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This guide assists practitioners in understanding: 1) twisting 

moments in two-way slabs, when twisting moments are an essential 

consideration; 2) methods that can be used to account for twisting 

moments in design; and 3) the options available for each method 

of the various system geometries. Descriptions of twisting moments 

are provided theoretically and visually in the guide, and six methods 

of accounting for twisting moments in design are discussed. Appli-

cability of the various methods is evaluated through a comparison 

of designs resulting from each method for a variety of two-way 

slab types and geometries. The theories described in the guide also 

apply to the design of two-way wall and two-way dome systems.

Keywords: ¿QLWH HOHPHQW DQDO\VLV� VKHOO GHVLJQ� VODE GHVLJQ� WRUVLRQ� WZLVW� 
WZLVWLQJ PRPHQWV� ZDOO GHVLJQ�
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LQWHQGHG IRU JXLGDQFH LQ SODQQLQJ� GHVLJQLQJ� H[HFXWLQJ� DQG 
LQVSHFWLQJ FRQVWUXFWLRQ� 7KLV GRFXPHQW LV LQWHQGHG IRU WKH XVH 
RI LQGLYLGXDOV ZKR DUH FRPSHWHQW WR HYDOXDWH WKH VLJQL¿FDQFH 
DQG OLPLWDWLRQV RI LWV FRQWHQW DQG UHFRPPHQGDWLRQV DQG ZKR 
ZLOO DFFHSW UHVSRQVLELOLW\ IRU WKH DSSOLFDWLRQ RI WKH PDWHULDO LW 
FRQWDLQV� 7KH $PHULFDQ &RQFUHWH ,QVWLWXWH GLVFODLPV DQ\ DQG 
DOO UHVSRQVLELOLW\ IRU WKH VWDWHG SULQFLSOHV� 7KH ,QVWLWXWH VKDOO 
QRW EH OLDEOH IRU DQ\ ORVV RU GDPDJH DULVLQJ WKHUHIURP�

5HIHUHQFH WR WKLV GRFXPHQW VKDOO QRW EH PDGH LQ FRQWUDFW 
GRFXPHQWV� ,I LWHPV IRXQG LQ WKLV GRFXPHQW DUH GHVLUHG E\ 
WKH $UFKLWHFW�(QJLQHHU WR EH D SDUW RI WKH FRQWUDFW GRFXPHQWV� 
WKH\ VKDOO EH UHVWDWHG LQ PDQGDWRU\ ODQJXDJH IRU LQFRUSRUDWLRQ 
E\ WKH $UFKLWHFW�(QJLQHHU�

$&, ���5��� ZDV DGRSWHG DQG SXEOLVKHG $SULO �����
&RS\ULJKW � ����� $PHULFDQ &RQFUHWH ,QVWLWXWH�
$OO ULJKWV UHVHUYHG LQFOXGLQJ ULJKWV RI UHSURGXFWLRQ DQG XVH LQ DQ\ IRUP RU E\ 

DQ\ PHDQV� LQFOXGLQJ WKH PDNLQJ RI FRSLHV E\ DQ\ SKRWR SURFHVV� RU E\ HOHFWURQLF 
RU PHFKDQLFDO GHYLFH� SULQWHG� ZULWWHQ� RU RUDO� RU UHFRUGLQJ IRU VRXQG RU YLVXDO 
UHSURGXFWLRQ RU IRU XVH LQ DQ\ NQRZOHGJH RU UHWULHYDO V\VWHP RU GHYLFH� XQOHVV 
SHUPLVVLRQ LQ ZULWLQJ LV REWDLQHG IURP WKH FRS\ULJKW SURSULHWRUV�
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction

6HFWLRQ ����� RI $&, ������ DOORZV VODEV WR EH GHVLJQHG 
E\ DQ\ SURFHGXUH WKDW VDWLV¿HV HTXLOLEULXP DQG JHRPHWULF 
FRPSDWLELOLW\� DQG UHTXLUHV WKDW� DW HDFK VHFWLRQ� WKH GHVLJQ 
VWUHQJWK H[FHHGV WKH UHTXLUHG VWUHQJWK DQG VHUYLFHDELOLW\ 
UHTXLUHPHQWV DUH IXO¿OOHG�

7UDGLWLRQDO VWULS GHVLJQ PHWKRGV IRU VODEV DUH EDVHG 
RQ DSSUR[LPDWH DQDO\VLV DQG SURYLGH QHLWKHU D FRPSOHWH 
HTXLOLEULXP ORDG SDWK RU VDWLVI\ JHRPHWULF FRPSDWLELOLW\� 
1RQHWKHOHVV� WKHVH PHWKRGV KDYH EHHQ XVHG VXFFHVVIXOO\ 
IRU PDQ\ \HDUV WR GHVLJQ VODEV ZLWK VXSSRUWV DUUDQJHG LQ D 
UHFWDQJXODU JULG�

)URP ���� WR ����� GHVLJQ HQJLQHHUV WUDQVLWLRQHG IURP 
SUHGRPLQDQWO\ XVLQJ WUDGLWLRQDO VODE DQDO\VLV PHWKRGV WR 
XVLQJ ¿QLWH HOHPHQW DQDO\VLV �)($�� 0RUH UHFHQWO\� HQJL�
QHHUV XVH )($ WR DVVLVW LQ WKH VWUXFWXUDO GHVLJQ RI WZR�ZD\ 
FRQFUHWH PHPEHUV� 7ZLVWLQJ PRPHQWV LQ WZR�ZD\ VODEV FDQ 
UHTXLUH DGGLWLRQDO UHLQIRUFHPHQW IURP WKRVH SURSRUWLRQHG 
IRU EHQGLQJ PRPHQWV� \HW WKH\ DUH RIWHQ PLVXQGHUVWRRG 
DQG VRPHWLPHV LJQRUHG� QHJOHFWHG� RU ERWK� E\ SUDFWLWLR�
QHUV LQ GHVLJQ� 7KLV LV PRVW OLNHO\ GXH WR WKHLU ODFN RI EHLQJ 
GLVFXVVHG FRPSUHKHQVLYHO\ LQ GHVLJQ FRGHV DQG IUHTXHQW 
H[FOXVLRQ IURP FROOHJH FRQFUHWH GHVLJQ FRXUVH FXUULFXOD�

$OWKRXJK )($ VROXWLRQV SURYLGH D IXOO HTXLOLEULXP ORDG 
SDWK DQG VDWLVI\ JHRPHWULF FRPSDWLELOLW\� WKH\ GHWHUPLQH 
ORDG SDWKV WKDW UHTXLUH WZLVWLQJ PRPHQWV IRU HTXLOLE�
ULXP �6KLQ HW DO� ������ 0DQ\ GHVLJQHUV XVLQJ )($ KDYH 
LJQRUHG WKHVH WZLVWLQJ PRPHQWV²D SRVVLEOH XQFRQVHUYD�

WLYH DVVXPSWLRQ ZKHUH WZLVWLQJ PRPHQWV DUH KLJK �3DUN DQG 
*DPEOH ������ 7R SURYLGH GHVLJQHUV ZLWK JXLGDQFH UHODWHG 
WR WKLV LVVXH� PHWKRGV IRU H[SOLFLWO\ LQFRUSRUDWLQJ WZLVWLQJ 
PRPHQWV GHWHUPLQHG IURP )($ LQ WKH GHVLJQ RI VODEV DUH 
GLVFXVVHG LQ WKLV JXLGH�

7KH SXUSRVH RI WKLV GHVLJQ JXLGH LV WR SURYLGH DGYLFH 
WR GHVLJQ HQJLQHHUV ZKR DQDO\]H VODE V\VWHPV ZLWK ¿QLWH 
HOHPHQW PHWKRGV DQG ZKR QHHG WR HQVXUH WKHLU GHVLJQV DUH 
VDWLVIDFWRU\ IRU WKH WZLVWLQJ PRPHQWV SUHGLFWHG E\ WKH DQDO�
\VLV� 7KLV JXLGH SURYLGHV EDFNJURXQG LQIRUPDWLRQ UHJDUGLQJ 
WZLVWLQJ PRPHQWV DQG GHVFULEHV PXOWLSOH DSSURDFKHV IRU 
FRQVLGHUDWLRQ RI WZLVWLQJ PRPHQWV LQ GHVLJQ� ,W DOVR SURYLGHV 
DGYLFH IRU GHVLJQHUV RI ZDOOV DQG VKHOOV ZLWK WZLVWLQJ PRPHQW 
FRQGLWLRQV VLPLODU WR WKRVH LQ VODEV�

1.2—Scope

7KLV GHVLJQ JXLGH DSSOLHV WR VODEV RI ERWK XQLIRUP DQG 
QRQXQLIRUP WKLFNQHVVHV� LQFOXGLQJ GURS FDSV DQG GURS 
SDQHOV� H[FHSW ZKHUH QRWHG LQ WKH WH[W� 7KLV JXLGH GRHV QRW 
DSSO\ WR ZD൷H VODEV� RU WKH EHDPV RI EHDP�DQG�VODE ÀRRU 
V\VWHPV� &KDSWHUV � WKURXJK � DGGUHVV VODEV DQG ZDOOV LQ 
ZKLFK WKH UHVSRQVH LV GHWHUPLQHG SXUHO\ E\ EHQGLQJ� &KDSWHU 
� DGGUHVVHV VKHOOV IRU ZKLFK WKH UHVSRQVH LV GHWHUPLQHG E\ 
EHQGLQJ DQG PHPEUDQH DFWLRQ� &KDSWHU � DQG WKH WKHRU\ 
VHFWLRQV RI WKLV JXLGH DUH DSSOLFDEOH WR ZDOOV� &KDSWHU � DQG 
WKH WKHRU\ VHFWLRQV RI WKLV JXLGH DUH DSSOLFDEOH WR VKHOOV� ZLWK 
WKH FDYHDW WKDW HTXDWLRQV SUHVHQWHG LQ &KDSWHU � DUH QRW YDOLG 
IRU FXUYHG VKHOOV�

CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation

ci,j = IUDFWLRQ IRU FRQVLGHUDWLRQ RI VHFWLRQV SDUWLDOO\ 
FURVVLQJ HOHPHQW WR DSSO\ WR IRUFHV LQ ORFDO QRGH j
LQ HOHPHQW i

D = ÀH[XUDO ULJLGLW\ RI SODWH� LQ��OE �1āPP�
E = <RXQJ¶V PRGXOXV� SVL �03D�
F = IRUFH YHFWRU� OE �1�
fi,j = QRGDO IRUFH YHFWRU IRU ORFDO QRGH j LQ HOHPHQW i
h = WKLFNQHVV RI VODE RU SODWH� LQ� �PP�
L = ZLGWK RI GHVLJQ VHFWLRQ� LQ� �PP�
M = EHQGLQJ PRPHQW� RU PRPHQW YHFWRU� LQ��OE �1āPP�
Md = GHVLJQ EHQGLQJ PRPHQW� LQ��OE �1āPP�
Mi = EHQGLQJ PRPHQW IURP LVRWURSLF DQDO\VLV� LQ��OE 

�1āPP�
Mtf = EHQGLQJ PRPHQW IURP WZLVW�IUHH DQDO\VLV� LQ��OE 

�1āPP�
Mu = GHVLJQ PRPHQW IRU VODE FURVV VHFWLRQ� LQ��OE �1āPP�
mi,j = QRGDO PRPHQW YHFWRU IRU ORFDO QRGH j LQ HOHPHQW i� 

LQ��OE�LQ� �1āPP�PP�
mr = EHQGLQJ PRPHQW FDXVLQJ VWUHVVHV SDUDOOHO WR r�D[LV� 

SHU XQLW OHQJWK RI VODE RU SODWH� LQ��OE�LQ� �1āPP�
PP�

mrs = WZLVWLQJ PRPHQW UHODWLYH WR r�s�D[HV SHU XQLW OHQJWK 
RI VODE RU SODWH� LQ��OE�LQ� �1āPP�PP�

ms = EHQGLQJ PRPHQW FDXVLQJ VWUHVVHV SDUDOOHO WR s�D[LV� 
SHU XQLW OHQJWK RI VODE RU SODWH� LQ��OE�LQ� �1āPP�PP�
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