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A SLENDER SRECTURAL MEMBER WHEN THE HEMBER IS
SUBIECTED 1O EXTEROAL LOADS., BASVC ~1O —THE STUDY 1S
THE ARNALYSIS OF  EXTERMAL LOADS WHICH S COVERED (D
“TUE STUDY. oF EGUILIBRIOM. 1IN STATICS. WE WLl ASSUME
TAAT ¢ A MEMBER AS A WMOLE 15 10 eouviusRioMm |
TTHED ARY TAET ofF (T MusT ALSO “BE 1) EQUILIRRIUM.
THUS. AT ANY | SECTION  WATRIN A MEMBER. THERE CMUST BE.
AN IOTERMVAL FORCE SYSTEM DEVELOPED WRICH MAITAIDS THE
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| EQUILIBRIUM ©OF THE PARTS To EITHER SIDE oF THE

| SETTION, THE FIGUEE BELOW |LLUSTRATES THIS

PEIU(‘.:DAL: (OITH THE FORCE =SYSTEM SHOWN 10 TERMS OF
COMPONEITS AT THE CEMNTRAID OF THE SECTION. 1K THE

X- COORDINATE IS TALEN FPERPIUDICUIAE TO THE FLAVE
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P = AXIAL LOAD (THROUGH THE CEVTEDID)
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= (5!‘.003% Eza%(M’S ri00 |

P = ((S11 1P

ITs MAXIMOM




Ir. LINEAR StTrEess- SteAid LAW
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TIHERMAL STRAINS

FOR HOMOGENEODUS ISCTROPIC. MATERIALS, A CHALGE 1w
TEMFERATURE OF AT DESRESS CAUSES UUDIFORM LILVEAR
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TEFINED RBY HOOKE'sS LAN ABOVE.
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TIRECTIONS AT fOIST A WERE FooUD TD BE O.0073% XiD™
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Torue (T) on A Cross =6&TIOL CAUSES SWEAR STRESSES
IN THE PLAME OF THE SECTION WRIGCH VARY LINEARLY wTh
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[Tersion ExAMOLES

TWO CARCULAR SHAFTS, OVE ROLLOW ALD o€ 300 , ARE
MADE ©F THE SAME MATERIAL AMND HAVE THE DIAMETERS Suowesd. (F
—i; i THRE “TWisSTiINGE MOMENT THAT THE ROLLOW SHAFT CAWN LQESAST
ARD Ta, S TRE TTwwTiD&a MomMEonT THAT THE SouD SHART AN
RES\ST, TETERMIOE TRE RATIO oF Th TO la.
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I. A CyLnNDORICAL SHAFT 25 FTm LONG HAS A DIAMETER oF
B M. TRAROVGH WHAT ANGLE MAY ONE EMND BE TwWISTED wWITH

RESPECT TO THE COTHER WITHOUT EXCEEDILOG A SHEARIV &

sTRESS oF /0000 Asi T G = 12XI10Y P>/

SHEAR =TRESS : = = B4 |
o - . €9
o 351.—;?—" -z - T L

T = ('9—9':. )/9 = 10,000 = 2 (rzx10 =
/B = O. ItotsT _RAD. |

Anare oF TwisT s

2. A souD clRCULAR STEEL SHAET (& FTT oG TRANSMITS
A4, 248 HP @ (80 RPM, TTHE AULOWABGLE SHEARIG STRESD
1S 0000 FSI AND THE MAXIMUM ALIOWABLE ANGLE OF . TWIST
5 o 040 RADIANS., G = 1ZXID%, DeTemmuidE THE MINIMOM

ALLODWABLE TDIAMETEE- DF THE SHAFT,

T= e2200® ., (N: RPM)
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ToRSION  FROBLEM T Feom EIT Erxam - Semwe, 972

A Roteow STEEL SDHAFT RAS ALK EXLTERLAL THAWETER ofF
IO% AND AN WTERMNAL DIAMETER oF (" DETERMIWE THE

BORSSPOWER. TRE -SHAFT AN TRALSHMIT WHILE E0TATIOG AT
A0 R.P.M. & THE Max.

ALLOWAELE SHEARIDG STRESDS
ALD THE ALLOWARLE ANQLE oF TWST
SUEAR MODULLS OF ELASTICTTY

o4

SOLUOTION

1= 5000 Py,
1 LB IN IS FT. THE
= w2 XIovY eSSl )

1. Fluo ThRE ALWDWABLE Toroue

. Assone Tux Goverds
AND THEN CHECK. <O SEE (F

Savow = ErcEEDED.
-
Toag ™ —fr—'-' - Caay ~ ECOO B
_ =7
T (S
T 854.D

= g T = _
T A df'-df =:_j-.rz.|o“-c-4)

T = 1,361,000 in-ib &( ) , (

= B5d4. D in4

Cueex. &

= l e @ ‘[?—E'%aé‘ﬁ]cmma

o
e (52)
(Izxiow (854, D)

= 1.319° < 1.9° oK

Au.bv\)‘A%l_E. . -_

T= L3O #P T = BauvE (Vb ID-LB
N HP = HORSETOWER.

.. N = SPEED W RPM™M

P - In _ {1,301,000X30)

T @300 =, 001D = ﬁ




———ST-(WDG‘RDW Y BEAMS

Av  Awy .secﬂou I A BEAM LOADED Ay TEALSVERSE LOADS .
TTHERE WILL, N GERNERAL, EXIST A SHEAR FORLE AQD GENCIVG
MomerT. A rFree 200Y THAGQRAM OF THE PORTION ©F THE
BeAM TD ONE SIDE DF THE SECTION wilt AERMIT THE
DETERMINATION OF THIS IDTEELAL FoRcE SYSTEM., CR2aTIVE 210

COMVELTIONS ALRE 240w OM TRHE TFIGQURE BELOW.
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— |<—% Ax

AR [ B -
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+ AV
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|
(a) (b)
dV/chc = "W | Si.oee oF \/D\Aauﬂ\ EQUALS TAE

MNESATIVE OF THE ORODUWATE OF “TWE
COAD DWAGEAM,

av= -W dX — Cuanae W V eauAls “tae weartTWE oF
THE ARESA ULDER. THE LOAD DIAGRAM,

AM/A = / | —> SLOPE OF M DIAGRAM EQUALS THE
POSITIVE OF THE ORDINATE OF THE
SHEAR DIAGRAM

dM = de —w» CHANGE IN M EQUALS THE POSITIVE OF THE
AREA UNDER THE SHEAR DIAGRAM
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IF THERE ARE CONCENTERATED FORCES/MOMENTS ACTING AT A POINT,

V+AV =V + F: (1)

M+AM=M+M:( )

Y

l )M + AM

Q

"V + AV
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TSacAf § MOMELT N BEANMS

A it FTT @cAM HAS SIMPLE SWUPPORTS AT THE e0DsS AND
Gagaies A (OAD AS (MDICATED I THE FlaugE.

(0) SeeTir NEATLY TO AM APPROXIMATE ICALE THE WADILG,
SHEAL  AND BZEMNDUOG MOMEMNT DIAGRAMS. WeirTe —de
MAGRITUDES OF THE ESSENTIAL VALLESS ADTACEALT IO
WHERE THEY cccu. on) sAcH DiaarAmM. Give Tue DisTALCE
AS A DIMENSION EoM THE LEFT ED oF THE BEAM TO
WHERE THNESE VALLVES ocoal.

(b) EVALUATE THE SECTION MODULUS FOR AN ALLOWABLE
fenting ofF 30,000 PRSI.

LoAD DriaaRArA wco ¥
200 kT
Sowve FOR. REACTIONS q_ﬂ'-'O—P &' 1 R l 4" ,.9,,
iw‘\L a0 = zoo(s)(efa) Y LoO () - LRy fR... ng
ZMe=0= Ol A ) 4 2B YD) “Ru ) |
R =300 % 4 ,
1350 i
v\ 12 6
. 250
& T = s | 675}
5= Mg o - - 850
M = MAxiMuM MomenT : L
S5= Ve = Secrnon Mopuws i 4a00% T
0 = AvcowAels Sreess ' M : ) rm
4500 #ETYOVZ e © ] ©
s- ¢ oao.oz:(o 1 1L8Z | I
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Benoina MoMebTs M, oD A SBAM M CuevA M
SEGMEMNT CAUSE BG’FDRMAﬁDi-JS /
AS SHOWN AND THE RADIWUS OF
CURVATURE, G'Apb M ARE _ ==t .
CeLATED BY ¢ _ - SUREFACE
//o WHERE E= MobuLusS oF E:LAs-nc.rrY
T = MomenT oF bhosevid ABO0T
r'-—-Pu\ns OF TUE LDEUTRAL AXis OF THE
& (/—h LoADIOG CROSS SeCTIon
: T =) y:dA
= 73 L NeoreAL SA Y

AX S

FLEXURAL STRESSES VARY LINSARLY ONGE THE TEPTH OF
THE DBEAM ACCORDING 1O THE ESOATION & - l"\j_

T- -2 4 T
‘%’ a4 M
wieee VY is THE DISTALCE FROM THE
NeuTRAL Axis (+ UewarDs)

Tor TRE Frexugatr FormulA 1O 86 uAuD THE PLANE oOF
LOADING MUST BE A

T . SHEARING STRESSES IN MS
BEAM SHEAR STRESS D GQIVEN By:
&

T= T+

WHERE. £=WIIDTH OF SECTION (UMERE. S 1S
TETERMINED

Q= ARST MOMENT OF THE. AREA MAX

ISOLATED WITH THE FIirsST — /suzF-nE.
MOMENT TAKEN ABOUT THE

NEWTRAL AX\S
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22.142 100 SHEETS

22144 200 SHEETS

_ BEAM sgg SsES — ELT EXAM, SPRING , 1ATZ

THE TSIMPLY  SUWPPORTED BEAM 1S 6" wiDeE , 12" DEEP AND
-—CAI?-EIES A LUS.IIEDEML}/ DISITEIBTES LDAD _OVEQ ms .

NT\RE 4Q FT. ENGTH. THE ALLOWABLE BENTAN)
E E:EAML = G}aco st N TENSION OR COMPR

AND mF_ ALILOWABLE. HOR\ZONTAL SHHEAR

.

SSION
15

120 PSl. TETERNWNE THE MAX ALLDUME;L_E LLHIFOEM

__LOAD, uJ, ON.THE _BEAM. .

. o uj#/{lt o - | ]
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—— ‘Vb" 1 . : . -___V.rua.;:,:' T e -

: DRSSP TR R R[] B

L e TS T e
C Mo 1 Mmy_.'-"' =% o

777777 4 .7

e C T
&

1;0—( ) (DB 3 wre rcasiee
- Bty , , _

~.

SO SHEA;__*GOVE&N?; AND uJ',..,_,_DN = 1280%/f
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22.142 100 SHIETS
22-144 200 SHUTS

i FL.E)(lLRF_ EXAM\_—D(_E—_.

GNEM THE BEAM S HoWN BELOW. THE Au.OU.JABU:
CTENALE UNIT. STRESS 1S 2000 PS1 5 THE ALLOWAGSLE.
| COMPRESSINVE._UNIT STIRESS._IS 10,000 PSi. NEGLECTING .
CTHE. _\WEAGHRT  OF THE BEAM, WHAT 1S THE. MAXIMUM

SAFEE CONCENTRATED LoAL THAT AMAY E:E_'PLAC_E_D .
AT ’THE_ EREE END Q: THE "E:EAM" g
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L 4&0‘:&,&0' ) R P @0?(2.25)
" ! B 19:)]5000= T es.25
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For a composite X-section

Steel, Eq=30x10° ksi, n,=2'=10,0,=25 ksi

& p 6n,=60"
13’
6” 67’
_— .
17 Timber, Eg,=3x10% ksi, N;=3=1,0,=4 ksi 17
Original X-section Transformed X-section
1
_—6OX(§)+6X4—08187—6OX13+60>< 0.818 — 0.5 2+1><63+6>< 4 —0.818)%= 89.82 in*
y = 5018 = 0818,/ = —> (0. .5) ( .818)*=89.82 in
60P X (6 — 0.818) ~ 60P x (0.818) _
ny =4=P =1.15kip,n, =25=>P =457kip

89.82 89.82

P = 1.15 kip (timber governs)



22.141 30 SHEETS

a, 42,142 10D SHEETS

AMRAR - 22.144 200 SHEETS

FIT. DEFLECTION OF BEAMS BY SUFERPOSITION

CTHE. METHOD OF OBTANING A RESULTANT EFFECT

Y _ATDA\NG, . TOGETHER. PARNAL EFEECTS 'S CAULLED
Y v = e N, LT 1S wpELy USED

E‘,% INVESTIGATING BENDING OF DEAMS AND, IN_THIS
ONNECTION, (T PONSISTS OF  UTILLZING  RESULTS
OF A FEW SINPLE DEFLECTION PROBLEMS OBTAINED
CPREVIOUSLY TD Bl UP THE. SDLUATIOND OF NOEE=
COMPLICATED PREOBLUEMS.

CORNSIDER THE CANTILEVER BEAM BElOW. THE
LOACANG OF THE. &AM CAN BE REFPRESENTED =Y
ELEMEWUTAL PARTS VWHNCH CORRESFOND TO CrsES

L 2POWN L ON TTHE. FOLLOWING PAGES - .

4 ey, P / 4
333 rrdy -AaEer o« 4y
o 2 , L.~ “-____:_‘E:" Wz . - .L “‘-\_'_U'} e ; L ~\\._-U-?—,

THUS , THE RESUWTANT DEFORMATIONS CAN O TETERNWEY
=Y COMBINATION OF THE TEFORMATIONS TUE 7O THE
L INDWIDUAL LDADS. . T _ )

VIT. STATNCALLY INDETERMINATE. BEAMS &Y SUPERAPOSITIDN

. THE. METHOD. OF SUPERFOSITION CAN BE. USED toR
STATICALLY INDETERMINATE PROBLEMS LN BENDING..

=oCLTIONS WILL BE OBSTAINEID BY COMP3\ NG
N SLYQH A MANNE

STATCALLY DETERMINATI. CASES k<
ASTD SATISEY THE- CONDY TIORS OF THE SUPPORTSS

T CONSI'DER THWE TPROPPED BEAM BELDW oo
o : ke M | 8 CONDATIONE
Y3333 0] . =" IIIIIY » wiero
L - S T 1 o) =°
.- R e T ...__.‘-..._W.,,guzl_.... - — - 'ZF" QCO):O
NTA PARTS | SIMBLE BEAM PARTS
iy &3 N , 2F)
_ __:._.,,.‘,-..i\__;;E'A,,;,‘:.._-.. e PP Gig__ — ’%’5 _ _
- A% M KB
i 1
l




@A 2242 100 sHEETS
amrac’ 22144 200 SHEETS

L DUMMARY OF BEAM LOADINGS
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TYPE OF (0AD. SLDPE. EQuAﬂoM DEFLEC‘“Q”iEQM?C%N: MAX.
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STRESS TRANSFORMATION

Ox + 0 Ox — O 0, — 0O
az(xz ﬁ+(x23)mqw)+%ﬁm@mxz_(xz ngun+gquw)
y
90 MPa ’
56.2 MPa 'y
30 MPa /\\\
| : \\; -38.2 MPa
60 MPa _ /
X b
’ X
, ) 250
86.2 MPa "

oy = —60 (MPa), g, = 90 (MPa), 1y, = 30 (MPa)

O, =

(—60 + 90

—60 —90
> ) + <T> cos(2 x —25) + 30sin(—50) = —56.2 (MPa)

—60+4+90 —-60—90 )
oy =\——%— + — cos(2 x 65) + 30sin(130) = 86.2 (MPa)

—60 — 90\
2 sin(—50) +t,, cos(—=50) = —38.2 (MPa)



PRINCIPAL (NORMAL) VALUES/PLANES

ox + 0 Ox — O o, — O
az(xz ﬁ+(x23)mqw)+%ﬁm@mxz_(xz ngun+gquw)
y
90 MPa
95.2 MPa
30 MPa /\\\

1 .

60 MPa _ /

X A

125.2 MPa

oy = —60 (MPa), g, = 90 (MPa), 1y, = 30 (MPa)

30
tan(26p) = (—60——90:> 20p = —21.8 0r 180 + (—21.8) = 6, = —10.9 or 79.1

2

—60 + 90) (—60 —90
+

> > >cos(2 x —10.9) + 30sin(—21.8) = —95.2(MPa)

01 = 09g=-109 — <

—60 + 90> (—60 —90
_— _|_ _—

0y = Og=791 = ( 5 > >cos(2 %X 79.1) + 305sin(158.2) = 125.2(MPa)

—60 — 90\ |
To=-109791 = ~ |~ sin(20) +tyy cos(20) =0



PRINCIPAL SHEAR VALUES/PLANES

oy +o Oy — O 0. — 0
o= ( . y) + ( . y) cos(20) + T,y sin(20),7 = —( ad y) sin(260) 41, cos(26)
2 2 2
90 MPa
— " y N / \ 34.1°
60 MPa _ g \
X 110.2 MPa \/ 4 '
\
/ 15 MPa
15 MPa

oy = —60 (MPa), g, = 90 (MPa), 1y, = 30 (MPa)

_ (—602— 90)

tan(26;) = 30

=20, = 68.2 or 180 + (68.2) = 0, = 34.1 or 124.1

—60 + 90 —60—90 .
Og=341 = > + > cos(2 x 34.1) + 30sin(68.2) = 15 (MPa)

—60 + 90> (—60 —90
_— _|_ _—

Og=1241 = ( > > >cos(2 x 124.1) + 30sin(248.2) = 15 (MPa)

—60 —90
T1/2 = Tp=34.1/1241 — — (T) sin(26) +1y, cos(26) = £110.2 (MPa)



The End
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