 �28 0 �14 4 �27 3 x |=DU=Q

|DNU C@Uv+20 8 �16 4 �30 6 �16 0 �30 8 y |=DU=Q
+19 9 �15 0 �29 3 15 2 29 1 u}ov=}t
+0 2 +2 4 +2 3 �2 6 +2 2 x |=DU=Q VQ@ C@Uv
�1 7 +2 9 +3 5 +1 75 +4 7 y |=DU=Q x}=B
0 95 2 65 3 0 2 18 3 45 u}ov=}t

+18 4 �27 6 �32 6 �20 1 �38 8 x |=DU=Q ?} Q[ C@Uv
+22 8 �20 1 �34 9 �16 9 �32 4 y |=DU=Q |Q}PBpmW
20 6 23 9 33 8 18 5 35 6 u}ov=}t

QO V}=tR; R= xOt;CUOx@ Q}O=kt xwqax@ "Ot; CUOx@ T}r}Uwv=v uwO@ l@U
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