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"Kr=Yt |xOW|Q}oxR=Ov= Ctw=kt "2 pwOH
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QO |Q=PoQ=@|ivt wC@FtCyH "CU= xOW p=ta= Q}D |=OD@= x@�90 mmCWoQ@
OwHw xm Ov=xO=O u=Wv u}W}B |=yVywSB |=yxH}Dv "CU= xOW XNWt 3 pmW
p=YD= |WQ@ Ctw=kt lOv= V}=Ri= Ea=@ \ki Ov=wD|t uwDU QO |QwLt |wQ}v
70 kN Q@=Q@ |mOv= |QwLt |wQ}v u}=Q@=v@ [9]'OvW=@ xDW=Ov |Q}F-=D ,qY= =} OwW
|m}rwQO}y lH \UwD V}=tR; pw] QO xvwtv QDy@ |Ov@ Qm}B uOt;CUOx@ CyH
OQ=w |wQ}v Q=Okt '=yV}=tR; u}= pw] QO "CU= xOW p=ta= uwDU |=yDv= l} QO
xOW |Q}oxR=Ov= �200 kN C}iQ_ =@ wQ}v VHvU OL=w l} |xr}Uw x@ Q}D Q@
(�beam) Q}D lwv |}=Hx@=H |Q}oxR=Ov= CyH R}v |DwY=Qi QoTL l} R= "CU=

"CU= xOW xO=O u=Wv 3 pmW QO u; C}akwt xm 'CU= xOW xO=iDU=
Qy pw] QO lH \UwD xOWp=ta= |@v=H |}xNQJ u=mtQ}}eD |wor= '4 pmW
|}=Hx@=H =D |m}D=DU= u=mtQ}}eD |xNQJ 27 ẁtHt QO "OyO|t u=Wv =Q V}=tR;
u=Um} |@Uv |}=Hx@=H =@ |r=wDt |xNQJ xU "CU= xOW p=ta= �5 5 |@Uv
|DWoQ@ w CiQ |}xNQJ |Q=PoQ=@ CLD |DNU w Ctw=kt Vy=m |UQQ@ CyH

"CU= xOW p=ta=

V}=tR; |=yxH}Dv p}rLD "6
R=� |@Uv |}=Hx@=H p@=kt QO �uwDU Q@ QO� Q}D Qovr Ov=tUB |=yMU=B '5 pmW
'6 pmW QO w OyO|t V}=tv V}=tR; |=yxvwtv |=Q@ =Q �|}=Hx@=H � Q=@ TB u}=
Ctw=kt '4 pwOH u}vJty "CU= xOW xU}=kt =yxvwtv |}=Hx@=H � Q=@ VwB |vLvt

"=yxvwtv QO xOWsy=Qi w R=}vOQwt Q=yt pw] "3 pwOH
(mm) Q=yt pw] xvwtv xt=vu}};��R=}vOQwt �R=}vOQwt xOWsy=Qi

308 260 300 JHC318

ACI 318�11308 260 230 JHC352
291 260 300 JHT318
291 260 230 JHT352

243 205 300 JHC318
ACI�ASCE 352R�02243 205 230 JHC352

�2 ẁv p=YD=�229 205 300 JHT318
229 205 230 JHT352

"Oqwi w uD@ |xYNWt Ctw=kt Q}O=kt T=U=Q@ xOWx@U=Lt�
"|iQYt Oqwi w uD@ |xOW|Q}oxR=Ov= Ctw=kt Q}O=kt T=U= Q@ xOWx@U=Lt��

xOWv C}=aQ QwmPt OQwt 'JHT352 w JHC352 |=yxvwtv QO =t= "O@=}
"CU=

|Q=PoQ=@ |xwLv w V}=tR; |Ov@ Qm}B "5
|wLvx@ =yxvwtv "OyO|t u=Wv =QV}=tR; |Ov@ Qm}B |ak=w wl}D=tW |=tv '3 pmW
=yDv= wO Qy QO uwDU "CU= xDW=O Q=Qk |ki= C}akwt QO uwDU xm Ov=xOW V}=tR;
Q=yt ?rY hm QO |rYit OQmrta =@ |}=yp=YD= =@ �uwDU u}}=B w q=@ u=wvax@�
CiQ |m}rwQO}y lH x@ |rYit p=YD= l} \UwD R}v Q}D |=OD@= "CU= xOW
QO |oty uwDU u}}=B w q=@ w Q}D |=OD@= 'u}=Q@=v@ "CU= xOw@ pYDt |DWoQ@ w
CLD |WtN ?=k l} h]a \=kv =D 'Ov=xDW=O u=QwO C}r@=k |Q=PoQ=@ |xLiY
pYit =D pYit R= xk@] uwDU `=iDQ= "Ovvm |R=Ux}@W =Q xrRrR |@v=H |Q=PoQ=@
(lb) uwDU x@ p=YD= K]U =D |Q=PoQ=@ |x]kv R= Q}D pw] w QDt|r}t 2200 (lc)

"CU= xOw@ QDt|r}t 1400
\UwD uwDU |rw] QwLt |R=wt '|m}D=DU= pmW x@ |DWoQ@ w CiQ |QwLt Q=@
wCiQ |]N |xvt=O w 600 kN |Q=Wi w |WWmC}iQ_ =@ |m}rwQO}ylHl}
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yt

"V}=tR; |=yxvwtv |=Q@ |}=Hx@=H � Q=@ |=yQ=Owtv "5 pmW

"V}=tR; R= |@Uv |}=Hx@=H w Qovr |=yQ=Okt "4 pwOH
�peak Mpeak Mn QO � Mn xYNWt��� (kN-m) ��� (kN-m)

2 0 138 1 5 132 +
JK5 2 139 3 4 132 -

2 4 133 2 1 128 +
JHC3184 3 131 2 2 128 -

4 2 136 2 1 128 +
JHC3524 5 139 2 2 128 -

3 5 121 2 4 117 +
JHT3182 5 137 1 8 117 -

3 5 129 1 9 117 +
JHT3522 5 127 1 9 117 -

6 pmW QO xm Qw]u=ty "�5 pmW� CU= xOW xOy=Wt sm Q=}U@ QwLt x@ C@Uv
R= TB `k=w QO w �3 5 |@Uv |}=Hx@=H R= TB 'Q}N= |xvwtv QO 'OwW|t xOy=Wt
wO =@ |xvwtv QO "CU= xOW xOy=Wt Ctw=kt Ci= 'Q}D QO |Q}tN pYit p}mWD
=@ Q}PBpmW Q=DiQ '�JHT352� QDx=Dwm Q=yt pw] w Q}D u}}=B w q=@ QO OQor}t h}OQ
=D QDW}@ Ctw=kt Ci= u}vJty w =yxvwtv Q}=U R= QDW}@ QwLt x@ C@Uv |oOW`tH
|=yxNQJ QO Ctw=kt Ci= 'QwmPt |xvwtv QO "CU= xOW xOy=Wt V}=tR; |=yDv=
=Q u; Cra xm 'CU= xOw@ QDW}@ =yxvwtv Q}=U C@Uv x@ R}v �5 5 |}=Hx@=H |Q=QmD
xOWQmP |xvwtv wO Q=DiQ u}=Q@=v@ "CUv=O p=YD= QO Q}D |=yOQor}t VRer u=wD|t
OL QO xm 'CU= xOw@ V}=tR; |=yDv= =D Ctw=kt lOv= Vy=m =@ x=Qty Q}PBpmW R}v
'CU= xOw@ JHT352 |xvwtv x@ \w@ Qt Ctw=kt Vy=m u} QDW}@ "CU= pw@k p@=k

"|}=Hx@=H � Q=@ VwB Q=Owtv "6 pmW

Q_=vDt |@Uv |}=Hx@=H w '(Mpeak) Q}D Qovr |xv}W}@ '�Mn� Q}D |tU= |WtN
Mn R= Mpeak '=yxvwtv |t=tD QO "OyO|t u=Wv =Q V}=tR; pw] QO (�peak) u;
=yxvwtv QO |Q}tN pYit p}mWD |xOvyOu=Wv u=wD|t =Q u; xm 'CU= xOQm Rw=HD
Q}D pw] x@ Q}D |=yDv= |}=Hx@=H s}UkD R= (�) |@Uv |}=Hx@=H '=Hv}= QO "CUv=O

"CU= xOW u}}aD uwDU QwLt =D |Q=PoQ=@ |x]kv R=
|rm Q=DiQ xm CiQo xH}Dv u=wD|t �5 pmW� Ov=tUB |=yxkrL |xU}=kt R=
Q=yt |=ypw] =@ Q}D QO sy x@ l}ORv Q=Olyqm OQor}t h}OQ l} =@ |=yxvwtv
wO QO "OvDUy sy x@=Wt Q=}U@ '�JHC352 w JHC318 |=yxvwtv� Cw=iDt
Q=}U@ �pinching� QwLt x@ C@Uv |oOW`tH =@ Q}PBpmW Q=DiQ 'QwmPt |xvwtv
xOy=Wt R}v �6 pmW� |}=Hx@=H � Q=@ VwB |vLvt R= "CU= xOW xOy=Wt |mOv=
uwO@ |Q=PoQ=@ CyH wO Qy QO JHC352 w JHC318 |xvwtv wO xm OwW|t
QO u}vJty w xDW=O |Dtw=kt OvwQ Q_v R= |y@=Wt Q=DiQ '|@v=H Ctw=kt QO Vy=m
OQor}t h}OQ 2 =@ |xvwtv QO "Ov=xO}UQ |v=Um} ,=@} QkD Q=@ |xv}W}@ x@ CyH wO Qy
|oOW`tH =@ Q}PBpmW Q=DiQ '(JHT318) QDOvr@ Q=yt pw] w Q}D u}}=B w q=@ QO
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"V}=tR; |=yDv= QO |oOQwNlQD |=ywor= "7 pmW

|}xRQr \}=QW QO |WtN ?=k l} R= |w[a u=wvax@ p=YD= uDW=O C}LqY |=Q@
"Ovm|t KQ]t =Q |D=t=Rr= 'VN@C}=[Q OQmrta uOQw;CUOx@ w O}OW

|}xRQr Q=DiQ =@ |WtN ?=k VQ}PB |=Q@ 'ACI 374 1�05 |xt=vu}}; j@]
Qy |=Q@ =yQ=}at u}= '�3 5 |@Uv |}=Hx@=H Q=QmD |xNQJ u}twU QO O}=@ '?U=vt

%OwW u}t-=D |Q=PoQ=@ CyH wO
|xv}W}@ �75 R= QDtm O}=@v |Q=PoQ=@ CyH Qy QO |r=ta= |wQ}v |xv}W}@ �hr=

&OW=@ CyH u=ty QO |@v=H Ctw=kt
&OW=@ 0 125 R= QDtm O}=@v � |@Uv |xOWlryDUt |SQv= �?

|@Uv |}=Hx@=H u}@ |Dv=mU |DNU xm (Ks) QiY OwOL |Dv=mU |DNU �G
u}rw= R= (K) x}rw= |DNU 0 05 R= QDlJwm O}=@v 'CU= ��0 35 =D ��0 35

"OW=@ CyH u=ty QO xNQJ
|xt=vu}}; VQ}PB |=yQ=}at =@ \@DQt xm V}=tR; G}=Dv '5 pwOH QO
w '? 'hr= |xOWxO=OKQW |=yQ=}at "CU= xOW x�=Q= 'OvDUy ACI 374 1�05
'xOWu=wva |=yQ=}at Q@ xwqa "Ov=xOt; 5 pwOH sHvB =D swU |=yuwDU QO?}DQD x@ G
Ctw=kt Q@=Q@ � R= V}=tR; QO xOt;CUOx@ Ctw=kt |xv}W}@ Rw=HD sOa C}OwOLt
u}= Cra "CU= xOW pQDvm 5 pwOH swO h}OQ QO R}v =yxvwtv |xOWx@U=Lt |tU=
xi=[= ?} Q[ � "CU= xOw@ |wk uwDU � h}a[ Q}D Q=DiQ u}t-=D R= u=v}t]= 'pQDvm
Qw]u=ty "CU= 1 25 Q@=Q@ xm 'CU= ACI 318 |xt=vu}}; j@] uwDU Ctw=kt
xvwtv 4 Qy OQmrta w xOW xOQw;Q@ VQ}PB |=yQ=}at |x}rm 'OwW|t xOy=Wt xm
u=v}t]= CyH '5 pwOH sDWy =D sWW |=yuwDU QO "Ov=xOW |krD VN@C}=[Q
R}v �4 5 |@Uv |}=Hx@=H QO VQ}PB |=yQ=}at 'VN@C}=[Q OQmrta pwYL R=
R}v |@Uv |}=Hx@=H u}= QO 'OwW|t xOy=Wt xm Qw]u=ty "Ov=xDiQo Q=Qk |UQQ@ OQwt
xOQw;Q@ |}xRQr VN@C}=[Q Q=DiQ =@ p=YD= u=wvax@ |WtN ?=k VQ}PB |=yQ=}at

"Ov=xOW
�3 5 |@Uv |}=Hx@=H =@ xNQJ u}twU pw] QOCtw=ktVy=m 'X=N Qw] x@

Ctw=kt |xv}W}@ �75 OwOL x@ |ivt CyH QO �5 5 |@Uv |}=Hx@=H QO xm
"CU= xO}UQ OwN

��5 5 |@Uv |}=Hx@=H� V}=tR; |=yDv= QO =yxvwtv C}a[w '7 pmW QO
|x}rm QO uwDU CQw=Ht QO Q}D QO |Q}tN pYit p}mWD "CU= xOW xO=O u=Wv
x@ p=YD= |xtWJ QO |QO@ Q[ |=ylQD VQDUo "CU= xOW xOy=Wt =yxvwtv
|xvwtv QO =ylQD ZQa "CU= xOw@ Q}PB=v?=vDH= |DWoQ@ w CiQ |Q=PoQ=@ Cra
0 9 OwOL x@ w xDW=Ov |v=OvJ V}=Ri= �4 5 |@Uv |}=Hx@=H =D JHC318
|}=Hx@=H Q=QmD swO |xNQJ =D |Q}tN pYit p}mWD "CU= xOw@ OwOLt QDt|r}t
|v=yo =v V}=Ri= '|}=Hx@=H u}= Q=QmD swU |xNQJ QO w xDi=} VQDUo �5 5 |@Uv
p}mWD R= TB |WQ@ CUmW u}= Cra "CU= xO=O MQ |WQ@ |=ylQD ZQa
u=wD|t =Q 'CU= xOw@ x=Qty xNQJ u}= QO |WtNCtw=ktCi= =@ xm '|Q}tN pYit
Ci= '�3 5 |@Uv |}=Hx@=H |=yxNQJ u=}=B =D =t= "CUv=O Q}D |=yOQor}t VRer
|iQ] R= [4]"CU= |rw@k p@=k Q=Okt xm 'CU= xOw@ �5 OwOL QO xvwtv Ctw=kt
V}=Ri= =yxvwtv |x}rm QO "CU= xOw@ VN@C}=[Q V}=tR; u=}=B =D xvwtv |rm Q=DiQ
uD@ OwyWt uOWOQN w �3 5 OwOL |@Uv |}=Hx@=H QO |WtN |=ylQD ZQa
7 pmW QO xm Qw]u=ty "CU= xO=O MQ �4 5 |@Uv |}=Hx@=H OwOL QO =yxQ=vm
O=OaD �JHT352 w JHC352� QDx=Dwm Q=yt pw] =@ |=yxvwtv QO 'OwW|t xOy=Wt
Ovr@ Q=yt pw] =@ x@=Wt |=yxvwtv R= QDxOQDUo 'V}=tR; |=yDv= QO |WQ@ |=ylQD
� Q=@ VwB Q=Owtv w Ov=tUB |=yxkrL '|iQ] R= "Ov=xOw@ =ylQD OwOLt ZQa =@ |rw

"Ov=xO=O u=Wv =Q |WN@C}=[Q Q=DiQ xOWQmP |=yxvwtv |=Q@ |}=Hx@=H

ACI 374 1�05 |xt=vu}}; j@] OQmrta |@=} RQ= "7
|=yQ=}at T=U=Q@ xOWV}=tR; |=yp=YD= |}xRQr Q=DiQ |UQQ@ x@ VN@ u}= QO
|=y?=k VQ}PB |=yQ=}at� u=wva =@ [10]'ACI 374 1�05 |xt=vu}}; VQ}PB
'QwmPt |xt=vu}}; "CU= xOW xDN=OQB �Q}UiD w|}xR=U |=yV}=tR; T=U=Q@|WtN
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u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt "ACI 374 1�05 |xt=vu}}; VQ}PB |=yQ=}at w V}=tR; |=yxH}Dv xU}=kt "5 pwOH

8 7 6 5 4 3 2 1
�4 5 |@Uv |}=Hx@=H swU |xNQJ QO �3 5 |@Uv |}=Hx@=H swU |xNQJ QO Mpeak

Mn
xYNWtKs

K � M3rd
Mpeak

Ks
K � M3rd

Mpeak

� 0 05 � 0 125 � 0 75 � 0 05 � 0 125 � 0 75 � 1 25 VQ}PB Q=}at
0 36 0 37 0 97 0 39 0 36 0 94 1 04 +�

JHC3180 23 0 97 0 26 0 95 1 03 {

0 17 0 30 0 93 0 38 0 38 0 92 1 06 +
JHC3520 22 0 91 0 32 0 90 1 08 {

0 26 0 37 0 88 0 34 0 29 0 85 1 03 +
JHC3180 17 0 84 0 22 0 87 1 17 {

0 26 0 32 0 81 0 28 0 31 0 88 1 10 +
JHC35220 0 79 0 25 0 88 1 08 {

"OvDUy 3 pmW j@=]t |Q=PoQ=@ CyH Qou=}@ { =} + Ctqa �
"�Kr=Yt |xOW|Q}oxR=Ov= C=YNWt |=v@t Q@ xOWx@U=Lt� Q}D |tU= |WtN Ctw=kt %Mn

"Q}D |xOW|Q}oxR=Ov= Qovr |xv}W}@ %Mpeak

"OYQO 4 5 =} 3 5 |@Uv |}=Hx@=H Q=QmD u}twU pw] QO Q}D |xOW|Q}oxR=Ov= Qovr |xv}W}@ %M3rd
[10]"|@Uv |xOWlryDUt |SQv= %�

[10]"QiY OwOL |Dv=mU |DNU %Ks
[10]"x}rw= |DNU %K

Qw] x@ w XNWt 4db Q@=Q@ =Q =yOQor}t O=R; |xrY=i |xv}tm ACI 318�11
|=yxH}Dv "CU= xOQm ẁvtt =Q Q=Olyqm OQor}t h}OQ OvJ R= xO=iDU= |vt[

%CU= Q=Qk u}O@ xOt;CUOx@
O=R; |xrY=i =@ Q=Olyqm |=yOQor}t =@ |HQ=N uwDU � Q}D |=yp=YD= "1
T=U=Q@ 'p=YD= QwO xHw =D =yOQor}t Q=yt pw] O=ODt= sOa u}vJty w 2 3db
OQmrta w ?U=vt Q=DiQ 'ACI 374 1�05 |xt=vu}}; VQ}PB |=yQ=}at

"Ov=xDW=O Q}D QO |Q}tN pYit p}mWD x=Qty x@ VN@C}=[Q |}xRQr
w q=@ QO h}OQ wO QO Q=Olyqm |=yOQor}t =@ |HQ=N uwDU � Q}D |=yp=YD= "2
=yOQor}t Q=yt pw] O=ODt= sOa u}vJty w 1 25db O=R; |xrY=i =@ 'Q}D u}}=B
'ACI 374 1�05 |xt=vu}}; VQ}PB |=yQ=}at T=U=Q@ 'p=YD= QwO xHw =D
|Q}tN pYit p}mWD x=Qty x@ VN@C}=[Q |}xRQr OQmrta w ?U=vt Q=DiQ

"Ov=xDW=O Q}D QO
'h}OQ 1 QO 2 3db |xrY=i =@ Q=Olyqm |=yOQor}t R= xO=iDU= =@ |=yp=YD= "3
h}OQ 2 QO 1 25db |xrY=i =@ Q=Olyqm |=yOQor}t =@ p=YD= =@ xU}=kt QO
w =yOQor}t QDW}@ |xrY=i u=wD|t =Q u; Cra xm 'Ov=xO=O u=Wv |QDy@ Q=DiQ
=yOQor}t VRer x@ uO}WN@CaQU QO =ylyqm |Q@ Q=@ |xwo pN=OD QDtm QF=

"CUv=O
hQ=aDt |=yxrY=i w =yu=tO}J =@ Q=Olyqm |=yOQor}t R= xO=iDU= |rm Qw]x@ "4
u=wD|t =Q �OvDUy ACI 318�11 |xt=vu}}; R=Ht Q=Okt R= QDtm xm � |}=QH=
uwDU � Q}D |HQ=N |=yp=YD= QO OQor}t s=LOR= Vy=m CyH |@U=vt pL x=Q

"CUv=O

xHwD =@ JHT352 w JHT318 'JHC352 'JHC318 |=yxvwtv QO ?}DQD x@
"CU= xOw@ OYQO 12 w 15 '10 '6 |xv}W}@ u=R}t x@ 'xOWp=ta= Q=@ |xv}W}@ x@
'11 '3 ?}DQD x@ =yxvwtv u}= QO �4 5 |@Uv |}=Hx@=H |=Q@ Ci= |=yQ=Okt u}=
xNQJ QO "OvDUy �25 R=Ht Q=Okt R= QDtm sy R=@ xm 'CU= xOw@ OYQO 21 w 16
'sy x@ l}ORv Q=Olyqm OQor}t h}OQ 1 =@ |=yxvwtv '�3 5 |@Uv |}=Hx@=H =@
QiY |@Uv |}=Hx@=H OwOL QO Cv=mU |DNU Qw]u}ty w (�) |SQv= lqyDU=
"Ov=xDW=O Q}D u}}=B w q=@ QO OQor}th}OQ 2 =@ |=yxvwtv x@C@Uv |QDq=@ (Ks=K)

'CU= h}OQ 2 QO xDiQoQ=Qk |=yOQor}t QDtm |xrY=i Cra x@ ,q=tDL= ẁ[wt u}=
|xt=vu}}; |=yQ=}at Q_v R= |rmQw]x@ "CU= xO}WN@ CaQU =Q =yOQor}t VRer xm
Qo}O |xvwtv 3 x@ C@Uv |QDy@ Q=DiQ JHC318 |xvwtv 'ACI 374 1�05

"CU= xDW=O

|Q}oxH}Dv "8
|=yOQor}t Q=yt OQwt QO ACI 318 |xt=vu}}; R= |}=yx]@=[ 'VywSB u}= QO
R= |@=} RQ= u}= "CU= xDiQo Q=Qk |@=} RQ= OQwt KrUt uD@ |=yp=YD= QO Q=Olyqm
p=YD= |xvwtv 4 Q@ |@v=H |m}D=DU=x@W |}xNQJ |Q=PoQ=@ =@ V}=tR; s=Hv= j} Q]
QO =yV}=tR; u}= "CU= xOW s=Hv= |ak=w |xR=Ov= 2:3 T=}kt =@ |HQ=N uwDU � Q}D
|=yOQor}t u}@ �4db R= QDtm � sm O=R; |xrY=i �hr= %R= xO=iDU= Q}F-=D pw= |xHQO
Q=yt pw] p@=kDt QF= �G w 'Q}D QO Q=Olyqm OQor}t h}OQ OvJ �? 'Q=Olyqm
p=YD= |}xRQr OQmrta QO Q=Olyqm |=yOQor}t u=tO}J w Q=Olyqm |=yOQor}t
|xt=vu}}; xm CU= QmP x@ sRq "CU= xO=O Q=Qk |UQQ@ OQwt =Q uwDU � Q}D |HQ=N
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