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or_portions of the structure apart i ,

)

Lfatce_ the_amaunt of pushing or ik ‘—C';'O'_ X0V O+ [—> 2000ks

,LMmQJeq uired. ju_m(gye aon. objecf N insidle_the_malecules are pulling back

RN ) : frying fo stay tegether and keep from

%aizma]_bmes are annllcd yao) bemn rigped _aggart

%ﬁﬁa&i&ﬁﬁﬂmﬁr@ _ Compression L
p_gs_ztance o the > two oushma CODpocma) far('cq that

\@Mcm | - mueeze an obrecf mzmgiu_CQmpm_d.

e L R

; mmeum;mBow o0+ o> o> fe—moots

at_ holds the rfrucfure 5 g.:.de the_molecules are nusb;na back hvma
A fo stay apart and_not_get crashed.
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'y, SheaL

"y o pushmg or punmg adjaccnf forces,
" gcting close fogether but not- dlrccﬂy >

" A-moment_thet cayses btndlrzq I MM
4 b"nqu morment

-Products. tension ond mrpfz «fon

| opposmq#cach__afher — |77, T

C A shearing-load_cuts_or rips an ochcf ~to_ emile - pr * polc NN ”
r_/by_;j,dmg__fts,,mpl ecules. Lrpartu,;/c/eways el gt e e
e e — T e T
L =4 o e T A

r/f/*

m,s,Lde the _molecules bold_onte_cuch Ollm;,____

____m_muif_bﬁmg_.thd__ap_act___w___“-.n,_u.-_k-,,,m____g i
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Jbo&aniLon&.anQﬂ;ﬁr;fzﬁ&meg _rpped

anari

)

J}Ianaemfmm a_fixed_ pont.

e 5__ Torsion ( Tw:sﬁna)

o ' | ¥ created when_a_moment_or fummg
~* A moment__is_a_“turning force” caused___force” is_applied 1o _a_structural

_by_c:a_forcc__acflng_nn an_okject_at some___member_(or piece_of material)
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-

!

ol " moment_that Causes_twisting iz called

| (vieight of _u_a_“u::bfu. or_forsional memernt

T“\f%ﬂ_ _g,st . i l

#rson) v produces. shear_ stresses. inside_the

- J l
2a e m___mw_.,..,( Jvmg T __materia

= Bep | wrd) torsion_will fail _in_shear; ,__:
e M= Fyd he. fw:sbng“adfon_,_causeuhc_,moleculﬁ
\ B bc _shid_apart_sideways. |
When -a moment _or " furnmg forcc N R et e MRy
,\\QPP’M Yo_q structural member thatrs e
L ~ ™.on_both_ends., such as a_pole beam, — e e

”0~if‘ deflect or bend.
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o elv a_steucture s ’rﬂrmed :

Lniemalbi—m) stable_(or_nanrig Jdlid.\. ;; ( ‘: 4
_/qnnoi,momwmqia_shﬂnﬁ_and_my_\ | B g

_,Jﬂlﬂu—dlﬁjﬂlbgﬂﬁﬁs——whm_mL\ | g;:————

__supporied externally. R OO,

_,Lmoujdjwahzzd_'ibmJJLpbmm\ D {
__podies deform when subjected to [0ods- //{f;',? |

MMGMLMOSMQQW ) ,f,/ «\? i

___gLruc’rures‘ under seryice Conditions //)f//’}i“_i\jx | :

__ae_so small thad 4heic e ffect on the - . R 5 §

__pouihbrium state of Structure ton TS TR

_be neglected. - T PR R omrT

—— LM — - ,«‘r;:’—;-r;-,ql!-; nstable Shruc “f;‘“‘" -

e rigid Structure | 2 -

r the structure  offers vigniﬁ‘cant ‘F weture | -
recistance to s chonge of shape oarrs AB_and BC_connected by a

T — ,ﬁ_ﬁ_hulgcd_;mnt B._which_cannf nrevenf |
2 honrigqid_structiire. the " rotation_of one part. w#h resper'i
,___Jﬁﬂcs&neqhg;ble resistance to its chapge  to the_pther.

—0f shape_wihen detached from the

—Supports and would often_callapse I B
—udee s own weight whenpot /1
—tupoorted externally. S ¢
‘E“ChOLbeﬂmofums shown forms a- o L

—19d body_and each oan maintain T R
\m\hapﬁ‘_LLder loads : 5 .
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s Determinacy.of Internally e - Seasmneinstived
*"‘JMISM,,,Jfablc, . .&‘.})::u ctures i Ifa gt ructure is. supported by fewer .

—————dhan_ihree support reactions, the |

"“ng{wmww—mm.—MMWM" 'Tw—rmw“"‘“‘"*“tcac,'l.onsa are_not eno : e
", jn_internally_sable_structure s gy of_enough.fo_prevent |

. ) : —possible_moy

5 mﬁcajly.wdeffCmmqfﬁ.,_-,cxte(.‘nall_yﬁjf‘_a L in i fgmplanc .. ements . ofL.thc_z,.mtut:tu‘r.,E,,_,ii

',,Jts JupFDLL_LCQCfLOQL—QaU—b&fiQtCUDI‘I]Cd - g

:_,_;;hy—,IQM@Q—-Th C—Cqﬂﬂﬁanﬂ—ﬂ‘lﬂ‘ﬁbﬂum-‘—;&u.cnt.-a‘:..d.: ucture_cannot_remain_in
' ’ ——————CQuilibrium under_q general system

i : 7
_:JLLJimﬂuc&_u_LunﬂQLth_bv_moc ﬁof.,logds.,_and“ls_,_ﬂzccctone,__r.cﬂ.em:cd.m :

' mgn;ibzce_naaﬁﬂionsv,ﬂvtben”all__.fhch_., —_to_as_staticall ;
" neactions_cannot be_determined_from ttnciobie a,;g;xi‘t;[gg_lj)g.-.mg;

e =
B e S—

e

|
el
]
|

et et

__the three equations of eQuilibrium. _ Fxicrpgl] Y. Satically Determinate.

= —FHane Structures 4§
o Juch structures _are termed statically e - |

¢
;

: A —— i e el

__indeterminate_externally. Cantilever Beam
r - -

_*The_reactions 10 excess of those . | — ‘Qr IR
__necessary for egquilibrium _are_called B o
_external _redundant _and_the numper _ * §j mple_Beam
_of external redundant (s referred fo S Bt |
a1 the_degree ot external ingeterminacy. 2= L. T 1 |

e T —

e S W ——. ' |

~Ihe degree of external indeterminacy _ * Frame |
—Lan_be pwritten gs '

SR—— - g e —

T

~Litrnal Indeterminacy = # of reaction =3 |———| .. [F——x _ |

—~— " le= f-3 L J IR S78 |

Londitiong: . |

3 the shucture_is stotically | ‘ < mm—

Tr—— unstable_externally . A ]
= ~,~Jiru,_Cium__iS_JiJ‘.ail'_rtally,_ﬂw____,ﬁ*_“,._» SENESINR | SRS | Wkt | Rt .

ST determinate_externally  {— ot o o
MnmxeMmjy_ bl i EATS
g 0 ndrztm:mmafe exernally T T TWWT FINE AN

—_—1
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i_MdefermmaTP Fu"v Restrained /
Fixed Beam

le=r~8= -3 =3
= _Degree of Fxternal lnde‘iinrmimcv 3

Tndm‘rrmmn‘h" Deck Pm-h" Truss

'_:.;—’ H\\J XN '!//f aif:{/g %
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B iaanes —Unstable_ Structures — Equations._ !
:'&Aﬂ structure _ma M.beﬁ.guppor_tgdﬁ_by of _Condition S
" an..£noughreacrions. x> 3_hut_may '

~_dfll_be unstoble..due. fo_impraper___« Example_of internally_unstable

;;_ﬂlﬁﬂﬂqc\-mcntwoﬁ’f& UPPORLS —— structure _qre shown. next.
" quch. structures_are_referred to_as.

s W

__geometrically_unstable_externally
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i o—r——

R — i

—lefp-2=3-3 = 0 __One_equation of condition

N

- Determinate_put_geometrically. ZMg=0—or— M=o
__;.ru_mfab,ﬁ.‘.bﬁCGﬂSﬁ_ﬂL_AthUPpQI“tS- i —
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mﬂy ,wconnt:cfjons are._used_jn_ ,_Jh e dcgr,e; SRR
mdurﬁs that_permit _pot anc/ relaf/vek __can_be_mritten tars n cterm:mq
_of the _meémber _ends_but
mfahﬁﬁﬁ of n M
-lative__transilations in ¢ fflam (with_ ln‘tcmaL,bmgfLEdll QE)

N ,dmtwnﬁmofw_fbe__cnds of _the_ connfcfcd
__mgmbcﬁ — o

Where_: ¢
<o é‘uﬁb cannrcnonsware modeled as__ Mquﬂﬂomof condiion
mjgcnaLtolLCL_JQmIS—fﬂLtbe_purﬁﬂijcrnal hinge * e. =1

i e= r- 3:ﬁck

™ uvsts _ —Linternal __Cp_”&p e =2

—«_ndeterminate_structure of first____Conditions -
__gm;__huf_ﬂaﬂcaﬂy_dﬁlff minate r<3 te, the Structure is ffahcaLlyd
—_exteroally unstable externally

| ; p, ———F=3%+8c the structure js statieally

A 1 / ¢ determinate exfernally

L ¥ l o3 il ._-,__.J”_Bj_e{ the_Structure is stati calﬂ! _

3 Y 1A B 7 - Indeter minafe exd ernal}v

S e L Internal roller - s

4] x R .,4_~__,Ajj'fmafujﬁ_ﬁpor0ach

B , P, R i

o ; 1 L / = Count _the_total_number of - sunnort

=N _(,._ T ic g J;mmzn_s.,_r

— s £

e =5 | foccc; fi, that can bﬁ__fmnsmzfted_:

""""" 5 Y fhrouqh_ﬂne mterml_,htnqes_amjbc
yon.cquqtmns._of Condition: ,_,JnTernal_LOﬂﬁrS_of_JﬁLﬂmcﬂlre

/“'*ZF"“ 0..,__,0,. - |
. o
i tﬂccall_fhafﬁmfrzﬁrn aLthc_cgn__ :

0o SM, =0 transmit_ino_force romponents,
o _gnd n internal roller. can_ 1ranstL
- One_force_Component.
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: r + T1
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Wnumbcr of Ligid. mcmbcrs
s Pnrmm,_n,_,__confamcd In_the_ _

CHure. bt
Jf’ u , —Nwmaﬂan___clamfy_mchwof fhc sfmduccs f,

Wmthummgd\\ﬁ:‘uuﬂmumemm _statically !

rminate, or_statically_indeterminate. |
€ /
‘ ,Pamaniﬁ MEMELS 0f the sir "CTMuimofum is rfaﬁcq/ly_mddrrmm’&;

M in_equilibrium under the
{ en_detérmine. the. deqree of |
JdanLaPPlLd—mads ~react Mjﬁmﬁmmw_wm 2 -'f:

——Sample Problems |

or _internal forces, each memper

_,mu&umv_thclmwﬁz‘__mhw\u y —

it
al_num ations . The beam. s mfernallv sfable ‘
‘_Jmmhlc__ﬁar_’fhﬁ_nﬂ_e structure is je=r-3=5-9=7
o —————="_The beam_is_statically indeterminate
| ' externally with the_degree oF fxfcmal’,
Mmme whethec the_structure s indﬁtcr_mmacv of . 2, :

_,S_{ahmlggunsmblc.,_dﬂterﬂﬂat&_,_og

___detérminate by Comparing the b, f“ s o
_total pumber of unknowns, rit f;, 1o /] Hinge N e

The total numher of Eaunﬁ'ons.

The hfam_/anmey_uaiaMg
_ﬂLmd_ﬁcmlnjlﬁ_sfim_tbc—lLM)mnmcd of two rigid _—}

_degree OF external mdeﬂ?rmmacv IS members AB _and B connecffd by !
—Quﬁﬂ_by__ﬁmlunicmgl_bmgi/mlm:l__CLL;ntcrna hinge_at B. |
\L.» (r+f,) 30, o= p- me,)-e -(3+1) =2

i - " The beqm. is S'fahcallv indefermingte_
_C_Qﬂ_dm G . exj'e,rnallv wu‘b_:‘hLdeqrff.QLﬁxtﬁrna[ |
M_ﬂw strycture_ s Static gﬂy mdcfermmorrv of 2. )
~—_ _ Unstable_externally i
“tﬂﬁ\inr the _structure s smhcnllv Usma AHemaTc Meihod i
T~ _determinate exfernallv‘ BRSSP 1 B P 56 e *
‘iﬁi\in,.‘ihc structure i statically e = (rt £i) - an = (6+2)‘ 3(2> 1
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N the structure s st
T Lah 220 o re_is_staticqlly H[zﬂa_um,@o b By ~G=0 |
Iindeterminate —Cafetnally  po=2.90 KN PR

/,__._____
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£ r%?jgv ofb;“d e -exttrnol 3, Determine_the reactions _at the
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- _determinate externall y
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2Mg=() By =250 kN '
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muhLMchons at_th
,ﬂ;c frame_.shown
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e

Uuppon[ - IMa=
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. _Beams3 and %Erames Shear_".and,.._m e

M," = D_,..,Ay,.(ZQm)_t(a m/m (QOM)(IOm) EEEt ECna’mg Moment..

= SOKN T e -
. WW‘,AMLEm@ _Sb::az:,_ancL_Emdmg____.

\ZZM KN/m) (o))~ Fy (g ————Momeot e
/L- 30 kN f \ (N Th[C&JYpES__QL_StrCSLRMQDB oSt |
- N‘“m —-_Axial _forces _ e ‘
:\r_m,o__ S Ve 0k , 2. Shear forces

ﬁﬂ“/m (‘JOm)(70m)+ Cy_(.'ZO_m) e d ] “J‘ T == . |
< - 3"m(30m)(Bm) ~ 30 KN.(40m) = 0O b | ;%;B
N/,_Ly_.?‘ﬂ kNt . v

___lﬂ;i—-o 50KL=5 % (40m) T HLKN Dy M Y
B - 5"Ym (90m) + BOKN PR N
o Dy=m9 kN ¢ P o | T
S O W N ML e T
| & *.\"‘.Q_“ﬁ; 1
e - - Tﬂy cl 'f.a—: x“) | i
I8y
: ' ] W;_w,de h: 'Thc Infc;n0} ag:al force. Q.at -any. _____,__i
! A LI B ___section of g bcam‘-;s_t:qual_m_magmmdu
,——___ | _  but_opposite i _dzcexzfm_fo.jbﬂ_aigcbmﬁ_f
B ) Vo .  sum (resultant) of the. Components in_
il 8 - _the__direction_parallel to_th wm.aﬁhh
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