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T (GGCAF?�9L�"A?���	�QGM�E9Q�9DKG�;GFKA<=J�EGNAF?�L@=�<=;AE9D�HGAFL�LG�L@=�JA?@L	�L@J==�KL=HK�>JGE�'ADG
LG�:9K=�9F<�LOG�EGJ=�KL=HK�>JGE�:9K=�LG�QGMJ�>AF9D�9FKO=J� 0@AK�AK�9F�9DL=JF9LAN=�9HHJG9;@�LG
H=J>GJEAF?�/%�;GFN=JKAGFK�

UNITS ¥ 5



�� �GFN=JL����;3�LG�C3

T *GL=�L@9L�KGE=�MFALK�E9Q�:=�HJ=K=FL=<�OAL@�9�D=KK�;GEEGFDQ�MK=<�HJ=>AP=K�"GJ�AFKL9F;=	�O@AD=
Z;=FLAE=L=J[�AK�>J=IM=FLDQ�MK=<	�Z;=FLAO9LLK[�FGL�KG�EM;@�$GO=N=J	�QGM�K@GMD<�:=�9:D=�LG�A<=FLA>Q�L@=
HJ=>AP�9F<�L@=�MFAL�AL�9HHDA=K�LG�

�� �GFN=JL����;E � LG�<9E�

T 5GM�E9Q�DGGC�9L�L@AK�;GFN=JKAGF�9K�>GDDGOK�

T ,9Q�=PLJ9�9LL=FLAGF�O@=F�MKAF?�HGO=JK	�9K�AF�NGDME=�GJ�9J=9�;GFN=JKAGFK�

"GJL@=HMJHGK=G>L@AK;GMJK=EGKLG>L@=1/ �MKLGE9JQ;GFN=JKAGFKOADD<=9DOAL@DAF=9J<AE=FKAGFK�0@=
;GFN=JKAGF>9;LGJKO=MK=9J=HJ=K=FL=<AF�HH=F<AP�� %LAK<=KAJ9:D=LGJ=E=E:=JL@=EGKLMK=<>9;LGJKKM;@9K
��>L������AF�GJ���Q<�����>L�

!P9EHD=K�X�1/��MKLGE9JQ�KQKL=E

�� �GFN=JL�����Q9J<K�LG�AF;@=K

�� �GFN=JL���KIM9J=�>==L�LG�KIM9J=�AF;@=K
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Assigned ProblemsAssigned Problems

Problem1: 0@=@GGHKLJ=KKAF9HJ=KKMJ=N=KK=DAK;9D;MD9L=<OAL@L@=>GJEMD9 O@=J=2 AKL@=
<=KA?F�HJ=KKMJ=	( AAK�L@=�AFKA<=�<A9E=L=J�9F<5AK�L@=�O9DD�L@A;CF=KK�

�� %>2 ������C,9	 ( A������E�9F< 5����EE	�<=L=JEAF=�L@=�@GGH�KLJ=KK�AF�L@=�O9DD	�AF�),9�

�� %>2 ������HKA	 ( A����>==L�9F<5��^�AF	 <=L=JEAF=�L@=�@GGH�KLJ=KK�AF�L@=�O9DD	�AF�CKA�

Problem2: 0G<=L=JEAF=L@=<=9<DG9<GF9>GMF<9LAGFQGM9J=J=IMAJ=<LG=KLAE9L=L@=O=A?@G>9KH@=JA;9DL9FC
�2��� � lJ � �	 >MDDOAL@9 DAIMA<G>?AN=F<=FKALQ� 09FCE9KKAKF=?DA?A:D=;GEH9J=<LGL@=E9KKG>L@=HJG<M;L�
 =L=JEAF=�ALK�O=A?@L�:9K=<�GF�L@=�>GDDGOAF?�

��  A9E=L=J�����;E	�<=FKALQ��������?�;E � � �FKO=J�AF�*�

��  A9E=L=J�����AF�	�<=FKALQ�����D:�>L� � �FKO=J�AF�D:�

Problem 3: /M??=KL�GF=�AEHJGN=E=FL�LG�L@AK�;@9HL=J�

0@=�AEHJGN=E=FLK�@9N=�LG�:=�KH=;A>A;�9F<�;D=9J	�>GJ�=P9EHD=�

T ;GJJ=;L�L@AK�LQHG

T J=HD9;=�L@AK�H@J9K=�OAL@�L@AK

T 9<<�L@AK�=PHD9F9LAGF�LG�L@AK�K=;LAGF

T 9<<�L@AK�HJG:D=E�LG�L@=�;@9HL=J�HJG:D=EK

T =L;

5GM�E9Q�MK=�K;J==F�;9HLMJ=K�LG�A<=FLA>Q�L@=�K=;LAGF�L@9L�QGM�OGMD<�DAC=�AEHJGN=<�GJ�=PH9F<=<�

UNITS ¥ 7



Stress and Strain

Stress-Strain

Learning ObjectivesLearning Objectives

�>L=J�;GEHD=LAF?�L@AK�;@9HL=J�QGM�K@GMD<�:=�9:D=�LG�

T  =>AF=�FGJE9D�9F<�K@=9J�KLJ=KK�9F<�KLJ9AF�9F<�<AK;MKK�L@=�J=D9LAGFK@AH�:=LO==F�<=KA?F�KLJ=KK	
QA=D<�KLJ=KK�9F<�MDLAE9L=�KLJ=KK

T  =KA?F�E=E:=JK�MF<=J�L=FKAGF	�;GEHJ=KKAGF�9F<�K@=9J�DG9<K

T  =L=JEAF=�E=E:=JK�<=>GJE9LAGF�MF<=J�L=FKAGF�9F<�;GEHJ=KKAGF

Mechanical stress

0@AK�K=;LAGF�<AK;MKK=K�L@=�=>>=;LK�G>�E=;@9FA;9D�DG9<K��>GJ;=K��9;LAF?�GF�E=E:=JK�*=PL�;@9HL=J�OADD�;GN=J�L@=
=>>=;LK�G>�L@=JE9D�DG9<K��L@=JE9D�=PH9FKAGF��

*GJE9D	�L=FKAD=�9F<�;GEHJ=KKAN=�KLJ=KK=K

0=FKAGFGJ;GEHJ=KKAGFAF9E=E:=J ?=F=J9L=FGJE9DKLJ=KK=K�L@=Q9J=;9DD=<ZFGJE9D[:=;9MK=L@=;JGKK
K=;LAGF
L@9LJ=KAKLKL@=DG9<AKH=JH=F<A;MD9J�FGJE9D�LGL@=<AJ=;LAGFG>L@=9HHDA=<>GJ;=K��GL@L=FKAD=9F<;GEHJ=KKAN=
KLJ=KK=K�9J=�;9D;MD9L=<�OAL@�

%>9E=E:=J @9K9N9JA9:D=;JGKK
K=;LAGF	L@=9J=9L@9LEMKL:= MK=<AF;9D;MD9LAGFKAKL@=EAFAEME;JGKK
K=;LAGF9D
9J=9��L@AK�OADD�?AN=�QGM�L@=�E9PAEME�KLJ=KK�AF�L@=�E=E:=J	�O@A;@�MDLAE9L=DQ�OADD�?GN=JF�L@=�<=KA?F�



/@=9J�KLJ=KK=K

%FK@=9JL@=;JGKK
K=;LAGF9J=9L@9LJ=KAKLKL@=DG9<AKH9J9DD=DOAL@L@=<AJ=;LAGFG>9HHDA=<>GJ;=K�%F9<<ALAGFLG
L@9L	O@=F=KLAE9LAF?L@=K@=9J9J=9QGMEMKL>9;LGJAF@GOE9FQ;JGKK
K=;LAGFK;GFLJA:ML=LGL@=GN=J9DDKLJ=F?L@
G>�L@=�9KK=E:DQ�

"GJAFKL9F;=	A>QGM;GFKA<=JL@=HAFG>9 <GGJ@AF?=9KKM:B=;L=<LG9 K@=9JDG9<	QGM@9N=LG;GMFL@GOE9FQ
;JGKK
K=;LAGFK�J=KAKL�L@=�DG9<�

0@=�>GJEMD9�>GJ�;9D;MD9LAF?�L@=�K@=9J�KLJ=KK�AK�L@=�K9E=�

%F9 HMF;@AF?GH=J9LAGFL@=9J=9L@9LJ=KAKLKL@=K@=9JAKAFL@=K@9H=G>9 ;QDAF<=J>GJ9 JGMF<@GD=�L@AFCG>9
;GGCA=;MLL=J��0@=J=>GJ=L@=9J=9AFK@=9JOADD:= >GMF<>JGEEMDLAHDQAF?L@=;AJ;ME>=J=F;=G>L@=K@9H=:Q L@=
L@A;CF=KK�G>�L@=�HD9L=�

Please note:Please note:

3@=FDGGCAF?9LL=PL:GGC>A?MJ=KQGMOADDG:K=JN=L@9LLOG>GJ;=K9J=AF<A;9L=<�0@AK<G=KFGLE=9FL@9L
L@=>GJ;=QGMMK=AFL@=>GJEMD9AK�� ] "GJ;=,�	 :MLKAEHDQAF<A;9L=KL@9LGF=AKL@=�;LAGF>GJ;=9F<L@=
K=;GF<�GF=�AK�L@=�.=9;LAGF�

Strain and modulus of elasticity

*GJE9D�KLJ9AF
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https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2017/11/Ch2FigHoleShear-1.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2017/11/Ch2FigHoleShear-1.jpg


� E=E:=J AFL=FKAGFGJ;GEHJ=KKAGFOADD=D9KLA;9DDQ<=>GJEHJGHGJLAGF9DOAL@	9EGF?GL@=JH9J9E=L=JK	L@=
GJA?AF9D�D=F?L@�/LJ9AF	�9DKG�;9DD=<�MFAL�<=>GJE9LAGF	�AK�9�FGF
<AE=FKAGF9D�H9J9E=L=J�=PHJ=KK=<�9K�

%>QGM;@GGK=LGMK=9 F=?9LAN=N9DM=>GJ;GEHJ=KKAGFKLJ9AF�J=<M;LAGFAFD=F?L@�L@=FQGMEMKL9DKG=PHJ=KKL@=
=IMAN9D=FL�;GEHJ=KKAGF�KLJ=KK�9K�9�F=?9LAN=�N9DM=�

)G<MDMK�G>�=D9KLA;ALQ

0@=KLJ=KKXKLJ9AF;MJN=AK?=F=J9L=<>JGEL@=L=FKAD=L=KL� +N=JL@==D9KLA;J=?AGFG>L@=?J9H@L@=<=>GJE9LAGFAK
<AJ=;LHJGHGJLAGF9DOAL@L@=DG9<� ANA<AF?L@=DG9<:Q L@=;JGKK
K=;LAGF9J=9�;GFKL9FL�9F<L@=<=>GJE9LAGF:Q
L@=GJA?AF9DD=F?L@�;GFKL9FL�D=9<KLG9 ?J9H@A;9DJ=HJ=K=FL9LAGFG>/LJ9AFNK�/LJ=KK�0@=;GFKL9FLJ9LAGG>KLJ=KK
9F<�KLJ9AF�AK�5GMF?\K�)G<MDMK�GJ�!D9KLA;�)G<MDMK	�9�HJGH=JLQ�G>�=9;@�E9L=JA9D�

!D9KLA;�<=>GJE9LAGF

�GE:AFAF?L@=9:GN=LOGJ=D9LAGFK>GJKLJ9AF9F<)G<MDMKG>!D9KLA;ALQD=9<KLG9 MFA>A=<>GJEMD9>GJ=D9KLA;
<=>GJE9LAGF�AF�L=FKAGF�GJ�;GEHJ=KKAGF�

0@AKJ=D9LAGFAK9HHDA;9:D=LGE=E:=JKOAL@MFA>GJE;JGKK
K=;LAGFK	@GEG?=F=GMKE9L=JA9D	KM:B=;LLGL=FKAD=GJ
;GEHJ=KKAN=�DG9<K�L@9L�J=KMDLK�AF�KLJ=KK=K�:=DGO�L@=�HJGHGJLAGF9D�DAEAL��KLJ9A?@L�DAF=�AF�L@=�b
a�;MJN=��

Design stress and safety factors

0@=K=�LGHA;K�O=J=�;GN=J=<�AF��KLQ=9J�/LJ=F?L@�G>�)9L=JA9DK�9F<�9J=�HJ=K=FL=<�@=J=�9K�9�:JA=>�J=NA=O�

)=E:=JK KM:B=;L=<LG9F=P;=KKAN=KLJ=KKE9Q>9AD:Q :J=9CAF?	O@=F9;LM9DOGJCAF?KLJ=KKAK?J=9L=JL@9FL@=
MDLAE9L=KLJ=KK	GJ<M=LG=P;=KKAN=<=>GJE9LAGFL@9LJ=F<=JKL@=FAFGH=J9:D=��GFKA<=J9 @=9NQ;GF<=FK9L=DAF=
L@9LK9?K:=QGF<9F9;;=HL9:D=DAEAL9F<O@AD=AL<G=KF\L:J=9C	L@=>D9F?=;GFF=;LAGFK9LL@==F<G>L@=DAF=KOADD
<=N=DGH�D=9CK�<M=�LG�9F?MD9J�EGN=E=FL�

 =KA?FKLJ=KK	b<	 AKL@=E9PAEMED=N=DG>9;LM9D�OGJCAF?KLJ=KKL@9LAK;GFKA<=J=<9;;=HL9:D=>JGE9 K9>=LQHGAFL
G>�NA=O� 0@=�<=KA?F�KLJ=KK�AK�<=L=JEAF=<�:Q�
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https://en.wikipedia.org/wiki/Tensile_testing


T )9L=JA9D�HJGH=JLA=K	1DLAE9L=�0=FKAD=�/LJ=F?L@GJ5A=D<�/LJ=F?L@	�<=H=F<AF?�A>�:J=9C9?=�EMKL�:=
9NGA<=<�GJ�<=>GJE9LAGF�EMKL�:=�DAEAL=<

T /9>=LQ�>9;LGJ�GJ�<=KA?F�>9;LGJ��*	�J9LAG�G>�E9PAEME�KLJ=F?L@�LG�L@=�AFL=F<=<�DG9<�

0@=K9>=LQ>9;LGJAK;@GK=F:Q L@=<=KA?F=J:9K=<GF=PH=JA=F;=	BM<?E=FL�* ?MA<=DAF=K�JMD=K>JGEJ=D=N9FL
;G<=K9F<KL9F<9J<K	:9K=<GFK=N=J9D;JAL=JA9KM;@9KJAKCG>AFBMJA=K	<=KA?F<9L99;;MJ9;Q	 HJG:9:ADALQ	 AF<MKLJQ
KL9F<9J<K	9F<D9KL:MLFGLD=9KL	;GKL�/9>=LQ>9;LGJKKL9F<9J<KO=J=K=L:Q KLJM;LMJ9D=F?AF==JK	 :9K=<GFJA?GJGMK
=KLAE9L=K9F<:9;C=<:Q Q=9JKG>=PH=JA=F;=�/L9F<9J<K9J=;GFLAFMGMKDQ=NGDNAF?J=>D=;LAF?F=O9F<AEHJGN=<
<=KA?FH@ADGKGH@A=K��!P9EHD=�

T HM:DAK@=<�:Q�*/% � �%/� 	�KM;@�9K/H=;A>A;9LAGF�>GJ�/LJM;LMJ9D�/L==D��MAD<AF?K

Design cases

3@=FKGDNAF?HJG:D=EKKLM<=FLKE9Q=F;GMFL=J<A>>=J=FLK;=F9JAGK�3@AD=L@=L@=GJ=LA;9D;GF;=HLK9J=L@=K9E=	
L@=�H9L@K�LG�>AF9D�9FKO=JK�E9Q�:=�<A>>=J=FL	�9K�J=IMAJ=<�:Q�=9;@�9HHJG9;@�

�� !KLAE9LAF?�A>�9�<=KA?F�;GFKLJM;LAGF�AK�K9>=�GJ�FGL

9� #AN=F��DG9<K�E9?FALM<=�9F<�<AKLJA:MLAGF	�E9L=JA9D�HJGH=JLA=K	�E=E:=J�K@9H=�9F<�<AE=FKAGFK

:� "AF<��9;LM9D�KLJ=KK�9F<�;GEH9J=�LG�L@=�<=KA?F�KLJ=KK��9DL=JF9LAN=DQ�>AF<�L@=�K9>=LQ�>9;LGJ�9F<
<=;A<=�A>�AL�AK�9;;=HL9:D=�:9K=<�GF�9HHDA;9:D=�KL9F<9J<K

�� /=D=;LAF?�9�KMAL9:D=�E9L=JA9D

9� #AN=F��DG9<K�E9?FALM<=�9F<�<AKLJA:MLAGF	�E=E:=J�K@9H=�9F<�<AE=FKAGFK

:� "AF<��O@9L�E9L=JA9D�LQH=�GJ�?J9<=�OADD�HJGNA<=�9�KLJ=F?L@��QA=D<�GJ�MDLAE9L=��?J=9L=J�L@9F
J=IMAJ=<	�O@AD=�;GFKA<=JAF?�L@=�K=D=;L=<�GJ�KH=;A>A=<�K9>=LQ�>9;LGJ

��  =L=JEAFAF?�L@=�K@9H=�9F<�<AE=FKAGFK�G>�E=E:=J\K�;JGKK
K=;LAGF

9� #AN=F��DG9<K�E9?FALM<=�9F<�<AKLJA:MLAGF	�E9L=JA9D�HJGH=JLA=K

:� "AF<��L@=�K@9H=�9F<�<AE=FKAGFK�G>�L@=�E=E:=J�KG�L@9L�9;LM9D�;JGKK
K=;LAGF9D�9J=9�AK�?J=9L=J
L@9F�EAFAEME�J=IMAJ=<�

�� !N9DM9LAF?�E9PAEME�9DDGO9:D=�DG9<�GF�9�;GEHGF=FL

9� #AN=F��DG9<�LQH=�9F<�<AKLJA:MLAGF	�E9L=JA9D�HJGH=JLA=K	�E=E:=J�K@9H=�9F<�<AE=FKAGFK

:� "AF<��E9PAEME�DG9<�E9?FALM<=�L@9L�D=9<K�LG�9F�9;;=HL9:D=�KLJ=KK

Members made from two different materials

0@=J=9J=;9K=KO@=F9 E=E:=J MF<=JFGJE9DKLJ=KK=KAKE9<= GMLG>LOG�GJEGJ=�E9L=JA9DK�+F= G>L@=
G:B=;LAN=�G>�KM;@�HJG:D=EK�AK�LG�>AF<�L@=�KLJ=KK�AF�=9;@�;GEHGF=FL�
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https://en.wikipedia.org/wiki/Ultimate_tensile_strength
https://en.wikipedia.org/wiki/Yield_(engineering)
https://en.wikipedia.org/wiki/Factor_of_safety
https://en.wikipedia.org/wiki/Structural_engineering
https://en.wikipedia.org/wiki/Allowable_Strength_Design
https://www.ansi.org/
https://en.wikipedia.org/wiki/American_Institute_of_Steel_Construction
https://www.aisc.org/globalassets/aisc/publications/standards/a360-16-spec-and-commentary.pdf


"GJ=P9EHD=	QGME9Q@9N=9K@GJL;GDMEFE9<=>JGE9KL==DHAH=>ADD=<OAL@;GF;J=L=	9KAFL@=>A?MJ=�#AN=FL@=
LGL9DDG9<	E9L=JA9DKHJGH=JLA=K9F<?=GE=LJA;9D<AE=FKAGFK	O=EMKL>AF<L@=AF<ANA<M9DKLJ=KKAF=9;@;GEHGF=FL�

�GL@	L@=KL==DHAH=9F<L@=;GF;J=L=;GJ=OGJCLG?=L@=JAFKMHHGJLAF?L@=DG9<L@=J=>GJ=O=EMKL>AF<9<<ALAGF9D
J=D9LAGFK�L@9L�;GE:AF=�L@=�LOG�HJG:D=EK�AFLG�GF=��0QHA;9DDQ	�O=�DGGC�>GJ�

T 9�J=D9LAGF�L@9L�<=K;JA:=K�L@=�>GJ;=�<AKLJA:MLAGF�:=LO==F�L@=�LOG�E9L=JA9DK

T 9�J=D9LAGF�L@9L�;GJJ=D9L=K�L@=�<=>GJE9LAGFK�G>�=9;@�E9L=JA9D

"GJ�L@AK�H9JLA;MD9J�HJG:D=E�O=�E9Q�K9Q�L@9L�

!IM9LAGF���0GL9D�DG9<�,���DG9<�KMHHGJL=<�:Q�KL==D�,KL==D��DG9<�KMHHGJL=<�:Q�;GF;J=L=�,;GF;J=L=

L@=J=>GJ=,���/LJ=KKKL==D]��J=9 KL==D��/LJ=KK;GF;J=L=]��J=9 ;GF;J=L=

!IM9LAGF���0@=�<=>GJE9LAGFK�G>�:GL@�E9L=JA9DK�9J=�L@=�K9E=

L@=J=>GJ=/LJ9AFKL==D��/LJ9AF;GF;J=L=

�GFKA<=JAF?L@9L!D9KLA;)G<MDMK� /LJ=KK� /LJ9AF	=IM9LAGF��� QA=D<K9 J=D9LAGF:=LO==FL@=KLJ=KK9F<=D9KLA;ALQ
G>�:GL@�E9L=JA9DK

/M:KLALMLAF?�L@AK�D9KL�J=D9LAGF�AFLG�=IM9LAGF�����9F<�KGDNAF?�>GJ�/LJ=KK;GF;J=L=D=9<K�LG�9�J=D9LAGF�9K�>GDDGOK
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"MJL@=J	�/LJ=KKKL==D;9F�:=�>GMF<�

*GL=L@9L<=H=F<AF?GFL@=HJG:D=E	L@=GJA?AF9DLOGJ=D9LAGFKE9Q:= <A>>=J=FLL@=J=>GJ=9 >MDDKL=H
:Q
KL=H
<=JAN9LAGF�E9Q�:=�J=IMAJ=<�=9;@�LAE=�

Reasonable answersReasonable answers

3@=FKGDNAF?FGJE9DKLJ=KKXKLJ9AFHJG:D=EK	=KH=;A9DDQAFL@=/%KQKL=E	QGMK@GMD<:= 9:D=LGBM<?=A>
QGMJ�9FKO=JK�9J=�J=9KGF9:D=�GJ�FGL�

Example: � � E DGF?	� EE <A9E=L=J	 � �� �9J:GF /L==D:9J �)9L=JA9DK,JGH=JLA=KAF�HH=F<AP�	 09:D=���
KMKH=F<K�9���LGFK�DG9<�!N9DM9L=�L@=�KLJ=KK�9F<�L@=�KLJ9AF�AF�L@=�:9J�

*GL=�L@9L�LQHA;9DDQ�DG9<K�9J=�AF�C*	�;JGKK
K=;LAGF�9J=9K�AF��
� E � 9F<�J=KMDLAF?�KLJ=KK=K�AF�),9�

�DKG	KAF;=!D9KLA;)G<MDA9J=AF#,9	 L@=KLJ9AF�FGF
<AE=FKAGF9D�OADD:= AFJ9F?=G>� 
� � 0@AK:9J OADDKLJ=L;@
���EE�MF<=J�L@=�?AN=F�DG9<�

Assigned ProblemsAssigned Problems

3@=FKGDNAF?L@=K=IM=KLAGFKQGM9J=J=IMAJ=<LGMK=L@=L=PL:GGC�HH=F<A;=K�0@=Q9J=N9DM9:D=
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https://en.wikipedia.org/wiki/Kip_(unit)
https://skyciv.com/steel-i-beam-sizes/
https://www.aisc.org/
https://www.aisc.org/
https://en.wikipedia.org/wiki/Hydraulic_cylinder
https://en.wikipedia.org/wiki/Unified_Thread_Standard
https://en.wikipedia.org/wiki/Unified_Thread_Standard


Thermal Expansion Stress

Thermal Expansion
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Thermal stresses in composite bars
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https://www.engineeringtoolbox.com/cubical-expansion-coefficients-d_1262.html
https://www.google.ca/search?newwindow=1&client=firefox-b&dcr=0&ei=X4glWvzmK5OqjwOKt4TABQ&q=pipe+cold+springing&oq=pipe+cold+springing&gs_l=psy-ab.12..35i39k1.7640.12857.0.15190.13.13.0.0.0.0.88.786.13.13.0....0...1.1.64.psy-ab..0.10.609...33i21k1j33i160k1j33i22i29i30k1j0i22i30k1.0.haWRlkVeo8g
https://www.google.ca/search?newwindow=1&client=firefox-b&dcr=0&ei=2oglWsyfCInWjwPtpr6QAQ&q=steam+pipe+cold+pull&oq=steam+pipe+cold+pull&gs_l=psy-ab.12...0.0.0.23693.0.0.0.0.0.0.0.0..0.0....0...1..64.psy-ab..0.0.0....0.j8x9ywcsGRI
https://pressbooks.bccampus.ca/powr4406/back-matter/reference-list/
https://pressbooks.bccampus.ca/powr4406/back-matter/reference-list/
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Pressure Vessels

Vessels
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Thin-walled and thick-walled pressure vessels
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Development of stress formula in a pressure vessel
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Properties of Areas

Inertia Moment
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Centroids of composite areas

 =L=JEAFAF?L@=DG;9LAGFG>L@=;=FLJGA<G>9 ;GEHGKAL=9J=9MK=KL@=;GF;=HLG>EGE=FLG>9F9J=9�L@AKAKO@Q
L=PL:GGCK�E9Q�J=>=J�LG�L@AK�9K�Z>AJKL�EGE=FLK�G>�9J=9K[�)9L@=E9LA;9DDQ�L@AK�HJAF;AHD=�AK�=PHJ=KK=<�9K�

O@=J=�

https://pressbooks.bccampus.ca/powr4406/back-matter/appendix/


T 5�AK�L@=�<AKL9F;=�LG�L@=�;=FLJGA<�>JGE�KGE=�J=>=J=F;=�9PAK��GEEGFDQ	�L@=�J=>=J=F;=�9PAK�AK�L@=�:9K=�G>
L@=�>A?MJ=�

T � AAK�L@=�9J=9�G>�GF=�H9JL�G>�L@=�;GEHGKAL=�9J=9�0QHA;9DDQ	�L@=�;GEHGKAL=�9J=9K�9J=�KHDAL�AFLG�;GEEGF
K@9H=K�G>�CFGOF�?=GE=LJA;�HJGH=JLA=K	�KMEE9JAR=<�AF�L@=�L=PL:GGC��HH=F<AP���

T QAAK�L@=�<AKL9F;=�>JGE�L@=�J=>=J=F;=�9PAK��;GEEGFDQ�L@=�:9K=�G>�L@=�>A?MJ=��LG�L@=�;=FLJGA<�G>�=9;@�H9JL
G>�L@=�;GEHGKAL=�>A?MJ=�

T g�� A��AK�L@=�=FLAJ=�9J=9�G>�L@=�;GEHGKAL=�9J=9�

3@=F�<=L=JEAFAF?�L@=�DG;9LAGF�G>�9�;=FLJGA<�HD=9K=�G:K=JN=�L@=�>GDDGOAF?�JMD=K�

T %>�L@=�;JGKK
K=;LAGF�@9K�GF=�9PAK�G>�KQEE=LJQ�L@=F�L@=�;=FLJGA<�OADD�:=�DG;9L=<�GF�L@AK�9PAK�

T A>�L@=�;JGKK
K=;LAGF�@9K�LOG�9P=K�G>�KQEE=LJQ�L@=F�L@=�;=FLJGA<�OADD�:=�DG;9L=<�9L�L@=�AFL=JK=;LAGF�G>�L@=
LOG�9P=K�

T %>�L@=�;JGKK
K=;LAGF�AK�FGL�KQEE=LJA;�9:GML�9FQ�9PAK�L@=F�LOG�;9D;MD9LAGFK�9J=�J=IMAJ=<�

e GF=�>GJ�<=L=JEAFAF?�L@=�;=FLJGA<�DG;9LAGF�5

e GF=�>GJ�<=L=JEAFAF?�L@=�;=FLJGA<�DG;9LAGF�4	�;GEEGFDQ�E=9KMJ=<�>JGE�L@=�=PLJ=E=�D=>L�=F<�
"GJ�L@AK�K=;GF<�;9D;MD9LAGF�AE9?AF=�L@9L�QGM�JGL9L=�L@=�>A?MJ=��U�;GMFL=J
;DG;COAK=�9F<
J=H=9L�L@=�>AJKL�;9D;MD9LAGF

T %>�L@=�;GEHGKAL=�9J=9�@9K�9�H9JL�L@9L�AK�J=EGN=<�>JGE�L@=�>A?MJ=��9�NGA<�	�L@AK�EAKKAF?�H9JL�;9F�:=
LJ=9L=<�9K�9�F=?9LAN=�9J=9�

Moments of inertia of composite areas
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EGJ=�;GEHD=P�

Assigned ProblemsAssigned Problems

3@=F;GEHD=LAF?L@=K==P=J;AK=KHD=9K=E9C=KMJ=L@9LQGM;D=9JDQA<=FLA>Q9F<FME:=JL@=H9JLKG>QGMJ
;GEHGKAL=�9J=9�

Problem 1:  =L=JEAF=L@=EGE=FLG>AF=JLA99:GMLL@=N=JLA;9D9F<@GJARGFL9D;=FLJGA<9D9P=K>GJL@=>GDDGOAF?
>A?MJ=�

Problem2: "GJL@=>GDDGOAF?;JGKK
K=;LAGF<=L=JEAF=L@=DG;9LAGF�=D=N9LAGF�G>L@=;=FLJGA<9F<L@=EGE=FLKG>
AF=JLA9�OAL@�J=KH=;L�LG�L@=�@GJARGFL9D�9F<�N=JLA;9D�;=FLJGA<9D�9P=K�
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Problem 3: "GJL@=>GDDGOAF?>A?MJ=<=L=JEAF=5	 L@=N=JLA;9DDG;9LAGFG>L@=;=FLJGA<	9F<;9D;MD9L=L@=EGE=FL
G>�AF=JLA9�OAL@�J=KH=;L�LG�L@=@GJARGFL9D;=FLJGA<9D�9PAK��

Problem 4: /M??=KL�GF=�AEHJGN=E=FL�LG�L@AK�;@9HL=J��L@AK�E9Q�AF;DM<=�9F�GJA?AF9D�;JGKK
K=;LAGF�
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Beam Reactions and Diagrams

Diagrams

Learning ObjectivesLearning Objectives

�L�L@=�=F<�G>�L@AK�;@9HL=J�QGM�K@GMD<�:=�9:D=�LG�

T  =L=JEAF=�L@=�J=9;LAGFK�G>�KAEHDQ�KMHHGJL=<	�GN=J@9F?AF?�9F<�;9FLAD=N=J�:=9EK

T �9D;MD9L=�9F<�<J9O�L@=�K@=9JAF?�>GJ;=�9F<�:=F<AF?�EGE=FL�<A9?J9EK�G>�:=9EK�KM:B=;L�LG
;GF;=FLJ9L=<�DG9<K	�MFA>GJE�<AKLJA:ML=<�DG9<K�9F<�;GE:AF9LAGFK�G>�L@=�LOG�

Beams review

�=9EK 9J=KLJM;LMJ9D=D=E=FLKOAL@N9JAGMK=F?AF==JAF?9HHDA;9LAGFKDAC=JGG>K	:JA<?=K	E=;@9FA;9D9KK=E:DA=K	
=L;� %F?=F=J9D	9 :=9E AKKD=F<=J	 KLJ9A?@L	JA?A<	:MADL>JGEAKGLJGHA;E9L=JA9DK	9F<EGKLAEHGJL9FL	KM:B=;L=<LG
DG9<KH=JH=F<A;MD9JLGL@=AJDGF?ALM<AF9D9PAK�%>AFKL=9<G>H=JH=F<A;MD9JDG9<KL@=K9E=KLJM;LMJ9DE=E:=J OGMD<
:= KM:B=;L=<LGDGF?ALM<AF9DDG9<KALOGMD<:= ;9DD=<;GDMEFGJHGKL�%>L@=K9E=E=E:=J OGMD<:= KM:B=;L=<
LG9 LGJIM=	ALOGMD<:= ;9DD=<9F<LJ=9L=<9K9 K@9>L�0@=J=>GJ=	O@=FA<=FLA>QAF?E=;@9FA;9DGJKLJM;LMJ9D
;GEHGF=FLK	�;GFKA<=J9LAGF�G>�L@=�E9FF=J�G>�DG9<AF?�AK�N=JQ�AEHGJL9FL�

*GL=L@9LO@=FAL;GE=KLGGJA=FL9LAGF	:=9EK ;9F := @GJARGFL9D	N=JLA;9DGJ9FQAF;DAF9LAGFAF:=LO==F�DAC=
KM:E=J?=<�HD9L=K�9F9DQR=<�AF�>DMA<�E=;@9FA;K�W�HJGNA<=<�L@=�DG9<AF?�AK�H=JH=F<A;MD9J�LG�L@=AJ�E9BGJ�9PAK�

Beam supports:

https://en.wikipedia.org/wiki/Beam_(structure)


�-(('*,�� 1(� �''#+�$"#� �1%�'$ ����,"'&+

.GDD=J	�9DKG�;9DD=<

T KAEHD=

T EGN9:D=

T KDA<AF? T 2=JLA;9D�J=9;LAGF
GFDQ

T �DDGOK�@GJARGFL9D
EGN=E=FL

T �DDGOK�JGL9LAGF

,AFF=<	�9DKG
;9DD=<

T @AF?=<
T 2=JLA;9D�J=9;LAGF

T $GJARGFL9D�J=9;LAGF

T �DDGOK�JGL9LAGF

"AP=<

T 2=JLA;9D�J=9;LAGF

T $GJARGFL9D�J=9;LAGF

T )GE=FL�J=9;LAGF
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Beam Loads
�
:

�'��+ �1%�'$ �0�%($�+ '.�*��

,GAFL	�9DKG�;9DD=<

T ;GF;=FLJ9L=<

T N=@A;D=�O@==DK

T ;GDMEFK

T H=JKGF�GF�<ANAF?
:G9J<

5=K

1FA>GJE� AKLJA:ML=<
T :=9E�O=A?@L

T KFGO�DG9<�GF�JGG>
LJMKK

5=K

29JA9:D=� AKLJA:ML=<

T @Q<JGKL9LA;�DG9<
GF�KM:E=J?=<
KMJ>9;=

T 9??J=?9L=�HAD=

T :=9E�G>�N9JA9:D=
;JGKK
K=;LAGF

5=K

�GF;=FLJ9L=<�)GE=FLK T E9;@AF=
;GEHGF=FLK *G

Beam types:

�� �DA;C�GF�L@=�<A9?J9EK�LG�=PH9F<
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� 1(�+ �"� *�% �0�%($�+ '.�*��

/AEHD=�:=9EK	�GJ�KAEHDQ
KMHHGJL=<

T K@GJL�KH9F
:JA<?= 5=K

+N=J@9F?AF?�:=9EK
T H9LAG�KMHHGJL

:=9EK

T <ANAF?�:G9J<
5=K

�9FLAD=N=J�:=9EK

T :MAD<AF?
=FLJ9F;=
;GN=JK

T GN=J@9F?AF?
KLJ==L�KA?FK

5=K

�GEHGMF<�:=9EK T E9;@AF=
;GEHGF=FLK *G

�GFLAFMGMK�:=9EK
T DGF?�KH9F

:JA<?=

T HAH=�KMHHGJLK
*G

Solving for beam reactions

3@=F�KGDNAF?�>GJ�J=9;LAGFK	�L@=�>GDDGOAF?�KL=HK�9J=�J=;GEE=F<=<�

��  J9O�L@=�:=9E�>J==�:G<Q�<A9?J9E

�� .=HD9;=�L@=�MFA>GJE�<AKLJA:ML=<�DG9<��A>�9FQ��OAL@�L@=�=IMAN9D=FL�HGAFL�DG9<

�� /GDN=�g)� ����KME�G>�EGE=FLK�9:GML�KMHHGJL�����0@AK�OADD�?AN=�QGM�.� �J=9;LAGF�9L�KMHHGJL����

�� /GDN=�g)� ����0@AK�OADD�?AN=�QGM�.� �

�� 1KAF?�.� 9F<�. � >GMF<�9L�KL=HK���9F<���;@=;C�A>�g2�����KME�G>�9DD�N=JLA;9D�>GJ;=K��AK�K9LAK>A=<�

9� *GL=�L@9L�KL=HK���9F<���;9F�:=�J=N=JK=<�

DIAGRAMS¥ 33



:� "GJ�9�;9FLAD=N=J�:=9E�MK=�g2����LG�>AF<�L@=�N=JLA;9D�J=9;LAGF�9L�L@=�O9DD�9F<�g)O9DD���LG
>AF<�L@=�EGE=FL�J=9;LAGF�9L�L@=�O9DD��0@=J=�AK�FG�GL@=J�=IM9LAGF�LG�N9DA<9L=�QGMJ�J=KMDLK�

Shear forces and bending moments diagrams

Please note:Please note:

Z/@=9JAF?>GJ;=K9J=AFL=JF9D>GJ;=K<=N=DGH=<AFL@=E9L=JA9DG>9 :=9E LG:9D9F;==PL=JF9DDQ9HHDA=<
>GJ;=K�AF�GJ<=J�LG�K=;MJ=�=IMADA:JAME�G>�9DD�H9JLK�G>�L@=�:=9E�

�=F<AF?EGE=FLK9J=AFL=JF9DEGE=FLK<=N=DGH=<AFL@=E9L=JA9DG>9 :=9E LG:9D9F;=L@=L=F<=F;Q>GJ
=PL=JF9D�>GJ;=K�LG�;9MK=�JGL9LAGF�G>�9FQ�H9JL�G>�L@=�:=9E�[7�8

0@=K@=9J>GJ;=9L9FQK=;LAGFG>9:=9E E9Q:= >GMF<:Q KMEEAF?9DDL@=N=JLA;9D>GJ;=KLGL@=D=>Lor LGL@=JA?@L
G>�L@=�K=;LAGF�MF<=J�;GFKA<=J9LAGF�

/AEAD9JDQ	 L@=:=F<AF?EGE=FL9L9FQK=;LAGFG>9 :=9E E9Q:= >GMF<:Q 9<<AF?L@=EGE=FLK>JGEL@=D=>Lor
>JGE�L@=�JA?@L�G>�L@=�K=;LAGF�;GFKA<=J=<��0@=�EGE=FL\K�HANGL�HGAFL�AK�L@=�DG;9LAGF�MF<=J�;GFKA<=J9LAGF�

�Q ;GFN=FLAGF	AFL=JF9DK@=9JAF?>GJ;=K9;LAF?<GOFO9J<9J=;GFKA<=J=<HGKALAN=�0@=Q;GMFL=J9;LMHO9J<
=PL=JF9D>GJ;=K�0@=J=>GJ=	O@=FJ=HJ=K=FLAF?L@=K@=9J>GJ;=KQGM;9F <J9OL@=EAFL@=<AJ=;LAGFG>=PL=JF9D
>GJ;=K��0@AK�AK�NAKM9DDQ�=9KA=J�L@9F�>GDDGOAF?�L@=�KA?F�;GFN=FLAGF�

�DG;COAK=EGE=FLK	;GFN=FLAGF9DDQ	 9J=;GFKA<=J=<F=?9LAN=O@AD=;GMFL=J
;DG;COAK=EGE=FLK9J=;GFKA<=J=<
HGKALAN=�3@=FJ=HJ=K=FLAF?L@=:=F<AF?EGE=FLN9JA9LAGF	;GFKMDLL@=>GDDGOAF?L9:D=K@GOAF?IM9DAL9LAN=
:=F<AF?�EGE=FL�;MJN=K�<=H=F<=FL�GF�L@=�K@9H=�G>�L@=�K@=9J�>GJ;=�?J9H@K�
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�

3@=F<J9OAF?L@=K@=9J>GJ;=9F<:=F<AF?EGE=FL<A9?J9EK	O@AD=L@=KA?F;GFN=FLAGFAKAEHGJL9FL	;GFKAKL=F;Q
AK;JM;A9D�"GJAFKL9F;=	;GFKA<=J9 KAEHD=:=9E DG9<=<OAL@9 HGAFLDG9<9HHDA=<GF9 1 DG9<�/L9JLAF?L@=
<A9?J9EK�9L�KMHHGJL��	�DGGCAF?�LGO9J<K�L@=�H9?=	�OADD�?=F=J9L=�L@=�>GDDGOAF?�
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*GO	 >DAHL@=:=9E @GJARGFL9DDQ��U �GJ;@9F?=L@=G:K=JN9LAGFHGAFL	DGGCAF?9LL@=:=9E >JGEL@=GHHGKAL=KA<=�
9F<�<J9O�L@=�<A9?J9EK	�KL9JLAF?�>JGE�L@=�K9E=�HGAFL����0@=�<A9?J9EK�OADD�9HH=9J�9K�>GDDGOK�
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*GL=L@9L	O@AD=L@=K@=9J>GJ;=<A9?J9EK9HH=9J=<LG:= EAJJGJ=<AE9?=K�>DAHH=<@GJARGFL9DDQ�	L@=:=F<AF?
EGE=FL<A9?J9EAKFGL9>>=;L=<��<<ALAGF9DDQ	 L@=EGKLAEHGJL9FLJ=KMDLG>L@AK9F9DQKAK	ADDMKLJ9L=KL@9LE9PAEME
K@=9J�>GJ;=�9F<�:=F<AF?�EGE=FL�E9?FALM<=K�OADD�9DO9QK�:=�L@=�K9E=�

Beam diagrams check pointsBeam diagrams check points

3@=F�<J9OAF?�L@=�:=9E�<A9?J9EK�HD=9K=�G:K=JN=�L@=�>GDDGOAF?�

Shear Forces Diagrams:

T �L�L@=�=F<K�G>�9�KAEHDQ�KMHHGJL=<�:=9E�L@=�K@=9J�>GJ;=�AK�R=JG�

T �L�L@=�O9DD�G>�9�;9FLAD=N=J�:=9E�L@=�K@=9J�>GJ;=�=IM9DK�L@=�N=JLA;9D�J=9;LAGF�9L�L@=�O9DD���L�L@=�:=9E\K
>J==�=F<�L@=�K@=9J�>GJ;=�AK�R=JG�
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T +F�9FQ�:=9E�K=?E=FL�O@=J=�FG�DG9<K�9J=�9HHDA=<	�L@=�K@=9J�>GJ;=�J=E9AFK�;GFKL9FL��@GJARGFL9D�DAF=��

T ��HGAFL�DG9<�GJ�J=9;LAGF�GF�9�K@=9J�>GJ;=�<A9?J9E�?=F=J9L=K�9F�9:JMHL�;@9F?=�AF�L@=�?J9H@	�AF�L@=
<AJ=;LAGF�G>�L@=�9HHDA=<�DG9<�

T ��MFA>GJE�<AKLJA:ML=<�DG9<�9;LAF?�GF�9�:=9E�AK�J=HJ=K=FL=<�:Q�9�KLJ9A?@L�DAF=�K@=9J�>GJ;=�OAL@�9
F=?9LAN=�GJ�HGKALAN=�KDGH=	�=IM9D�LG�L@=�DG9<�H=J�MFAL�D=F?L@�

Bending Moments Diagram:

T �L�L@=�=F<K�G>�9�KAEHDQ�KMHHGJL=<�:=9E�L@=�:=F<AF?�EGE=FLK�9J=�R=JG�

T �L�L@=�O9DD�G>�9�;9FLAD=N=J�:=9E	�L@=�:=F<AF?�EGE=FL�=IM9DK�L@=�EGE=FL�J=9;LAGF���L�L@=�>J==�=F<	�L@=
:=F<AF?�EGE=FL�AK�R=JG�

T �L�L@=�DG;9LAGF�O@=J=�L@=�K@=9J�>GJ;=�;JGKK=K�L@=�R=JG�9PAK�L@=�;GJJ=KHGF<AF?�:=F<AF?�EGE=FL�@9K�9
E9PAEME�N9DM=�

T 0@=�K@9H=�G>�L@=�:=F<AF?�EGE=FL�;MJN=�:=LO==F�LOG�HGAFLK�GF�L@=�:=9E�AK�9K�K@GOF�AF�L@=�9:GN=�LOG
L9:D=K�

T �!���!�& ��"&���&�"& �%'%�&,���,/��&�,/'�('"&,+�'&�,!�����%��)-�$+�,!���*���-&��*�,!��+!��*
�'*����"� *�%���,/��&�,!��+�%��,/'�('"&,+�

0@=�9:GN=�?MA<=DAF=K�OADD�9KKAKL�QGM�AF�?=F=J9LAF?�L@=�:=9E�<A9?J9EK�L@=Q�9DKG�K=JN=�9K�9�;@=;C�

Assigned ProblemsAssigned Problems

�9D;MD9L=L@=:=9E J=9;LAGFK9F<<J9OL@=K@=9J>GJ;=9F<:=F<AF?EGE=FL<A9?J9EK>GJL@=>GDDGOAF?
:=9EK�

3@=FKGDNAF?:=9E <A9?J9EKAF;D9KK9F<9L@GE=QGME9Q;@=;CQGMJ9FKO=JK:Q MKAF?L@AK>J==GFDAF=:=9E
;9D;MD9LGJ�/CQ�AN��DGM<�!F?AF==JAF?�/G>LO9J=

Problem 1: /L9L=�L@=�E9PAEME�K@=9J�>GJ;=�9F<�:=F<AF?�EGE=FL�N9DM=K�

Problem 2: /L9L=�L@=�E9PAEME�K@=9J�>GJ;=�9F<�:=F<AF?�EGE=FL�N9DM=K�
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Problem3: � �� E=L=JKDGF?:=9E AKKAEHDQKMHHGJL=<9L� E=L=JK>JGE=9;@=F<� 0@=:=9E ;9JJA=K9HGAFLDG9<
G>�� C* 9LL@=D=>L=F<9F<�� C* 9LL@=JA?@L=F<G>L@=:=9E� 0@=:=9E O=A?@K� C?�E� /C=L;@L@=:=9E
<A9?J9EK�9F<�<=L=JEAF=�L@=�DG;9LAGF�GF�L@=�:=9E�O@=J=�L@=�:=F<AF?�EGE=FL�AK�R=JG�

Problem 4: � KAEHD=GN=J@9F?AF?:=9E � �� >LDGF?GN=J@9F?KL@=D=>LKMHHGJL:Q �� >L�0@=:=9E ;9JJA=K9
;GF;=FLJ9L=<DG9<G>� CAHK�� >L>JGEL@=JA?@L=F<9F<9 MFA>GJE<AKLJA:ML=<DG9<G>�� CAHK�>LGN=J9 � >L
K=;LAGF>JGEL@=D=>L=F<� /C=L;@L@=:=9E <A9?J9EK9F<<=L=JEAF=L@=K@=9J>GJ;=9F<L@=:=F<AF?EGE=FL9L9
K=;LAGF���>L�>JGE�L@=�D=>L�=F<�

Problem 5: /M??=KL�9F�AEHJGN=E=FL�LG�L@AK�;@9HL=J�
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Beam Stress due to Bending Moments

Bending Stress

Learning ObjectivesLearning Objectives

�>L=J�;GEHD=LAF?�L@AK�;@9HL=J�QGM�K@GMD<�:=�9:D=�LG�

T 1K=�L@=�>D=PMJ=�>GJEMD9�LG�;9D;MD9L=�E9PAEME�:=F<AF?�KLJ=KK

T  =KA?F�:=9EK�;9JJQAF?�DG9<K�K9>=DQ

T  =L=JEAF=�L@=�J=IMAJ=<�/=;LAGF�)G<MDMK�G>�9�:=9E

T /=D=;L�KL9F<9J<�KLJM;LMJ9D�K@9H=K�LG�:=�MK=<�AF�9�?AN=F�:=9E�HJG:D=E

�GFKA<=J9KAEHDQKMHHGJL=<:=9E KM:B=;L=<LG=PL=JF9D<GOFO9J<DG9<K�0@=:=9E OADD<=>GJE�<=>D=;L�AFKM;@
9O9QL@9LL@=LGHKMJ>9;=G>L@=:=9E ;JGKK
K=;LAGFOADD:= MF<=J;GEHJ=KKAGFO@AD=L@=:GLLGEKMJ>9;=OADD:= AF
L=FKAGF��L KGE=DG;9LAGF9DGF?L@=N=JLA;9D9PAKG>L@=:=9E	 L@=KLJ=KKOADD:= R=JG�L@AKDG;9LAGFAKL@=;=FLJGA<
G>�L@=�;JGKK
K=;LAGF	�9DKG�;9DD=<�L@=�F=MLJ9D�9PAK�



Flexure formula

0G�<=L=JEAF=�L@=�E9PAEME�KLJ=KK�<M=�LG�:=F<AF?�L@=flexure formula AK�MK=<�

O@=J=�

T bE9PAK�L@=�E9PAEME�KLJ=KK�9L�L@=�>9JL@=KL�KMJ>9;=�>JGE�L@=�F=MLJ9D�9PAK��AL�;9F�:=�LGH�GJ�:GLLGE�

T )�AK�L@=�:=F<AF?�EGE=FL�9DGF?�L@=�D=F?L@�G>�L@=�:=9E�O@=J=�L@=�KLJ=KK�AK�;9D;MD9L=<
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Beam Deflection

Deflection
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Formula method for simple cases
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Torsion in Round Shafts

Torsion
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Angle of twist
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�:��L@=�O=A?@L�K9NAF?K�AF�H=J;=FL9?=	�9KKMEAF?�L@9L�L@=�KL==D�<=FKALA=K�G>�:GL@�K@9>LK�9J=�A<=FLA;9D

Problem 2: � LMJ:AF=X?=F=J9LGJLJ9FKEAKKAGFAKJ9L=<>GJ�� C3 9L�� .,)� 0@=K@9>LK	�� EE <A9E=L=J
9F<� E DGF?	9J=;GFF=;L=<L@JGM?@9 >D9F?=<;GMHDAF?OAL@� ;GMHDAF?:GDLKG>� EE <A9E=L=J9JJ9F?=<GF9
HAL;@�;AJ;D=�G>����EE��%>L@=�K@9>L�K@=9J�EG<MDMK�AK����#,9�<=L=JEAF=�

�� 0=PL:GGC�>A?MJ=	�H9?=���
2.These problems are typical to Reed's Vol. 2 Second Class torsion problems.
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�9��L@=�E9PAEME�K@=9J�KLJ=KK�AF�L@=�K@9>L

�:��L@=�K@=9J�KLJ=KK�AF�L@=�:GDLK

Problem 3: 0OGA<=FLA;9D@GDDGOK@9>LK9J=;GFF=;L=<:Q 9 >D9F?=<;GMHDAF?�0@=GMLKA<=<A9E=L=JG>L@=K@9>LK
AK�� EE 9F<L@=;GMHDAF?@9K� :GDLKG>�� EE =9;@GF9 :GDL;AJ;D=G>�� EE�  =L=JEAF=L@=AFKA<=<A9E=L=J
G>�L@=�@GDDGO�K@9>LK	�O@A;@�J=KMDLK�AF�L@=�K9E=�K@=9J�KLJ=KK�AF�:GL@	�K@9>LK�9F<�:GDLK�

Problem 4: � :J9KKDAF=J	 �� EE L@A;C	AKK@JMFCGN=J9 KGDA<K@9>LG>�� EE <A9E=L=J� 09CAF?# KL==D� �� #,9
9F<# :J9KK� �� #,9	 <=L=JEAF=L@=E9PAEMEK@=9JKLJ=KKAFL@=K@9>L9F<DAF=JA>L@=LJ9FKEALL=<LGJIM=AK��
C*]E� �DKG�<=L=JEAF=�L@=�9F?D=�G>�LOAKL�A>�L@=�K@9>L�D=F?L@�AK�����E�

Problem 5: /M??=KL�GF=�AEHJGN=E=FL�LG�L@AK�;@9HL=J�
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Bolted and Welded Joints

Joints

Learning ObjectivesLearning Objectives

�L�L@=�=F<�G>�L@AK�K=;LAGF�QGM�OADD�:=�9:D=�LG

T ;9D;MD9L=�L@=�9DDGO9:D=�DG9<�G>�:GDL=<�D9H�BGAFLK

T ;9D;MD9L=�L@=�9DDGO9:D=�DG9<�G>�O=D<=<�BGAFLK

Bolted joints

0OG=F<HD9L=K:GDL=<LG?=L@=J9F<KM:B=;LLGKQEE=LJA;9DL=FKAD=DG9<KJ=9;LLGL@=9HHDA=<>GJ;=KL@JGM?@
L@=K@=9JJ=KAKL9F;=G>L@=:GDLK9F< L@=>JA;LAGF>GJ;=<=N=DGH=<:=LO==FL@=HD9L=K�0@=>JA;LAGF>GJ;=AK
<A>>A;MDLLG=N9DM9L=KAF;=AL<=H=F<KGFL@=J=D9LAN=JGM?@F=KKG>L@=;GFL9;LKMJ>9;=9F<E9Q9DKG:= 9>>=;L=<
:Q =FNAJGFE=FL9D;@9F?=K�:GDLKL@=JE9D=PH9FKAGFJ=<M;=KL@=>JA;LAGF>GJ;=���K 9 J=KMDL	;GFK=JN9LAN=DG9<
;9D;MD9LAGFKJ=DQGFDQGFL@=K@=9JJ=KAKL9F;=G>L@=:GDLK�GJJAN=LK��L@==PLJ9BGAFL;9H9;ALQ<M=LG>JA;LAGF
AF;J=9K=K�L@=�K9>=LQ�>9;LGJ�

0@=J=9J=N9JAGMKK;=F9JAGKL@9LE9QD=9<LG:GDL=<BGAFLK>9ADMJ=	9DD<=K;JA:=<AFL@=L=PL:GGC�3@=F;GEHD=LAF?
L@=K=�;9D;MD9LAGFK�HD=9K=�FGL=�L@=�>GDDGOAF?�

T FGE=F;D9LMJ=�AK�DAKL=<�AF�L@=�L=PL:GGC�GF�H9?=���

T E9L=JA9D�HJGH=JLA=K�9J=�L9C=F�>JGE�0=PL:GGC��HH=F<A;=K����9F<���

0@=>GDDGOAF?AK9 KMEE9JQG>L@=J=IMAJ=<;9D;MD9LAGFK�0@=DGO=KLN9DM=J=HJ=K=FLKL@=E9PAEME9DDGO9:D=
DG9<�

/@=9J�"9ADMJ=�G>�L@=�:GDLK � s 
�&4� B48all4�



T c9DD	�9DDGO9:D=�:GDL�K@=9J�KLJ=KK�<=H=F<K�GF�L@=�L@=�K@=9J�DG;9LAGF��L@AK�;9F�:=�9DGF?�L@=�L@J=9<=<�K=;LAGF
GJ�L@=�KEGGL@�K=;LAGF�G>�L@=�:GDL�

�=9JAF?�"9ADMJ=�G>�L@=�,D9L=K� P 
��4,47 -all4�

T b
9DD	�9DDGO9:D=�:=9JAF?�KLJ=KK�AK�����LAE=K�L@=�MDLAE9L=�L=FKAD=�KLJ=F?L@�G>�L@=�HD9L=�E9L=JA9D�

#JGKK�0=FKAD=�"9ADMJ=�G>�L@=�,D9L=K� G 
��4,47 G-all

T b#
9DD	�9DDGO9:D=�?JGKK�L=FKAD=�KLJ=KK�G>�L@=�HD9L=�AK����G>�L@=�QA=D<�KLJ=F?L@�G>�L@=�E9L=JA9D

*=L�0=FKAD=�"9ADMJ=�G>�L@=�,D9L=K� N 
���4,�� F4� H4,�47N-all

T b*
9DD	�9DDGO9:D=�F=L�L=FKAD=�KLJ=KK�AK�@9D>�G>�L@=�MDLAE9L=�L=FKAD=�KLJ=F?L@�G>�L@=�HD9L=�E9L=JA9D

Welded joints

3 =D<=<BGAFLK9J=G>L=FHJ=>=JJ=<LG:GDL=<BGAFLK:=;9MK=L@=Q9J=KAEHD=J	 =9KA=JLG;GEHD=L=	J=D9LAN=DQKLJGF?=J
9F<�;9F�HJGNA<=�9�K=9D=<�9KK=E:DQ��$GO=N=J	�L@=Q�;9FFGL�:=�<AKE9FLD=<�>GJ�E9AFL=F9F;=�GJ�J=HD9;AF?�H9JLK�

3@=F�;GEHD=LAF?�O=D<�;9D;MD9LAGFK�HD=9K=�FGL=�L@=�>GDDGOAF?�

T FGE=F;D9LMJ=�AK�DAKL=<�AF�L@=�L=PL:GGC�GF�H9?=���

T MK=��HH=F<AP����>GJ�;GEEGF�O=D<�9F<�HD9L=�KAR=��MK=��HH=F<AP����>GJ�O=D<�KLJ=F?L@�G>�;GEEGF
=D=;LJG<=K

3 =D<�/LJ=F?L@ � weld 
��4� weld

#JGKK�0=FKAD=�/LJ=F?L@�G>�L@=�,D9L=KX K9E=�9K�>GJ�:GDL=<�BGAFLK

Assigned ProblemsAssigned Problems
1

Problem 1: 0OG���� KL==DHD9L=K9J=BGAF=<OAL@LOG���� KL==DKHDA;=HD9L=K9F<LO=DN=� AF�<A9E=L=J���
KL==D�:GDLK�OAL@�L@J=9<K�AF�L@=�K@=9J�HD9F=K���9D;MD9L=�L@=�E9PAEME�DG9<�L@9L�L@=�BGAFL�;9F�KMHHGJL	�AF�CAHK�

1.From Problem Set - Spring 2017, by Barry Dupen

JOINTS¥ 53



Problem 2: 0OG��� KL==DHD9L=K>GJE9 D9HBGAFLOAL@>GMJ� EE <A9E=L=J��� KL==D:GDLK��9D;MD9L=L@=
E9PAEME�DG9<�L@9L�L@=�BGAFL�;9F�KMHHGJL	�AF�CAHK�

Problem 3:0OG�����KL==D�HD9L=K�9J=�O=D<=<�OAL@�9F�!��=D=;LJG<=�

T 3@9L�AK�L@=�EAFAEME�J=;GEE=F<=<�O=D<�KAR=�>GJ�L@AK�BGAFL��7AF�8

T 3@9L�AK�L@=�BGAFL�KLJ=F?L@��7CAHK8
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Problem 4: 0OG��� KL==DHD9L=K9J=O=D<=<9KK@GOFOAL@9 �� � AF�>ADD=LO=D<MKAF?9F!� =D=;LJG<=�3@9LAK
L@=�BGAFL�KLJ=F?L@�

Problem 5: /M??=KL�GF�AEHJGN=E=FL�LG�L@AK�;@9HL=J�
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Appendices

�HH=F<AP����09:D=�>GJ�;9D;MD9LAF?�;=FLJGA<�DG;9LAGF�9F<�EGE=FLK�G>�AF=JLA9

�HH=F<AP�����=9E� A9?J9EK



�HH=F<AP����+FDAF=�=F?AF==JAF?�;9D;MD9LGJK�

T /CQ�AN��DGM<�!F?AF==JAF?�/G>LO9J=

e �=9E�;9D;MD9LGJ

e )GE=FL�G>�%F=JLA9��9D;MD9LGJ

e /L==D��=9E�/AR=K

T �<N9F;=<�)=;@9FA;9D�!F?AF==JAF?�/GDMLAGFK

T �9D;MD9LGJ�!<?=

�� 3 =� +�*+0�=F<GJK=�L@=K=�O=:KAL=K	�MK=�L@=E�LG�;@=;C�QGMJ�;9D;MD9LAGFK
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Answers to Chapter Questions

1FALK

,JG:D=E����b9 ����),9��b : �����CKA

,JG:D=E����3 9 ����]� � *��3 : �����]� � D:

/LJ=KK�9F<�/LJ9AF

,JG:D=E����/LJ=KK�������),9��/LJ9AF�����]� 
� �,-05��2-2)�*6..�

,JG:D=E����(G9<��������D:�

,JG:D=E����%L�AK�K9>=�,-05��=���	 	���%�

,JG:D=E����/ Q�����CKA	�9FQ�E9L=JA9D�OAL@�/Q�����CKA�OADD�:=�9<=IM9L=

,JG:D=E����bJG<������CKA	�b ;QDAF<=J�����CKA	�aJG<�����]�

� 	�a ;QDAF<=J�����]� 
�

0@=JE9D�!PH9FKAGF

,JG:D=E���������;E�:=DGO�L9FC�LGH

,JG:D=E��������),9������������C*

,JG:D=E������E��������),9	�MKAF?�
��U��AF�L@=�OAFL=J	�_���� ���]� 
� �U�

,JG:D=E����������CKA�������CAHK	�9KKMEAF?��9J:GF�/L==D�!����]�� HKA	�_������]� 
� �U�

,JG:D=E����bKL==D�������HKA��b ;GHH=J�������HKA

,J=KKMJ=�2=KK=DK



,JG:D=E���� *��/;@=<MD=���HAH=

,JG:D=E����)� 3,������HKA

,JG:D=E���� G=K�FGL�E==L�KH=;A>A;9LAGFK

,JGH=JLA=K�G>��J=9K

,JG:D=E�����������;E � ���������;E �

,JG:D=E�����������AF � ������AF �

,JG:D=E����������;E �

�=9E�.=9;LAGFK�9F<� A9?J9EK

,JG:D=E��� /" E9P �������C*���) E9P ��������C*]E

,JG:D=E��� /" E9P �������D:K���) E9P ��������D:K]>L

,JG:D=E��� /" E9P ��������C*���) E9P �������C*]E

,JG:D=E��� /" E9P ��������CAHK����) E9P ��������CAHK]>L

�=9E�/LJ=KK�<M=�LG��=F<AF?�)GE=FLK

,JG:D=E��� �����),9	�K9>=

,JG:D=E��� / P �������]� � EE � 	�3��]����

,JG:D=E��� ������D:�>L

,JG:D=E�� 29JAGMKKGDMLAGFK	=P9EHD=�/A<=:=9EK$=EDG;C>GJ/ EAF� ��� AF� � ;@GGK=�d]��d� <=;C:G9J<K
�d]��d�b J=I ��������HKA ��;@GGK=�!9KL=JF�3@AL=�,AF=

�=9E� =>D=;LAGF

,JG:D=E��� ����;E

,JG:D=E��� ���d

,JG:D=E��� ����d

,JG:D=E��� <=H=F<K�GF�DG;9LAGF	����;E��������E�>JGE�D=>L�=F<
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0GJKAGF�AF�.GMF<�/@9>LK

,JG:D=E��� ���]+ 	�����O=A?@L�K9NAF?K

,JG:D=E��� ������),9	��������),9

,JG:D=E��� ������EE

,JG:D=E��� ������),9	�������),9

�GDL=<�9F<�3=D<=<�&GAFLK

,JG:D=E��� 0� 

,JG:D=E��� 0� 

,JG:D=E��� 0� 

,JG:D=E��� 0� 
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