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Introduction and Units

Units

Learning Objectives

L L@==F< G> L@AK AFLIG<M;LGJQ ;@9HL=J QGM K@QGMD< :=9:D=LG

T =EGFKLJ9L=>9EADA9JALQ OAL@ L@= KLM<Q HJG;=<MJ= H=J>GJE9F;= =PH=;L9LAGFK 9F<
L@=;GMJIK=

T ,=3>GJE MFALK ;GFN=JKAGFK HJG:D=EK OAL@AF /% 9F< 1/ MKLGE9JQ KQKL=EK

Study procedure

=DAN=J. @ ABMIKAKIK=<GFL@HHDA=H4J=F?L@)9L=JAIDIGIF?AF==JAB2;@FGDG®RJ 9JJQ
MH=F 0@AK J=KGMJ;= OADD :=J=>=JJ=< LG 9K L@= ZL=PL:GGCZ

0G;GEHD=E=EI@E=PL:GBCM<=K2RNS;;=KK.G. @MII=RI=KGMI=MIL @=<FFLASHESKMHHD=E=BIZZAK
;GFKAKLK G> KMEE9JA=K G> E9AF ;GF;=HLK <=N=DGH=< AF L@= L=PL:GGC 9F< 9KKA?F=< HJG:D=EK

"GJ :=KL J=KMDLK KLM<=FLK K@QGMD< 9<@=J= LG L@= >GDDGOAF? K=IM=F;=
=>GJ=;D9KK KLM<Q L@=L@=GJQ 9F< J=NA=0 L@= K9EHD= HJG:D=EK AF L@= L=PL:GGC /GE:
9DJ=9<Q ;GN=J=< AF HHDA=< ,@QKA;K :ML QGM OADD :=F=>AL >JGE 9 :JA=> J=NA=0

0G J=AF>GJ;= L@= ;GF;=HLK J=NA=0 L@= C=Q FGL=K ARC@EBGMHKHBD=EEF ;GF,=HLK QGM
>GMF< ;@9DD=F?AF? 9F< 9KC >GJ ;D9JA>A;9LAGFK AF ;D9KK

DI9KKJIGGE D=;LMJ=K

e  %FKLIM;LGJ OADD J=NA=0 L@=L@=GJ=LA;9D ;GF;=HLK 9F< 9FKO=J IM=KLAGFK
e  %FKLIM;LGJ OADD <=EGFKLJ9L= KGDNAF? K3@=ER443G:DAEKLIN EGI=K



4 ¥ SOMSUPPLEMENT
OADD := HM:DAK@=< GF DAF=
e /LM<=FLK OADD KGDN= 9KKA?F=< HJG:D=EK AF KE9DD ?JGMHK OAL@ ?MA<9F;= >JC

%F<ANA<M9D OGJC

e /LM<=FLK OADD BKARF=< HIG:D=EK GF L@=AJ GOF >GJ K=D> =N9DM9LAGF
e  %FKLIM;LGJ OADD HJGNA<= ?MA<9F;= 9F< >==<:9; CAWI@FZNHIBMEED &D
I=KKAGFK
GMJK==N9DM9OLAGF

T 19;@ ;@9HL=J OADD := 9KK=KK=< L@IJGM?@ IMARR=K GJ 9KKA?FE=FLK
T )A<L=JE 9F< "AF9D =P9EAFILBEERAK=< HOKKAF? K;GJ= AK
T LL=F<9F;= OADD := EGFALGJ=<:ML AK FGL E9F<9LGJQ

Recommendations

/LI=F?L@>)9L=JA9DMO ZE=L @G<A;9BK;AHDAK2 AK=9FKL @ Al<=9DKF?=F=J9DAL @L9F<9JB9KKA;9D
IM=KLAGFRMKMIEDINSF=KL9:DAKE@ GZKGDNAKR=E3@=FKGDNARG:D=B{_ M<=REKL=FGDDGO
KL=H{<HJIG;=<MI=® D=JHI=NAGMKIEQG FKLJIIAFDIKK AR @E=PL:GGA@=KIHHIG9; @3KDG?A;9D
IF<F=N=BLM<=RM&MD= =PH=;L4<@E=EGIJARD=E3GO=N=AAKREHGJIL LKL M<=RIA&KIJI9;LAKGDNAF?
IM=KLAGFRL@=8DFKAF;+ @ AAD@=DHY=K="HILL=JARM=KLAGRIGNAK@=BDAL@IG:D=BKGDNAF?
=PH=JA=F;= 9F< @=DH L@=E ;GEHD=L= L@= =P=J;AK= AF L@= 9DDGLL=< LAE=

"GJ:=KLJ=KMDKKM<=RJ=F;GMJ9?+0GIO>L=DIKK-=+K.O==F 9F< @GM3IKF9;@@GN&D=;LMJI=
0@AK>GIDADD <A>=J=FG3F9; @K LM<=RGEIFI?-QGMAEEGI=>A;A=FLBGEKA<SIL=F<AE@9==CDQ
K;@=<MD=< LMLGJA9DK

Units and conversions

(AC-AFEEIFQGL@=B?AF==JARK; AHDAFIDILAEKK= H=J>GIEAEGL@QKL=EXMFALK MKLGE9JQ
9F</% 3@ADSF9<9 @IIG>A;ADBQHLA<@#0 E=LIA; KQKL=EF =,GFGEA;,GGH=J9LAGH. @
;GEHIFA=KIMAJI=R?AF==JARB<MILEG= >DM=REGL@QKL=EKGE= ;GEHMLILAGESELOU@IPCM
OAINIKEO9Q:= INSADIGEDAFL/ MKLGE9IQFALKAFX<=N=DGH¥R/ 9F<EGKLDGIE=JA;9F MK=JK
%A @=J=>BEH=J9LANXG= 9:D-LGGEHD=L98D;MDILASF&L @ QKL=EXMFAIK<LG= 9:DL.GGFN=JL
:=LO==F KQKL=EK
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Please note:

3@=FKGDNAFG:D=EK}* @<9LRARAN=ARF%MFALKEHD=IL@KGDMLABRMFALKEAD9ID&/
MKLGE9JQ MFALK L@=J= AK FGL F==< LG KOAL;@ L@= KQKL=E G> MFALK

%E@E=LIAKQKL=FHEI=>AP3KI<<=4 GOK=9F<<=JAN-MFALK>GIF9E=KOF<KQE.GDKD WI-EMDLAHE=K
/% MFALK 0@=>GDDGOAF? L9:D= K@GOK L@=;GEEGFDQ MK=< /% HJ=>AP=K

Prefix Symbol Multiplying Factor
#A?9 4 #4

)=?94 )4

'‘ADG 4 C4

$=LG 4 @4

=94 <94

Base Sl Unit CB ZA[9F:=E ? 3 & =L;
=A <4

=FLA 4

)JADDA E4

)AJG k4

0@=J8J=<A>=J=FD9QH.GH=J>GIHFAL&FN=JKAGHRKAFRL@=F< L@=2DD=94¢ GL@K9E=9FKO=J0@=
>GDDGOAF? 9J= KAEHD= =P9EHD=K LG <=EGFKLJIL= L@= HJG;=<MJ=

IPOEHD=K X /% KQKL=E

GFN=JL CELGE

T 3@=F H=J>GJEAF? /% ;GFN=JKAGFK AL AK =9KQ LG K== A> QGMJ IFKOGI MFKREIRGHS:D= GJ FC
QGM EGN=>JGEB-IMBAL CADG LG 9 KE9DD=J GF= ;=FLA L@= J=KMDLAF? N9DM= K@GMDX< ::

T (GGCAF? 9L "A? QGM E9Q 9DKG ;GFKA<=J EGNAF? L@= <=;AE9D HGAFL LG L@= JA?@L L@J-
LG :9K=9F< LOG EGJ= KL=HK >JGE :9K= LG QGMJIBREDASFHORIL=JFILAN= 9HHJIG9;@ LG
H=J>GJEAF? /% ;GFN=JKAGFK
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GFN=JL ;3LGC3

T *GL=L@9L KGE= MFALK E9Q := HJ=K=FL=< OAL@ 9 D=KK ;GEEGED QMH{:9F j#JO@BREK
Z;=FLAE=L=J[ AK >J=IM=FLDQ MK=< Z;=FLAO9LL K{GGENEHEWM ®@@GMD< := 9:D= LG A<=FLA>Q L
HJ=>AP 9F< L@= MFAL AL 9HHDA=K LG

GFN=JL ;E LG <9E

T 5GME9Q 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@HMIHGESL @ABMIKEGKIGAL. @2 MKLGEIJGFN=JKAGIDOD-9MAL@AF=SAE=FKAGRI@=
:GFN=JKASFE GIB=MK8J=HI=K=FLARHH=F<AP %AK=KAJ9:DE=E=E:=JL@EGKMK=59;LGHM;@K
>L AFGJ Q< >L

IPOEHD=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 Problems

Problem 1: 0@+ GG&LJ=HKO HI=KKMNFKKAROD; MDILGAL [@@=GJEMD9 O@=2AK@=
<=KA?F HI=KKMAK L@= AFKA<= <A9ESAK] %= O9DD L@A;CF=KK

%32 C)9 (o E9F< 5 EE <=L=JEAF=L@= @GGH KLJ=KK AF L@=09DD AF),9

%2 HKA (o >==L9F$S "AF <=L=JEAF=L@= @GGH KLJ=KK AF L@= 09DD AF CKA
Problem 2: 0G<=L=JEAE®<=9<DG9&F >GMF<ILAGRAII=IMAILGKLAEIL@OS=A?@O KH@=JA;9EC
2 3 >MOIAL@DAIMAS? AN=F=FKAL@FCEOKKAK-=?DA?A;BEH9J={ Q. @EIKKGL @HIG<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:>EKO=JAF D:

Problem 3:/M??=KL GF= AEHJGN=E=FL LG L@AK ;@9HL=J
0@= AEHJGN=E=FLK @9N= LG := KH=;A>AGIEP IEHD=

;GJJ=,L LOQAK LQHG

J=HD9;= LQAK H@J9K= OAL@ L@AK

9<< L@AK =PHDY9FILAGF LG L@AK K=;LAGF
9<< L@AK HJG:D=E LG L@=;@9HL=J HIG:D=EK
=L:

4 4 4 4 4

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



Stress and Strain

Stress-Strain

Learning Objectives

>L=J ;GEHD=LAF? LQAK ;@9HL=J QGM K@GMD< := 9:D= LG
T =>AF=FGJE9D 9F< K@=9J KLJ=KK 9F< KLJ9AF 9F< <AK;MKK L@= J=DILAGFK@AH :=LO==F -
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=HK K@= E=;@9FA;9D DG9<K >GJ;=K 9;LAF? GHE=E9H{_=J OADD ;GN=J L@=
=>=;LK G> L@=JE9D DG9<K L@=JE9D =PH9FKAGF

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

0=FKAGRI GEHJ=KKAGB E=E:=J ?=F=J9IEGJE9RLIJ=KKE® -9I=9DD=2FGIEID};9MK+ @3IGKK K=;LAGF
L@IEKAKIEBGOAKI=IJH=F<A;MBGJE9D. G @<AJ=;LAGR @8HHDA=GJ;=KGL Q.=FKAIF=<;GEHJ=KKAN=
KLJ=KK=K 9J=;9D;MD9L=< OAL@

%9 E=E:=J @9BN9JA9:IGKK K=;LAGESI=9 @HMKI= MK=AF9D;MDILASE®EAFAEMBGKK K=;LAGF9D
9J=9 L@AK OADD ?AN= QGM L@= E9PAEME KLJ-B&@AFRA ®BIEAEREFDQ OADD ?GN=JF L@= <=KA?F



STRESS-STRAIN 9

/@=9J KLJ=KK=K

%K@=2BIGKK K=;LAGEL @ I=KAKL@DGIAKI9IIDIBAL @A<AJ)=;LAGBHHDARJ;=K%P<<ALAGE
L@9D@=EKLAEILARIK@=9J=GHEMKE9;L GAF@GEIFQJIGKK K=LAGFKJIA:MLG @EN=JIID=F?L@
G> L@= 9KK=E:DQ

"GJAFKLIFARQGNGFKA<tBHAK> <GGRAFBKKM:B=;L1® K@=WIGIQGCMYINEGGMFI@GEIFQ
;JGKK K=;LAGFK J=KAKL L@= DG9<

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

%P HMF; @AGH=J9LAGEF8I=-9 @ A=KAHL@KQ@=RKAH- Q@K@ 9IHE>9 ;QDAF<=G9 JGMF@GD=@ARE9
;GGCANMLL=J0@=J=>GBN=AK@=WADD >GMPIGEMDLAHDQAERI;ME>=J=FG1L @KQ@IHQ L@=
L@A;CF=KK G> L@=HD9L=

3@=FDGGCARR=PL:GGB?MIQKIDADRK=INEF@UOCGJ;=BI=-AF<A;9L=8@AKG=IKGIE=9FL@9L
L@=GJ;Q)CMKARL@=GIJEMBK ]| "GJ;=, MLKAEHRG®<AILE®WF-AK @5LAGPFGJ;9F<L@=
K=;GF< GF= AK L@= .=9;LAGF

Strain and modulus of elasticity

*GJE9D KLJ9AF



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
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E=E:=J AFL=FKAGH;GEHJ=KKAGADEDIKLA,;IBBQGIHIGHGILAGAAB®EGF?GL@+PIIE=L=IKD=
GJA?AFID D=RHA9BF 9DKG ;9DD=< MFAL <=>GJE9LAGF AK 9 FGF <AE=FKAGF9D H9J9E=L=J =PHJ=KK=<

%QGMD GGKEVIKS F=?9LANISDM6 JGEHI=KKAGRIAFE<M;LAGM=F?L @@ -GGMMKRBDKEPHI=KIQ=
=IMAN9D=FL ;GEHJ=KKAGF KLJ=KK 9K 9 F=?9LAN= N9DM=

)G<MDMK G> =D9KLA;ALQ

0@KLI=BKLIGAAINAR=F=JIL>JGH @=—=FKACKI+N=JL @=DIKLIE?AGFL @2I9H @@<=>GJEIL AXBF
<AJ=HIGHGJILAGRAQBG9< ANA<ARZDBG9Q L@FIGKK K=;LAGEI;GFKLIFAF<L@<=>GJEILAQF
L@SIA?ARBEF?L{@FKLIFD=9<K® ?J9H@A BN I=K=FLIGXEFIANK/LI=KKO@5GFKLIBRLAGKLJI=KK
9F< KLJ9AF BKIBR ) G<MDMK GJ 'D9KLA; )G<MDMK 9 HIGH=JLQ G> =9;@ E9L=JA9D

ID9KLA; <=>GJEILAGF

GE:AFAF1L@9:GN-LOGI=DILAGBEKLIAF<)G<MDMB>DIKLA; ADEP<KED MFA>A=RBIEMBSFDIKLA,
<=>GJEILAGF AF L=FKAGF GJ ;GEHJ=KKAGF

0@AKDILAGEHHDA;9:DE=E:=JKOAL@FA>GIEKK K=;LAGFREG?=F=EIK=IJAHM:B=1Ld =FKABF
;GEHJ=KKAN= DG9<K L@9L J=KMDLK AF KLJ=KK=K :=DGO L@= HIGHGJLAGF9D DAEAL KLJ9A?@L DAF-=

Design stess and safety factors

0@=K= LGHA;K 0=J= ;GNZI8<BF/LI=F?L@ G> )9L=JAIDK 9F< 9J= HJ=K=FL=< @=J= 9K 9 :JA=> J=NA=0O

)=E:=JK KM:B=;L4OF =P;=KKAKEJ=HOQ>9AN :J=9CAFD@=B;LMIDGICAKLI=K¥I=9L4IQE@=
MDLAE#II=KBXM=4.G=P;=KKAN=GJIEILAGPI=F<=JK@=KFGH=J9:DEFKA<=0 @=9NGQF<=FKODAF=
LOQHAI?K=QGF9F9;;=HL9:DBAEBRE<O@ABKG=KEM=9CL@=DI9F?6FF=;LAGHK @=F<Gx*.@BAF<KADD
<=N=DGH D=9CK <M= LG 9F?MD9J EGN=E=FL

=KA?KLI=KK AK@EIPAEMB=N€D9;LMIDGICARLI=KIQ NKCGFKA<=J85=HL9:D=JGB K9>={GAFL
G> NA=0@= <=KA?F KLJ=KK AK <=L=JEAF=<:Q


https://en.wikipedia.org/wiki/Tensile_testing
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T )9L=JA9D HIGH=JIAE 9L =FKAD= /LJ=IEBh@=D< /LI=F&X=H=F<AF? A> :J=9C9?= EMKL :=
INGA<=< GJ <=>GJE9LAGF EMKL := DAEAL=<

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

0@KI>=1LXY;LGAK@GK=R L@=<=KA?F:2K=<GF=PH=JA=FBM<?E=FL = ?MA<=DAR4B=KGE=D=N9FL
;G<=KOF<KLIF<9J<BK=<GFK=N=JAAL=JKM; BKIAKGAFBMIA=TKAXOLD;;MJI9;QHIG:9: ADMEXMKLIQ
KLIF<9JGk<DIKMLFGID=9KIGKL/9>=LQ9;LGHL IF<9JK IK=LQ KLIM;LNEBRPAF==38K=<GRIA?GJGMK
=KLAE9ISH«:9;C=<:Q Q=9J&>=PH=JA=F;A.9F<9J<BJ=GFLAFMGMKGDNAE2D=,LAEDIF<AEHIGN=<
<=KAF@ADGKGHOEHD=

T HM:DAK@=¢/%Q %/ KM;@ 9K=A>A9LAGF >GJ /LIM;LMJIOD /L==D MAD<AF?K

Design cases

3@=FKGDNARG :D=BK.M<=RIQ=F;GMFL=<4>=J=R{;=F9JAGKQ ADQE@=GJI=L/AF>HL8J1 @KIE=
L@=HIL@K LG >AF9D 9FKO=HEOEL:OKAIxIMAJ=< :Q =9;@ 9HHIGY;@
IKLAESLAF? A> 9 <=KA?F ;GFKLJIM;LAGF AK K9>= GJ FGL
9 #AN=F DG9<K E9?FALM<= 9F< <AKLJA:MLAGF E9L=JA9D HIGH=JLA=K E=E:=J K@9H=¢

"AF< 9;LM9D KLJ=KK 9F< ;GEH9J= LG L@= <=KA?F KLJ=KK 9DL=JF9LAN=DQ >AF< L@=|
<=;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 HIGNA<=9 KLJ=F?L@ QA=D< GJ MDLAESL:
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=FKAGRK GG KKK =1 AGF
9 #AN=F DG9<K E9?FALM<= 9F< <AKLJA:MLAGF E9L=JA9D HIGH=JLA=K

"AF< L@= K@9H= 9F< <AE=FKAGFK G> L@= E=E:=J KG L@9L 9;LM9ID ;JGKK K=;LAGF9D
L@9F EAFAEME J=IMAJ=<

INOSDMOLAF? EQPAEME 9DDGO9:D= DG9< GF 9 ;GEHGF=FL
9 #AN=F DG9< LQH= 9F< <AKLJA:MLAGF E9L=JA9D HIGH=JLA=K E=E:=J K@9H= 9F< <AE
"AF< E9PAEME DG9< E9?FALM<= L@9L D=9<K LG 9F 9;;=HL9:D= KLJ=KK

Members made flom two different materials

0@=J98J=;9K=KO@=B E=E:=J MF<=FGJE9BLJ=KKAKE9<= GMIG>LOGGJEGJI= E9L=JA9DK= G>L@=
G:B=,LAN=G> KM;@ HJG:D=EK AK LG >AF< L@= KLJ=KK AF =9;@ ;GEHGF=FL


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
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"GJ=PO9EHDOGMHEIQ@INFK@GEBDMEE9<=>JGB KL=HNAH=ADOBPAL @F;J=LOKARL. @=A?MI#AN=E@=
LGLES9€E9L=JAGDIGH=JL9=K=GE=LIAGAE=FKAGBKEMKEAFK@AF<ANAHIIBKIE-9; @QGEHGF=FL

GLOL@KL=4HAHSF<L@F;J=L:;GIJ-0GICG?=L @FBMHHGIUABBGIE@=I=>GFEMKEAFS<<ALAGFID
J=DILAGFK L@9L ;GE:AF=L@= LOG HIG:DGEKABDOGEBEGC >GJ

T 9J=DI9LAGF L@IL <=K;JA:=K L@= >GJ;= <AKLJA:MLAGF :=LO==F L@= LOG E9L=JA9DK
T 9J=DI9LAGF L@9L ;GJI=DIL=K L@= <=>GJIEILAGFK G> =9;@ E9L=JA9D

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

IMOLAGF 0GL9D DG9<, DG9< KMHHGJL=<gQ KD&8x KMHHGIL=<:Q ;GF;&gli=|,=
L@=J=>GJ5 /LI=KKk =dpI=9 k1 ==0LI=KKGF;=1} J=9 .GF=L=

IMILAGF 0@=<=>GJE9LAGFK G> :GL@ E9L=JA9DK 9J= L@= K9E=
L@=J=>GJ#LI9AR -—gLIOAFGE. J-L =

GFKA<=JAE@9IDIKLAG<MDMK/LI=KK/LI9AFIMILAGF QA=D3B=DILACGFO==F @QKLJ=KRK<=DIKLA;ALQ
G>:GL@ E9L=JA9DK

IM:KLALMLAF? L@AK DI9KL J=DILAGF AFLG =IMILAGF 9= KGADHIARLESR) JEDHIAGF 9K >GDDGOK
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"MIL@#AN=K -=9F := >GMF<

*GL=L@H=H=F<ARFL@HIG:D=H@SIJA?ARIDG=DILAGBR) = <A>=J=HL@=J=>GFMDML=H :Q KL=H
<=JANOLAGF E9Q := J=IMAJ=<=9;@ LAE=

Reasonable answers

3@=FKGDNAFRIEORLI=KKLIOAR G:D=EKKH=;A9BBL/KQKL=DGM@GMDY:DL BM<?A>
QGMJ 9FKO=JK 9J= J=9KGF9:D= GJ FGL

Example: E DGF? EE <A9E=L=J 9J:GF /L==D9J )9L=JA9DBGH=JLAMKHH=F<AP 09:D=
KMKH=F<K 9 LGFK DSBMIL= L@= KLJ=KK 9F< L@= KLJ9AF AF L@=:9J

*GL=L@9L LQHA;9DDQ DG9<K 9J= AF C* ;JGKK K=;|FAGHFI-MVAR AF? KLIJ=KK=K AF ),9

DKGKAF;3ID9KLAG<MDAJ-AR#,9 L@KLIIAFGF <AE=FKAGB3DH AR9F?%> 0@ARJ OADMDJI=L;@
EE MF<=J L@= ?AN=F DG9<

Assigned Problems

3@=FKGDNAE@=KM=KLAGBKMJI=J=IMAJZCMK+ @+=PL:GGBH=F<A;=KO@=Q@J=N9DM9:D
J=>=J=F;=K >GJ E9L=JA9D HIGH=JLA=K ?=GE=LJA;9D <AE=FKAGFK =L;

Problem 1: ;GF<=FK9IDAF= EE FGEAFHARE9<=G>K;@=<MD=;9J:GF KL="BAHAKMHHGJILO<
L@J=9<3€<@9IF?=KH9;=0L E ;=FL=1G ;=FL=J0@=@9F?=%=9J:GFKL==D ;E DGFDAL@JIGGL
<A9E=L=J G> EE9D;MDI9L=L@= KLJ=KK 9F< L@= KLJ9AF AR+ @=#BOFG3IKD= @9IF?=IK E9L=JA9D

Problem2: ;D=NARKL=FOAL@® AF,BARWMK=AR K@ @NA>LAR?@QAF20L@HARKI<=G> KL==D
<=L=JEAF= L@= E9PAEME K9>= DG9< MKAF? 9 K9>=LQ >9;LGJ G> :9K=<GF L@= QA=D< KLI=F?L@


https://en.wikipedia.org/wiki/Clevis_fastener
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Problem3: :GADAKMHHGIGHRK=N=J8I® GEDMEFKAF<A;9LARL @=A?MEI<=GMG>DI9KK ?J9Q
;9KIAJGHY9; @ ;GDMERMHHGIOG9S> LGFF=R@3I=IMAI¥O>=Q;LGE3GL@ABFKLIM;LAGF J= L@=
;GDMEFK K9>=

1K= L@=>GDDGOAF? <AE=FKRAEFK EE EE EE

Problem 4: L=FKAGEE:=J AP JGGEIMKMKM:B=LD DG9&> CAHK@=GFKLIM;LAEMAIRMKAF?
(PP 9F?D=OAL®@ ;JGKK K=;LAG¥F AF  "GJ:MAD<AF? DAOM;LMI=KIA;OF %FKLALGBH E=D
GFKLIM;LAIZIGEE=F<KKAPX=KAMKLI=KI ]|/ o LKAF?HH=F<AP L9:D= KH=AMXMAL9KI==D
E9L=JA9D

Problem5: LA3G<@Q<JIMDBAF<OKAR@=A?MIMEI<=>IGE AF,@@=<MD= KLO9AFDKK&HNAH=
AF, @BGF0@KARAIG<RI= 1*  L@JI=9<3IG<IOALGIGLAIE=LLP AF;,@F<9L@J=9<
HAL;@> 0,% 3@=FOKK=E:DAE@£)DAF<€¢JDIEHAFSGJ;=IMANODtEGF>MMBPMILMIFPIJGEDIF< LA?@L

HGKALAGF AK J=IMAJ=<

=L=JEAF£ @KLJ=I¥ @:QDAF<8B<AA.@EAIG<K DKGID;MDIL@KLIOAF=9; @GEHGF=RUKAFHF
=DOKLA; EGKMDMK G>!  HKA 9Fgd< ] HKA

Problem 6:/M??=KL GF= AEHJGN=E=FL LG L@AK ;@9HL=J


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

Learning Objectives

L L@==F< G>L@AK K=;LAGF QGM K@GMD< := 9:D= LG ;9D;MD9L= HJG:D=EK AFNGDNAF?

T 1FJ=KLJA;L=< L@=JE9D =PHOFKAGF
T =KLJA;L=< L@=JE9D =PHOFKAGF

DDE9L=JA9RKI:B=;LG9 L=EH=J9LM@&9F?-OADEPHIFGJ;GFLJ9;HIGHGILAGAIIDQ@=A}FF?L@F<
L=EH=J9LM&>=J=F;=/GE= E9L=JA9OKDIPHIF&GJ,GFLI9;EGI1 @96L@=IKDEMIODALILANGH=IL@QIL
AF<A;9L@GEM; @OADNM =EPHIFAKCFGORKL@AF=9D@=JEIPHIFKAGE=>A;A=Fh E=9KMJ-AF
E EU GJ AF AF U"DKG MFALKDAC= U GJ U";9F := MK=<

0@=;@9F?= AF D=F?L@ @Mz =PHOAKASD;MDIL=< OAL@

0@=J=AL@7@IF?APD=F?L@AHL@EIA?AREF?LEOC=KKMIGL@I-AHL@KIE=MFAL8F<f0 AKH.@=
L=EH=J9LMI==<IF;=

"GJ=PO9EHDSKL=®98L@=JESPHIFKAGE>A;A=B> | U AE=9FKL.@9L E DGFBJKM:B=|1®
L=EH=J9LMIEJ=9IG>U OADPHIF< ] E GJ EE O0@AKOQK==EDAGF+=?DA?AIBEMFEML
AX)GNMGFKA<SKL=9HAHGS> E DGFAFKLOD®=Y 9F<GH=JOLARE? U C,9 KOLMISLAGBKKMI=

L@E@=JESPHIFKAOEMD= =IMAN9DEEL ;E GBF=IMAN9DKEN9AR 0@AIN=JBEHGJLSHL]
L@HAHAF? <=KA?EOMK= L@=Q @9N= LG 9DDGO >GJ L@AK =PHIFKAGF GJ >9;LGJ AL AF L@= KLJ=KK ;9

2GDME=LJIAQ=JESHPHIFKAGPKGDAAKGLIGHAL=JAIDKSID;MDILAF9 KAEADOIQMKAFY_ 9K


https://en.wikipedia.org/wiki/Thermal_expansion
https://en.wikipedia.org/wiki/Pipe_support
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=PHIFKAGE>A;A=FB@=F,9D;MDIL AAIMAY&DME=IIAHIFKAGBNGDME=I=IAH9FKAGE>A; A=Ak
OAL@ LQHA;9D N9DM=K GKaDARRARE AR AEED:GP

Pipelines expansion ]

O0QHA; 9IDBEH=DAZIHK=DILANBBEYF<E9QK==0 KA?FA>AISFEH=JILMI5J=9K=LO==FAFKLODDAAGF
GH=J9LAEFEH=J9LMJI¥KI=KM@AED?FALMK&=JESPHIFK AGR=KK=8Q<=N=DBH @KMHHGII#GL
9<=IMIL=REKA?F=2P<<ALAGE @IL@=PHIFKAGE @HAHAF;J=9K+KDBGI&FE9; @ AF=3B<N=KK=DK
FGRRD=K

Pipe cold springing

0@=JAKF9:MF<9F; -G JLA; D&R<<AK;MKKAGHKD AGHAPHAHARZKA?EIGMHKOKABRR=KKA:D=
L@JIGMIFAFL=JFKEI]; MKARR=QOGJIKLIAFZKAH:GDKHIAF? REIZHAH G D<HMRIALAKDKG
9<<J=KK=< AF /)!

Z,AHSGDKHIAF?ARR=>AF3KL@HJIG;=KB>AFL=FLAGESBJEILAMRKMIDBDQEHDAK@ZsMLLAK GJL
GIGFR@HAHIMFIELO==RO®@F; @ GIJE>HAHARRMIAFRKK=E: DFHIG<M F<=KAIJAFALAABHDY9;=E=FL
IF<KLI=KBoRKDK&G>AF8KL @AFL=FLAGEIBKKAFZ=DIKL#>GIEILAGE @HAHARDKL=EVJARZD=
=J=;LAGF ;Q;D= LG H=JEAL L@= KQKL=E LG 9LL9AF EGJ= >9NGJ9:D= J=9;LAGFK 9F< KLJ=KK=K AF L@= C

+H=JOLAEE?AF==08-=0<NAK+G= >9EADADAL @D AKI;LAKAF;AEIQ:= MK=AKL=9HAH=KR@=J@9IN=
:==F ;AJ;MEKLOF; €X@=m@AJ=&FLJ9;L GOK@=RAKIKK=E:DKE29EDAF=& EHDIAFS:GMIDAFHGL=AF?
>ALLEYGH=JD@HAHBGMIKHIMES:C O@=MF:GDL=<NGAGKLDIOHIAIR<MFF=;=KKRIQL=JILAQFK
:=AF? >9EADA9J OAL@ L@AK HJIG;=<MJ= 9F< :Q CFGOAF? QGMJ HD9FL

Thermal stresses in composite bars

Z0@5GEHGKALM:= GFKAKGK.OGA>=J=RDDGERX 9DDMIDDRF<=<LG?=LAED; @A=NSGC+L @=IJE9D
LIOFK>HIGH=JLAFK ODDAWK=kGOAL@KLIFHR GKAGR AD@EL @AIG>L=-HIHHIGNEBEI=KKMI=KK=D
E9L=JA9D

O0QHA;9D 9HHDA;9LAGFK >GJ ;GEHGKAL= LM:=K 9J= KL=9E :GAD=JK OAL@ ;GJIJGKAN=;GF<ALAGFK KM;
T D9;C DAIMGJ J=;GN=JQ :GAD=JK (.
T /IQF?9K ;GGD=JK
T 3 9KL= @=9L :GAD=JK
T 3 9KL= LG =FQIGAD=JK

GEHGKALM:=;GEHGMFEM:=9J=KMAL9:BEIHHDA; ILAGBK IEQ@ ;GF<ALAGMLK BFE<AFKAL@EM:=
J=IMAJ= E9L=JA9D HIGH=JLA=K L@9L ;9FFGL := E=L :Q GF8E9L=JA9D GFDQ


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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3@ADS0=JIF?AF==JAR: M<=AEBQ FGIK==9 <AJ=;BHHDA ;9L GEFD =K+ AF; AHD:&=GDDGOLBR-G>
HJG:D=EK 9J= H9JL G>T@==af-DIKK :MIJA:MDME

Case A

0@=>GDDGOAF? <A9?J9E J=HJ=K=FL 9 LQHA;9D J=KLJA;L=< L@=JE9D =PHI9FKAGF K;=F9JAG OAL@ ;GI

#AN=PDD@EIL=JAMNGH=J L H=<AE=FKAGERG :B=;LAKNK GOD;MDIL@KLJ=KF=9; @&K=;LAGKD=E@=
L=EH=J9LMJ= AK AF;J=9K=<:Q 9 ?AN=F fO

3@=FL@:9JK9J=@=9L=9; @AM L =EHI=F< G=PHIF<IMAN9D+H. @=RMFJ=KLJAf(=< #AN=E @U@=
=PHIFKASRI=KLJA;L=8;@9J OADD KM:B=LGGEHJ=KKAG®A; 8A-MJIP=F=J9L-BEHJ=KKAKQR=KK=K
0@KMEG>L@EOGGII=KHGF<APAAEI?AFIIGEHI=KKAGEGIEILAGADE =IMID G @KME=9KADQ
IMOFLA>SANPI=KLIAIL@<IJESPHIFKAGRIL @=JEGGFKA<=JARRAUQ@=GJ;=8HHDAS<=9;@9J 9J1.@=
K9E=KLILADIF;=KQKL=H @ABEHJ=KKAGH];59F =9KADL),9D;MDIL=9;LGJARRA.@FJGKK K=;LAGF9D
9J=9K G> =9;@ :9J D=9<K LG >AF<AF? L@= KLJ=KK <=N=DGH=< AF =9;@ E9L=JA9D

Case B

%R @K=;GFK;=F9JAG:9] AKHAFF=8L:GL@F<KAFKA81.M:=G>0 <A>=J=HE9L=JAIB@=F@=9LMHGF=
E9L=JAMMEMD<PHIF&J==[EBJ-L @E@ESL@=-0@-DGO=PHIFKABH.=JADMADDE HMDDEMLO9JAK
L=FKAGFL@K=;GFGF1@ILL=EHLE-PHIFEGJ= EMIE@EIL=JARD DCMDI==BRHIFEGI-AIAK
HMDD=< AF ;GEHJ=KKAGF :Q L@= E9L=JA9D L@%t E@H3FERIMGRKF? >A?MJ= >GJ ;D9JA>A;9LAGF
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+:B=;LANGL @AR=J; A G AFK@KLI=KK=HF=JILAF9; @EIL=JADQ@OHHIGI WK GDNAKZ AKIG:D=E
AK 9K >GDDGOK

T 3@=F @=9L=<MH L@=:J9KK LM:= AK HMDD=<:Q L@= KL==D JG< ?=F=J9LAF? 9 ;GEHJ=KKAGF
0@=:J9KK LM:= J=KLJA;L=< <=>GJIEILAGFOANNG=J= 5 AK L@= 9;LMID ;GE:AF=< <=>GJE9LAGF
G> L@= ;GEHGKAL=:9J

T /AEAD9JD@= KL==D :9J AK HMDD=< GML :Q L@= :J9KK LM:= ?=F=J90@F?3ILMBRAD= KLJ=KK
J=KLJA;L=< <=>GJE9LAGF G> L@= KL=5D :9J AK

e *GL= L@9F AF L@= 9:GN= <( AK L@= >J== L@=JE9ID =PHIFKAGF G> =9:@ E9L=JA9D
T "JGEL@=<A92J9E,2 2 s b2 s
T IM:KLALML= AF L@% %GN=  >GJ =9:@ E9L=JAID <ANA<==IMILAGF :Q ( AFALAID D=F?L@ OF

e 6brass 6 steel 5 bra352 5steel 49
T IM:KLALML=! b aAF L@=9:GN=>GJ =9;@ E9L=JA9D 9F< L@= J=KMDLAF? =IM9LAGF J=HJ=K=F
=LO==F L@= KLJ=KK AF =9;@ E9L=JA9D >MF;,LAGF GFDQ G> L@= CFGOF =D9KLA; L@=JE9D =P
9F< L@= L=EH=J9LMIF=A>
e 7 brass brass 7 steel steel S bra532 S steel 49 )&
T 0@= K=;GF< =IMI9LAGF ;GE=K >JGE L@= G:K=JN9LAGF L@9L GML0O9J< HMDD >GJ;= G> L@= :J9K
AF09J< HMDD G> L @@ik=3F ;= =PHJ=KK=< 9K
e 7 brass4 brass 7 steel4 steel )&
T /GDN==IMILAGF BGdss 9OF< KM:KLALML= AFLG =IMIGBRGIEE =IMILAGF 5Gds/9F< QGMJ
>AF9D J=KMDL AK <=H=F<=FL GFDQ GF E9L=JA9DK HIGH=JLA=K ;JGKK K=J=AGFK 9F< L=EH=J9
T +F;= 7 gtee|9FKO=J AK >GMF< ?G :9;C LG =IMILAGF 7@Rs>AF<

T O@AK E9Q 9HH=9J 9K 9 E9L@ 9D?=:J9 <=E9F<AF? HJG:D=E 9FAKLARRK ;@IBBANELI HIG:D=E
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OAL@ 9 KL9F<9J< KGDMLAGF O@A;@ E=9FK L@9L =N=JQ IM=KLAGF OADD := KGDN= >GDDGO/

Assigned Problems

3@=FKGDNAKZ=GDDGCOARZ:D=E¥AFk @3 IMAJ=OL AH. @E=PL:GGEH=F<A;#KIGNA<=RL=JF9
J=KGMJ;=K GJ GL@=J J=HML9:D= KGMJ;=K 9DO9QK IMGL= L@= KGMJ;=

Problem1: >AJ=LMGADAKGO=JMKAFMFC=3M=BAD0O@KLGJIIROFAIGOFGH=EGHGFKLIM:LAGF
E <A9E=L9F< E @=A?@ARK<<=0O@=E@SE:A=FL=EH=JOLMJ}&U  MJAFKLOJL M@E=EH=JOLMJ=
KM<<=FDEKHG U $GOEIFQ=FLAE=L=30GQ@EIFCGHDF QGMADE @EIFKA @ QGMIPAEAR=
L @6 ARGDME@ABNGA<AFFKHADDITB=>A; A=E-DAF=8PHIFKAGHE OF E9L=JASE | U 9F<
NGDME=LJA; =PHIFKABRG>>GJ GAD AKJ|

Problem2: MJAFAFKLODDRRBFEAFSKAFGDAKR=9L£EG U 9IF<L@EMAKA?@L=RE&@ HACKLI=IAK
HIG<M;=@9F< LA?@BI@=FALGGDGOR. Q. @EH=J9LAGEH=J9LNEB=U L@:6DB<=IMIL=REMJIAKD=
9KK=E:DQ@FL=JEAFE@E=FKARIF=KRR<KLIIMNA. @EDRF<L@=GJ;59JJA=Q L@EDLO@=GDE>=;LAN=
D=F?L@ AK EE <A9E=L=J EE9%p| #.9

Problem3: F=09:GN=2JGMR<AH=DOABDIFKHGIM<-GARIGEGIL@=IP:=JL9KGMLOG;GEH=FK9L=
>Gl@=JESPHIFKASFAKLIAMRILAGEL @HAH=DAADD =IMAHHBAL@JIM?9L=RHIFKABFAHL@9L
9DDGOEE 9PASIPHIFKAZH< EE 9PA9BEHJI=KKASK?MI=0@HAH=DARED AFKLIDEBROKMEE=J
O@=BE:A=FL=EH=J9LVHSR);GFK=IJNILARKRYBG= U O0@+HAHAK ;@ 9F<9J:GF/L==D
E9L=JA9D

=L=JEAFE@EIPAEMKLIAHALB=F?L& O==FO®@F, @AHAGAFIAFE >GIFPLI=EDH =JL9 =EH=I9LMI=K
O@ABPKKMEAE@SIM+ GMK@ >Al@HAHE=LOD=EH=JILNREJ=9; @KQA & U "GIJQGMIH=;A>A=<
HAH= D=F?L@ O@9L OGMD< := L@= E9PAEME KLJ=KK <=N=DGH=< AF L@= E9L=JA9D A> L@= L@=JE9D


https://en.wikipedia.org/wiki/Pipeline_transport
https://en.wikipedia.org/wiki/Metal_expansion_joint
https://en.wikipedia.org/wiki/Nominal_Pipe_Size
https://albertawater.com/virtualwaterflows/climate-in-alberta
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Problem4: F d /;@=<MD= KLISATRZE?L@EKL=9HAHAKALL= O==FEOGAP=3F;@ HXIMHHGUAL &5
9DDGO9BEFPHIFKAGKE: @;6EHI=KKANI=KKL @HAHEMKLt= DAEALES CKO@=RFGH=J9LAIEF

U" <=L=JEAE@AFALASBKANSD=KIQHMKI= OHHDAMIARFKLIDDILAGF 3@9l=IMAN9DEEEKAD=
>GJ;= AK J=IMAJ=< :Q L@AK ;GD< KHJAF?AF? AFKL9DD9LAGF

Problem 5: KAF?D= HSKK/I:DHAHE=9EP;@9F?-AKGFKLIM;LMKAFE FGEAFADDA;CF=KIK

0QH= GHH=1LM:AF2GL@AFL=JFOM:=9F< d FGEAFHARE=<AMBIDD@A;CF=KK=AIM:AF3GlL@=
=PL=JFE@=0IDD=F?LEL @@=%HP;@9F?AKd 0@=*Q@=%P;@IF?AKK=E:D¥#LI=KK=9L U ML
AFGH=J9LAGPEM:=K9DD-EH=J9LMI=X@ U =L=JEAFE@KLI=KKHEHK=J9LQ L@=JESPHIFKAGH
:GL@ KL==D 9F< ;GHH=J LKFAF?

T _ki==p ] AF AFU"«l ==p ] HKA <AE=FKAGF9D <9L@=JGEAF==JABLD:GP /L==D


http://www.graham-hart.com/products_double_pipe_heat_exchangers.php
https://www.engineeringtoolbox.com/bs1387-steel-tubes-dimensions-d_97.html
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OM:=K
T _.GHH=J | AF AFU".dyp=3 | HKA <AE=FKAGF9D <9L9 >JGE HH=BF®&P GJ
IF?AF==JAFGGD:GP GHH#I6K

Problem 6:.=;GEE=F< GF= AEHJGN=E=FL LG L@AK ;@9HL=J


https://www.engineeringtoolbox.com/bs1387-steel-tubes-dimensions-d_97.html
https://www.engineeringtoolbox.com/astm-copper-tubes-d_779.html
https://www.engineeringtoolbox.com/astm-copper-tubes-d_779.html

Pressure Vessels

Vessels

Learning Objectives

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

T %<=FLA>Q L@AF O9DD GJ L@A;C 09DD HJ=KKMJ= N=KK=DK

T AK;MKK L@==<JeF;= :=LO==F DGF?ALM<AF9D 9F< ;AJ;ME>=J=FLA9D KLJ=KK
T =EGFKLJIL=L@= <=JANILAGF G> L@= KLJ=KK >GJEMD9K AF 9 L@AF O9DD HJFKKMJ= N=}
T ,=J>GJE L@AF O9DD HJ=KKMJ= N=KK=D <=KA?F ;9D;MDI9LAGFK

Thin-walled and thick-walled pressue vessels

0@=<AKLAF;LAGB==FE @ AKL@A@IDBI=KKMNFKK=BIK=L=JEAF:Z L @IOLAGLO==FE @E=9FJ9<ANBL
L@N=KK9B<L@E@A; CFE&K@O9DDob@ AL ABRI=IL1IDIF L@N=KKABGFKA<=Jk@APRDBIJ=KKMJ=
N=KK=@> L@= JILAG AK D=KKL@9F L@= N=KK=D AK ;GFKA<=J=<9 L@A;C O9DD HJ=KKMJ= N=KK=D

%SH=J9LAGH L @ AR DBI=KKMKK#DJ=KKFN=DGCH¥H @+ @ABIDPF ;GFK=INILAN=BKKMEZG
= MFA>GJB@=KSJ-L @KLI=KKIKV<=FIK>9EADASD; MDIL MIAF)! 1=;LAG Pt GJ=;LAGBE%%%
AN % 1# %F >9;L EGKL G> L@= HJ=KKMJ= N=KK=DK HGO=J =F?AF==JK OADD OGJC OAL@ 9J= G> 9|

%EGFLI9KLL@AQODEI=KKMI=KK=BN=DGHRI=9L=JAJ;ME>=J=FLAAD=IGFL @AFKAXMI>9GL@=
N=KK=2aB<ALI=<M;=KGO9JdKO EMLKAAIE=L =D @=<=KA?PD;MDILASEK @AIQHG>N=KK=BI=GFDQ
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;GN=J=AFL@)! I=,LAGR%%%=KKMIZ=KK=Dj&<= )9F<9LGIQHH=F<AP /MHHD=E=FL93QA?F
"GJEMDY9K

Development of stess formula in a pessue vessel

AJ;ME>=J=FLA9D KLJ=KK=K DGF?ALM<AF9D BGAFLK

0@=;AJ;ME>=J=FLA9D KLJ=KK GJ @GGH KLJ=KK 9;LAF? GF 9 DGF?ALM<AF9D ;JGKK K=;LAGF AK <=JAN

=KA?FHJIG:D=EEGKILQHA; 9IBEIDAL @AF<AER®EAFAEMBE=IMAJ-BODD@A;CF=K&®=J=>G@9:GN=
>GJEMD9 AK EGJ= MK=>MD =PHJ=KK=< 9K

$GGH KLI=KK >GJEMD?9 >JGE /)! /=;LAGF 2%#%% AXN

I>>SAA=FR] AR >9;LGI@R;; GMFLKG DGKBSEIL=JASDJI=F?k@-LO=D<&IDA?9E=FLRKG-GLE@9L
9HHDQAF?,| LA.@=<=FGEAFILUGPR<K® L@QA;CK@=[HEHIJ=4+A. @QE@=GI=LARIEMDI¥F<L@=J=>GJ=
EGJ=;GFK=INILAN= GJ K&&J- MKAF? L@=>GJEMD9 ;@=;C A> L@= J=DILAGF AK 9HHDA;9:D= L@AF O

N I=,LAGF % ,GO=J GAD=JK ;9D;MD9L=K L@= K@=DD L@A;CF=KK GFDQ :9K=< GF ;AJ;ME>=J=FLA9D Kl

0@=GJEMDRIIMALKAEADAH @9:GN=ZQ[AK L=EH=J9LNG=>A;A=BE< AIOF 9<<=<0DDGO9IREJ
;GJIGKAGKLIM;LMKRD ADARQAF L@6E<=GIEMD&9<K® L@A; <@ DD IKAEHDIX=<GF<=JANILAGFK

(GF?ALM<AF9D KLJ=KK ;AJ;ME>=J=FLA9D BGAFLK

(GF?ALM<AF9D KLJ=KK <=EGFKLJ9L=< 9F< <=JAN=< AF L@= L=PL:GGC AK <=JAN=< 9K
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*GL=L@DGF?ALM<HEBIX K G @@ GGHLI=KISHKL @=J=>G@=RJ=-DXBEN=JE@<=KA?FO@AKK
L@= J=9KGF /)! /I=;,LAGF % <G=K FGL =N=F J=IMAJ= =N9DMI9LAF? L@AK KLJ=KK

! /= LAGB%YAN  J=IMAJ=KLAEILAEIN=-KKED@A; CF-3<c<GF GL@LJ=KKHK<; @ GGKARZBIF-KL
G>L@= LOG N9MMEKID9 AK

H@=JA;9D HI=KKMJ= N=KK=DK

IH@=JA;8D=KKMN=KKKDJ=KKID;MDILAR. @KIE=O9QQKL@BGF?ALM<AEBKBEGMEOQ;GF; DM<I=@9L
9 KH@=JA:BBKKMI=KKEIADEIMAE-L @AFR@ =D =GJ=LASBERO D@ 9¢ ; QDAF<JA:RBKKMI=KK=D
GH=J9LARP @KIE=HI=KKMIF=<L=EH=J9LMEL @=J=>BIBGMD= 9 HJ=>=JJK@IH=9DALAX @ D@AD=
EGKL G> L@9L AK LIM=AAMMAKLGREIFM>9;LMJI= 9 KH@=JA;9D K@=DD

"GDDGO L@= DAFCK >GJ =P9EHD=K G> HJ=KKMJ= N=KK=DK

T HJI=KKMJ= N=KK=D ;GFKLIM;L=< G> 9 @GJARGFL9D KL==D ;QDAF<=J
T /H@=JA;9D ?9K ;GFL9AF=J
T (*#,;9JJA=J KQAH

Assigned Problems

T 0@= ,J=KKM3KK=D HJG:D=EK EMKL := KGDN=< MKAF? L@= L@=GJ=LA;9D >GJENID9K <=N=
L=PL:GGC 9F< *+0 L@= /)! ;G<=>GJEMD9K

T DO9QK ;@=;C >AJKL A> QGM 9J= <=9DAF? OAL@ 9 L@AF O9DD=< GJ 9 L@A;C O9DD=< HJ=I
e 0@A;C O9DD >GJEMD9K OADD := HIGNA<=< A> F=;=KK9JQ

T QDAF<JA;9D N=KK=DK J=IMAJ=:GL@ ;9D;MD9LAGFK DGF?ALM<AF9D 9F< ;AJ;ME>=J=FLA9
KH=;A>Q L@= >AF9D 9FKO=J EAFAEME O9DD 3 @8FHNMERDDGO09:D= OGJCAF?
HJ=KKMJ=



https://en.wikipedia.org/wiki/Pressure_vessel#/media/File:Modified_Hanson_steelwatertank.jpg
https://en.wikipedia.org/wiki/Pressure_vessel#/media/File:Biogasholder_and_flare.JPG
https://en.wikipedia.org/wiki/Pressure_vessel#/media/File:Methanier_aspher_LNGRIVERS.jpg
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Problem 1: =JAN-AR=LIAI@=GIEMDIGDGF?ALM<@9AJ; ME>=J=FLAOBKKXKAFBF9 ;QDAF<JA;9D
HJ=KKMJ= N=KIK&=DDQ <AK;MKK L@= J=KMDLK

Problem 2: K=9ED=KKKH&> EE GMLKAAIE=LAKVK=9K9 @=9<-AF DIF HGO=BID9FRJIQAF?
KL=9BL ),9 HI=KKMI@KLIF<9B=F?L@KAH&I=MLL O=D<E&?=L@EMADX;,GFLAFMGMK-0@=
HAHESL=JA9D #J9<= @9KAFAEMB=FKADI=F?L@> ),9 9F<9K9>=L€Q;LGG> :9K=<AK
KH=;A>A90@= 9DDGO9:D= KLJ=KK >GJ L@=:M),B O=DHEK;AKQ L@= EAFAEME HAH= O9DD L@A;CF=KK

Problem3: ;QDAF<JA;9BCd <A9E=L8F< >==DGFAKIK=9K9;GEHJ=KK$8A9;;MEMD9LGI@+9FC
AKE9<=G>/0) |/ JGDDKk=4HIDIIGAL@OIDD@A;CF&K d "AF<L@EIPAEMBDDGO9DGICAF?
HJ=KKMJ= AF L@= L9FC MKAF? 9 K9>=LQ >9;LGJ G> :9K=<GF L@= 1DLAEOL=/LJ=F?L@

Problem4: D9 KH@=JAQGJIPOFCGIGEHI=KKFALIG?AR E <A9E=LAF<AKGFKLJIM;LMKAF?
%/% ;GDIGDDKk=HDOIG> EE L@A;CF=B&@EIPAEMEHI=KKME@EIFAK )9 %9<=KA?F
>9;LGJ G> :9K=< GF IA@B5/LI=F?L@ AK J=IMAJ=< <G=K L@= L9FC E==L L@= KH=;A>A;9LAGFK

Problem 5:.=;GEE=F< GF= AEHIJGN=E=FL LG L@QAK ;@9HL=J



Properties of Areas

Inertia Moment

Learning Objectives

1HGF ;GEHD=LAGF G> L@QAK ;@9HL=J QGM K@GMD< :=9:D=LG

T =L=JEAF=L@-=;=FLIJGA< DG;9LAGF G> 9 ?AN=F ;JGKK K=;LAGF

T 9D;MDOL= L@= EGE=FL G> AF=JLA9 >GJ 9 ?AN=F ;JGKK K=;LAGF OAL@ :GL@ /% 9F< 1/ MK
MFALK

"AF<AR2@BG;9LAGE @—=FLIGA==<=0@=PD;MDILABREGE=FIGAF=JL&IK=;GFEGE=FIG>9J=9K
G> :=9EK KM:B=;L=< LG :=F@FGFN=FA=F;= QGM E9Q MK=< L@= L9:D=HIGNA=< AF

0@==GE=LIMIGH=JLG=80=-9KGJGEEGFK@9H9B=?AN=RAA_=PL:GGEBH=F<AP GEEGF AF<MKLJA9D
K@9H=K DAGEBK 9F< HAH=K 9J= DAKL=< AF HH=F<AP

Centroids of composite agas

=L=JEAFARBG;ILAGR. @~=FLJGA9 ;GEHGKALF=MK=K@;6F;=HIGEGE=FIG9F9J=-9L @AO @ Q
L=PL:GGCK E9Q J=>=J LG L@AK 9K Z>AJKL ECPtFRKED ABDOED L@AK HIAF;AHD= AK =PHJ=KK=< 9K

o@=J=


https://pressbooks.bccampus.ca/powr4406/back-matter/appendix/
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T 5 AK L@= <AKL9F;= LG L@= ;=FLIGA< >JGE KGE= GEEGARQWAK=>=J=F;= 9PAK AK L@= :9K=G>
L@=>A?MJ=

T AAKL@=9J=9 G> GF=H9JL G> L@= ;CEQEKRMABIYP—9 GEHGKAL= 9J=9K 9J= KHDAL AFLG ;GEEG
K@9H=K G> CFGOF ?=GE=LJA; HIGH=JLA=K KMEE9JAR=< AF L@= L=PL:GGC HH=F<AP

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

Tg AAKL@==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

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

T %> L@=;JGKK K=;LAGF AK FGL KQEE=LJA; 9:GML 9FQ 9PAK L@=F LOG ;9D;MD9LAGFK 9J= J=IM/
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@= =PL
"GJ L@AK K=;GF< ;9D;MD9LAGF AE9?AF=L@9L QGM JGLIL= 0@-CARKHSFL ;GMFL=J
J=H=9L L@= >AJKL ;9D;MDI9LAGF

T %> L@=;GEHGKAL=9J=9 @9K 9 HIJL L@9L AK J=EGN=< >JGE L@=>A?MJ= 9 NGA< L@AK EAK

LJ=9L=< 9K 9 F=79LAN= 9J=9

Moments of inertia of composite aeas

%RGLILAGEBB=LAOK D=9JF4<@AUA@ZIGLILAGEREE=FLG>AF=JL&S9 >DQO@=NF;LAG>ALIKIKK
KARSF< K@Q9HI=HI=K=FRLK=KAKLIEE; @IF?-AFALIEGLAGB@AKGE=FLG>AF=JLEMDLAHD@-k@=
9F?MD9]=D=J9LAGPAN=YFAF=JLA9 EGE3F;LAGRILL=EHLKEIDIF;4 @$;,=D=JILAEGE=FI9;LAGF
9;;=D=J9LAF? LGJI#E ?=F=J9D 9 EGE=FL G> AF=JLA9 AK 9 J=KAKL9F;=LG ;@9F?=

=9EK 9J=KM:B=]LG=F<AFBF<9K9 J=KMD@=¥rF4 =>GIEK=>D=;L 0@-EGE=FLG>AF=JLG&99 :=9E
JGKK K=;LAGFF = J=DILEG @KLAP=K&L@=9E 0@=<=>D=;LABE@=9E AKFN=JKIGHGILABED-
EGE=FL G> AF=JLA9

"GJEMDSHGEGE=FLKAF=JLBKAEHB@ IHSI?AN=RFO=PL:GGEBH=F<AP 0@=QADBDKG HIGNA<=<
AF L@==P9E

3@=F<=9DARPAL®;GEHGKAQ3F=9 <ANAL DK @IHFLBKA;HIILKGD @A, @@ EGE=FLG>AF=JLA¥F
= =9KADED;MDIOL=-B@=5GE:AF=<EGE=FIG>AF=JLAY. @=FLAJSQIHH. @ KMEG>EGE=FLIG>AF=JL&$
;GFKLALM=GILKDMK2=A3JJ=KHGF<AFIFK>EJE 0@+ J9FK>E3IJEAKID;MDILSKL @8J=9G>L @H9JL
EMDLAHDA£@KIM9J=<AKLIF:=LO==E. @=FLIGAL @HIJBF<L@SEEGF;=FLIGASL. @=FLASI=9
0@AKIOFK>=IEI=HI=K=RI@8<<ALAGKRBF=K&>=9; @H9JkMA. GALE=DIL AMKLIF=IGH. @EEGF



28 ¥ SOMSUPPLEMENT

;=FLIGA®@+.9:D2AN=RFMHHD=E=fHH=F<AP ;9F := MK=%GJ9D;MDILAGRMK=>RD=E @K @9IHK
EGJ= ;GEHD=P

Assigned Problems

3@=F,GEHD=LAEK®=KP=J;AKHRD =99 C=KMIE@ NG HD=9IDI=FLAAFIFME: =L @H9ILGEGQGCMJ
;GEHGKAL=9J=9

Problem 1: =L=JEAFE@EGE=FIGAF=JLAGEML@N=JLA;9E<@GJARGERDGA<EPrKGIL@=GDDGOAF?
>A?MJ=

Problem 2: "GIL@=GDDGOAEGKRK K=;LAGE=JEAE®@BG;9LAGB=NILAGR @=FLIGARE<L @EGE=FLK>
AF=JLA9 OAL@ J=KH=;L LG L@= @GJARGFLI9D 9F< N=JLA;9D ;=FLJGA<9D 9P=K
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Problem 3: "GJL@=GDDGOAM?M3=L=JEAB=L@N=JLA;DG;9LAGR @~=FLJIGASF<;9D;MDIL@EGE=FL
G> AF=JLA9 OAL@ J=KH2GJARGEEIDGA<ID 9PAK

Problem 4:/M??=KL GF= AEHIJGN=E=FL LG L@AK ;@9HL=J L@AK E9Q AF;DM<= 9F GJA?AF9D ;JGKK K=;LA



Beam Reactions and Diagrams

Diagrams

Learning Objectives

LL@==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< <J90 L@= K@=9JAF? >GJ;= 9F< :=F<AF? EGE=FL <A9?J9EK G> :=9EK KM:B=;l
;GF;=FLJ9L=< DG9<K MFA>GJE <AKLJA:ML=< DG9<K 9F< ;GE:AF9LAGFK G> L@=|LOG

Beams eview

=9EK 9J=KLJM;LVMEBBE=FIOAL @OJAGNK?AF==JAFFHDA; L ABFRS G>KA<?=K=; @9IFA; IBK=E:DA=K
=L; %PR=F=J9B:=9E AKD=F<KLJOA?@?AMADIGEAKGLIGER;=JAIDR<EGKIAEHGJLO9KRM:B=;L+&
DGIHEIH=F<A;MIP@=BGF?ALM <A FKL=8H=JH=F<A; MBRI{KDKIEKLIM;LVESE:=J OGMD<
= KM:B=;L3CDGF?ALM<BEIRKIOGMD= ;9DD=GDMEBJHGKLY% 2 @KIE=E=E:=J OGMD= KM:B=;L=<
LGO LGIIM-AALOGMD<= ;9DD=9F<LJ=9L8K9 K@9>D@=J=>GCO=RA<=FLA>EE@IFA;IBIKLIM;LMJIOD
;GEHGF=FLK ;GFKA<=J9LAGF G> L@= E9FF=J G> DG9<AF? AK N=JQ AEHGJL9FL

*GL=L@ID@=RLGE=KLGGIJA=FLILADEK ;9F := @GJARGHN:ADA;HIIFQAF;DAFILABELO==FDAC=
KM:E=3=< HD9L=K 9F9DQR=< AF >DMA< E=;@9FA;K W HIGNA<=< L@= DG9<AF? AK H=JH=F<A;MD9J LG L

Beam supports:


https://en.wikipedia.org/wiki/Beam_(structure)
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-((™, 1( "H+ $"H# 1% '$ &+
.GDD=9DKG ;9DD=<
T KAEHD=
T EGN9:Dx
T KDA<AF? T 2=JLA;9D J=9;LAGF
GFDQ
T DDGOK @GJARGFL9D
EGN=E=FL
T DDGOK JGLILAGF
,AFF=< 9DKG
:9DD=<
T @AF?=<
T 2=JLA;9D J=9;LAGF
T $GIARGFLID J=9;LAGF
T DDGOK JGLILAGF
"AP=<
T 2=JLA;9D J=9;LAGF
T $GIARGFL9D J=9;LAGF

T )GE=FL J=9;LAGH



https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6RollerSup.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6RollerSup.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6PinnedSup.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6PinnedSup.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6FixedSup.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6FixedSup.jpg
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Beam Loads:

:G9J<

Cy 1%'$ 09%($ + ke
,GAFL 9DKG ;9DD=< T N=@A;D= 0@==DK

T ;GDMEFK 5-K

T ;GF;=FLJ9L=< T H=JKGF GF <ANAF?

1FA>GJE AKLJA:ML=<

'=9E O=A?@L

KFGO DG9< GF
LIMKK

188

29JA9:D= AKLJAML=<

@Q<JGKLILA; D
GF KM:E23<
KMJ>9:=
97?J=?9L= HAD=

:=9E G> N9JA9:[
JGKK K=;LAGF

G9<

5=K

GF;=FLJ9L=< )GE=FLK

E9;@AF=
;GEHGF=FLK

*G

Beam types:

DA;C GF L@= <A9?J9EK LG =PH9F<



https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig7.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig7.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig7A.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig7A.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig7B.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig7B.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig7C.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig7C.jpg
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1(+ " * 0 0 %($ +
JAEHD= :=9EK GJ KAEHDQ T K@GJL KHIF | o_
KMHHGJL=< - JA<?= =

T HILAG KMHHGJL
+N=J@9F?AF? :=9EK '=9EK 5=K
T <ANAF? :G9J<

T :MAD<AF?
=FLJ9F;=
9FLAD=N=J :=9EK ;GN=JK 5=K
T GN=J@9F?AF?

KLJ==L KA?FK

T E9;@AF=

GEHGMF< :=9EK -GEHGF=FLK

*G

T DGF? KH9F
GFLAFMGMK :=9EK JA?= *G
T HAH= KMHHGJLK

Solving for beam reactions

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

J90 L@=:=9E >J==.G<Q <A9?J9E

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

/IGDN= Q) KME G> EGE=FLK 9:GML KMHHGJL O0@AK OADDRAN-AGEML KMHHGJL

IGDN=g) O0@AK OADD ?AN= QGM .

1KAF? . 9F<. >GMF< 9L KL=HK 9F< ;@=,CA>g2 KME G>9DD N=JLA;9D >GJ;=K AK K9LAK>/
9 *GL=L@9L KL=HK 9F< ;9F :=J=N=JK=<



34 ¥ SOMSUPPLEMENT

"GJ 9 ;9FLAD=N=J :=9E MK=0g2 LG >AF<L@= N=JLA;9D J=9;LAGF Y9b@E®9IDD 9F< Q)
>AF< L@= EGE=FL J=9;LAGF 9L L@= 09DD 0@=J= AK FG GL@=J =IMILAGF LG N9DA<9L

[ Shear forces and bending moments diagrams

ZI@=9JABBJ;=RI=AFL=JF90J;=K=N=DGHARL@EIL=JATD>I :=9E LGIDIF;,=PL=JF9BBIRIDA=<
>GJ;=K AF GJ<=J LG K=;MJ= =IMADA:JAME G> 9DD H9JLK G> L@= :=9E

=F<AFEGE=FLRJI=-AFL=JABGE=FLK=N=DGHN¥L. @E9L=JAS9 :=9E LGIDIF;L @E=F<=F;QGJ
=PL=JF9D >GJ;=K LG ;9MK= JGLILAGF G> 9FQ H9J}. G> L@= :=9E [

0@K@=9BJ;9L9FQK=;LAG:9 :=9E E9Q:= >GMFQ KMEEAFIDD@N=JLA;90J;=KG @B=>4dr LG @3A?@L
G> L@= K=;LAGF MF<=J ;GFKA<=JILAGF

JAEAD9ID@=F<AFEGE=FI9LOFQK=;LAGE9 :=9E E9Q:= >GMFQ 9<<AFR@EGE=FLKJGH @B=>dr
>JGE L@= JA?@L G> L@= K=:LAGF ;GFKA<=J £/ AGB{ BEEAALAK L@= DG;9LAGF MF<=J ;:GFKA<=JILAGF

Q ;GFN=FLAGYL=JFB@=9JAFGJ;=R;LAFXGOF09J9J=;GFKA<=JHGKALAN®=QGMFL=J9NMHO9J<
=PL=JF90J;=l0@=J=>GO@=B=HJ=K=FLA@XK @=3GJ;=RGNBF <J9OL@=RAR. @=<AJ=;LAGF=PL=JF9D
>GJ;=K 0@AK AK NAKM9DDQ =9KA=J L@9F >GDDGOAF? L@= KA?F ;GFN=FLAGF

DG;COAKEGE=FLKGFN=FLAGFIIBEQFKA<=JE=<?9LANKDAPGMFL5DG;COAKGE=FLRI=GFKA<=J=<
HGKALAB@=FJ=HJ=K=FLRAEP—=F<AFEGE=FLN9JAILAGEFKMD@>=GDDGORFDKQ@GOANPDALILAN=
:=F<AF? EGE=FL ;MIN=K <=H=F<=FL GF L@= K@9H= G> L@= K@=9J >GJ;= ?2J9H@K


https://pressbooks.bccampus.ca/powr4406/back-matter/reference-list/

Shear
Force

Type

Positive
increasing
slope

Positive
decreasing
slope

Negative
increasing
slope

Negative
decreasing
slope

S.F.
graph

B.M.
graph
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3@=<JIIOAR2AK@=98J;9F<=F<AFEGE=FI<A9?J9ER @ AD@KA?FGFN=FLAGREHGJL9f&FKAKL=F;Q
AKIM;A9D'GI AFKLIF;£f5FKA<QIKAEHD=OE DG9<=RAL@HGAMRG99HHDAEGE91 DG9<4L9JLAH2@=
<A9?J9EK 9L KMHHGJL DGGCAF? LGO9J<K L@=H9?= OADD ?=F=J9L= L@=>GDDGOAF?


https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig9A.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig9A.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig9B.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig9B.jpg
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Point Load

FFTFETFETFTETTTTTTTTFTTTFTFTTTFTFFFFFFFFFFTFTFTFTF

I
il
Fr.

HIII‘ F T T T TETTTTTTFTFTFTTTFTTTFFFTFFFFF IIIIIIIﬂ

/A\ ®

S.F.

*GO >DAMD=9E @GJARGFLADDEY@IF?E@S:K=INILAMGAADGGCAR@=9E >JGE @SHHGKRA==
9F< <J90 L@= <A9?J9EK KL9JLAF? >JGE L@= K9E=HGAFL 0@=<A9?J9EK OADD 9HH=9J 9K >GDDGOK
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m||||||||||||| / ” il | i i 'I | | |||||||| || ||ﬂ

T T T T T T T T T T T T T T T T T T T % e -~ N T T T T Y
a.r.
B.M.

*GL=L@9D@AD@K@=RGJ;=<A9?J9EBHH=9J4<G= EAJIGIAEI?=K>DAHH@GIARGFLAGROF<AF?
EGE=FIxA9?J9BKGO>=;L=< <<ALAGFIDMEGKAEHGJILIEKMGY @ARIDQKABDMK LIS ERPAEME
K@=9J >GJ;= 9F< :=F<AF? EGE=FL E9?FALM<=K OADD 9DO9QK := L@= K9E=

Beam diagrams check points

3@=F <J90AF? L@= :=9E <A9?J9EK HD=9K= G:K=JN= L@=>GDDGOAF?

Shear Forces Diagrams:

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

T LL@=09DD G> 9 ;9FLAD=N=J :=9E L@= K@=9J >GJ;==IMIDK L@= N=JLA;9D J=9;LAGF 9L L@=C
>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 ;GFKLI9FL @C

T HGAFL DG9< GJ J=9;LAGF GF 9 K@=9J >GJ;= <A9?J9E ?=F=J9L=K 9F 9:JMHL ;@9F?= AF L@= ?J9
<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 >C
F=?9LAN= GJ HGKALAN= KDGH= =IM9D LG L@= DG9< H=J MFAL D=F?L@

Bending Moments Diagram:

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

T LL@=09DD G> 9 ;9FLAD=N=J :=9E L@= :=F<AF? EGE=FL =IM9DK L@= EGE=FL J=9;LAGF L L@-
‘=F<AF? EGE=FL AK R=JG

T LL@=DG;9LAGF 0@=J=L@=K@=9J >GJ;= ;JGKK=K L@= R=JG 9PAK L@= ;GJI=KHGF<AF? :=F<
E9PAEME N9DM=

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

T11& "& &"& %%&, ) &, ("&+'&,! % )-$+,] * -& * 1 +] *
ke [ & +% (&

0@= 9:GN= ?MA<=DAF=K OADD 9KKAKL QGM AF ?=F=J9LAHR2Q &> IBKEHEAMOEK 9 ;@=;C

Assigned Problems

9D; MDD =9E J=9;LAGPR<<J90L@K@=%R5J;9F<:=F<AFEGE=FI<A9?J9EKGL@=GDDGOAIF?

3@=FKGDNAE9E <A9?J9EKFDIKBF<IL@GEOGMIQ;@=:CQGMIFKO=JK MKAR® Al=GFDAESE
-9D:MDILGEQ AN DGM< IF?AF==JAF? /G>L09J=

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

6000 kg

— 0.75m "% 0.75m N

A A A A A A A A o o o A o o o A 4 o o o o o o A o o o A o o 4 A A 5 o o 2 4 A o o 0 2 o 4 o o A A 4 4 A A S

25m

A4

Problem 2:/L9L= L@= EOPAEME K@=9J >GJ;= 9F< :=F<AF? EGE=FL N9DM=K


https://skyciv.com/free-beam-calculator/
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1400 Ib

3.3ft 2.6ft 1000 Ib
20ft

tf ppppppzzizizzzziizddddgddddd22ddd?22/7//44/4

Problem3: E=L=JRGF2Z9E AKAEHB@HHGJIE<E=L=JKIGE9;@F< 0@==9E ;9JJA=KHGAEIG9<
G> C*9LL@B=>4F<9F< C* 9LL@3A?@E<GL@=9E 0@==9E O=A?@K C?E /C=L,@Q.@=9E
<A9?J9EK 9F< <=L=JEAF=L@= DG;9LAGF GF L@= :=9E O@=J= L@= :=F<AF? EGE=FL AK R=JG

Problem 4. KAEHIBEN=J@9F?AQE >IDGFGN=J@9A@BD=—KMHHGQL >L 0@==9E ;9JJA=K
;GF;=FLIILBG96> CAHK >>JGH. @3A?@E<9F<9 MFA>G3RAKLIAMDEO&> CAHKGN=9 >L
K=LAGEBGH.@B=4F< /C=L;@ @=9E <A9?J9E¥<<=L =JEAEQKQ@=9GJ;9F<L@=F<AFEGE=FIOL9
K=LAGF >L >JGE L@=D=>L =F<

Problem 5:/M??=KL 9F AEHIJGN=E=FL LG L@QAK ;@9HL=J



Beam Stress due to Bending Moments

Bending Stress

‘ Learning Objectives \

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

T 1K= L@= >D=PMJ=>GJEMDO 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< KLIM;LMJ9D K@9H=K LG := MK=< AF 9 ?AN=F :=9E HJG:D=E

GFKA<RIKAEHBRIHHGI=8E KM:B=;L£&PL=JF8BOFO9IBGI<K@=9E OABE>GIK=>D=AKM;@
909Q @AU@EGCGHKHMI>9GI @=9E ;JGKK K=;LANDD MF<=GEHJ=KKAG® AD@:SLLGEMI>9EADD AF
L=FKAGE KGEDG;9LAGFGR2ON=JLA;9PAEY @=9E L@KLIJ=KK¥ADD R=JG.@MG;ILASE@=FLIGA<
G> L@=;JGKK K=;LAGF 9DKG ;9DD=< L@= F=MLJ9D 9PAK
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Flexure formula

0G <=L=JEAF= L@= E9PAEME KLJ=KK <M= LGexR<ABML@=AK MK=<

MXC_M

a. =

0@=J=
T begp AK L@= E9PAEME KLJ=KK 9L L@= >9JL@=KL KMJ>9;= >JGE L@= F=MLJ9ID 9PAK AL ;9F := LC
T ) AK L@= :=F<AF? EGE=FL 9DGF? L@= D=F?L@ G> L@= :=9E 0@=J= L@= KLJ=KK AK :9D:MD9L=<
e A>L@= E9PAEME :=F<AF? KLJ=KK AK J=IMAJ=< L@=F ) AK L@= E9PAEME :=F<AF? EGE-=
GF L@= :=9E
T %AK L@= EGE=FL G> AF=JLA9 9:GML P @GJARGFLID ;=FLJGA<9D 9PAK
T : AK L@= E9PAEME <AKL9F;= >JGE L@= ;=FLJGA<9D 9PAK LG L@= =PLJ=E= >A:=J 9?79AF L@AK
‘GLLGE G> L@= K@9H=
T 6pAK :9DD=<tion modulus9F< AK 9 L=JE L@9L :GE:AF=K L@= EGE=FL G> AF=JLA9 9F< L@= <AKL9
=PLI=E=>Ai=]
0@= >D=PMJ= >GJEMD9 AK N9DA< A> L@= >GDDGOAF? :JAL=JA9 9J= E=L

T L@=:=9E AK KLJ9A?@L J=DI9LAN=DQ DGF? 9F< F9JJGO 9F< G> MFA>GJE ;JGKK K=;LAGF

T 9DD L@= DG9<K 9;L H=JH=F<A;MD9J LG L@= DGF?ALM<AF9D 9PAK G> L@= :=9E

T L@=J=KMDLAF? KLJ=KK AK :=DGO L@= DAEAL G> HIGHGJLAGF9DALQ G> L@= E9L=JA9D

T L@=:=9E E9L=JA9D AK @GEG?=F=GMK 9F< @9K =IM9D KLJ=F?L@ AF L=FKAGF 9F< ;GEHJ=KKA(

e A> L@= E9L=JAD@BH kKt I=F?L@K AF L=FKAGF 9F< ;GEHJ=KKAGF =P9EHD=;9KL AJC
9FAKGLJIGHA; EQL=JA9DK L@=F K=H9J9L=;9D;MDI9LAGFK 9J= J=IMAJ=<>GJ :GL@ L=FK
;GEHI=KKAGF KMJ>9;=K

T FG LOAKLAF? :M;CDAF? GJ ;JAHHDAF? G;;MJK

Design cases

=KA?F HJG:D=EK E9Q >GDBIeHA=F9JAGK
T ;9D;MD9L= L@= :=9E ;JGKK K=;LAGF9D <AE=FKAGFK >AF< L@= EAFAEME K=;LAGF EG<MDMK 6
KLI9F<9J< K@9H= G> ?J=H=KKKLAN=F L@= :=9E ?=GE33JIRF? 9F< E9L=JA9D

T K=D=,L L@=:=9E E9L=JA9D >AF< E9PAEME OGJCAF? KLJ=KK 9F< ;@GGK= 9 E9L=JA9D G> ?J=9lL
?AN=F L@= :=9E <AE=FKAGFK DG9<AF? 9F< <AE=FKAGFK K@9H=


https://en.wikipedia.org/wiki/Flexural_strength
https://en.wikipedia.org/wiki/Section_modulus
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T <=L=JEAF=A>9 :=9E AK K9>= >AF< 9;LM9D OGJCAF? KLJ=KK 9F< ;GEH9J= LG <=KA?F KLJ=KK
<AE=FKAGFK DG9<AF? 9F< E9L=JA9D

Assigned Problems

*GL= A> FGL KH=ASA=< M= 10 5 O@=Jxp AK L@ASD< /LI=F?L@ >JGE L=PL:GGC HH=F<AP

Problem 1: KAEHDQ KMHHGJL=<:=9E E=L=JK DGF? AK DG9<=< OAL@ ;GF;=FLJ9L=< DG9<K 9K >GDDC

C*9 E>JGED=>L=F<
C* E>JGED=>L=F<
C* E>JGED=>L=F<
C* E>JGED=>L=F<

=4 4 4 4

0@==9E AK GFKLIM;LMMKAF3 ] % :=9E HIG>AB3GE %/% ;GD<JGDDEOL=JA9ISC
J=;GEE=F<H. @A @EIPAEME=F<AFKLI=KIGIMAD<AF? DAOM;LMIAR<=KLILAGI<ic C=HL=DGO
Il o G=KL@AK ;GFKLIM;LAGF E==L L@= <=KA?F J=IMAJ=E=FLK

Problem2: HAH=DAKAEHBMHHGI:GN=2IJGMFSFQGJARGELHEK E DGF?9;@ :=9E ;9JJAIK®=
oO=A?@> E/@ * HAHK=S9F#DG:909<=EA; IPLJ9;L >ADBBAL@AG> SG KKMEAFR@IL
L@BGI93LKOLL@=FL=G1.@=9E ;9D;MDIL@IF=IMAJ#=;LAEE<MDIGKH.@=9E LDAEA@=F<AF?
KLIJI=KK LG ),9 L@=F K=D=,L L@= DA?@EKI@% KILAK>A=K L@=;JAL=JA9

Problem3: 0@>A?MB@ GQKFGKK K=;LAEF=9E :MADUIGEBDMEAFMEO 0@-—=9E ARIK=8K9
AFDGFBFLAD=NGEHML+ @E@EIPAEMBDDGOMEA>GIEBEBLIA:MDESALGMDOIJIAD @ADAEALAF?
L@= KLJ=KK <M= LG :=F<AF? LG GF=>A>L@ G> L@= MDLAE9L=KLJ=F?L@

2"x1/4"
- e

3"x1/4"

— 4k
1"x1/4”



https://www.aisc.org/
https://en.wikipedia.org/wiki/Specific_gravity
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Problem 4: =KA?F O9DCOIQKHIP F=ODAFKLI9DBAK=DAFQGVHADIFIA?AKMHHGI1EONIADIBGE

=9; @KA<SL @EHAH=DAF=>19H9JI0@=-09DCO9Q9KG= >LOA<HF<:= 9:D=LCKMHH&IMFA>GJEDQ
<AKLJAMDE9E&> D:>L GN=ALKFLAXMJI>9;=KA?FGFDRQ@==;C:G9J<KOF<L@KA<=9EK 1K=9FQ
LAE:=J KAR=K 9F< E9L=JA9D ?J9<=K >JGE L=PL:GGC HH=F<AP ! GJ GL@=JK G> QGMJ GOF <=KA?F

Problem 5:/M??=KL GF=:=9E <=KA?F HJG:D=E L@9L QGM OGMDNFHKH<<VKSIMBO=J |F?AF==JK



Beam Deflection

Deflection

Learning Objectives

1HGF ;GEHD=LAGF G> L@AK ;@9HL=J QGM K@GMDx< := 9:D= LG ;9D;MD9L=

T 0@=J9<AMK G> ;MINILMJI= G> 9 <=>D=;L=<:=9E MKAF? L@=GJ=LA;9D J=DILAGKK
T 0@= E9PAEME <=>D=;LAGF G> 9 KAEHDQ KMHHGJL=< :=9E
T 0@= E9PAEME <=>D=;LAGF G> N9JAGMK :=9EK MKAF? "GJEMD9 )=L@G< 9F< L=RL:GGC HH

IDIKLAIGH=JLBHOL=JAMIMIFLA>A@IGCMA@-G<MDMBADIKLA; ADDEISL =JAMI=DIKUAKGE=
=PL=FEGJ:P9EHD!=K|_:: #,9 ! ;9KLAJGN #,9 ! 9DMEAF|\h‘é #,9 ! ;GF;J=L=V #,9 %R=9D
KALMILAEHHK KM:B=;L+G=-PL=JFOIG9<BABE>D=HIGHGILAGEED@S F<AFEGE=FI9F<AFN=JK=I3X)
L@=KIAP=KR@-GN=J9RDAP=K&>D :=9E ;9F := =PHJ=KK8K4 .O@=J=;9F := J=?9J<=8KL@E9L=JA9D
KLAP=KK 9FOK L@= ;JGKK K=;LAGF9D GJ ?=GE=£KK;9D KLA>

Radius of curvature

=NA=AL@<=JANILBSE@=9E <=>D=;LAGN=J=AR=L9MBO=PL:GG@9HL=J %MHJI9;LA;HALMILAGFK
:=9E <=>GJEILAHR=JEEIDD@=FGEH9J=£CALR=F?L&F<9K9 J=KMD@39<AMEKMINILMAK=DILAN=DQ
D9



DEFLECTIOM 45

‘|4 o il

\ 4
A

0@AK J9<AMK G> ;MIN9LMJ= ;9F :=;9D;MD9L=< OAL@

_EXI
M

o@=J=
T I AK L@= EG<MDMK G> =D9KLA;ALQ J=KAKL9F;= <M= LG E9L=JA9D HIGH=JLA=K
T %AK L@=EGE=FL G> AF=JLA9 9:GML L@= ;=FLJGA<9D 9PAK J=KAKL9F;= <M= LG K=;LAGF ?=GE
T ) AKL@=:=F<AF? EGE=FL 9L L@= K=;LAGF G> AFL=J=KL

%t@=9E AKDGI<AKM;@ O9QL@U@=F<AFEGE=FIAKGFKL9RN=9 K=;LAGHL@=9E @GJARGFL9D
DAF=AF L@= ) <A9?J9E L@=F L@= <=>D=;LAGF AK 9 ;AJ;MD9J 9J; 9F< L@= J9<AMK G> ;MIN9LMJ= AK;C

09C=0 EGE=FI9F<9F9DQR&&:GN=>GJEMDAF;J=9KAE@=9E KLAP=KK%. OADB<M;+@=<=>D=;LAGF
D92=. O@AD=9 ?J=9L=J :=F<AF? EGE=FL D=9<K LG 9 KE9DD=J J9<AMK G> ;MIN9LMJ= ?J=9L=] <=>D=;|

Beam deflection

GFKA<®"KAEHB®HHGII=SE 9KAH. @9:GN=<A9?J9E+F;= L@3IO<AMBEMINILMAKL GMFK@E9PAEME
<=>D=;LAGF 9L EA< KH9F ;9F =9KADQ := ?=GE=LJA;9DDQ ;9D;MD9L=< 9K >GDDGOK
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i—%

172 distance
between supports

R — Apar= +R? — (0.5d)2

Apmax= R — (R = Amax)

[ Formula method for simple cases

0@=9<AMK>MINILMISIEMBRIDAGD=BEPRK=I0 @=120=F<AFEGE=FIAKGFKLIFIGIGL @;2K=K
?=GE=LJA;GDAFL=?J9LAIBE<L=; @ FAIMRICAFNGDNM=<=L=JEAFAK®=9E <=>D=;LAGKMDIGA @=K=
;9D; MDIOLAGFRK =FLABD?=:J9A4GIBJ=?AN=AREF?AF==JAB9F<.GG&C>GIJEMDIBKL;GEEGF;9K=1J=
KMEE9JAR=< AF L=PL:GGC HH=F<AP"

3@=FMKARZG>L@= K@=BIEMDYGMMKEAIJKIL, @ @=9E ?=GE=LJQF<DGI<AEEGF=-G3L@2AN=F
;9IK=K%RGMJI=<=9DABAL @EGJ=GEHD=BGI<AKM; @KHGARGI<BN=-BEHGK-3F9 <AKLJA:MDEO<
QGM ;9F 9F9DQR=L@= LOG DG9<K K=H9J9L=DQ 9F< >GJ L@= LGL9D <=>D=;LAGF KAEHDQ 9<< L@= ;GF

Assigned Problems

"GJ=9;@1JG:D=E~L=JEAE@EIPAEME=>D=;LAGFAET=9E =IMILAGHK;GEH9JOALIGRDNIDM=
>GMF< MKAF? L@= J9<AMK G> ;MIN9LMJ=
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9K= (G9<AF? AE=FKAGFK/@9H= )9L=JA9D
T
T, C* T3 ]
Problem 1 - - T9 E: T %%
£ Q E :GD< JGDD=<
f a i b
R.-l RB
P‘ P‘ T, D: T ,AH: d/;@
Problem 2 AA BCI) T9 >L T/ -GD<
f i a f T ( >L JGDb:<
R_{ 4% Rs
w
(N Bl TO DK>L
Problem 3 T DMEAFME
& O T( >L 0
w
EXX X T AH= *
TO *E !
Problem 4 N -3(5 . he
VAN T g E: T %%
a b :GD< JGDD=<
_

Problem 5:.=;GEE=F< GF= AEHIJGN=E=FL LG L@QAK ;@9HL=J


https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch8Fig6A.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch8Fig6A.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch8Fig6B.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch8Fig6B.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch8Fig6C.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch8Fig6C.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch8Fig6d.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch8Fig6d.jpg

Torsion in Round Shafts

Torsion

Learning Objectives

LL@==F<G>L@AK ;@9HL=J QGM K@GMD< := 9:D= LG ;GEHD=L= LGJKAGF ;9D;MD9LAGFK MKAF?

T #=F=J9D LGJKAGF =IMI9LAGF
T ,GD9J EGE=FL G> AF=JLA9
T )G<MDMK G> =D9KLA;ALQ AF K@=9J

|@9>19=E=;@9FA;9GEHGF=FIMKMOID>AJ;MDAGKK K=;LABK=KkQ_ JIFKEAGO=IGJIME@JGMA@=AJ
JGLILAGF9D EGHRGH=JI9LAGF L@=Q 9J= KM:B=;L=< LG

T LGIKAGFI9D K@=9J KLJ=KK=K OAL@AF L@=;JGKK K=;LAGF G> L@=K@9>L OAL@ 9 EQPAEME ¢
L@=K@9>L

T =F<AF? KLJ=KK=K >GJ =P9EHD= 9 LJ9FKEAKKAGF ?=9J K@9>L KMHHGJL=< AF :=9JAF?K

T NA:JILAGFK <MALGI9D KH==<K

0@AK ;@9HL=J OADD >G;MK =P;DMKAN=DQ GF =N9DM9LAF? K@=9J KLJ=KK=K AF 9 K@9>L

General torsion equation

DD LGJKAGF HJG:D=EK L@9L QGM 9J= =PH=;L=< LG 9FKO=J ;9F := KGDN=< MKAF? L@= >GDDGOAF? >C

T_GXQ

r L

4
]


https://en.wikipedia.org/wiki/Shaft_(mechanical_engineering)
https://en.wikipedia.org/wiki/Critical_speed
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o@=J=

T 0 LGJIM=GJ LOAKLAF? EGE=FL 7*]E D:]AF8

T & HGD9J EGE=FL G> AF=JLA9 GJ HGD9J K=;GF< EGE=FL G> 9J=9 9:6R8L. K@9>L 9PAK 7E
T ¢ K@=9J KLJ=KK 9L GML=J >A:J= 7,9 HKAS8

TJ J9<AMK G>L@=K@9>L 7E AF8

T # EG<MDMK G> JA?A<ALQ ,9F#DG: 9D .K&*9J EGKMDMK =N=JQ:G<Q =DK= 7,9 HKAS8
T j 9F?D=G> LOAKL 7J9<8

T ( D=F?L@ G>L@=K@9>L 7E AF8

0@= FGE=F;D9LMJ= 9:GN=>GDDGOK L@= K9EZ9EGHAN=FIIAGF8K |F?AF==JA8RKRAF? /QKL=E

)GKL;GEEGFLGJIKABFG:D=EBADAF<A;9L@EJIFKEALHGO=L3 9L9 ;=JL9AFGLILAGHIE=<J9<KGJ
) 0@= =IMAN9D=FL LGJIM=;9F := >GMF< OAL@

_ P[W]
T [ = nl[rad / s

O@=B#3%(4$ #37 /-0$; ?

Polar moment of inertia

/AEADYJA. @EGE=FLIK>AF=JLA@ CND=9IF==<>GJARIGLILAGFAB-LAR<:=F<AFG>=9EK L@EGD9J
EGE=FIGAF=JLI#HJ=K=BLIKAKLIEE OAKLAE2 GIEILAFEQK @ 9>#=F=J9BGIJEMDIBHGDEGE=FL
G> AF=JLA9 9J= ?ANFL AL HH=F<AP

*GL=L@=A>=J=F;==LO==F=F<AFEGE=FLIG>AF=JLA99F< HGDHEGE=FLIG>AF=JLA99F< MK+ @=E
9HHIGHJAILEGIAFKLIF;= A> QGM 9J= <=9DAF? OAL@ 9 ;AJ;MD9J :9J

T . ?2( A>L@=:9J AK MK=< 9K 9 :=9E
T 2( A>L@=:9J AK MK=< 9K 9 K@9>L

Shear modulus

9DD=3G<MDMB>A?A<AIAR,9F#DG:9DF<.==<\K L@E@=EG<MDAK=>AF=KAEAD9IRD 9KJIOLAG>

K@=%1LJ=KK.@K@=%LJ9ARRKPHI=KKAR#,9 GIHKAF<LQHA;BBDM8B=?AN=RF)=PL:GGEH=F<AP

0QHA; DM 8B-DGO+4J@95GMFR)G<MDMK >GAFKLIF ) KL==@9K % 9F<
%


https://powerengineering.org/
https://en.wikipedia.org/wiki/Polar_moment_of_inertia
https://en.wikipedia.org/wiki/Polar_moment_of_inertia
https://en.wikipedia.org/wiki/Shear_modulus
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Angle of twist

0@+.GIIM—=>GJIEILABE K@9x=M-AKE=9KMJI=Q L@EOARE?DSLL @=F<G1L@K@9>0@AK-?DS> OAKL
<=H=F<K GF L@=D=F?L@ G> L@=K@9>L 9K K@GOF AF L@=>GDDGOAF? >A?MJ=

i

0@9F?DE1LOAKLII<AIRKBIK=AR @2=F=JA05JKAGMILACF<AREKLAEILAEIK@=%LJ9AF ?9EE9
FGF <AE=FKAGF9D

_r><6
Y =71

b

shear

:Q 9JJQ MH=F

Assigned Problems

/IGDN= L@=>GDDGOAF? HJG:D=EK MKAFGIKASFIF4IRRGF

Problem 1: 0GAEHIGNE=F?ARRI9FKEAKKAKEDKQ 99ADD J=HD9; AL @@ GDDG@96E=LL=IMIDALQ
KL==BKMDLAFF AF;J=9KxH. @8$DDGO91)=K¥& %k5J<=1CC==H@=PAKLAFRIAF?K@E=OK@9>L
OADD @9N=L@= K9E= GMLKA<= <A9E=L=J 9K L@= =PAKLAF? KGDA<K@9>L =L=JEAF=

9 L@=:GJ=<A9E=L=J G> L@= @GDDGO K@9>L AF L=JEK G> GMLKA<= <A9E=L=J
: L@= O0=A?@L KONAF?K AF H=J;=FL9?= 9KKMEAF? L@9L L@= KL==D <=FKALA=K G> :GL@ K@9>LK 9J=

Problem2: LMJ:ABS?=F=J9LGIOFKEAKKMNGH ==GJ C39L .) O0@K@9>LK EE <A9E=L=J
9F< E DGFBJI=GFF=L=k@IGCMP@IF?5&MHDABAL@,GMHDABDL&> EE <A9E=L8JJIF?=&F9
HAL,@ ;AJ;D=G> EELW@= K@9>L K@=9J EGKMDMK AK #,9 <=L=JEAF=

0=PL:GGC >A?MJ= H9?=
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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: 00GA<=FLAB DG4I GFF=;L.=Q 9 >DIF?56 MHDAR® GCMLKASOE=L & @K@9>LK
AK EE 9F<L@EMHDABBK:GDL&> EE =9;@GP :GDIAJ,DS> EE =L=JEAFE@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

Problem4: :J9KKDAF=J) EE L@ABK@IMEB=9KGDK@9IS> EE <A9E=L=09CAFRy --p #9
OF<#.joxx  #,9 <=L=JEAE@EIPAEMK@=KLJ=H¥ @K@9ISE<DAFA} @EIJIFKEALLEJIIMAK
CHYE 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



Bolted and Welded Joints

Joints

Learning 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

00G=F<HDI9L=&DL=KG?=L @K KM:B=LGKQEE=LJA;BBFKADE9<K=9;LLCL@9YHHDA=&J;=K@JIJGM?@
LOK@=A-KAKLIE=L@=GDLEF<L@>=JA;LAGEJ;=<=N=DGH=O==H.@#DIL=R@=JA;LAGEJ;-AK
<ASA;MDG=-NIDMHAF; Al<x=H=F<&FL@3=DILANGM? @ FE&K@;GFL9;KMJI>98F<E9QIDKG 9>=;L=<
:Q =FNAJGFE=FI@9F?=KGDLK@=JESPHIFKAGKM;=K@=JA;LAGEJ;= K 9 J=KMDGFK=JNILAXEO<
;9D;MDILAGHXGFDQFL@K@=KAKLIGA @-GDLIGIJJAN=LKL@=PLIBGAFRAH9;ALQM=LG>JA;LAGF
AF;J=9K=K L@= K9>=LQ >9;LGJ

0@=J8JNIIJAGKIKFIIAGE HIQD=9KGGDL-BGARIADMIBE=K;JA:=ARL @=PL.GGB@=F,GEHD=LAF?
L@=K=;9D;MDI9LAGFK HD=9K= FGL= L@= >GDDGOAF?

T FGE=F;D9LMJ= AK DAKL=< AF L@= L=PL:GGC GF H9?=
T E9L=JA9D HIGH=JLA=K 9J= LHREGGGENH=F<A;=K 9F<

0@->GDDGOARKMEEYIQ @3F=IMAI58D;MDILAGKR-DGO=KIODM=HJ=K=RIBEIPAEMBDDGO9:D=
DG9<

/@=9)"9ADMJ= G>L@=:GDLK ¢ &4 p48y4
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T cgpPDDGO9:D=:GDL K@=9J KLJ=KK <=H=F<K GF L@= L@= K@=9J DG;9LAGF L@AK ;9F := 9DGF
GJL@=KEGGL@ K=;LAGF G>L@=:GDL

=9JAF? "9ADMJ= G> L@= ,DIL=K p 4,47 b

T bgpPDDGO9:D=:=9JAF? KLJ=KK AK LAE=K L@= MDLAES9L= L=FKAD= KLJ=F?L@ G> L@= HD9L-

#JGKKHLFKAD= "9ADMJ= G> L@= ,DL=K4A7 G.a)

T by opp9DDGO9:D= ?JGKK L=FKAD= KLJ=KK G>L@=HD9L=AK G>L@= QA=D<KLJ=F?L@ G> L@

*= 0=FKAD= "9ADMJ= G> L@= ,D9h=K4, (4 n4, 47 nal

T b+ gpp9DDGO9:D= F=L L=FKAD= KLJ=KK AK @9D> G> L@= MDLAE9L= L=FKAD=KLJ=F?L@ G> L@

Welded joints

3 =D<=BGARKG>LA4I=>=JIJEGGDL-BGAFEIOMK+@-93-KAEHD=9KA+HGEHD=L3=DILANCDGF?=J
9F< ;9F HIGNA<= 9 K=9D=< 9K¥GEDRBL@=Q ;9FFGL := <AKE9FLD=< >GJ E9AFL=F9F;= GJ J=HD9;AF? H9JL

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< HDI9L= KAR= MK= HH=F<AP >GJ O=D<KLJ=F?L@ G> (
=D=;LJG<=K

3 =D</LI=F?L@ weld 4 weld

#JGKKZFKAD=/LJ=F?L@ G> L@=KBBEGK >GJ :GDL=< BGAFLK

Assigned Problems

Problem 1: 00G KL=HID9LSB-BGAFSALE@DG KL=F{HDAHDIL8R<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
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1 Qi

mm
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Lb

Tow @9 | °

s 1.

Problem 2: 00G KL==3BDIL=GIED DOHBGABIALEGMJ EE <A9E=L=J KL==BDLKOD;MDIIl-@=
E9PAEME DG9< L@9L L@= BGAFL ;9F KMHHGJL AF CAHK

P e e
-— 12 cm| e
e e P
P l Tl E ill/z cm
-+ - | : | —P>

ll/_wcm? L‘& ugu ? o

Problem 3:00G 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@ 7CAHKS8
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n
1/4 *

e 10" ?

| > 12"

Problem4: 00G KL=HDIL8B-O=D<=SKK@GQPAL&® AF>ADDHDMKARF! =D=;LIGS@IILAK
L@= BGAFL KLI=F?L@

P 1”3 1”4'

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

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

Part Ai yi Aixyi

Ii

d;

Aix d?

i+ Aixd?

Draw a simple figure and identify the parts numbers here.

2A i 2A iXVi.

INDICATE THE REFERENCE AXIS USED IN CALCULATION HERE:

Dist. to Centroid from Ref. Axis Y =

Moment of Inertia of Areas I, =

HH=F<AP =9E A9?J9EK
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Shear
Force

Type

Constant
positive
slope

Constant
ZEro
slope

Constant
negative
slope

S.F.
graph

B.M.
graph

Shear
| Farce
| Type

|5 F.
| graph

| B.M
| graph

Positive Paositive MNegative Megative
increasing | decreasing | increasing | decreasing
slope slope slope slope

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

T /CQ AN DGM< IF?AF==JAF? /G>L09J=

e =9E ;9D;MD9LGJ

e )GE=FL G> %F=JLA9 9D;MD9LGJ

e /L==D =9E /AR=K
T <NIF;=<)=,@9FA;9D !F?AF==JAF? /IGDMLAGFK
T 9D;MDOLGJ I<?=

3 = +*+0 =F<GJK= L@=K= O=:KAL=K MK=L@=E LG ;@=;C QGMJ ;9D;MDILAGFK


https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig9A.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig9A.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig9B.jpg
https://pressbooks.bccampus.ca/powr4406/wp-content/uploads/sites/290/2018/03/Ch6Fig9B.jpg
https://skyciv.com/
https://skyciv.com/free-beam-calculator/
https://skyciv.com/free-moment-of-inertia-calculator/
https://skyciv.com/steel-i-beam-sizes/
http://www.amesweb.info/Calculators.aspx
http://www.calculatoredge.com/

Answers to Chapter Questions

[ 1FALK

JGD=E b )9b . CKA

JG:D=E 39 ] *3 . ] D:

[ /LI=KK 9F< /LI9AF

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

JG:D=E (G9< D:

JG:D=E %L AKK®B5 = %

JGD=E /g CKA 9FQ E9L=JA9D QAL@HKA OADD :=9<=IM9L=

JGD=E bjyc< CKA b .gpar<=3 CKA ajg< ] a.:QDAF<=J |

0@=JE9D PHI9FKAGF

JG:D=E ;E :=DGO L9FC LGH

JGD=E )9 c*
JGD=E E )9 MKAF? U AFL@=OAFL=J) ] U
JG:D=E CKA  CAHK 9KKMEAF? 9J:GF/L==D! ] HKA _

JGD=E bg==p HKA b .guH=y HKA

]

J=KKMJ=RK=DK
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JGD=E * [@=<MD= HAH=
JGD=E ) 3, HKA

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

WJGH=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

JGD=E ["gp C*) eop  CYE
JG:D=E /" E9P D:K ) E9P DZK]>L
JGD=E ["gp C*) eop  CYE

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

=9E /LJ=KK <M= LG =F<AF?)GE=FLK

JG:D=E )9 K9>=
JGD=E /p ] EE 3 ]

JG:D=E D:>L

JG:D=E 29JAGMIDMLAGEHDA<==9EK$=EDG;CGJ gar AF ;@GGKH d <=;C:G9J<K
d db ;5 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<



ANSWERSO CHAPTERQUESTIONS 61

0GJKAGF AF .GMF</@9>LK

JGD=E ]+ O=A?@L KONAF?K
JG:D=E %9 )9
JG:D=E EE

JG:D=E %9 )9
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