3 On dinh cta hé thanh thang

3.1. Cac gia thiét

Khi nghién ctru én dinh cia h¢ thanh ta chip nhin cic gia thiét duéi ddy nhdm

don gian hoa vige xac dinh tai trong 161 han:

1. VAt iéu cia hé thanh lam viéc trong gid han dan hdi.

2. Cac nit cua hé xem nhu tuyét déi cimg. Do dé, chuyén vi tai cac ddu thanh quy tu
vao mdt nit sé nhu nhau.

3. Céc thanh cta hé xem nhu khdng co dan. Trudc va sau bién dang, khodng céch
theo phuong ban déu gitta céc nit cla hé khdng thay déi.

4. Khi xdc dinh chuyén vi trong hé, chi xét dén anh huéng cia bidn dang ubn do
mémen uén va do Isc doc phat sinh trudc khi hé mdt én dinh. BS qua dnh hudng cia
gia s luc doc phat sinh sau khi hé mét én dinh.

5. Tai trong tac dung trén hé chi dat & cac nit. Nhing tdi trong ndy chi gdy ra kéo
hodc nén ma khéng géy ra ubn ngang trong cac thanh khi hé chua bi mét én dinh.

Tr.ong thyc (&, thi trong thudng khong chi dit & nit ma o6 thé dit & ngoai nit nén
s& gdy ra trong cac thanh hign tugng udn cung voi nén hofic kéo. Tuy nhién, trong
¢dc thanh thdng thi chuyén vi do bién dang udn ngang cung v6i udn doc chi phat
trin nhanh khi lyc nén ¢6 gia tri x3p xi bling lyc t6i han, Bdi v6i h¢ thanh thing
cing vy, chuyén vi do bién dang udn ngang ciing v&i udn doc chi phat trién
nhanh khi luc nén tién gin d&n gia tri 16 han. B&i vay, vige xé4c dinh lie t6i han
cho hé chiu tai trong dit & nat 1a ¢in thidt d& danh gia kha nang én dinh clia hé
khi chiu cic dang tai trong khic.
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D& dap wng gia thidt §, trude khi gidi bai toan 8n dinh ta cin x4c dinh lyc doc
trong cdc thanh cia hé chiu tai trong d2 cho bét ky (hinh 3.1a) theo céc phuong
phap trong Co hoc két cdu, ti€p do x4c dinh tai trong téi han hay thong sd téi han
cho hé chiu ti trong chi dat & nat voi gia tri lwe doc trong cac thanh vira tim dugc
& khau trén (hinh 3.1b} theo cic phuong phdp sg trinh bay trong chuong nay.
Trude khi nghién ciu cac phuong phip tinh ta cAn dit vin d8: ¢6 the 4p dung
diege nguyen 1y cpng tac dung trong bai todn 6n dinh cta hg thanh thdng hay
khéng? DE gidi dap ta se tim hidu sir lidn h¢ gitra chuyén vi va thi trong tac dung
trong nhimg thanh chju udn cing v6&i nén.
Trong bai toan 8n dinh, ngoai 4nh hudng cha bién dang udn ngang do thi trong
ngang, nhit thidt phai k& dén anh hudng clia bign dang uén doc do luc doc gay ra
khi tinh chuyén vi. Khi bién dang nhd, gitra chuyén vi va thi trong ngang co su
lién h¢ tuy&n tinh cdn gitra chuy&n vi va lyc doc P ¢6 sirlién he phi tuyén.
Né&u bai toan 8n dinh dugc nghién ciru theo gii thidt trén thi khi bt diu mit én
dinh, h¢ & trang thii bién dang rdt gin v6i trang thai ban ddu, cac luc ngang chi
phét sinh sau khi h¢ bi m4t én dinh vé&i nhimg gia tri rdt nhd. Ngodi ra, néu khong
coi cdc hee doc P o tas trong ma quy woc xem chiing nhue la mgt trong cde tinh
chdt dde trumg P cua h@ thi c6 thé phat bidu 1a gitva chuvén vi va tai trong ngang
c6 sy lién heé tuyén tinh.
Trén cor s& d6 ta ¢o thé k&t ludn: trong bai toan 6n dinh civa he thanh thdng c6 thé
ap dung dupc nguyén Iy cong tac dung déi véi cdc tai trong ngang, moi 14i trong
ngang xay ra kem theo yéu 16 ddc trimg P ciia he.
P& 1am sang td ta xét mot vi dy. Néu goi:
v — chuydn vi tai mOt tiét dién nao d6 do lyc nén P va do céc tai trong ngang q; ,
g> ddng thoi cung tac dung gay ra;
v; — chuyén vi twomg Ung do tac dung ddng thdi cha lyc P va tai trong ngang ¢;:
v2 — chuyén vi tuong ing do tac dung ddng thoi chia lyc P v tai trong ngang g,
thi theo nguyén 1y cOng tac dyng, tacd: y =y + ¥
Tuong tr, néu goi- ¥ 12 chuyén vi do tac dung dbng thoi clia lyc P va i trong
ngang g bling don vi thi chuyén vi v do t4c dung ddng thdi cla lyc P va thi trong
ngang g khac don vi pdy rase bling: v=47y.

Nhu vy, ta c6 thé ap dung dugc cac phuong phap tinh xay dung trén co s&
nguyén ly cdng tac dyng d& giai bai ton 8n dinh ca h thanh, Ngoai ra cling ¢6
th€ m& rong pham vi 4p dung codng thic xac dinh chuyén vi va ¢ic dinh 1y co ban
da nghién cin trong Co hoc két ¢du cho hé thanh chiu uén cling véi nén hodc kéo.

Trong cic muc dudi diy ta s nghién cam cach vén dung phuong phap lie,
phuong phip chuyén vi va cac phuong phdp khac phi hop d€ giai bai toan én
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dinh hg thanh thﬁng nhu hé khung, hé d4m lién tyc, hé dan. Ban doc ¢6 thé tim
hiu cach tinh &n dinh cha he¢ khung theo phuong phap hdn hop va céc phuong
phéap gin dung trong tai lig¢u [3].

3.2. Cach tinh én dinh clia khung theo phucng phap Iuc

A. Chuyén vi trong thanh thdng chiju uon cung v6i nén hogdc kéo
Trudc khi nghién cim cach van dung phuong phap lyc dé giai bai toan dn dinh cla
h¢ thanh ta cin biét cich xic dinh chuyén vi trong thanh thing chiu udn cing voi
nén hoic kéo.
Xét thanh chju udn cung v6i nén nhur trén hinh 2 1 l l
3.2?. ij Aff,,, 12 mdmen udn do tac dung ddng -~ ?;; S ,c'. /337
thoi clia 1l rong ngang va Iyc nén P giy ra -—--",
P& xac dinh chuyén vi Ay, tai & ta 1o trang -

" . il

thii kha di "k" trong d6 dit luc Pi=/ twomg & l

tmg véi vi tri va phuong cla chuy@n vi cin Gm ,_;,. o »ﬁr
(hinh 3.2b). Goi M 1a momen uGn & trang

thai "k" do luc Pr=1 gy ra. Hinh 3.2

Tir cong thire bidu thi sy c4n bling gitra cdng kha di clia cic ngoai lyc tac dung
trén h¢ & trang thai "k" trén nhimg chuyén vi khi di tuong img & trang thii "m
v@i cong kha di cia ndi lyc & trang thai "k" trén nhimg bi€n dang kha di wrong
tmg & trang thai "m", ta co:

Hm =Y | MMy, 3.1)

P 1a cong thie chuyén vi chia hé thanh chju udn cling v6i nén hoic kéo trong do6 da
bd qua Anh hudmg ciia bién dang doc tryc va bién dang trugt.

a

B¢ phuc vy cho cic ndi dung tip sau, tase 7, o~ 4 e
|
Z , QB

tap trung nghién ¢l cach xac dinh chuyén A
vi cho hai trwdmg hop cu thé: thanh ¢6 khop @
tya ¢ hai diu va thanh congxon, tét dién 4 i i

khong ddi, chiju lyc nén P cling véi chc tai
trong ngang chi dit & cac diu thanh. L —=
1. Thanh c6 khép tya & hai ddu 2

Mg
@)
Xét thanh dat ty do trén hai 28i tya chju a r\-_yfl\ 5
M,

lirc nén P vi cac tii trong ngang dit & cac &
diu thanh nhu trén hinh 3.3a. Yéu ciu tim
chuy@n vi tai cac du thanh, Hinh 3.3
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Trong tndomg hop t8ng quat, tai trong ngang (ai cac ddu A, B ciia thanh AB bao
gdm M4, Mp nhu trén hinh 3.3a. Phan lyc tai ddu A co gia tri bang:

Qs = -::-(MB ~Ma).

Biéu dd momen udn (M,,;) khi xét dén 4nh hudng cia lyc P, ¢ dang dudng
cong nhu trén hinh 3.3b. Theo (2.6), ta ¢6 bidu thic cia M, nhu sau:

Qo)

M(z) = a EN(0) sina z + M{O)cosax 7 + sinz =
o

Mp-M,
al

= a Ely'(0) sina 2 + Macosa 7 + sina z.

trong do v'(0) 1a thdng s3 ban du chua bidt.
Theo (2.4) ta 1ap diéu ki¢n bién khi z = 1; ¥(1) = 0 s& tim dugc:

), 1
Yoy = NI Mp + —-{ .1 "ij Mg,
a El\v 1gv o EI'\ sinv v

P
trong do: v=agl=1,]—. 3.2
g ‘[El (3.2)

Thay biéu thirc y'(0) vio phuong trinh moémen udn, ta dugc:

! 4[)‘ ! ﬁ‘,*‘1. ;
My (2) = Macosa z +| —=~—2 |sina z. (3.3)
siny gy

bé xac dinh chuyén vi tai cac ddu thanh ta ¢4n tao trang thai kha di va 1ap bidu
thire momen udn tuong mg. Trong trudmg hop tdng quét, bidu dd mdOmen udn

( M, ) 6 dang nhu trén hinh 3.3c, bidu thic mdmen udn wong img 6 dang:

Mk=u+

7. (34)
Thay (3.3) va (3.4) vao (3.1), ta dugc:
!

{ - M M -
ElAgy=M J'[a+b achosazdz+ 8 __ 4 J'(a+b az]siuazdz.
AO { sinv - tgv J !

Sau khi 14y tich phan va bign ddi, ta dugc:
)
ElA= E [aM 4 + bMg] ofv) + % [aMp + bM4) BZv), (3.5)
)

trong do6: a(v):i{]—i} ﬂ(v):%( d —1). (3.6)
- tgv v

v sinv

12 cac ham didu chinh k& dén anh hudmg cla lic nén P, Co thé tim gid tri cla
cac ham nay theo cac d8i sd v qua bang | cha phy luc.



2. Thanh c6 m{t ddu ngam, mit diu ty do
Trong trudmg hop t8ng quat, tai trong 4

ngang tai diu A cha thanh AB bao ¥~ s}

£dm M,, Qs nhu trén hinh 3.4a. Bidu %,Z'G: J|:- = R

dd momen udn (M) khi xét dén anh Ml | !

hudng cha lyc P, ¢6 dang dudmg cong ] - —

nhu trén hinh 3.4b. L) | [

Momen ubh tai ddu ngam B c6 gi4 tri @ I : :

bing: M‘.w My

Mp = Ma+Qal +Pys= M +Pyy, ) : M A

trong do: Mg 1a mOmen udn tai diu @ | | ’

ngam B do riéng tai trong ngang giy z ,

ra. Tir d6 ta co: 4
Qu= (M5 -M, )i Hinh 3.4

Vian dung cac phuong trinh (2.6}, (2.5) va diu ki¢n bién khi z = 1 y7l).= 0
s tim dupc bidu thirc cha My, nhu sau:

M (vsinv—1)+ M3

vcosv

Mpy(z) = MACO‘SCUZ +[ ]sinaz. 3.7

bd xéac dinh chuyén vi tai cac du thanh ta cin 130 trang théi kha di va lgp bidu
thirc mOmen udn tuong tmg. Trong trudng hop 18ng quat, bidu dd (M ) €O
dang nhur trén hinh 3.4c¢, biéu thdc mOmen udn tuong umg c6 dang (3.4).
‘Thay (3.7) va (3.4) vio (3.1), sau khi 14y tich phan va bién ddi, ta dugc:

Elm= {;-ng Gi(v) + -%aM A BV + é[aMg +bM ) 6fv),  (3.8)

trong do: 6’1(v)=—3?[l¥g1— ]
Vv |4
@(V}:—%—-(}+vtgv— 2 +f-g—v] ; (3.9)
v Cosv v
6 1 t
QJ(V)=—5’[—“—“£V—),
Vv CcCosvV v

12 cac ham diéu chinh k& dén 4nh hudmg cia lyc nén P. C6 thé tim gi4 tri cla
cac ham nay theo céc d6i sd v qua bang 1 cua phy lyc.
Chy thich: Trnsong hap thanh chiu udn cling véi Iy kéo P, trong tat ca cac biéu thic trén ta cin
thye hién phép thay thé nhu sau: @ = i véi [P =P/E; khidd:
2= — B sinaz=>ishfz; cosaz=>chfz; tgaz=ithfz.
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B. Nji dung phuong phap luc

96

Khi van dung phuong phap lyc dé kidm tra 8n dinh clia khung ta ciing tién hanh
twong tr nhu d2 thye hién khi kiém tra didu kién bén da quen biét.

1. Hé co ban

V@& nguyen tic, h¢ co ban ¢6 thé chon bt ky voi didu kign Ja phai bat bién
hinh nhu da néu trong Co hoc két ¢du. Tuy nhién, dé cho don gién khi tinh én
dinh, ta chi nén chon h@ co ban bdng cdch logi trie cdc lién két thim sao cho
nhimg thanh chiu nén hodc kéo trer thanh thanh cé hai ddu & khop khéng co
chuyén vi thdng theo phuomg vuong goc voi truc thanh hodc thanh c6 mpt ddu
ngam mpt ddu tie do. Véi cach chon han ¢h@ nhwr vay ta ¢6 thé d& dang x4c
dinh chuyén vi trong h¢ co ban theo cac cong thic da 14p sin & didm A, Néu
chon khac di thi cach thyc hign sg phirc tap hon vi ¢in phai ty 13p cdng thic
chuyén vi tuomg (mg.

Hinh 3.5
V&i he khung trén hinh 3.5a, hg co ban 3.5b hop quy cich da han ch& & trén.

2. H¢ phuong trinh chinh tic

Sau khi chon hé co ban va @it cac 4n X; tai cac lién két bj loai trir, ta cing 1ap
duge hé phuong trinh chinh tdc cia phuong phap lyc twong ty nhu trong Co
hoc két cdu. Trong trudmg hop nay, theo gih thiét 3 va 5, tai trong chi giy ra
nén hodc kéo ma khong gay ra udn trong cic thanh cta h¢ co ban, Nhur viy,

bidu dd (M} ) do thi trong gay ra trong h¢ co bin s¢ khong tdn tai va do do
cdc s8 hang ty do Agp cda h¢ phuong trinh chinh tic déu biing khong. Lic nay,
h¢ phuong trinh chinh t4c tré thanh h¢ phuong trinh thudn nhét:

JI]XI + 6]2X2 +...+ é‘JHX" = 0:

§2IXI + 522)(2 +..+ 52:1Xn =0;
(3.10)

OuiX1 + 02Xz 4.+ OuXy = 0.



3. Cach xac dinh cdc h¢ s3 cia h@ phuong trinh chinh tic

D& xic dinh ¢ac Spn ta ¢in tao trang thai "k" do lyc Xk = I gdy ra trong h¢ co

bin va tao trang thai "m" do lyc X, = 7 cing céc lyc nén hodc kéo P pdy ra

trong hé co bin; tiép d6 ap dung cong thire (3.1) hodc 4p dung cach nhan bidu

dd. B&i vai c¢éc thanh khong ¢é lue nén hode kéo P cach dp dung cong thic

(3.1) hogc ap dung cach nhin bidu dd cing tuong tr nhu trong bai toan kiém

tra diéu kién bén. DG6i vdi cic thanh ¢6 lye nén hojdc kéo P ta cn ap dung céac

cong thue (3.5) hodic (3.8) da 13p & diém A.

Ngoai ra. ¢in luu ¥ 1a dinh 1y tuong hd v& chuyén vi don vi: Sgn = Sk Van

dugc nghiém ding (rong bai toan 8n dinh.

Khi xac chuyén vi trong cdc thanh chiu nén hodc kéo ta ¢in quan niém cac luc

nay chi 12 lyc s8n ¢6 dit tai cac mit. Thye ra, khi mét 8n dinh cdc Iue ndy ¢o

thay dd. Ché’ing han d&i voi hé trén hinh 3.5b, thanh 1-2 sg chiu lyc nén véi
gia tri biing P; + X> song céc luc X; chi phat sinh sau khi hg bj mdt 8n dinh va
€6 gia tri nho nén theo gia thiét 4 ta ¢6 thé bd qua.

4, Phuong trinh 6n dinh

H¢ phuong trinh thuidn nhdt (3.10) dugc thda min véi hai kha nang:

%2 Tdt ca cde dn X; déu bdng khong. Luc nay, trong h¢ ¢hi ¢6 bién dang kéo
hodc nén ma chua ¢d bién dang udn: do do he vin ¢ trang thai ¢in bling ban
dau. Nhu vay, he 8n dinh, thi trong chua dat dén gid tri (6i han,

S Tdr ca hode mot s6 §n X; khdc khéng. Lac may, trong h@ phat sinh bién dang
udn: do d6 hé bi mdt én dinh. Pidu kién tdn tai cac nghi¢m X; la dinh thic
cic h¢ s& clia hé phuong trinh chinh tdc (3.10) phii bing khong:

511 512 51/1
D= 621’ 523 """ 62:: =0 (3.11)
5”1 6”-, ..... Jnn

Céc chuyén vi Sy phu thude luc P cho nén tir didu kign (3.11) ta ¢6 thé tim
duge gia tri cha lyc P, do 1a lye t¢i han ¢dn tim. Diéu ki¢n (3.11) dugc goi 12
phuong trinh 6n dinh theo phuong phap lyec. .
Vi cich gidi bai toan nhu trén ta chua tim duge gid tri ¢ha cae 4n X; vi nhimg
dn nay 1a vd dinh. D& tim duge s phan bd ndi lue va hinh dang dudmg bién
dang cla h¢ mot cach dinh tinh 1a ¢6 thé quy ude gan cho mot 4n ndo dé mot
gia tri bt k¥, ching han biing don vi, rdi x4c¢ dinh cdc 4n khic theo h¢ phuong
trinh chinh tdc (3.10).
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Trong thyc hanh, phuong phép lyc khong dugc wa dung bing phuong phap
chuyén vi s¢ dé cap dén & myc 3.3,

Vi du 3.1. Xac dinh gia tri t¢i han Py, cho hé khung trén hinh 3.6a.

Hg¢ ¢o bAn chon nhar trén
hinh 3.6b.
Phuong trinh én djnh:

511 %1
)

522

a) JP 8 P“Xz

=0. ~

D=

21

3

P& xac dinh & 1a cin ve L
bidu dd moémen udn do lue Pl
Xij=/! cing v6i lyc nén P

gdy ra trong h¢ co bin (hinh
3.6¢) va bidu dd mdmen udn
do riéng luc Xj=/ giy ra
trong h¢ c¢o ban; iép do ap T 7 77
dung cdng thic (3.1) hodc

4p dung cich nhan bidu dd. Hinh 3.6

Bidu dd modOmen udn do riéng lyc ngang X7 = 7 gay ra ¢6 dang dudng dit nét
trén hinh 3.6c.

by
i
Y
e

X
N
é
L

&
i

Lo

Vi thanh ¢6 Iuc nén P ta ¢dn ap dung cong thic (3.8) trong do thay: Mg =1

M,=0:a=0;b=1.Vdicic thanh khic, ta vdn 4p dung cich nhan bidu d
nhu da quen bidr. Két qué:

EIé, -£0(v)+ £—£[1+9(v)]' vai: v={ -f—)—
=3 3 3T ' VEr

Sau khi v& bidu d6 mdmen udn do lyc X2 = 7 gay ra trong hé co ban (hinh 3.6d)

1a dé dang im dugc cic h s0 con lai. Két qua:
3
Elbx; = !—+li= iﬁ: E[J;nglé_,lziﬁ.
3 3 2

3
Phuong trinh én dinh: D:I—
6Ef

Suyra: Oifv)=-04375.

Sir dyng béng 1 lr())ng phu luc, ta im duge: v = 2,79.
Do do: Py ==V El/ 12 =778 El/ 2,

[4[1+61(v)] -2,25} = 0.

201+0,0v)) 3| _ 20
3 8 3EI




Vi du 3.2. Xac dinh gia tri t&i han Py, cho h¢ khung trén hinh 3.7a.
Hg co ban chon nhir trén hinh 3.7b. C4c bidu dd momen udn do Xy=1 va X2=1
cung vGi luc nén P gdy ra trong h¢ co ban nhu trén hinh 3.7¢, d.

936°
9 p

[ ¢ { Y\p
- |
Z

10,36}7

Hinh 3.7
Goi v =[,/P/EI. Vé&ithanh chiu nén 1-2, tac6: vy = IJP/EI = v.

Vd&i thanh chiu nén 3-4, ta co: vz =1,J0.36P/EI = 0,6 v.
Ap dyng cich nhan bidu dd va cong thirc (3.5) ta tim duye cic chuyén vi don vi:

[ ! ! ) !
Eibjj= —afvi)+2—; Eldp= —afva)+ —; ElSi;=El&;= -—.
11 305(\1) 3 &2 3 afv2) 3 12 &1 3
S, & 2+afv,) -1
Phuong trinh 8n dinh: D =| /1 /2 -l ! =
62} 522 el -1 I+a(v2)
Hay: 2 (06v)+ alv)+ aiv).a(06v)+ 1 =0

Van dung cach thir ddn k&1 hop vai bang 1 trong phu luc ta s tim dugc gia tri
clia thong s6 t6i han: vy, = 3,57

Do do: P =v2El/ P =1274 El/ 2.

3.3. Cach tinh én dinh cua khung theo phuong phap chuyén Vi

A. Phdn liec va noi luc trong thanh thdng chiu nén hogic kéo khi lién két
chuyén vi cuomg birc

Cang tyong ty nhu trong bai toan kiém tra didu kign bén, dé chudn bi cho vigc
nghién ciru phuong phap chuyén vi ta cin 13p sin nhimg k&t qui vé phan luc va ndi
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lye trong cac phin tr mAu 12 nhimg thanh thing, &t dign khong ddi co lién két kKhac
nhau & hai diu khi lién két chuyén vi cutmg bire. Trong bai toan 8n dinh, cac phan
1ir miu con chiu lye nén hodic kéo P va nhit thiét phai k& dén Anh hudmg cia P.

A,
Trunve khi di vo cac phin [oe _ _ _
i omiu oy thé, ta xét £ N TG g

Y
inmg  hop tdng  quat: % m M, )
thanh ab, tiét dién khong T——+z %= )_
=
ddi, ¢o lien k& bt ky & b..
hai ddu, chiu lyc nén P J 2
nhir trén hinh 3.8. Hinh 3.8
» (314 1hidt cho bidt:
@a VA @p — 20C xoay 13 ddu @ va ddu b cla thanh voi quy wde chidéu duong la
chidu quay thugn chiéu kim ddng hd;
A — chuyén vi thing tuomg dGi gita hai diu @, b theo phuong vudng gic
véi trye thanh, chidu duong quy dinh nhar trén hinh 3.8,
Dudi tac dyng ciia lc nén P va cic chuyén vi da bidt, thanh bj bién dang nhu trén
hinh 3.8.
* Y&u cdu: tim cic dai luomg M, My, Qu va Qp tai céc dau thanh va trén co s& do
x4¢ dinh ndi lye trong thanh.

Tir cac didu kién can bing J'Y = 0 va 2 My = 0 ta tim dugc:
Qu= Qb= —1[Mf, +M +PA] [M +M, +a’ EIA] (3.12)

vii: & = P/EL
Vin dung cac phuong trinh (2.4), (2.5) va (2.6) vdi cac thong s8 ban ddu w0) = 0
V() = @ M(0)= Mava Q(0) = Qu xéc dinh theo (3.12), ta ¢6:

Vz) = (p—(una z z) +[M,, +M, +a2EIA](aZ—;S”—I£) N
141 a’El a” El
M -
Vi) = Qucosaz - ——sinaz+ [Ma +M, +a2E!A](—M ;
a Ef a’ElL

M(z) = a Elpg sina 7+ Mgcosa 7 — [MH +M, +a’EIA Sm?z .
o

‘Trong cdc phuong trinh trén, M, va Mp 1a cic dai Jugng chua biét, s duge xic
dinh theo cac didu kign bignaiddu b: khiz =/ taco yl) =4 va y() = gp.

\(.’) —& slnal [M“ +M +a2ElA (al Wnal) — A ;
. a’El @’ El
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1~ cosal
ym:%mmﬁ%;mM+WWM%+w%mL—QE3:%
(44

a’ELl
Giai h¢ hai phuong trinh trén ta x4c dinh duge Mg va M, theo cac chuyén vi ga , @
va A ; 1iép do im duge Qg = @ theo (3.12). Két qua:

. A
Ma=2:[p1qpa + P, — (1 +y2)7:| ; (3.13)
. A
Mp = 2:[;;2% + U, (1 ’*”4”2)7] ; (3.14)
2i a4
Qa= b =-7 (1) + 4 Pa +¢bJ—;13T , (3.15)
trong do: izﬂ: v=a!=[1f£;
/ El
v gv—v v v—siny
IHI - ) X ] ’ ‘HZ = TIRY] X ? .
2ugy ngl'z . 2sim 2tglz~ o
210 L
! tgz . 1 v3
'HI-F/JZ:—Xf, }13=EXT"".
2tg— v 2tg—~v
52 £2

Trén co s& cac biéu thire (3.13), (3.14), (3.15) ta dé dang tim dugc phan lue tai
hai ddu thanh cho c4c phin tr miu thuomg gip khi tinh 8n dinh cla h¢ thanh
theo phuong phap chuyén vi. Ké qua cu thd wong dng voi timg truomg hop
dugc ghi trén bang 3.1.

Chéng han, v6i phin tr mau 1 trong bang 3.1 13 phén t{r thanh ¢6 mot ddu ngam,
mot diu khép, khi ddu ngam xoay mdt goc bng dom vi ta thye hign nhu sau:

o Cic didu kien dabidt & ddu thanh: o, = 1 A=0: Mp=10.

o Tir bidu thirc (3.14) va cac diéu kign da bidt & trén ta tim dwyc: ¢p =— > /u;.

e Thay cac k&t qui tim dugc vao bidu thirc (3.13) va (3.15), ta duc:

v‘?tg\’

. 3i .
Ma=3i@i(v); Qa=Qb=-—e@iflv) voi @ifv)=———.
! Itgy —v)
Cung thye hign tuong tir nhw vay ddi véi cac trudong hop khac trong bang 3.1,

Ngoai cic dang quen thudc trong bai toan kidm tra didu kién bén (cic trudmg
hgp 1 + 5 trong bang 3.1), khi kiém tra &n dinh 1a c6 thé gip cac dang phén tir
miu nhu trudmg hop 6 va 7 trong bang 3.1. P& ¢6 duge cic s0 lidu cho nhimg
trudmg hop nay ta thae higén nbu sau:

101



Bang 3.1

Thi| Biéu ku_’en So dCL, chgyen viva ‘ Mg Mp Q=
Lt da biét dang biéu d6 mémen udn
|
%=/ b
Pa=1 P( ,a. N m = d i
. . 3
Voas0 | %, \—/ﬁ;@_. Sed) |0 *TI Pilv)
@ 5
Mp=0 ——t
|
Pa=0 . 3i
: j i
2 A= -=@uv)| 0 — M{v)
Mo 0 i !
M, M,
}i@ _g ______ b EALb
Pa=1 p £ % _
3| -0 e {4 sigdy) | 2igat) | % )
=0 I - TH'II[] {
P |
Pa=0 z “A=7 = 6i 6i 12i
= - a-/ i / !
| w14 &5Ezu . - Pulv) - ) 1—2 12{v)
L £ LA
Po=0 W”Tmh\ 't
%
=/
! (74 (74 _ _b M,
| Pa=1 T’Q’»y& =y v v
-0 T‘?a v _‘F‘)? f— | —
5| b= L oy 9 gv sinv 0
o0
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Bang 3.1 (tiép theo)

{ Tho B;-é'_u kif-n So d(i, ch‘f‘.‘lyé’? vi v ) M ” Qu=Ch
tr | da biét dang biéu dd mémen udn
wa.—. 1 ié ?:—i —_—— —T
a .
6 | Mp=0 My 100:0 , - P —:vrgiv 0 0
Oa= Ob:U » ‘rIL
. A=1 i
Y
7 Mazo 0 0 ’2 v
Mp=0
| |
|
Chi thich:
. E P
® /= — ' V= ! —_—
! El
2 : .
velgy v{tgv— v} viv— siny,
* oiv)= —~ 2 ; oaAv) = AL/ ; Pafv) = ———L—;
3gv=v) 8tgv(fgv —ij 4sinv(!gi— VJ
2 2 2 2
v 3 v v
V)= — |, vy = . V)= bl 5Vl = (V = — .
Pav) =@, (2] 1) Sigr 7] naAv) m[z] Talv) = @alv} =g, (2}

Gid tri cla céc ham v/ tgv v/sinv ;v tgv cho trong bang 1 cia phu luc.
Gid tri ctia cac ham ¢ va 11 cho trong bang 2 ciia phy fuc. Khi P = 0; v = 0, cdc ham nay déu o
gia tr béng 1.

o Khi P Ia Iuc kéo, trong céc két qud can thay:

P
a=ifvéi f= Jg; a?=—[R; sinaz=ishfz,; cosaz=chfz, gaz=ithfz.

¢ Thanh chiu nén ¢6 mot ddu ngam, mot dbu tw do, dau ngam chuyén vi
xoay cuwong biic biing don vi (trudmg hop 6, bang 3. 1):
s Cac didu ki¢n da biét & ddu thanh: @, = 1; Mp=0; Qu=Q0p=10.
o Tir (3.12) va phuong trinh y(z) talap cac didu kigén Qu = Qp =0 vay(l}= 4
st tim dugc: A =/ tgv /v,
v2El gy

¢ Xic dinh Mgtheo A: My =-PA =———x =ivigy.
i~ v
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<» Thanh chiu nén c6 khop twa & hai ddu, hai ddu thanh chuyén vi thang
cuong buc bang don vi vudng goc vdéi truc thamh (trudmg hop 7, bang 3.1);
o Céc didu ki¢n d2 bidt & diu thanh: 1 A =/; My = Mp=0.
e Ciac luc Qq = Qp dugc xdc dinh theo didu ki¢n can biing 3" M), = 0. Két qui:

Qa = Qb =—iv2/]2
B. Noidung phuong phap chuyén vi

Khi van dung phuong phap chuyén vi dé giai bai toan 8n dinh ta cing thye hi¢n

tuong tr nhu khi kidm tra diéu kign bén da quen bidt.

1. Hé ¢co ban
Trong bai toan &n dinh, 1a cing 14p h¢ co ban cia phuong phap chuyén vi
tuong ty nhu khi Kidm tra diéu kién bén,
Vi du voi hi irén hinh 3,93, 14p hé co ban nhu irén hinh 3.9b: trong d6 ta dat
thém céc lién k& momen va lien k&t lue d& ngan cin dt ¢d cac chuyén vi tai
¢éac nit.

X

Hinh 3.9 t

/J?? /J'?

3. Hé phuwng trinh chinh tic

Tuong ty nhu khi kidm tra didu ki¢n bén, d8 bao ddm cho hg co ban lam vice
giong he thye, ta ¢in gay cac chuyén vi cudmg bic Z; tai cic licn két dit thom
vao h¢ va 1ap didu kién phln luc trong cac lién két dit them vao h¢ do ci.
chuyén vi Z; va do cac nguyén nhan bén ngoai giy ra phi biing khong s dugc
hé phuong trinh chinh tdc cia phuong phap chuyén vi, Tuy nhién, trong bai
todn én dinh, thi trong chi diit tai nat ¢ho nén khi h¢ chura mdt én dinh thi trong
cic thanh chi phit sinh lyc nén hojc kéo ma khong phat sinh momen udn. Nhu
vy, bicu dd (M7},) do tai trong gdy ra trong h¢ co ban s& khong 10n tai va do
d6 cac s¢ hang tr do Rep clia h¢ phuong trinh chinh tdc déu bing khong, Lic
nity, h¢ phuong trinh chinh tic (rd thanh h¢ phuong trinh thudn nhit:
ripZi+rpnZs +..+rpy =0
ryZi+rnZs v+, =0;
......................... (3.16)
FapZp+ 2 Zr +.t Py =0,
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3. Cach xdc dinh cic hg $6 cia hé phuwong trinh chinh tic

Khi kidm tra do bén, cic h¢ s6 ri, khong phy thudc tai trong nhung khi kiédm

tra 8n dinh thi rizx phu thudc lue nén hofic kéo trong cac thanh. D6 1a didu

khéac nhau cin luu ¥,

V& y nghia vit 19, he s3 ri, 12 phan lyc don vi tai lién két k dit thém vao hé

do chuyén vi cudmg birc tai lign két »1 dit thém vao he va do cac luc nén hoac

ké¢o gay ra trong hé co ban. Do d6, d& xac dinh cic rign ta cdn vé bidu db

{ Mm ) do chuyén vi cuomg bic Z, = I tai lign k&t m va do cac lyc nén hoiic

kéo pdy ra trong hé co ban; tiép dé ap dyng phuong phap tach nut hogc mit

cdt dé tim phan lyc trong lién két .

Ngoai ra, ¢in lvu ¥ 12 dinh 1y tuong h6 vé phan luc don vi: rgn = rake vAn

duoc nghi¢m dung trong bai toan dn dinh.

4. Phuung trinh én dinh

H¢ phuong trinh thudn nhét (3.16) duge théa min véi hai kb nang:

0 Tdt ca cde dn Z; déu bang khong. Lac nay, cac mit trong hé khong chuyén
vi: do d6 h¢ vn & trang thii ¢an biing ban ddu. Nhu viy, hg¢ dn dinh, tai
trong chura dat dén gia trj t61 han.

82 Tdt ca hode mpt s6 dn Z; khac khéng. Lie nly, cac nit trong hé cé phét sinh
chuyén vi: do do he ¢o dang bién dang mé&i khac vdi dang ban ddu tic 12 hg
bi mét dn dinh. Piu kién t6n tai cac nghi¢m Z; 12 dinh thirc cac hé¢ s8 cda h¢
phuong trinh chinh tic (3.16) phéi bing khong:

r/f '-12 .....

= 0. (3.17)

oL r
nl "n2 nn
Cac h¢ s8 rn phy thudc lye nén hofic kéo P cho nén tir di€u kign (3.17) ta co
thd dm duge gid tri clia lye P, d6 1a e t6i han cin tim. Pidu ki¢n (3.17)
duoce goi la phieong trinh on dinh theo phuong phap chuyvén vi.
V6i cach giai bai toan nhu rén ta chua tim duge gid tri cla cac 4n Z; vi nhimg
dn nay 1a vo dinh. D& tim dugc dang bién dang cia h¢ mot cach dinh tinh ta ¢6
thé quy wdc gdn cho mot 4n nao d6 mot gia tri bdt ky, ching han bing don vi,
rdi xac dinh cac dn khac theo hg phuong trinh chinh tic (3.16).
Vi du 3.3. Xac dinh luc téi han cho he khung trén hinh 3.10a.
Hé ¢¢ hai 4n, h¢ co ban nhu trén hinh 3.10b. Trén hinh ¢6 ghi d9 cimg don vi
cla cic thanh theo i, = Ef /L
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@ ZigH ()

ZBEw)

Hinh 3.10

Thong s v trong c4c thanh chiu nén:
e Thanh dimg bén phai: v, = 1 [P, [El = 1\[P[EI = v,.
o Thanh dimg bén trai: vz = 1‘{1’2 JEI =1,J0,8P/EI =J0.8 v, = av,.

11 T2

21 T2

)

Phuong trinh 8n dinh: D = 12

e

Cic biu dd mdmen udn don vi nhir trén hinh 3.10¢, d. Ap dung phuong phap
tach nut hogic mit cdt, ta xac dinh duge:

ri=4ipg@alave) + 3ip +8io = ip (4l ve) + 111

riz=rap=4ip;  ra2=4ip02(vo) + 8o = 4o [p2(vo) + 2].
Phuong trinh 8n dinh trong trudmg hop nay s& 1a:

4i? [4ga(ave) + 11) (@2 (ve) + 2] — 16i,2= 0.
Hay:  @2(vo).g2 (@ vo) + 202 (@ vo) + 27503 (vo) + 4,5 = 0. (a)
Co thé gi4i phuong trinh siéu vigt nay bliing cich thir din. D& gidm nhg vigc tim
nghi¢m, trude tidn 1a hay x4c dinh pham vi c6 thé xhy ra nghi¢m v, cha phuong
trinh. Vi v, t¥ 1¢ thudn voi thi trong t6i han va xudt phat tir y nghia vt 1y cla bai
todn I gia tri tAi trong 161 han cdn tim phii ndm trong khodng gitra hai trutmg
hop: khi hai e P; = P> cling biing P va khi hai luc P; = P> cing bling 0,8P.
Do do, ta cé thé tim can dudi v’ va ¢in trén v*' clia nghi@m v, tir phuong trinh (a)
nhur sau:
e Khi P; = P> = Ptic la v; = v = v'; phuong trinh (a) c6 dang:

@2 (v)+ 4750 (vi+45=0 (b)
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Nghié¢m nhd nhit cha (b): @2(v'} = —~ 1,307; suy ra; v’ = 5,46.
e Khi Py=Pr=08Ptic]av; = vy = av'voi a= 0,8 = 0,89443; phuong

trinh (a) c6 dang:
@2 av') + 475 (av") +4,5=0. ()

Nghiém nhd nhdt cha (¢): @2 (@ v"}=—1,307; suyra: av”= 546 vav" = 6,10.
Nhu vay, nghigm v, cdn tim nim trong khodng: 5,46 < v, < 6,10.
NEu goi: A= @ (vo)@a(ave) + 2pa(ave) + 2,75¢2(vo) + 4,5 (d)
thi: ekhiwvy=546tact:A>0; o khi v, = 6,10 taco: A4 < 0.
Trong lan thir thr nhit, ta chon v, = 5,8, Sir dung bang 2 trong phy lyc ta tim
duge gia tri cha bidu thirc (d):

A= @(5,8).02(0,89443.5,8)4+ 22 (0,89443.5,8)}+2, 7502 (5,8)+4,5= ~2,54.
Do d6, pham vi x&y ra nghi¢m v, clia phuong trinh (a) dugc thu hep nhu sau:

5,46 <vp < 5,8
Tiép tuc thu hep din pham vi qua cic l4n thir tvong ty, cudi cling ta dugc:
Vo = 5,56; suyra: Py =v,2EI/EP =309EI/,

Vi du 3.4. Xac dinh luc téi han cho hé khung trén hinh 3.11a.

Hé ¢o hai 4n, h@ co ban nhu
trén hinh 3.11b. Trén hinh
ghi o cimg don vi cha cic
thanh theo i, = EI /L

Thong s6 v trong thanh chiu

nén:
vy =/ —I-J—
VEI

Phuong trinh 8n dinh:

r r
p=[11 122
fa1 122
2 . .
= Iyl T "‘1-2 =0, Hinh 3.1%

Cac bidu dd momen udn don vi nhu trén hinh 3.11¢, d. Ap dung phuong phap
tach nut, ta tim dugc:

ri =7,5i: rias=tp= *-1,.51'/].
bé xac dinh ra» ta vin dung phuong phap mit cdt va tim Iyc c¢dt trong thanh
chiu nén theo s6 ligu & hang thir 7 ciia bang 3.1. K&t qua:
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i el
ra = F(fﬁ - Vi)

Phuong trinh 8n dinh trong trudmg hop nay sé la:
2
S [75(1.5-v2) - 1,521 =0, Hay: 7.5v2-9=0.
I-

Suyra: v?=12; vi Pp=viEI/R=12ElIL
Vi du 3.5. Cho h¢ khung nhw trén hinh 3.12, x4c¢ dinh gi trf t6i han cia P.

He c6 6 4n gdm 3 chuyén vi xoay va 3 chuyén vi thdng tai c4c nit 1, 2, 3. Tuy
nhién, trong truomg hop nay ta ¢o thé 13p he co ban v6i 3 4n 12 3 chuyén vi xoay
tai cic mit 1, 2, 3 nhur trén hinh 3.13a. That vy, diu quan trong khi quyé€t dinh
& 4n va 1ap hé co ban tuong tmg 12 trong h¢ co ban chi tdn tai c4c phin tir da
duge nghién ciru trude dé c6 thé dé dang vé duge bidu dd momen udn trong he.
Vi hé co ban trén hinh 3,13a, khi mot nut ¢6 chuyén vi xoay cutmg bic: thanh
ngang 1am vi¢c nhu phin tir thanh ¢6 mot ddu ngam, mdt ddu khép (da quen
biét); thanh dimg s¢ 1am vi¢c nhu phin tir thanh ¢6 dAu ngam, mdt ddu ngam
trugt i do theo phugng ngang tuong tmg véi sG ligu 5 trong bang 3.1. Nhu vay
ta d& dang v& dugc bidu dd momen udn trong h¢ co ban trén hinh 3.13a khi nat
chuyén vi xoay cuong bic.

aQ4r a 4P P o (2 gy B
Y 495 G145 Snpr D (g
7 8 Z
L <~ ‘
P v
4,95 S 4o 9
2 3, 2
£ = ‘
pt .
4,95 W
7 a Z;
I . 1
£ 1 <+ I3 \
1
o O rores |
Feigd
[ s0m a625h
Hinh 3.12 Hinh 3.13

Xéc dinh It nén va thong s8 v trong cdc thanh chiu nén:

e Thanh 0-1:  P;=24P;  vy= hfP [El=h\J24P[El =v;

hP,[El =hJL4P[El = 0,763 v =av.
e Thanh 2-3;  P;=04P;  vi= h[P,[EI =i JO4P/EI = 0,408 v =fv.

e Thanh 1-2: P> = 1,4P; V2
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Céc biéu a6 momen udn don vi nhur trén hinh 3.13b, ¢, d. Tir c4c biéu dd ta xac
dinh dugc:

rip=i L+ av +14,85|; raa =i ﬂ+ﬂ+1'4,85 .
tgv  igav tgav  tgpPv
r3z =i [ﬂ+14,85]‘ rip=ra =i .av
tgfv sinav
. B
riz=ry; =0, r23="ri=-i ;
13 =13 3=1r32 sinf
TR 2 P2
Phuong trinh §n djnh: D= |r,, r,, ry, “‘,‘12‘“‘22 —i— =0,
. 1!
0 rsp 73
Thay gi4 tri cac phin huc don vi vio phuong trinh (rén, ta dugc:
2
) 5
* sinav L B £ 14,85 sin v -0
+ > 13 y t ’
Y% Lggs| ' 1P P 1ags
v tgov tgfhv

Sau khi giai phuong trinh theo phuong phép thir dan két hop vdi bang 1 trong
phu lyc ta tim dugc gia tri t6i han cha thong sG v = 2,85. Suy ra:

El El
7= 3,38—2 .
24h It

Py =v?

3.4. Cach st dung tinh ddi x(ng khi tinh 6n dinh cta hé thanh
Khi tinh 8n dinh ta chi ¢6 thé sir dung tinh ddi ximg trong trudmg hop hé¢ ddi ximg
chiu tai trong tac dung d&i ximg.

Trong bai toan kiém tra d0 bén, h¢ ddi ximg chiu thi trong tac dung d6i ximg chi
¢6 thé bién dang ddi ximg.
‘Trong bai toan kiém tra 8n dinh, h¢ d8i ximg chju tai trong tac dung d&i ximg vira
¢6 thé mit én dinh theo dang bi€n dang ddi ximg vira ¢6 thé m4t én dinh theo
dang bi&n dang phin ximg.
'T'a s¢ chimg minh tinh ch4t sau:
Hé déi ximg chiu 13i trong téc dung déi xing ¢ thé mét én dinh theo mét trong hai
dang: dang bién dang di xing hodc dang bién dang phén ximg.
P& xidc nhan didu d6 ta chi cin chimg minh: dinh thicc D biéu thi didu kién &n
dinh ciia hé doi ximg chin tai trong tac dung doi ximg bdng tich cia hai dinh
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thiee: mot dinh thite chi chiea cde h s6 thuge nhiom cae dn doi ximg con mot dinhi
thirc chi chiea cde hé s6 thupc nhom cac dn phin xing. Co thé thyc hign didu nay
theo phuong phap lyc hogic phuong phap chuyén vi nhu s2 trinh bay dudi day.

24 af Y.
\ /“\z, /‘*\ z,
. o T T e
Hinh 3.14 ; & % A .
f' .
! — —gp-qu‘—ra‘-’-

,zé .4’7_
" 4 sk
&

Gi# sir theo phuong phap chuyén vi hé ¢6 1 4n (n ~ chin hodc 12), trong do c6:
4+ m s8 4n chuy@n vi xoay tai cic nit n¥m trén tryc d6i ximg (c4c 4n Zs, Zs trén
hinh 3.14) hodc cac chuyén vi théng (cac 4n Z7, Zg trén hinh 3.14). Po 1a
nhimg dn phéan xing, khi h¢ bidn dang phén xtmg thi nhimg 4n nay t6n 1ai
con khi h¢ bi€n dang d6i ximg thi nhimg 4n nay bing khong.
+ (n—m) 1a G 4n con 1ai, nhing 4n nay ¢6 vi tri d6i xtmg véi nhau timg doi mot.
Phan tich (s#—~m) 4n nay thanh cac ciip 4n, bao gdm hai nhom:
o (n—m)/2 cfip 4n ddi xtng, vi du cic ¢ip 4n Z;, Z> trén hinh 3.14b;
o (n—~my2 ciip 4n phan ximg, vi du céac ciip 8n Z3, Zy trén hinh 3.14b,
Nhu vy, trong hé s& ¢co:
“* k = (n—m)/2 ciip &n d8i ximg, danh sG thirtytir £, 2, ... dén k;
“*n-k = (n—-m)/2 + m = (n+m)/2 cfp 4n phin ximg, danh s3 thir ty tir k+1, k+2,
..dénn.
Phuong trinh 8n dinh ¢6 dang:

7, "2 "1k Tykery Tin
7] "2 "ok Tokany Ton
D= Y Ty e T ']t(k+1) ..... n |= 0. (3.18)
tk+iy ka2 e ek Ttkedyket) (k+1in
rni rnZ """ I‘”k rrr( K+ rmr

Nhu da bid, cdc phan luc d6i ximg do chuyén vi phan x{mg va cac phan luc phan
ximg do chuyén vi d6i ximg gy ra déu bing khong nén cac phin tir trong dinh
thirc (3.18) s& ¢6 gia tri nhar sau:
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D rpq=rqp=0khipsk:q>k.
 rpg=rgp#0 Khi p<k; g<k vakhi p>k: g> k
Do d6, dinh thirc (3.18) s& c6 dang:

iy T T g .. 0
a1 T2z Lok a L. 0
.................... D
D=y %y T 0o ... 0 |=] & = Day .Dpx = 0,
0 0 0 0 Dpx
“““ (k+l¥k+1) "7 {k+D)n
o 0 .. 0 Tagk+l) o
trong dé:

— dinh thirc chi chia cac phin lyc don vi d8i ximg do cac 4n d6i ximg gay ra;

Dp_;- — dinh thirc chi chira c4c phan lyc don vi phan ximg do cé4c 4n phan ximg gly
rad.

Nhir vay, hé s¢ m4t 8n dinh khi mot trong hai didu kign sau day xay ra:

+ D4, = 0 tuong (mg véi dang bién dang d8i ximg;

+ Dpyx = 0 tuong (mg v6i dang bién dang phén ximg.
P36 1a didu cdn chitng minh.
Cin ¢ vao tinh chét trén, khi tinh 8n dinh ctia h¢ d6i ximg chiu tai trong tac dung
ddi ximg ta duge phép khio sat hé v6i hai trudmg hop tach bigt: hé mit &n dinh
theo dang bién dang ddi ximg va hé¢ mit dn dinh theo dang bién dang phan xung.
V&i mbi trudmg hop nén van dung phép don gidn héa twong img da bidt trong Co
hoc k&t cfu. Tt nhién, lyc t6i han cin tim cGa he da cho 12 luc nhé nhdt tim dugc
twong tmg voi hai trudmg hop néu trén. Vi cach 1am nhu vay, khdi luong tinh
todn s gidm nhe kha nhidu bdi vi khai trién hai dinh thic ¢é cdp thip nhe nhang
hon nhiu so véi khai trién mot dinh thie ¢6 cdp blng téng s8 cfp cda hai dinh
thic trén, _
Vi du 3.6. Xac dinh lyc t6i han cho hé khung ddi ximg chju thi trong téc dung doi

xumg nhu trén hinh 3.15. B0 cing don vi ¢Ga cdc thanh tinh theo § v6i § = El/A4.

X4c dinh thong s& v trong céc thanh chju nén:

4 .
hai thanh dimg ngoai bién: vy
¢ hai 1 dimg ngodi bié V) = \ﬁ)EEI (

» haj thanh dimg bén trong: Va2 \/ 1P ‘} 48P
2FE1 El
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Hinh 3.15 ¢
|
!
1
|

Zeg (v)
Hinh 3.16 Hinh 3.17

+ Gid thiét hé bi mdi 6n dinh theo dang bién dang ddi ximg: h¢ co bin 1ap cho so
dd tinh véi nira hé tuong dwong nhu trén hinh 3.16a. Bai toan ¢o hai 4n. Cac
bidu dd momen udn don vi nhur trén hinh 3.16b, ¢. Ap dung phuong phap tach
nit, ta xac dinh dugc: _

rip =3+ 4i 28 (v} =i[7 + 2p2(v)]; rix=ra=2i:
rax = 4i+ 4i +4i a(v) =i |8 + 42 (V)]
7+ 20,(v) 2

y N L .20
Phuong trinh 8o dinh: D 2 8 +4p,(v) i

Hay: 292(v)+ 1 pfv)+13=0.
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Nehi¢m nho nhdt cta phuong trinh én dinty:; @a(v) = —1,72.

Suvia: v=3559 vk Prgo=av?

>

Bl v6s1 EL
4

* Gra thier he bo mdt dn dinh theo dang bién dang phan xing: he o ban 1ip cho
0 dO tini voi nira h¢ tuong duong nhu trén hinh 3,174 Bai todn ¢o hal dn. Cic
bidu dd omen udn don vi nhur trén hinh 3.17b, ¢. Ap dung phuong phap tich
nut, 1a xdc dinh G

rey =3+ 4i +2i (v} =1 7 + 22 (v)]; Feg =rq3= 2§
Fya = 4i+ 12044 o (v) = 1116 + 4 (v)].
L 7+ 2p,0v) 2 |
Phuong trinhy On dinh: D = 5 16+4p () i=0.
Hay: 2@ v+ 45 paiv) + 27 =10
Nehi¢gm nho nhit cta phuong triinh dn dinh: ga(v) = =3.00.

I
Suyra, v=583 vk Py =1’ 7 = 0,708 Ef.

A
So sanh hai k&t qud vira tim duge ta thaly: Py < Pag Nhu vy, hé da cho se ma
On dinh theo dang bién dang doi xung voi lue 161 han £y, = 0,654 EL
Vi dy 3.7. Xac¢ dinh luc 161 han cho h¢ ddi ximg chiu & trong tac dung doi ximg
nhuw trén hinh 3. 18a.

+ Gia thiét hé bi mdit on dinh theo dang bién dang dot xemg: so dd linh voi nit
h¢ tuong duong nhu (eén hinh 3. 18b. HE bi mét 8n dinh khi thanh ¢o khdp & hai
dfu bi mat én dinh. Do dd: Py = 2 EI/ P

4 p s> 91,
7 a7 Ry i z7 ‘:

Hinh 3.18 : '

+ Gid thiét hé bi mdt dn dinh theo dang bién dang phan ximg: so dd tinh vai nira
h¢ wrong duong nhu (rén hinh 3.1 Ta. Bai wan nay dd duoe khao sat trong vi dy
3.4, két qui

Pa=12EI/1
So sanh hai k¢t qui tim duoe ta thdly: Payy < P Nhu vily, h¢ da cho s¢ mit én
dinh theo dang bicn dag phan xtng voi lue 161 han Py, = 1,2 E1/ 12

S-OD?T l 13



3.5. On dinh cta dam lién tuc trén cac gdi ciing

Bai toan on dinh cta ddm lién twe trén cae ¢8i cing da duoc nghién cuu kha diy
du theo nhidu phuong phap khac nhau. Trong gido trinh nay chi d¢ ¢ip dén cach
tinh dim lién tye chiv cac lue doc true theo hai phuong phip co ban 1a phuong
phip luc va phuong phap chuyén vi.
A. Cach tinh dém lién tuc theo pinrong phap luc
X dédm lign we ¢o iét dién khong déi rong timg doun nhip va chiu cac lue doc
trye Jdat i cac ot tua nhu trén hinh 3,192, Luc doc truc trong nhip thir § duoc
biu thi theo mot thong s3 ¢n tun 2 qua hé 83 & da biét nhu sau: N; = & P.

@)

Ny =k P
—_— — o - —
- 7 AV ¥y ¢ i/ 7 e
’;L 4 ’5’ by ,78, L ”3’ by ”8" i "3; lnry /2;,
y 1 1 1 1 1 ]
| — '

Hinh 3.19

Twong (r nhu khi kiém tra dicu kign bén, néu chon h¢ co biin nhu trén hinh

3,190 thi phuong trinh ¢hinh tac viét cho goi tua thit i s2 chi ¢o ba sG hang:
Oir-1yMict + S My +Siiv 1) Miv 1 =0, (3.19)

Siti-1). Gii . Sigiv 1) — 20¢ x0ay twong doi gidra hai Giét dign & hai bén gdi tua thir

In luot do cac momen don vi Mi— 7, M; v My ) g4y ra trong h¢ co bin,
At

Cic h¢ sO ndy
duge xdc dinh theo
cdc trang thii don
vi nhu (rén hinh
3.20. Cac dam don
2idn chiu 14 trong
niwr (rén hinh 3.20
dd  duge  nghién
cuu trong myc 3.2,

Ap dung cong thic
(3.5) cho cic
trurng hop nay, 1a
SO tim duge: Hinh 3.20

114



fiv1

Jii = alv, J+ ——afv, ,):
31 Y 3ELp
. !
Sivi-1) = éiu+1)=—'+—ﬁ(\’- J,
" 1’1, 6ilier
—
- 3 v v B Clkp
trong o i =—5 I- . vl ——I L VOl vi= 4

v, 19y, sy, rr,

ofvi), Bivi) la cic biom didu chinh k@ dén 4nh hudmg cda lyc nén P. Co thé tim
wid tri ¢a cdc ham nav theo cae d6t s8 v trong bang 1 caa phuy Tyc.
Thay cac he $0 v fun duge vio phuong trinh chinh tic (3.19) ta duoc phuong
trindt ba momen @é tinh én dinh cho dim lién tue chiu cac hue doc truc:
A Bvi) Miop +2[ A afvi) + Aiv g atvie )] Mi + Aiep Kvieg) Mier= 0. (3.20)
. lo
trong do: A=l — (3.21)
I
vai £, 12 hiing s8 bl ky thuomg Ky biing momen qudn tinh clia mot nhip nao do
trong dam. A; duoc goi 1 chiéu dai quy uoe cia nhip L.
Nhur viy, khi tinh 8n dinh ¢ia ddm li¢n tpe chiu cic lye doc trye theo phuong
phip hie @ cin thie hign cac bude sau:
+ Xic dinh chidu dai quy uoc 4; theo (3.21).
4+ Xic dinh cac thong s v;. Trong g hop cac nhip ¢6 thong s v; khic nhau a
¢in bidu thi theo mot thane s& chung v e chon, Vi dy, néu ¢hon vy [a thong s0
¢ila nhip Unt &:

k. P kP L kT, kP {.
K thiv=t [ = [Tk xl, E v voh =i
El, e, 4 Yk K, l,

i i

vi={k

4+ [.4p cac phuong trinh ba momen theo (3.20). Vai dam ¢6 » g3i wra trung gian
1a st 1ap duye he # phuong trinh thudn nbdt.

+ Lap phuong trinh &n dinh biing cich cho dinh thire ¢ic he s6 cia h¢ # phuong
trinh thufin nhdt bing khong,

4+ Gidi phuong trinh &n dinh d& 1tin thong 36 v, tir 46 suy ra gia i t&i han cla
lue P

Chay:

* Gia tri 161 han cda luc Ptim dugc theo cach trinh by ¢ trén tuong ing véi khi dam bi mét &n dinh

thi mémen udn tai cac tiét dién trén gdi tva trung gian khac khdng. Trong bai toan dam [ién tuc,
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ngoai nghiém néu & trén ta con phai tm nghiém tuong Ung vai khi ddm bj mat 6n dinh véi
mémen udn tai cac 1iét dién trén gdi tya trung gian déu bang khang ndu vé y nghTa vat Iy co thé
xay ra truéng hap nay (xem vidu 3.9).

«%* Phuong trinh ba mdmen (3.20) thiét 1ap cho trudng hop dam lién tuc don gian (hai iién két bién la
khop). Truéng hop dam fién tuc ¢d ddu thira hoac dAu ngam hay ngam truot, ta can thuc hién
cach bién ddi nhu da trinh bay trong Co hoc két ciu, dua dam veé dam lién tyc don gian dé ap
dung phuong trinh (3.20).

Vidy 3.8 1ap phuong trinh 6n dinh - p o _——— ., s, 2
cho didm 1i¢én e hai nhip chiu 737 £T, - = - fj"},.
luc nen £ nhu trén hinh 320 P % /= |
Khao sdt s bidn thién cha lue (6 ! i
han theo ty s6 chiGu dai cua hai
nhip khi £/ = const. Hinh 3.21

o Xic dinh chidu dai quy ude A0 Chonl, =L vaeoi n=hb/lp k=1; /1 wco
Ai=1;; Ar=kiy.

2 Xiac dinh cic thong 8§ vir vy =iy P Ly v =k

¢ Theo (3.20), phuong trinh ba momen ¢o dang: 2(/; afvy) + bk ava)I M = 0.

» Phuomg triinh Gn dinh: afvy) = — nka(va}.

N&Eu bidt cic 1y s8 7 vk, sau khi gifii phuong trinh Sn dinh trén 1a e tim duve v; va
tir do suy ra lue i han ¢dn Gin.

, 7
e Phuone (nnh dn dinh khi ]
= . : 4,49,7 \ F= y"—i{
Ef = const. 44 g 5 2
N
afvi) = —nadnvy) . iz N ” ==- - N
e Tuong (ng vadi mdi ¥ s0 » {, —da—iy b3ty
. A - ¢
n, pidi phuong trinh &n ’ N
. ~ - ~
dinht st tim duge thdong 28
sO vy 1iép do suy ra luc B
.. . . 36
13 han (theo cong thire:
N
2 EI 24 A
Pi= v —. \
y 32 .
\ \ (I S B B S el sk ks ke 9
Tyén hinh 3.22 [a d6 thi 30 i
mo th sy bidn thién cia o ez as o as 1o
thong $3 vy theo ¢ic ty 83
chidu dai nhip e = L/1,. Hinh 3.22 o~
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Vi du 3.9. 1.Ap phuomg trinh

211 c:iph :‘t_mld:’un‘ lié[? l}uc P Rl _, tk s
a nhip chiu lye nén £ nhu S ————
irén hinh 3.23. Tim lyc & %” / ’%;’ s [ 4 r%’
hankhi/; ==k =1 va N b 7 .
El; =EL=Ely = EL Hinh 3.23
» Theo (3.20), phuong trinh ba momen vict ¢cho 01 1 va g6 2 ¢o dang:
21A; clvy) + As afva)] My + As va) Ms =0,
Az Piva) My +2[A2 alvz2) + As afvy)] M> = 0.
X A4 av )+ A afv,) A B(0v,)
* Phuuvng trinh On dinh: £ = [ o 22 ] Zﬂ 2 ] =0
/.2,8(1’2) 2;{2a(\'2)+/lja(\'5)

Chonly=Ivaeoi mo=0L/l;; my=t/l;y kh=L/hL: ki=IL/I; tachk
Ar=1p; Az=tola=kanmz ;. As=kili=ksnzily.
Sau khi khai (rién dinh thire, (a duge:

dladvy) + ka ns afva)] Lk na aiva) + king alve)) — (k2 113)2,89(\’3) =)

trong do: vy =[1\IP/E]] ; V2 =r:2,{k2 vy Vi =n, lk-; vy
N¢u bidt cic ty s8 n vk, sau khi gidii phuong trinh 8n dinh trén 12 s8¢ tim dwoe v; va
(ir d6 suy ra hue (¢ han ¢in tim.

s Khily=06=10={! vi El; = El, = El; = EI . trong triimg hop nhy ta oo
nx=uny=1; ka=ky=1: v;=vy=v;=1 Phuong trinh On dinh s¢ ¢oO dang
don gidn hon nhur sau;

[afv) +Bv)] 14av) —B(v)l = 0 v&i v =IJP/EI

Phuong trinh nay thda indn véi hai kba niing sau:

a) dafv) +Hv) = 0; nghigm nhd nhdt v = 5,74 twong ing véi dang mdt én dinh
doi ximg.

b)Y 4afv) —fv) = 0; nghi¢m nhd nhit v = 3,88 twong ang véi dang mdt dn dinh
phan ximg.

Hai nghi¢m vir tin dugce x4y ra tuong img vai khi M va M> khac khong.

Vt y nghju vit 1y, ddm ctng ¢o ET= comer

th¢ mdt On dinh (uwong tng vai - -

khi M; = M> = 0. Lac nay dudmg rﬁ;‘ T ;Brr ns:r T ;ﬁn

i . . . | 4 | L i ]
bién dang st ¢d dang dudmg dit i g g
nét nhur trén hinh 3.24, Hinh 3.24

y<

Z
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M®&i nhip ddm lam vige nhu mdt thanh don gidn ¢o khop & hai ddu nén: v = 7

v i z £T
o ok R 2, = vi L
So sanh ba k&t qug tim 45 =Tz
jugre 1 thiy k6t qua thi l‘ P
ha tuomg mg vai v = rla 40 }‘—’,'A;""gdl -
nho nhdt nén: N R s a2
1] I 3% : —— Atleo;v-Z
Pi=vl—=nm—=. : ' :
I I o I O A O e LA
30 : _
Trén hinh 3.25 La d6 thi ’ \ khilp=lp =T
mo (i sy bi¢n thién cia 25 R I
thong s& v; theo ¢ac 1y ' \1 ‘]
s0 chidu dai nhipu=ls/1; 20 T
Y - . s
ktn ddm licn we ¢ ba o T
S \ ; - =T = ;
nhip vin fy = 3 va d0 g g5 j0 5 20 25 40 Y
cung 1 = const. Hinh 3.25

B. Cdach tinh dam lién tuc theo phwong phap chuyén vi

Xetddm licn e ¢4 1ié digén khong doi trong timg doan nhip va chju cac lue doc
true dit 1 cac goi tya nhur (rén hinh 3.19a. Ly doc truc trong nhip tha ¢ duge
bidu thi theo mot thong s§ ¢lin Gim £ qua cac e s3 & da bidt nhur sau N = kP .
trhi tinh h¢ theo phuong phap chuy@n vi ta 1ap he o bin nhur (r¢n hinh 3.26a.

&)
. Z; Z;- Z; Zir Zpn
7 Z %,
. L‘_ 1/ lt _’l“— [ﬂ-fl_)4 L"zﬂrl—"l
Hinh 3.26 5
P ud 2 gl Z Zirl _pn
7 £1; EI{#I
ey, — Py lio 7> 4

Trong trudmg hop ndy, phuong trinh chinh tic thir i bidu thi diu ki¢n phan lye
momen trong lién k&t dit thém vao thir § bing khong st chi bao gdm ba s& hang:
Fiti—1) Zimg v P Zi + rigie ) Zigr= 0: VO i= 1.2, .., 0 (3.22)

Phuong trinh (3.22) con duge 201 1 phuong trinh ba goc xeay.

V& y nghia vit 1y, h¢ $3 rin 12 phan lue don vi dudi dang momen tai lign k& i
dilt thém vao h¢ do chuyén vi xoay cuong bire tai lign k€t mr dit thém vao hé va
do ¢ic lre nén hode kéo gy ra trong h co bin. Do do, dé xac dinh cac rey 1a
¢An ve bicu dd (Mp ) do chuyén vi xouy.cm‘mg bic Zy, = £ tai lien k&t m v do
¢ie lue nén hodc kéo cting gay ra trong he co ban; (i€p do dp dung phugng phip
tach nit dé tim phan lye trong lién két i
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Trén hinh 3.27 a cac bidu dd momen udn don vi ciin thiét dé xdc dinh cac phian
lyc mdmen ryi—i). rii. Figi+1)-

Zéfi

Hinh 3.27 (Y.,
(%f/)

If kP

N&u ¢t = —L, v vi=l (3.23)
/ V £
! I

ta ¢ Um duve: rip=4ip paivi) + 4102 (Viep): (3.24)

Fitiegy = 263 0vi) o Fiien) = 24i41905 (Viep) s (3.25)

Cong thire (3.24) chi nghigm dong voi i > /vadi < Khi i = {viai=un, cOng
thire cia h¢ sG ri; phu thude didu ki¢n lién két & cic ddu dam:

¢ N&u cic g6l bién 1a ngam (hinh 3.26b), ry; va rpr duge xac dinh theo (3.24).

o NCu ¢ic 20t bién 1a khdp (hinh 3,26a), r;; v rpy duge xic dinh nhu sau:

Fip =3iprive) + 4 @2 (va) o rap = ding @ (ve) + i @i (vep). (3.26)

Tir h¢ phurong trinh thudin nhit (3.22) ta 1ap duge phuong tinh 8n dinh cho dam lién
tuc theo phuong phap chuyén vi bing cich cho dinh thic cac hg s0 cha hé phuong
trinh chinh tac (3.22) bing khong:
D= (3.27)
Sau khi khai trién dinh (hic 1) va gidi phuong trinh dn dinh ta tim thong s6 vi ,
1 do suy ra gid tri 161 han cda hye P
Chuy:
Gia tri t&i han cua luc P tim duoc theo cach trinh bay @ trén tuong Ung véi khi dAm bi mat 8n dinh
thi chuyén vi xoay tai cac tiét dién trén gdi tua trung gian khac khdng. Trong bai toan dim lién tuc,
ngodi nghiém néu & trén ta con phai tim nghiém tuong g véi khi ddm bi mét &n dinh véi chuyén
vi xoay tal cAc tiét dién tén gdi tua trung glan déu bang khéng néu vé ¥ nghia vét Iy c6 thé xdy ra
trugng hop nay.
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Chang han. déi voi dam lién tuc hai nhip J 7 Z
s
chiu lue nhu trén hink 3.28, phuong trinh ‘;2; z ;1 ;;T
chinh tic cé dang; ! - £ i
[3 4oy ivi+ 3 (v Z; = C. Hinh 3.28

Phuong trinh nay duge thoa man voi hat kha nang:

s 7. # Dtuong (ng véi dang mat an dinh phan ximg, tacd: ¢ (v)=0.8uyra v= 7.
Do do Pimw=m2El/ ¥

= 7, = 0 tuong (ng véi dang méat én dinh ddi xing, moi nhip cla dam 1am viéc nhu mét thanh cb
mdt dau ngam {1ai 1) va mdt dau khép (tai 0 va 2). Theo két qua da biét tir chuong 2, ta 6;

Pomn=nm? EI/{071)

Luc 16i han nho nhat twong ang véikhi Z; = 0. Do dd: Pr=m2El/I2

Vi du 3.10. Xac dinh lge 10 han cho didm lién e doi ximg chiu (4 trong tac

dung doi xumg nhu (rén hinh 3,294,

D 7 W 15T z 2
’;”k tr ’%’ A
T 1 1

4

s
28 om B am

R

Jir 7 (vz)

Hinh 3.29

Theo (3.23), do cimg dom vi §; va thdng s61 cia cie thanh nhu sau:

1 IRy 2P ir
= iy=— = iy== =iy == 0,0—; m=i1y=9 =15,
AP g D TN T TN s !

+ Gid thiét he bi mdr on dinh theo dang bién dang phén ximg: so dd tinh véi nira
h¢ twomg duong nhu rén hinh 3.29b. HE co ban va bidu dd momen udn don vi
tuong tmg nhu rén hinh 3.29d. Phuong trinh chinh tde: 1 Z, = 0.

‘Trong g hop nixy, lue 161 han nhd nhdt xdy ra_khi dim bi mndt 6n dinh vai

Z;# 0. Do d6, phuong trinh &n dinh ¢o dang: .
rre = 3ppvi) + 329i(v2) =0 (a)
Hay: Qv+ @{1.5v) = 0. (b)
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bE piii phuomg trinh (b) ta van dung cach thir dong dan:

e Khiv; =234 1acod: 1.5v;=351; @(2,34) = 053589 ¢;(3,51)= - 0,5075.
Thay vao (h), taduge: 03589 — 0.5075 = 00514 > ().

o Khivy=236 tacd: 1.5v)=3.54: @(2.34) = 0.5496 ; ¢1(3.54) = ~ 0,5638.
Thay vio (b), taduge:  G.5496 — 60,5038 = - 0.0142 < ().

Niur vay, id tr cia v, & trong khodng: 234 <vy < 2,36

Khi v; = 2,36 phuong trinh (b) cho ké qui gin biing khong hon khivy = 2,34 nén
achon vy = 2,355 Do do:

vkl
P = —L, "= 0,077 EI

(4}

* Gid thiét hé bi mdt on dinh theo dang bién dang Jd01 xting: so dd tinh voi nia
I tuong duong nhu trén hinh 3.29¢. Hé co ban va bidu dd momen udn don vi
wwong tmg nh rén hinh 3.29¢. Phuong trinh chinh tdc: 722 Z> = 0,

Trong truwomg hop nay, luc 16 han nho nhdt xiy ra khi ddm bi médt én dinh véi
Z; = 0. Do do, phuong trinh 8n dinh c6 dang:
rin =3 erivi) + 42 pa(v2) =0 (c)
Hay: Jopfvg) + 4p2il.5v;) =0, ()
B¢ eiiti phuong trinh (d) ta vin dung cach thir dang dén:
e Khivy =305 1aco: 13v;=4575; @(3.05)=009006; ¢(4,575)=—0,00611.
Thay vao (d), taduge:  3.0.0906 — 4.0,0611 = 0,0272 > 0.
o Khivy =306 taco: 1.5v;=459; ¢;(3,06) = 0.0812: ¢(4,59) = — 0.0611.
Thay vao (d), taduye: 3.0,0812 — 4.0,0011 = — (48 < (),
Nlur vy, gitri ctia vy & trong khoang: 305 <v; <306 .
Khi v; = 3.05 phuong trinh (d) cho k& qua gan biing khong hon khi v; = 306 nén
1a chony, = 3,054, Do dd:

2
o A
P = -Lx L 01295 EI
-2
6> 2

+ K& ludin: dAm bj mdt 8n dinh theo dang phin ximg véi Py, = 0,077 EL

3.6. On dinh clia cac thanh chiu nén trong dan

Trong gido (rinh nay chi dé ¢ip dén bii 10dn On dinh cyc by cha cic thanh dan
chiv nén doc truc, Dudi tac dung cta i trong, cac thanh dan chiu nén ¢6 thé bi
mit én dinh va lam cho toan din bi phi hong.,
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Cac thanh chiu nén trong dan thuomg 1a cac
thanh thing ¢¢ tidt dign khong déi va ¢o ¢/ 114
thé la:

“ Cac thanh dung, thanh bién hodc
thanh xién khong cdt qua cac thanh / 0
khac, vi du nhu ¢ic thanh AB, ACva CD
trén hinh 3,30, Hinh 3,30

P2 kidm tra On dinh, ta xem thanh lam viée theo so dd thanh ¢6 lién két khop &
hai ddu va tay theo thanh do la thanh dom hay thanh ghép d€ sir dung cic cong
thue da nghicn citu trong 2.2 hode 2.6 cla chuong 2.

Gid tué thanh ¢o lién két khép & hai ddu chi 1a gln dung va thién vé mat an
toan, thue ra licn k&t & hai dau 1a lién kEt dan hoi song néu xCt dén yéu (8 ny
thi b toan s& phic tap.

< Cac thanh dimg hodc thanh xién cdf qua mdt, hai hodc nhiéu thanh ding
hay thanh xién khac
Trén hinh 3.31 trinh bay mot 88 vi du v& nhimg thanh thudc loai nay.

Cac thanh  xién  chiu

nén ACE trén  hinh a £ > 5\, 4 2
3.31a vt b Ia thanh ¢t N /
qua mdt thanh  xién P
khic & gitra nhip. Cac A F 4

thanh xi¢n chiy nén
ACDB (rén hinh 3.31c
v d 1a thanh c¢idt qua
hai thanh dimg hodc hai
thanh xidén khic cia
dan. Hinh 3.31

Khi mdl 6n dinh, nhimg thanh nay lam vigc gidng nhu thanh ¢6 hai g&i khap &
hai ddu va ¢ mdt, hai hofic nhicu g&i dan hdi & ben trong nhip (hinh 3.32),

Thit viy, khi tang luc nén dén s o4 c g p
£id (i 101 han, thanh bi cong ra - z” 5 )
ngoai mit phing dan, nhong le e N

thanh bj thanh nay cit st ngin 4

¢iin lai vaa ¢hi cho phép chuyén iwas
vi 1Y 1¢ vebi dO cimg dan hoi clda Lt
chiing, do do ¢6 thé xem thanh 3
bi cdt nhu mot g&i dan hdi. Hinh 3.32
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Nhur virv. bai toan kidm tra én dinh cta nhing loai thanh nay dugc dua vé bai
wan M dinh clia thanh lién tue ¢o cic goi tua trung gian 1a goi dan hdi. Trong
muc 3.7 ta s¢ nghién ciru cach gidi bai toan nay.

Khi s3 lugng g6i dan hoi trung gian kha 16n ta ¢6 thé gidi bai todn theo trudomg
hop thanh lam viéc trong moi trudmg din hdi s dé cap dén trong muc 3.8.

< Hé thanh bién trén cia cdu dan hé. Chu dan hér 1a ciu ¢o dudmg xe chay dudi va
khong ¢o gifing gio & phia bicn trén. H¢ thanh bi¢n trén ca cdu chiu lye nén thay
Joi doc theo chi¢u dad cha he thanh, Khi médt 8n dinh, hé thanh bicn trén bi cong
» ngodt mit phiing dan. cic kKhung ngang trong cdu (bao gdm ddm ngang cia
he théng mdt cdu va thanh dimg, xem hinh 3.44d) ngin cin khong cho phép hé
thuh bicn trén chuyén vi tu do va lam viée gidng nhu nhimg lién ké dan hdi.
Kinh nghi¢m cho bidt, khi s dot ctia dan lém hon bdn thi ¢o thd thay cac goi
Jun hoi hiing nén dan hdi. Nhu vy, bai todn duge dua ve trudmg hop thanh Tam
vice trong moi trudmg dan hdi chiu luc nén thay ddi doc theo chidu dai thanh.
rong muce 3.9 s¢ gidi thi¢u cach gidi gin dang bai 10dn nay do I S. laxinski
123]dd xudt.

‘Irén thye € ctng da ¢6 mot s§ cong trinh clu dan bi pha hoai do hign tuomg
mit &n dinh cha ¢de thanh chiu nén rhy da néu trong chuong M& diu.

3.7. On dinh cta thanh lién tuc ¢6 gbi trung gian dan hoi
‘Irong myc nay trinh bay cich tinh 6n dinh clia thanh lién tuc ¢6 mot va hai g
trung gian dan hdi 12 nhang truomg hep thuong gip trong thue 18 Trudmg hop
thanh <o nhicu gdi trung gian dan hdi thi cach thue hicn cang twong tr. DE giai
bai tin niyy ¢o the thue 'hicn theo nhicu phuong phap, trong muce nay chi dé cap
d¢n phuvng phip chuyén vi da nghién ciu trong 3.3

A. On dinh ctia thanh Iién e hai nhip c6 goi trung gian dan hoi

X¢&t thanh lién tuc hai nhip c6 g6t trung gian dan hdi va chiu lye nén P nhyr tén
hinh 3.33. -

e = T
Goi ¢ la db cimg cia lién két din P =T ——e T~ p
& - | -~ - Iy . - - o - -
hor VE y nghia, ¢ Ta lue can thict tic piv ; T 331

dung i o8 ditn hdi sao cho edi
2 i g Y S QN (Y S

chuyén vi bing don vi (heo phuong

vuong go¢ vai trye thanh. Hinh 3.33

H¢ co ban theo phuong phap chuyén vi nhw trén hinh 3.34. Vi h¢ d6i ximg chiu tdi
trong tac dung ddi ximg nén ¢6 thé phan tich thanh hai trmg hop: thanh bi indt én
dinh theo dang d0i ximg (duvmg 1 trén hinh 3.33) : thanh bi mél én dinh theo dang
phin xdimg (duomg 11 trén hinh 3.33).
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* Gid thict thanh bi mét én dinh theo dang bién dang ddi xing:
Trong tnrmg hep naylacod: Z; =20 Z> = 0.
Phuong trinh chinh tdc:  ry; Z; = 0. Phuong trinh én dinh: ry; = 0,
Tir bidu dd momen udn don vi trén hinh 3.34b va bang 3.1, ta xac dinh duoc:

3i ) P 1P
ry =2-I—_) miv)+c=0, trong do: v =11 \/ﬁ = 5 ~E—I .
; ’ B
of 3
Suy ra; niv)=— . (3.28
y oY== e )
Nhur viiy, néu cho bift do cimg ¢ clia 2 Z - const

licn k&t dan hoi va kich thwde hinh - . -—
< oma the Voo thé of 2 PA ,3"

hoc cha thanh thi ¢6 theé sir dung bang _

24rong phiin Phu lue dd xac dinh v va < H g v)

(r dod suy ra lye i han. o
7 ~0

+ Gig thiét thanh bi mdt on dinh theo
dang bién dang phan ximg:
Trong trudmg hop nly 1a ¢o:

Z,r =) Z_? =0
Phuong trinh chinh tdc: r22 Z> = 0.
PPhuong trinh 8n dinh: ra3 = 0 Hinh 3.34

Tir bidu d6 momen udn don vi trén hinh 3.34¢ va bang 3.1, ta xdc dinh duoc:
ra =231 pyfv) = 0, Hay ¢@iv)=0. Suyraa v=nx
> 9
“LI n-El
Do do, 1 ¢o; =" g
! / i~

=4 Pg; (3.29)

v Pp=72 EI/ P — lyc 1éi han khi thanh khong ¢6 26t dan hdi trung gian.
Sau khi xdc dinh hee 61 han
tuong wme voi hai trueomg hop
(rén, ta chen gid i nhd ohat
12 gid i (6 han cda bai toan.
Trén hinh 3.35 (theo [22]) 12
dd thi bién thién cha ty s0
Py/Pr theo taong quan do
cing clia 201 dan héi véi do
cing cua thanh ¢/ 72 EIL Hinh 3.35
Tathdy: e khi ¢ < /642E[ /13, thanh bj mit On dinh theo dang d6i ximg;

e khi ¢ > I16/2El / 13, thanh bi mit &n dinh theo dang. phan ximg, luc
i han duge xdc dinh theo (3.29) va khong phu thude dé cimg c.




B¢ ap dung két qua nghién ctru & trén khi kidm tra 8n dinh cla thanh chiu nén
ACBH wrong dan trén hinh 3.31a va b ta ¢din xdc dinh d9 cing ¢ cha g6i dan hoi.
Goi:  EI — do cing cla thanh chju nén ACB cin kiém tra én dinh;

El; — @0 cumg ciia thanh bi cit ECF.
Trong truomg hop nay, dd cimg ¢ cia gdi dan hdi Ta lyc cin thidt tac dung theo
phuong vudng goc voi mit phing dan tai gitra nhip thanh don gian ECF sao cho
diém C chuyén vi biing don vi theo phuong vuong goc¢ voi miit phing dan.

B 48EI,

=17 suyra ¢= — (3.3

48E]1 ; I8

Tir cong thie tinh chuyén vi: A¢ =

Thay (3.30) viio (3.28) ta duge phueong trinh On dinh trong dmg véi dang bién
dang doi ximg:
, /
miv) = — R (3.31)
NEu cho bidt 1y s6 7; /7 thi sau khi gidi phuong trinh (3.31) ta tim duge thong s3 v
va (ir do suy ra lye 161 han,

(6 thé bidu thi lue 161 han cia thanh theo ¢ong thire quen thudc nhyr sau:
?

i
P = > (3.32)
(pl)”
HE 0 g« phu thude ty 88 £; /1 v ¢o giad i tim duee nhu trong bang 3.2,
’ Bang 3.2

ki 01 1062104 | 05 06| 081 10| 20| 30 | =273

M | 0850 |0912)0845| 0818|0793 0,750 | 0,714 0,586 | 0,516 | 0,500

e 161 han tuong (mg véi dang phan xing dugce xde dinh theo cong thire (3.29).

Khi d6 ta co g = 0.5 twong ing v&i cic ty s6 (1/1) 2 (72/3) = 3,2896.

Nhu viy:

e khi {7/ 1) < (#/3), thanh bi mat
on dinh theo dang ddi ximg:

e khi ({7 1) > (72/3), thanh bi mil
dn dinh theo dang phin xumg, h¢
sO 2 khong ddi viy bang 0,5.

bi¢u do ¢o nghia Ia khi /; vupt qua 22

774
gidtri 53,2898 F'thi mic di ¢o tang dd 0 17
cing cua thanh bi cit ECF 1én nir,
tue (6@ han cang khong thay déi. Hinh 3.36

‘I'rén hinh 3,36 1a dd thi bicn thién clia 4 theo cicty s8 7, /1.



B. On dinh ctia thanh lién tuc ba nhip c6 gii trung gian dan hoi

X¢t thanh lién tuc ba nhip ¢6 hai
201 trung gian dan hoi vl chiulwe /% 3} T #’_ -
-

nén P nhu trén hinh 3.37. Gid st
hai 281 trung gian dan hdi ¢o do
cimg nhu nhau va bling c. Hinh 3.37

H¢ <6 tinh chit A ximg va chiu tdi trong tac dung ddi ximg. Ta ¢o thé phin tich
thanh hai ruong hep: thanh bi mdt én dinh theo dang doi ximg (duomg 1 rén hinh
3.37) : thanh bi mat dn dinh theo dang phan ximg (duomg I wén hinh 3.37),

+ Gia thiét thanh bi mdr 6n
dinh theo dang dédi ximg:
So dd tinh voi nika h¢ tuong
duong nhu trén hinh 3.38a,
H¢ cor ban va cac bidu dd
mdmen udn don vj tuong mg
ntur (rén hinh 3.38h, ¢, d.

Phuong trinh 8n dinh:

Iy

a1 22

D=

Tir cac bidu dd momen udn 265 (w2

don vi ta xie dinh duyc: b fyluz) ‘_g[fg ;,1;/(2,))/2 5
3
Fpp=ra; = —71 @rv): Hinh 3.38
[(J
k7 3E
rip :—ﬁ,—[ mivi+ec= % [r;,(vH%f] ;
4] o
3L : ' 3 '
- —ii(p,r(v)+2EIx (v 2) _ 3ET o {\')+£x (v 2) .
l“ !0 te(v 2) 1'0 ! 3 1g(v 2)

trong do: v=1{, ,f»fk = i i ; (3.33)
Kl 3 VE]

E 3
Sy 5 o7
6El 162 EI
Sau khi thay ¢ic phan lue don vi vho phuong trinh 3n dinh v khai trién, ta
duoc:

f= (3.34)
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2 ' N
(p‘,'(v)f.r;}(v)liq?j(v)+——————:l
Jtg(vi2
=2 /)| (3.35)

@)

LA

Jrg(v/2)
Néu cho biét kich thude clia thanh va do cimg ¢ clia ¢8i dan hi . rie 1z bidt gid i
ciaf theo (3.34) thi sau khi gihi phuong trinh (3.35) t2 tim duge thong 3 v va v do
sty ra luc 101 han.
Tir {3.33) ta ¢6 thé bidu thi lue toi han cha thanh theo cong thie:

2 25

L} F

! 7E - h;- v op= z (3.36)
I* (piy 3v

th=

+ Gid thiét thanh bi mdt én dinh theo g 2
dang bién dang phan xtmg: ,3,,— :5_’ ,Zi,

| A I

S dd tinh vai nira h¢ tuong duong 1"""“’0’“—**“"‘6, z™
nhur trén hinh 3.39a. H¢ co bian va ' 4 !
’b) o I Zz I

cic bidu d6 momen udn don vi tuwong
ting nhur trén hinh 3.39b, ¢, d.
Phuone trinh On dinh:

Tri
"2 22

D= =

Tir cac biéu dd momen udn don vi ta

xac dinh duge cde phdn lue don vi
nhur sau:
3
ria =!‘31=*T[¢1(")ﬁ4991("/2)] ' Hinh 3.39
!_
SEI 24ET 3ET 2 .
ri :73_ ni(v) + 3 r;](v/Z)+ ¢ = _I_”— [171(\*)+8q](v/2)+?jJ:

RN}
ray = T[@/("H 2(;91(1'/2)].
4]
Thay cac phin lue don vi vao phuong trinh 8n dinh va khai trién, ta duoc:

3 [(/7,(v)-4qol(v 2)]2—[;]‘,(\')4-81;](\’ 2)][¢I(v)+2¢n](\' 2)]

[="x : . (3.37
2 qo](v)+2qoi(\' 2) )

trong do v va f duge xéc dinh theo (3.33) va (3.34).
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Né&u cho biét kich thude cla thanh va do cime ¢ cua g0i dan hdi, we Ta bidt gid 1
ciia f theo (2.34) thi sau khi gihi phuong trinh (3.37) (a tim dugce thong sO v va tir do
suy ra lue i hgn theo (3.36).

P& dyung do thi lién h¢ gita h¢ s 4 trong codng thire (3.36) vai dai luong £ bicu
thi kich thuoe cia thanh v do cung cua g8i dan hoi, 1a 1dn luot cho v nhidu gia
tri khac nhau, tng v&i mdi gid tj cha v xdc dinh mot gid 1 caa f theo (3.35)
hodc (3.37) va xa¢ dinh duge mndt gid il cta g theo ¢ong thie (3.36),

I'rén ninh 3.40 14 d6 thi lién h¢ gitra
NE s 1 von dud luomg £ Pudmg cong
£im duge theo (3.35) twong img vol
khi thanh bi mdt On dinh theo dang
dor ximg. Puomg cong {7 uim dJduge
theo (3.37) tuong Gng véi khi thanh
b mdt dn dinh theo dang phan xung.
Tt niién ta chi s dung nhimg phiin
duong cong nao cho két qui g4 Iém
hon tae 1a cho lue w3 han nhd nhi,
B¢ 12 nhimg doan cong vt lién nét
trén hinh 3.40. PO thj 3.40 giup ta dé
dang tim dueoc hee t¢ han cho thanh
chiu nén ¢a ba nhip déu nhau v ¢6
hai 9Gi dan hdi trung gian. Hinh 3.40

bé ap dung k&t qui nghién cdu & trén khi kidm tra 8n dinh c¢Ga thanh chiu nén
ACDRB trong dan trén hinh 3.3 1¢, d ta ¢in xac dinh dd cing ¢ clia £8i dan hdi,
Goi: Efval - ddcung vachicu dii cia thanh chiu nén ACDR;

El; val; — d0 cing va chidu dai cda thanh bi ¢t
b cimg ¢ cha 01 dan hdi duge xac dinh theo didu kigén bicn dang d6i ximg cla
thanh bi ¢it, do Ia lye ¢in tac dung theo phuomg vudng goc vl mit phiing dan tai
giao di¢m ciia thanh chiu nén véi thanh bi ¢it sao cho giao diém d6 chuyén vi
hiing dom vi theo phuong vudng edc vai mdt phing dan.

Noi ]Ehfl(: di, ¢ Fa gid i Hnghich dio cha pr vy
chuyén vi & tpi gino dicm ndi trén khi £l '
thanh bi ¢t chiu lyc £ = 1. A~ 0 a5 - ’,‘;_

Vin dyng tinh chit doi ximg cda 4 l___{, __5,__]
3 3

chuyén vi tong thanh bi cit va khii
ni¢m v& chuyén vi khii quit, ta ¢o (hd

xic dinh chuyén vi khii quat & =

e di h chuyCn vi quuaE ¢ 55 1% 0y
bing cich nhin bifu d6 momen udn

don vi trén hinh 3.41b véi chinh no. Hinh 3.41

128



. . " 5 - — 2] [‘l\\; (!1\% q [»_;
Kétaud: ELS*=El.26= (M/)(MIJA ? ?/} + —2 <
st 1621,
Hay 5 = - suy ra = .
16201, 37
i
- s ('[3 [1 [‘?
Pheo (3.34), trong trudmg hop niy ta o = ——x— =t
o2 I [/:f’

Sau khi biét gia tr) chia £, slr dung d6 thi trén hinh 3.40 1a tim duve b 86 2 v tir do
suy ra lyc toi han,

Truomg hop dic bigt khi 7; =1 val; =4 tacof = £, tr dd thi (e¢n hinh 3.40 ta tim
duoc hé $0 4= 0,7 vasuy ra lyc 161 han: Py, =72 Ef 7 (0,71P.

3.8. On dinh ctia thanh 1am viéc trong mdi trudng dan hoi

Pé trinh bay cach tinh én dinh cta thanh lam vi¢e trong moi (rudmg din hdi hay
thanh dat trén nén dan héi, ta xét truomg hop thanh ¢6 khop tua cung ¢ hai diu,
i€t dign khong ddi va chiu luc nén P nhu trén hinh 3.42.

Gid (hiét phan lye nén p (¥ 1é véi dd vong v ctia diim theo hg sG1y 18 4
p=p.x (3.38)

HE s§ £ duoe goi 1a h¢ 86 ndn, ¢o thir

TS p - . D
nguyén 14 thir nguyén cia lue chia cho W Rul
hinh phuong thir nguyén chitu dai. H¢

s ny duge xac dinh bing phan hee cla | p;ﬁg
L] - .Y .. . r‘
nén trén don vi chiéu dii thanh khi
thanh bi vong biing don vi. Hinh 3.42
Phuong trinh vi phin tuong img;: EIv'=—(M*+ Py)

vai M* 13 momen udn do riéng phin lyc ndn gay ra trong thanh.
Vi EI = const nén sau khi 1dy dao ham hai 14n ta duge phuong trinh vi phin biéu
thi trye tiép qua phiin lye nén nhu sau:

EIviV=—(M*" +Py")=-(f.v+ Py),

hay: WY+ v+ ﬁ V=10 (2 30)
trong do: 2 = L (3.40))
i ’
Chon nghi¢m ciia phuong trinh (3.39) dudi dang chudi luong gidc:
Z Amv, Vi ag ta cac hé so ¢dn xac dinh, (3.41)

3-0BCT :
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Fxao ham ¢ap hai vaa ¢dp bon clia nghi¢m (3.41) ¢o dang:

; 4
4] N o0
. ko kz , (k;r . kmz
v Yﬁ“k — | sth— vV = Y{fkl — | sin—.
- i) ! ST {
L= -
Sau ki thay vao (3.39), ta duoc:

Bidu kién dé ¢ho thanh bi it On dinh [a ¢ic he $0 ax phai 1dn 1ai khac khong vai
moi z, do do cac thira s6 trong ddu moe vuong déu phiai bing khong:

B

’ 4 2 2 >

k k -
{i\l faJ(—”W +£=(). Suyra; & = (m{] +-§8—,.
5 ! ) (I / I ! J k==

L 4
wufs, gt

T (3,405 1a tim duoe: Py, = |
Lr)

. vl k=12, 3, ...(3.42)
= k~mr

trong do & 1a & nia bwde song clia dudmg dan hoi cia thanh khi médt 6n dinh, phu

thude hé s nén £ cua nén dian hoi.

Bé tm cong thie (3.42) ta cang ¢6 (hé van dung phuwong phap ning lwong song

phuc tap hon (xem [3]).

Vin dé ¢in ddt ra la phii chon s3 nir bude song & biing bav nhiéu? Tt nhicén, ¢in

chon gid tri & sa0 cho lye t61 han nhd nhit. VE ¥ nghia, & phii 1 mot s3 nguyen.

bBé tim gid tri nhod nhit cha Py, ta 2id thidt & 1a mot dai leong bién thign licn tye dé

13y dao ham bidu thi (3.42). Bidu thire (3.42) duye vict gon dudi dang:

P = Py, (kz + "/7} (3.43)
P
24 4
I {
trong do: P = " > y = ’64 , (3.4
[ a kT
2 . ¢ ([I)H' 2;;/
Bicu kién d¢ cho Py cO gid tri nhd nhit: M' =P 2k-—5 =0
( - v A Al
Suy ra: k= {’/; (3.45)

Nhur vay, khi im lyc (61 han ahd nhat cho thanh L vige rong moi trwomg dan
hoi ta ¢ln can o vao kich thuae, di ciing cua thanh vi h¢ 86 nén dé xdc dinh hg
s3 ¥ theo (3.44), Gép d6 tim gid tri cla k theo (3.45) va suy ma lue 131 han tuong
ing theo (3.43). Noi chung, ¢Ong thie (3.45) thudmg cho gia tri & khong phii 1a s
nguyén, do do trong trudmg hop niy 1a ¢in vin dung cong thie (3.43) d¢ tim hai
eid i P tuong tmg voi hai s8 nguyén k& dudi va k& trén cta & va chon gid tri nho
nhit 1 lue 13l han.

130



Vi dy néu ¥ = 4, theo (3.45) ta i duge & = £,47F thi lue &1 han ¢an am a luc
an A tinh theo (3.43) tuong img voi khik = fvak = 2 :

{ 1 4 -
e whik =1 Py = Fy L + } =3P

{5 A . .
skhid =2, Pip = Pp ( 22+ — ' =5P;. Kéqua Py =3P

\
Trong mot wruwong b, ta ¢ thé biéu thi cong the (3.43) dudi dang:

Piy = -f-r--—i[ (3.46)

(al)?
vOi g 1a h¢ $0 phu thuge kich (hude, dd cirg cua thanh, h¢ $O nén va didu ki¢n
lien k& & hai du thanh,
Tren hinh 3.43a 14 d6 thi lién he gita k€l qui tinh h¢ 80 ¢ theo cic gid i khac
nhau cua G 1/ 16ET khi thanh Ham vige trong moi trudmg dan hoi (9] duong cong,
{ tuong tmg truomg hop thanh ¢o khép tua cing & hai ddu (hinh 3.43b); duomg
cong 2 tuong umg truomg hop thanh ¢o hai ddu tr do (hinh 3.43¢).

SR O 0 £7 p
- JO 7, -
I NN
1 : LB
— o) et
2| £r y:
T N Ve a -
¥

S
e me e & e S
BET

Hinh 3.43

3.9. C)n dinh clia hé thanh bién trén chiu nén trong cau dan hg

Bai toan dn dinh ngoai mdt phing dan cda h¢ thanh bién trén chiu nen trong clu

dan hd (hinh 3.44a) duge xem nhu bai toan thanh §én tue dit trén nhidu goi tya

dan héi v chiu luc nén thay déi doc theo chidu dai thanh nhu trén hinh 3.44b,

Cich gidi biai todn nay thuong khd phire tap.

Trong muc nay (rinh bay cdch tinh gan dang do F. S, Taxinski [22] kién nghi uén

cor sy nhirng pid thict sau:

$2 HE thanh hign 1rén co 1iét dién khong ddi.

%2 Do cung theo phuong ngang clu cba cac ¢dng ciu wong doi lom nén ¢o thé
xem h¢ thanh bién trén nhu thanh co khop ta clog & hai ddu.

B Thav thé cac gdi dan hdi bdng moi truomg dan héi, Chi chdp nhin duge gid
thi¢t nay néu trong mdi nira séng cta dudng bién dang khi thanh bi mit én dinh
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¢6 chira it nhdt ba Aot dan. Khi xac dinh hé sd nén caa moi truomg dan hoi chi ké

dén bién dang ctia ddm ngang va thanh dimg, bd qua bién dang ciia thanh xién.
32 Thav thé cac le nén 1d@p trung truvén ue cac thanh xién vao hé thanh bién trén
tal cac ma! bang cdc liee nén phdn b4, Néu tai rong tac dung trén cdu 1a thing
dung va phan b3 déu thi lyc nén trong h¢ thanh bién ¢6 the xem 1a phan b theo
bidu d6 ¢o dang hai hinh tam gidc nhu trén hinh 3.44¢ voi cuomg do & hai diu

thanh la g, cOn & gitra nhip bing khodng v duge mo (& bing phuong (rinh sau:

-2
gz} = go (—[—ﬂ (3.47)
1
2
d) & &
— L

— }*ﬁ /7%

l2ngf / !

[ :
i A e % ——3
¢

. -_“_.—;‘:L_

Hinh 3.44

N¢u ¢hip nhin cic gid thid wén thi so dd tinh st cd dang nhy (rén hinh 3.44b voi
s dd lye nhu trén hinh 3.44¢.

b giai bai todn nay ta st ap dung phuong phip ning lugng.

Trude ticén, ¢dn xdc dinh h¢ 88 nén F cia mdi trudng. Goi:

d — chiéu dii clia mot dot dan;

R — lyc ¢in dir i ddu rén cha thanh ding dé sao ¢cho mar dan tai do chuyén vi
theo phuong ngang clu mot gid tri bing don vi;

& — chuyén vi theo phuong ngang clu (ai diu trén ctia thanh ding do luc R =/
¢6 didin diit va phuong trong tng voi chuyén vi 8§ edy ra. & la dai luomg
nghich dio cia R,

ta C()' g = k_1 (3.48)
d Tds’
NEu ¢o xét dén Anh hudmg ciia udn doc trong thanh dimg thi & duge xédc dinh theo
cong thie tinh chuyén vi trong bii (oan udn ngang cang voi udn doc nhu sau;
Ix i’ +Ix(h+t.‘)2b
3!?]1{] -N PI:‘ ) 2[:'1_)

S=

trong do (xem hinh 3.44d):
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El; va EI> — a0 cung clia thanh dimg va cha ddm ngang;
f — chidu cao cta thanh dimg;
h viac¢ - chidu dai va nira chidu cao ¢lia ddm ngang;
N — lue nén lom nhit trong cic thanh dimg:
Pp = 7El; 7 4h? — \uc Euler clia thanh dimg theo phuong ngang ciu.
Jo do: 4= = {3.49)
i (h+c)”h |
i |

JEL(I-N/P)  2Fl,
Trmuce 1.9, 1a ¢d didu kigén xac dinh luc 131 han nhu sau:
OT = 6U. (3.50)
<40 — 0 bicn thién ciia the ndng bicn dang dan hdi, bao 2dm hai thanh phin:
(‘)‘U = (SU_I + 5U3 .
OU; — d& nicn thién clia thé nang bién dang dan hdi cda thanh. Theo (1.27):

= LS [Eiev Ras,
52!

SU/z — d0 bién thicn ctia thé ning bién dang dan hdi cta nén. Phin ning luyng nay
duoc do bing ¢ong ctia phan lye nédn,
Trén mdi phin (¢ chiu dai dz. phin lue nén ¢é gid ui bing By.dz v sinh cong
bing: (1/2).fy.dzy = (1/2).832.dz

Bl
Do do, ta co: SU>= " j Vidz .
2

f
Nhur viy: oU =éZJ—El(_\"’)2dx +§j}‘2(!z. (3.51)

% 8T — d0 bicn thicn cia cong cac ngoai lye. Trong trudmg hop nay ngoai luc 1
thi trong phan bd, HE tim 8T, tude ién ta tim dd bién thién clia ¢ong phin 10
d(ST) clhia mdt phiin 3 chidu dii dz tai hodnh dd z cha thanh. Khi thanh bi mit
én dinh, phin & dz bi nghiéng di, ¢ic lyc tic dung & bén trii phan 13 st sinh
cong (rén chuyén doi theo phuong cia tryc thanh v phia géi tr ¢ dinh.

o e s . _ . N /
Do chuytn doi nay da duge xdce dinh (xem mue 1.9, hinh 1.11) bing: E(}")f dz.

(1-2&)

/&
e

Luc tic dung & bén (rai phan 16 bing: jqo
o
Do do, dd bién thién ¢chia cOng phﬁn 10

25) z(l—z)
q() 2
{

d(oF) = (\ P dnx J/ dé = (.\")Zdz.



Nhir vay, do bidn thién cia cong cdc ngoai tue trén toan he thanh s¢ biing:

!
) ¢f 2
O = Szl —zy(v ) dz. (3.52)
21! (:

(ia thidt phuomg trinh dutmg dan hdi cda thanh khi mdt 6n dinh ¢6 dang:

X .
V= Zuk .\‘m%z—. (3.53)
i

vii a1 cie hé sO cin xac dinh,

Sau khi thay (3.53) va cic biéu thie dao ham cla (3.53) vao (3.51), (3.52) va

binh phuomg cac 18ng, ta duye:

I8
M= I;r ZA ay Jw: —dz + ZZ Z uiumim.f\m—kam Nz dz |+
k=lm=1{
[3;_ e 3'{ S ¢4 nnz
+ = 5 LZUEJ‘ in” ﬁd'z+ Z Z an—!—sm Iz dz |
k=1 4 k=lm={ o
» / 5 ke
Z k j-z(l z)cos” —!—dz+
= o
€ = !
2 Z Z T, Amjz(! —Z)c mk—m( 08 mnz dz |.
k=fm=1 « ! J
N&u chii y dén két (11151 tinh ¢de tich phin:
/ , P
J- 2 km 7 = i N I.w'nijzsm adkizd dz=1;
e l, 2 ) l !
2k & > 2km A &
Izco.\' —dr=— Iz cos —dz=—+———7——2;
0 [ 4 2] 6 4[\"-”
/ { khi (k+m) chén
ke moz 2 2 2
J-Z‘ OF —— CON dz=4 21 me o+ k . .
/ S TS IV khi tk+m) lé
o Ts o fme =k

/ : : 2,2
IZ') (‘()A\'i\—]rz('u.\' m dz = (—I)kﬂu gl—) X —m2—+l\)—2- )
/ a5 (mc=k7)

thi sau khi ldy tich phan trén toan ¢hi¢u dai thanh ta s¢ duge cdc biéu thi:

sU ”“z j%zf. (3.54)

o




¢ - 22 \u‘ o > 2 k_? _i
RO LS ) S S P et R
“ =t k 12 4J k=1 m=1 (m*—k~)°

“Irong (3.55). biu thic tht hai ¢6 tdng kép chi bao gdm cic sO hang véi (k+n)
hodc fk—milachinva k= .
Thay (3.54), (3.55) vio (3.501 ta um dugc:

V4 EI é-'(4 2 +ﬂl’ {- u2
a,l e R =
el = "\':" k=i —- (3.56)
< o I A—
Zuf[h (N \—42 Z o Am
b=\ 12 4) k=lm=1I _k )-

Cong viéc can iép tuc 1a phli chon 1y 80 gitm ciac ax a8 sao cho lye 161 han ¢o 2id
1y nho nhilt, Mudn vy, ta cdn idy dao hiun riéng clia (3.56) theo timg ag rdi cho
hiang khong s¢ duoc he phuong trinh dai s thulin nhit nhu sau:

;“ { e \‘] Am(m + k7 )
Lk v - 2m -1 ||a, ~16a Z 55 = 0. (3.57)
i_ Lo /iJ m=1 (m- —k" )
vii k=4, 2, 3,... i (k+nyhoac (k=m)lachinva k2 m
3 4
q,! /
trong do: o= —H5—, y = ﬁ4 . (3.58)
dn ki xEl

Khi khai trién, h¢ phurong trinh dai 86 thudn nhit (3.57) s phin thanh hai nhom:

¢ mOt nhom ¢hi chim cdc agx voi & [a s8 18, trong tmg vai dang mir Sn dinh d6i
xuimg (bién dang theo mor ¢ 18 cha nira séng);

e mOt nhom chi chia cdc ag vai & 1a 86 ¢hin, tuong Gng véi dang mdl én dinh
phin xing (bién dang theo mot $6 chin cda nika song).

Tir ditu kién 10On (@i cic nghidm ax Ia dinh thide cac hé s8 cda (3.57) bling khong:

D= I)JL . 1)[)_\' = (),

ta s& tim duye gia tri nhd nhil cla a va suy ra lye toi han g.l 7 4 theo (3.58).

Trong thue hanh, chudi vo han (3.53) tit khi nhanh nén thuomg duoc thay biing

chudi hima han vai $0 s6 hang vis du.

Trong moi trudomg hep, cong thie xac dinh luc 16 han duge bidu thi duvi dang:
P

q,! Tkl .

- == vii
4 th (/u [)H

4 14 h¢ 6 phu thude kich thude, do cung ciia hé thanh bién trén, he s0 nén va dicu
kigén 1ién k&l « hai ddu h¢ thanh bign én,

. (3.59)
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Theo 9], dO thi lién hg gita h¢ $6 4 tdong img véi cdc gia i cia 414/ {GE] nhu
wrén hinh 3.45,

Puong cong / tuong ung “T ] !

trudmg hop h¢ thanh bién 921\ !

irén ¢o khop tm cing & g;i RN |

hai dau: duomg cong 2 2 \\,;w ! L

[wonge img rwomg hop heé 2 SRR '_'“"‘: == ’ At
thanb hien wén cd hai 7w W o w e m ko kA BE
Jddu ur do, Hinh 3.45

3.10. Cach tinh 6n dinh cla hé thanh theo phuong phap
phan tu hiu han

Phuong phip phan 1 hiu han (PTHH) 1a mdt phuong phdp s6 duoc dp dung ¢6
hi¢u qui dé idi cac bai toan kél ¢du trén may linh, Pa sd cie phin mém tinh k&t
¢du hi¢én hanh thuomg duoc xay dyng trén co s¢ phuong phip PTHH.

Trong muc niy 1a s¢ (i hiéu céch 4p dung phuong phap PIHH (md hinh chuyén

vi) dé gidi bai toan Jn dinh cia h¢ thanh theo theo tigu chi can biing 8n dinh dudt

dang (inh hoc va chip nhin cdc gid thiét da néu trong muc 3.1. V¢ ¢o bin, cic

phuomg trinh, ¢ic ma trin cing nhu cac bude thye hi¢n cta phwong phip PTHH
khi kidm tra &n dinh cang twong ty nhy khi kidm tra dd bdn da quen bidt song
cang ton tai cic ndi dung khac biét ¢in quan tam:

%2 Khi kidm tra 6o dinh, anh hudmg cla lue nén (hodc kéo) dén bién dang udn
trong ¢de phin tr ¢in duge xét dén vé nguyén tde. Do do, ¢in xdy dung cac ma
trin do ¢timg cho phiin (& chiu udn ddng thot cing chju lue nén (hoje kéo).

2 Khi ki¢m tra &n dinh, thay cho vige gidi h¢ phuong trinh cda phuong phap khi
kidm tra do bén, ta cdn ap dung thudt 104n khai trién dinh thie hodc tim gia i
ricng d¢ xdc dinh cic thong s 161 han va tir do suy ra lye & han ¢an tim.

A. Ma tran do ciing ctua phdn t thanh thing trong hé toa dj
dia phuong

1. Bai todn phiing
X¢t phiin 1@ hima han (PTHH) (hir £ 1a thanh Hing tru trong h¢ toa do dia phuong
nhuy trén hinh 3.46a, cic dd cing khi udn v khi nén hoic kéo EI, EA khong ddi,
chicu dai /, chiu lge nén P vdl qui wie chidu duong va thie te ciia toa do nit nhu
trén hinh 3.46h, chitu duong ctia ndi lye nut va chuyén vi nit twong (mg nhu
hinh 3.46¢. Goi:

qli={q7 g2 93 g4 gs ga}i - matran cOt, kich thuoe [6x 1], biéu thi chuyén
vi nit ¢ia PTHH thit i;
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|[Rli={ Ry R» Rs Ry Rs Rgs}i- ma trin cdt, kich thude [6x1], bidu thi ndi
lye nat ¢ha PTHH thiri.

trong do: 2 Y

g1, Ry vage. Rs — chuyén 2 I £L £A P x
vi, ndi hre theo phuong x . 7 :‘— -
tai ndt trdi va ndt phii = i 1
ctta phdn thr thd § véi T 5T
chiéu duong huimg theo ‘-”)’“*l /1 7
chidu duong truc x. 3| 6 | .

g2, B2 v gs, Rs — chuyén Cf %, | y2 A Tai;@
vi, ndi lye theo phuong v ‘71‘_: ——€, | %
tai nat trél va nat phai %3 +—
cia phin tir thir i véi 9 ¥ ‘|'T‘L
chi¢u duong hudmg theo %
chidu duong truc . Hinh 3.46

¢ R3: va s, R — chuyén vi xoay, mdomen udn quanh truc z tai nit (rai v nit
phii clia phiin tr th ¢ voi chidu duong 1a chidu tién (bidu thi biing hai mui
ten) theo chi¢u duong truc = clia cdi md nit chai khi xoay theo chitu cia
chuyén vi v ndi Iy, '
Gita chuyén vi va ndi lyc trong PTHH thir i ¢6 sy lién h¢ theo phuong trinh co
ban cda phuong phap PTHH nhu sau:
[R]i = IK]i [q)i (3.60)
vl |K]; — ma tr@n d0 cung cia PTHH thix 7 trong hé toa d¢ dia phuong.
Co nhigu cach tidp ¢ian dén ma triin do cung |K];. Pon gidn hon ¢i 1a van dung
cic k& qua da tim duoc trong muc 3.3 dé xay dung ma trin [K]:.
D6i chidu hinh 3.46 voi hinh 3.8, néu chi ¥ dén sy thay ddi ky higu va quy ude
ve diu ta dé dang xac dinh duge mdi tuong quan nhu sau:

V& noi luc nat: Ri=+F: Rx = Qe Ri=-My:
' Ri=-~F: Rs ==Qp: Re=—-Mp.
V& chuyén vi nat: Pa=—qGi; Wh = (g5 A= —(gs—q2)
Ncu chi y dén gia thit 4 trong 3.1 va ap dung dinh luiit Hooke, ta ¢o:
A £A
R1=P=—T ((14—(]1)=T (g1 —qa ) (3.61)
A
R4: -P= T ((]4_(11 3 (262)
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Tur cac cOng thire (3.13), (3.14), (3.15), ta cé:

200 (45-45) :
Ry =Qu= ?[ml+;12)(q;+q())—,uj;1—}—2‘l: (3.63)
B ' i
2r0 (45—q,)
Ri= =M= "z_{’”ﬂ-” + a5~ +u2)5fz} (3.64)
) 2K (45-4,)
Rs = - Q= —7 (fy +p Mg+ d—p f“ ; (3.65)
1
2E1 (G, —dy) |
Rs =~ AMp= Ti:/.:ij A )—LI_LJ (3.66)
Goi @ 1a cic ham Jugng gidc:
3 vy N 12 — Oy
O = voosin : P = vl (.ou):
120 oQp
n n
Py = VSINY —VCosy) : @, = viir—sinv) ’ (3.67)
4@ 2¢

n n
. . P
trong &0 @D, =2 —2cosv—vsinv, va v=gagl=1 h

Vai mi doi 86 v, gitre cac ham @ va cac ham g, @, 77 da bidt trong 3.3 ¢o sy
licn h¢ nhur sau:

Wy =2D3=2¢ : 2 =Dy = g3:

Hi+p =3Ds =303 i =6 =06 {3.68)

Sau khi thay th¢ cac lién h¢ (3.68) vao cic phuong trinh (3.61)+(3.66) va sdp
xCp theo thir tu cac toa dd nut ta duoe cde phuong trinh:

i

LA
R; = T (qi— qq );

Lr| {2 i2 6

R» = ; l:! D q ,+1(D (/1—1—5-Cf)lqs+70')2q6}
Ll 6

Ri= ; [ld) q, +4d) 343 [(D_qu +2(1)4q'6:|:

FA
Ry = —'—[—((]1 =-q4}y
EIf 12 6 12 6
Rs= ; [ 7CT 4= 74’ 57t ¥ GJ([.; T(D_’q():l‘.
Eil6 0
Rs = T[T(ﬂzqz + 204 _Td)_?qﬁ +4(D_1,r16]
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Tur ¢ac lign he tim duoc giga ndi lue mit va chuyén vu nit (a d& dang suy ra cfu
nic cia ma trin do ciing trong hé toa dd dia phuong:

% 0 0 —% 0 0
12 6 12 6
n Lo ) 0 —=@, —@
202 R -
5 5
i 0 e, 4o, 0 -Co, 20,
K== J o £ (3.69)
-0 0 . 0 0
12 12 6
0 Za Se, 0 To, oo,
/ /
0 -(’-qo, 20 0 Lo 4w,
L [ 2 4 ] 2 I

Ma trdn do cung (K); cha phin tir thir § 12 ma trin vuong, kich thude [6x6], d6i

ximng qua dudmg chéo chinh.

Cha y:

«* Ma tran (3.69) tuong (ng véi cac ham @ xéac dinh theo (3.67) dugc xay dung véi gia thiét phén tr
thanh chiu lue nén P.

+$* Khi phan t(f thanh chiu ic kéo P. ma tran dé cing cla phan ti thanh van 6 cau tric nhis (3 68)
song cac ham @ tuong tng can duge xac dinh nhu sau:

D) = v"‘slw : - 1'2(c‘ln’— 1) . Py= vivchy — shv) @y = vishv—v) ’
]2(1)1- (J(Dk 4d)k E(Dk
])
trong dé: =2 ~2chv +vshv; va v=gagl=1{ E . (3.70)

% Khi P= 0, c4c ham @ nhén gia tri béng 1.
*i» N&u khai trién cac ham sin v, cos v, sh v va ch v thanh chudi nguyén thi cac ham @ cling duoc
biéu thi dudi dang chuai nguyén nhu sau [ 2]:
@© I n 7 = i N #
I+ [ivg] —+ —————[+v2]

pY >
b = =2t ) ,' o o2 it (2n+2)!

! 120 2 o
i+ & 2n+1) [?\’2]" i+ io: J [;,,,3]" |
.= 3 1r:1(2”+3)! . & = 0 n=/ (211+3)! '
? 49 ' 4 20
2.}
trong do: rj):i+ 2(”“”) [¢ \,2]" ‘
12 220+ 4
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D&u &m twong (g voi khi luc doc 1 nén, déu duong tuong Ung véi khi hue doc 14 kéo.

Cac chudi nguyén d6 tao didu kién thudn loi va ap dung cé hidu qua khi tinh toan ¢6 su trg gidp cua
may tinh vi s& khdng gap phai nhifng vuéng méc s6 hoc khi luc P nkd. Hen niza, khai trién dang
chudi nay phl hop véi ¢4 hai truding hop khi luc P la kéo hay nén. Thong thudng, véi s6 thanh phén
cla chudi 13 10 1a dl d3m bao mic dd chinh xac can thigt.

Khi lge doc trong phin tir 1a nhd, néu sit dung chudi Taylor dé khai trién cic
ham &% va ¢hi gitr lai hai s hang ddu cta chudi, (a co:
2 2 2 2
V ¥ ¥ 1
Or=1—-—. Dr= | ——. Dy =] ——. Dy = [+ —.

10 G0) 30 00
Sau khi thay vao (3.69), ma tran do cung st duge mo th dudi dang 10ng cla hai
ma (rgn nhur sau:

[Kli = [Koli + [Kpli, (3.71)

|Kp]i — ma trin dO cing ca phiin tr thanh dan hdi tuyén tinh thong thuong, ¢o

¢au tric nhu sau:

|
A o 2A
/ I
o 20, 2o
P2 P21
6
gl 0 5 4 o %
Koli= | 4 ! A ! : (3.72)
2y o 2 0
/ I
o 12 6 , 12 _¢6
S P2
6 5
K = 2 0 -2 4
/ ! |

[Kpli = ma trdn dO cing cha phin tir thanh trong d6 xét dén anh hudmg cla luc
P 13i 39 cung chdng udn clia phin tir, ¢o ¢du (ric nhu sau:

o 0 0O 0 0 0

0 & Loy & L

5 10 5 10

2 2

Keli==top %0 % 0 o 8 ) (73

p 86 4t 45, 6 _1

5 10 5 10

2 2

o L=, L2

10 30 10 15 |
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|KpJi nhidn ddu am khi phin tir chiu luc nén va nhin dau duong khi phin tir chju
ue kéo.
2. Bai todn khong gian
Xet phin tir thir { thudc hg thanh khong gian Ja thanh ldng try trong he 1pa do dia
phuong nhu trén hinh 3.47, cic do cing khi udn, khi xodn va khi nén hojc kéo
khong ddi, chidu dai 7, chiu lue nén P véi quy ude chiéu duong va thir ir cda toa
¢ nat nhur trén hinh 3.47b. Goi:
lgli=1{q; g2 43 q¢ q5 g6 47 g8 4o qro Qi1 q12}i
— ma trin cot, kich thude [12x1], bidu thi chuyén vi nat ctia PTHH thi i
[Ri={R: R2 R3 Ry Rs Rs R7 Rg Ry Rio Ri; Ripz}i
— ma trin ¢Ot, kich thude [12x 11, biéu thi ndi lye nat ctia PTHH thi .

trong do:

4 £A = canst
gi- Ry vagr. R7 — chuyén El, = const
vi, ndi lue theo plurong x 5 Ely = const R
tai nGt trdl va ndt phi } Tz Elgngy = cORT I >
/ -

cua phin tir thi 7.

g2, R2 va gg, Rg — chuyén

Z
vi, ndi lye theo phuong v 7
tai nat rdi va ndt phai
cla phin tir the /. Hinh 3.47

g5, Ri vl go, Ro — chuyén vi, nodi lue theo phuong z tai nit trdi va ndt phii cia
phén tr (hix 7.
g4 Ry VA qro, Rio — chuyén vi xoay, momen xodn quanh tryc x tai nat trai va
nit phiti ciia phin tir tht f.
gs, Rs va gy, Ry; = chuyén vi xoay, momen udn quanh truc v tai ndt rid va
nut phid cia phin i thir .
gs, Re va g2, Rj2 — chuydn vi xoay, momen udn quanh truc z tai nit irdi va
mil phai cta phan tir thix /.
Gitra chuyén vi va ndi lyc trong PTHH thir i ¢6 s lién h¢ theo phuong trinh co
ban (3.60) cita phuong phap PTHH véi [K); Ta ma trin d0 cimg cta PTHH thir §
trong h¢ toa do dia phuong. B3 1ap ma trin do cimg tuong img ta ¢6 thé 8 hop
cac nguydn nhin tic dung doc 1ap da xét trong b toén phing dong thoi cha ¥
*» ngoii truomg hop udn ngang trong mdt phang xOv (quanh truc z) tweong (mg
vai ¢le toa do nit 2, 6, 8 12 va dod cimg E7- da xét trong bai toan phi‘ing, ¢in
bd sung trudmg hop udn ngang trong mét phing xOz (quanh truc v) trong ng
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vai cac oa do nat 3, 5, 9, 17 va do cimg El .

+% ¢in bd sung trudmg hop xodn thudn tay quanh truc x tuong ing voi cac toa

Ry =
! I

il n
—2 (e = gio) -

Rip=

. xodn

!

(—(].: +qio):

<= lue nén hodc kéo P chi ¢6 4nh hudng ddn bién dang udn,

A0 nit 4, 10 va dd cing Glyegn » tr SBVL ta o ¢ic lién h¢ nhu sau:

Ma trdn dO cung [K]; trong bai toan khong gian ciing dugc md th dudi dang tdng
cua hai ma trin nhu sau;

[K]i = IK()]r' + [K}’]I \

(3.74)

[Koli — ma trin do ciing cha phan tir thanh dan hoi tuyén tinh thong thuomg, déi
xung gua dudmg chéo chinh, Kich thude [12x12] via €6 ¢du trie nhu sau:

LO

k, 0 0 0
0 k,, 0 0
0 0 k;, 0
000k,
0 0 ki, 0
0k, 0 0

0 kg, 0 0
0 0 k,, O
00 0 k,,
0 0 k}' 1.3 0
k,, 0 0

frong do:
kij=—-kig=—kyi=kr7=FA/L
kax=—kag=—kgr=kgs=12EL-/1*;
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[Ko]i =
0 ()
0 k,’.()
ko 0
] )
koo 0
0 k4
0 /]
0 ks».o
k‘).ﬁ' 0
{) ()
ks 0
0 k]Z.()

kiz 0
0k,
0 0
0 0
0 ]
0 Koa

k7.7 0
0 ks
0 0
0 ()
{) {(}
0 ks

k

LAY

{

k

k

9.9
{0

119
¢

k

k

4,10

= D

0

0
10,10

0

0

f)
0

k

3.1

k

511
0

0

k

k

V.11
0

1.1
0

k

k

k

]

212

(}

6,12

812

0

1242 |

kas =Kaz=Kajp=kpp2=—keg=—kge=—kgi2=—kpzg=06EL/1?;
kss=—kyo=—kos=koo= I2EL/I3;

kss=kss=kiyr=kii=—-kso=—kos=—kor =~—kjo=—-0EL/I7:

ki =—keo=—kipa=kjos0= Glyogn/I;
koo =Kz =4EL /1,
ke pp=kpe=2EL/1:

kss=ky=4ELK/I:
ks =kis=2ElL /1



(Kp], — ma tran d6 cung cuia phin tir thanh trong do x¢ét d€n dnh hw'mg ciia ye
Pt 3§ cung chdng udn cia phin tir, d&i xing qua duomg chéo ¢hinh,
kich thude [12x12] va ¢o ¢du tric nhur sau:

>
(Kpli= 2 x
!
fo o o 0 0 [/ 0 00 0 ]
Leoeis 0 0 0 10 0 -6/S 0 0 0 110
;n (i of5 0 =110 o U 0 —6/50 —l/10 0
T S B /R 0o 0 0 0 0 0 0
oo <00 2%/1s 0 0 0 o 0 -0 0
Lo it 00 o 2% 0 o o0 0 0 -1*[30
o0 0 0 w0 o 0 0 0 0 0 0o |
0 -6/5 0 0 0  -4I0 0 65 0 0 0 -l
o0 —6/S 0 1[I0 0 0 0  6/5 0 v o
0o 0 0 0 0 0o 0 0 0 0 0 0|
00 1100 -12f30 0 o0 o0 o oo 28015 0
0w o o 0 =Pfwo -y o o o 2%i5]

Cic dai luwong I EA; EL ; Ely; Glyin » P 1an lugt 1a chidu dai, d0 cing khi nén

hodic kéo, dd cimg khi udn quanh true z, dd cung khi udn quanh truc v, dd cimg

khi xodn quanh truc x va luc nén hoic kéo cia phin tir thir .

B. Thir tir gidi bai toan on dinh ctia hé thanh

1. Roi rac hoa he thanh va tai trong a8 sao cho trong h¢ ¢hi bao gdm cic phin
tit thanh thing, ti& di¢n khong déi, chiu luc dit & hai dAu thanh. Cin thye hi¢n
bnde nay khi trong he ton tai ¢dc thanh ¢6 it dign thay ddi, thanh cong.

2. Lap ma trdn dp cimg trong hé toa d6 dia phuemg cho cae phdn tie theo (3.71),
(3.723, (3.73) hodc (3.74).

[K)i = Kol + |Kpl;i. (3.75)

3. Chuyén cdae ma trdn [K); tie h¢ toa do dia phuong sang hé tog dé chung. DE
thuc hi¢n, 1a ¢6 thé sir dung ma trin [7]; 12 ma tran chuyén h@ toa do tir he toa
d0 dia phuwng cta phin tir the 7 sang hé toa 30 chung.

N¢Eu goi [/]; 1a ma triin cosin chi phurong gitra he toa 4O chung x' v/ 2’ va hé toa
d{ dia phuong x v 7 clra phan (r (hir i v6i cdu tnic:

ot Ty Taz
1 = ]_'.'.r’ 1_\'_\" vz
i1 I
ol O S
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tht [7); s2 ¢6 ¢iu tric nhu sau:
e Trong hai toan khéng gian: [T); 12 ma tran khdi chéo, gdm bdn khdi [1);, kich
thude [12x12) :
(TL=0) U 0 1.
o Trong bai toan phdng: |T); 1a ma tran Khdi chéo, gdm hai khai |/];, Kich
thude [6x6];
(7 =11 1. e

Neéu bai toan dupe thue hién trong
mit phing x v, goi a 12 go¢ hop
gita hé wa do chung (x' ¥) va hé
tog 3o dia phuong (x v) ¢da phin tir
thtr { (hinh 3.48), ta cd:

['cosa  sinag 0

Ni=1—smea cosa 0. Hinh 3.48

Lo 0

Do do, ma trdn 3§ cung [K'); cta phdn tlr thi i trong h¢ toa dd chung duoc xac
dinh nhu sau: '

(Kl = [TITIK]i [T =[K)i + [Kpli (3.76)
v [K')i =TI |Ko)i [T)i s IK'pli = [T (Kp}i} (T .

4. Lap ma trdn dg cimg [K'olg va [K'plg cho toan két cdu trong hé toa dé chung.

Néu trong h¢ ¢6 # phin tir thi [K'], 14 ma trdn khéi chéo, gdm 2 khdi, tim dugce
bing cach ghép ndi # ma trin do cing cla cac phin tir trong h¢ toa dd chung:
(K'lg =K1t 1K)z oe [K'li e [K'ln ] = [K0)g F [K'Plg- (3.77)
véi: [K'o)g = [1Kol1 K012 e 1K 0)i wee [K'0ln |
[Kplg = TIK'PY (K212 eos 1K P e [K Pl ],
Phuong trinh can biing tuong tmg cha toan két cdu ¢é dang:
[R] =K'l lg'T = {[K)g + [K'Plg} [g). (3.78)

5. Khiv trimg 1dp. DSt voi cac nit ¢6 r phiin tir quy tu thi trong (3.77) s¢ ¢6 r
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phuong trinh duoe 13p 1ai, do d6 cén khir bd sy tring 13p nay (e 1a gop r
phuong trinh d6 thinh mdt phuong trinh chung, Cé nhi¢u cach thyc hién, néu
sir dung ma tran nhéin dang [H] ¢6 cdu tric phu thude hinh dang két cfu nhu
da quen biél trong bai t0an kim tra do bén thi phuong trinh ¢o bin (3.78) sau
khi khix tring 13p duge vidt dudi dang:

(R1=[K117) = (IK,] FIK,]) I7], (3.79)



ong J0: [R1=|HITIRT lg)=IH]I|7]:
PR T =HITIK 1 (H]: 1K) =[HIVIK D)g [H): 1K, ) =IH]'IK ple 1HI

6. Khwdang suy bién ctea ma tran dé ctng. Phuong tiinh (3.79) (he hica sy can
hang ctte k&t ¢du con duoe tr do trong khong gian nén ma triin | K} suy hicn,
Do do. ¢in dua didu kién bién vao bai toan dé khir suy bién. Sau khi bd sung
ditu kién hicn, phuong trinh (3.79) se ¢o dang:

[R*] = [K*] lg*] = {IK*] ¥ 1K*p]} [q7"]. (3.80)
1K) (K% 1K *p] 12 ciac ma tran suy tr | K ], [E” ], [E[,J bing cich foai bd
hang thu ¢ va ¢ L § wremg ung voi thanh phin chuyén vi nit tar § biing
khitng

7. Lap phuong trinh dn dinh. ‘Theo gid thict 5 (muc 3.1), 1di trong tic dung trén
h¢ chi dit & cac nat. Po 1a ¢ic lue nén hojic kéo P duge xac dinh bing lue doc
trong cic thanh khi h¢ chiu (i trong da cho bt ky. Vi ¢ic luc P duoe quy ude
xem nhu 1 mot trong ¢ac tinh chit diic tnmg ctia hé ma khong duoe xem la tdi
trong nén ma trin lue dat & nat [R*] =[0]. Phuong trinh (3.80) trdr thanh:

[K*] [q*] = {[K*] ¥ [K*pl} [g*] = [0]. (3.81)
Theo ticu chi ¢in biing 8n dinh dudi dang tinh hoe, he s¢ mdt dn dinh khi t0n
tai trang thai 1¢ch khoi trang thai ban dbu, tie 10 khi [g*] # [0]. Do do, h¢ s¢
mit n dinh khi dinh thac cda ma triin do cing biing khong:

K+ =|K*, T K*p| =0. (3.82)
Trong (3.82), ma trdn |K%p| duge thidt 1ap wong tng véi cic tue P NEu goi
| l'(-*‘,, ] 1a ma trjn twony ung duve thic 1ap theo Iye cang bing P, chon bit ky

hod¢ P, = £ va dal P = AP, thi trong truomg hop bién dang nhd 1a ¢d vidt
— T LK *, 1 = A1Kp], ditu kign (3.82) 5T ¢O dang:
[k =|k* FAK%,| =0 (3.83)

D6 12 phuong trinh 6n dinh, A L tri riéng, gitr vai trd thong s3 ¢dn tim.

8. Giai phuomg trinh dn dinh dé tim gia tri nho nhdt cia A, goi la thong s6 10i
han Ag. C6 nhicu cach thye hign, don gidn va ¢6 hi¢u qui 1 van dung cich
tinh Iip nhu sau:
+Lap |K#[=| K%, F 2K *,|

+ Gian cho A mot gid tri gin dang Ay, tinh [k 1= |K* T Ay I?*P . Néu
| &% > 0, h¢ viin 8n dinh.
+ Gincho Agiatri A2 =4, + 44, tinh | K% | = [ K%, T K% ,].
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e Néu | K*»1 > 0, h¢ viin 8n dinh, Ep tuc ting gid tri A.
e Néu | K*3| < 0. h¢ mdt 8n dinh. Diéu nay chimg O 4> > Ay. Khi hai gi tr
Ay v A» da rit pdn nhau, van dung phép ndi suy tuyén tinh dé tim Az,

Khi thuce hign ¢in chon A4 di nho dé ddm bio eita A; v A> chi ¢d mot Ay,

Chi thich: Hién luu hanh mét s& phan mém c6 kha nang tinh toan on dinh két ciu theo phuong
phap PTHH, chéng han nhu P. Frame; MICROSTRAN; STRANDS....

%1 Chueng trinh MICROSTRAN V5,5/32 thudc Hé thdng Ky thudt Vuang qudc Anh (Engineering
System, London) |a chuong trinh tinh toan va thidt ké két cAu hé thanh phang va hé thanh
khéng gian véi & phén tir t6i da la 32000 phan t. Cac tiéu chufn thiét ké theo hé tidu chudn
cda Hoa ky, Anh, Uc, Newzealand. MICROSTRAN V5.5/32 ¢d kha ning giai cac bai toan: dan
héi tuyén tinh, dan hdi phi tuyén, 8n dinh va ddng iuc hoc qua phén tich cac phd phan (mng.
Trong bai toan 8n dinh, MICROSTRAN V5.5/32 cho két qua Iuc téi han trong két cau va chiéu
dai quy ddi (1 1) cla cac thanh khi kiém tra &n dinh tuang Ung véi cac tudng hop két cau cu thé
chiu tai trong cho trudc. Dang mét 8n dinh clia két cdu tuong Ung véi cac tri riéng dugc thé hién
bang hinh anh.

% Chuong trinh STRANDS 1 sén phdm cla Cong ty G+D Computing Pty, Ltd., Australia (1391).
STRANDS tao diéu kién thudn Igi cho viéc giao dién gilia ngudi su dung va may. Vai mét thy
vién on cac phan t mau, STRANDS c¢6 kha ndng ap dung rong rai dé giai cac bai toan tinh
hoc. déng luc hoc, 8n dinh cho cac hé thanh, tAm, vé va vat thé ba chiéu 1am viéc trong giai
doan dan hdi tuyén tinh hay phi tuyén vé vat liéu va phi tuyén hinh hoc, dac biét 1a cac bai toan
vé ndng lugng dong chay nhu bai toan truyén nhiét. Trong bai toan 6n dinh, cing nhu
MICROSTRAN V5.5/32, STRAND6 cho két qua luc 1i han hay ¢ng suat ti han trong két cAu.
Dang mét 6n dinh clia két cau tuong (ng véi cac tri fiéng duge thé hién bang hinh anh.

Vidu 3.11. Xac dinh lyc 131 han (rong khung chiu luc nhu trén hinh 3.49a.

Sor dd cac toa dO ndt trong he (0a dd chung duye bo tri nhar trén hinh 3.49b. 86 licu
¢dc phin tir ghi trong bing 3.3.

_ Bang 3.3
Phéan f Nu‘! ' Nt / A El / cosa sina
{dau) (cudi)
1 1 2 A El ! 0 -1
2 1 3 A El i/2 7 0
% Ma trdn do cimg ciia phdn tie trong hé tog do chung
Theo (3.71) va (3.70):
IK'li = [K')i = [K'pli = {TLT([Ko)i = [Kpli ) [ T): {a)
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< Phin 1 1: » 2 4
[T}, a ma tran khéi chéo, gdn £4 /_(L g l)
hei L1 §7];, kich thude [6x6): e L, G g
! /
To 100 00 I | »
100 0 00 | o o,
(Tl =l 0 01000 ~ ped -
"'iu 00010y J s
O 00 100 ! = 2m o -,
Lo o0 o0 01 — é s s
Theo (3.72) va (3.73): Hinh 3.49
!—.Koil - {KP]I b
A 0 A 0 _ )
/ / 0o o0 0 0 0
p 1206 4 12| ,0 Lo, 6 1
ICE | 121 S n 5 J0
6 . 6 6 21¢ T
o T o4 o -2 2 n 2 2 gL
_K / / _r I 1s 0 30.
0o 0 0 0 0 0 i
! —i;‘— 0 0 ? 0 0 ! 6 [ (f /
0 -2 _np 2 L
p 12 6, 12 6 ERT 50
S 577 2 2
(1' / !( { () Lo {0 L E[_
0 0, g Ly 10 30 1015 |
L I ! §
Sau khi thye hién phép nhin ma trin theo (a), ta dugc:
- p
2, 6 12, 61 i
I I ! 6 0 _L s {) 1
0o A w0 Ay 5 0§ 10
/ ;! 0 0 0 0 0
6 ' I 2% 2
gl-2 0 4 2 0 2| Lo Ly D
K’} == 112 ! R {15 [0 30|
iz 02y oy oy L6, L
K N / s 0 s 10
0 0 0 00 0
/ ! _—— ) - — 0 S
R L 10 30 10 15 |
L / -

<> Phin oir 2: Phin tlr nay ¢o0 t0a dd dia phuong cung phuong vdéi toa 4o chung va
khong chiu lyc nénnén P = 0, [T]2 trd thanh ma tran don vi. Thee (a), ta ¢o:
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_ . :
4 {) ) A () (.
i ! :
JN . !
n  — 12 1l _Aa 1z |
i< S
12 12
’ PYTIN n 4 0 77 2
(K')2=[Koj2=— A A
22 0 o 2 0 0
i !
() (S‘
o B2, 9 D2
I ! i~ /
2 ‘
() L 2 1) —-E 4
! i B

T Ly ma irgn da ctmg cho wan k&t cdu trong e toa dé chung:

Irong hé ¢ 2 phin (i nén (K], a ma tran khoi chéo, gdm 2 khai, kich thude
{12x12] tim duge bing cach ghép ndi 2 ma trin |K']; va [K7)> ¢

QK o)

%o Ldp ma trdn nhan dang két odu [H] va ki tring ldp
Ma trin [H] ¢o ¢du 1ric nhu sau:
e 50 ¢Ot hiing $O toa 4o nut trong he 1pa dd chung, x&p theo thir wr da quy dinh:
* 50 hing bing 53 toa dO nut cta cac phin tr (6x2 = 12), x&p theo thir iy tuong
ung vaoi toa do nat trong hé 10a do chung:
o Hip =1 khii=k vaHy =0 khii#k voiilachiso biéu thi hang twong tmg
v Loa ot trong he toa dd chung.

[f 0000000 (]
010000000
01000t
0007100041
00007500400
000001000
FTO00000000
0751000000010
0010000010
006000601010
006000007110
000000001,

123450789

Pri
[H] = (©)

rr2

[alie RN R UV G N T L P R

K& qua khir wrang 13p cho ma triin 4o cung toan k&t ciu:
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[K1=[HI"K ) H] =

-
A w"_,z o 0,
{72 { ! ic i !
| A 95 24 A 96 24

{ S~ 0 == 0 =
i 2 i ! P2
(
S - I R B S A
i { ) !
: 2 6 6
I
I o !
£ |
= 0 _A {0 f) A 0 f) f ol
! / ! :
! 5 6 i
| — {j Vs — { 4 {) {} o
/ { !
A 0 o0 o0 o0 D0 o
/ / |
UG 9
0 i,—’ A L; 2
I / I !
0 2 £ 0 0 0o o -2 g4
L { {
) E
[0 L oy Lyua
3 o s 10
0 0 0 00 0 000
2 2
Ly 2 L()—L_()()()
10 1510 30
_r Oy Loy i 000 )
|3 s 10 :
0 0 0 00 0 000
2 2
—L(_)—L R
10 30 70 /s
0 0 0 00 0 000
a0 0 00 0 000
0 60 00 0 000

s Khirdang suy bién ciaa ma trin do cimg toan két cdu theo didu kién bién
Theo didu ki¢n lién két, néu bd qua bién dang doc truc trong thanh dimg ta ¢
cac didu kign bign: g; = g4 = qs = gs = 0. Do do, d& khir dang suy bién ta loai
bd ¢cic hiing va cic ¢ft teong tmg véi cie chuyCn vi biing khong.

Neoai ra, néu chi y Ia ¢ac chuyén vi ¢y = g7 thi ta ¢6 thd gidm kich thude clia
ma Iran do cimg toan k&t ¢du biing cach sip nhip cic hiang va et 1 vl 7.
Cing ¢o thé thye hi¢n nhimg didu noi tén bling cich 1ap mOt ma triin hién d6i

[G] tuong tr nhu ma trdn [A] va thue hién phép nhin ma trdn.

149



Ma trin [G] ¢6 cdu tric nhu sau:

e 50 hang bing sGcdtcla [ K |

e &0 cOT biing s hang hodc ¢dt cha | K | trir di s6 lupng cic chuyén vi bling
knonge, mang ¢ic chi 80 (heo tha ty phit hop véi cac chi sd ciia hang twong ing
veri chuyén vi khac khong,

s ¢ thuc huén phép loai bo: G =0 vaoi moi k khi j 1a chi sG bidu thi hang
wong tmg voi chuyén vi biing khong: cac phdn tir Gk con 1ai bing £:

e (¢ thue hién phép sip nhap: thuc hién nher khi 13p ma trdn [H].

£ vor bal 10dn nay. 1a co:

(G)

-

I
{
()
7]
(i
0
)
()
£

3609

(]
0
1
0
0
0
7
0
!

]
0
!
{)
()
i)
{)
()
0

0
/]
()
()
{)
1
0
{
0

Lale BN iw S ST Y

K& qué khir suy bidn cho ma trin do cumg toan két ciu:

= il
[K*t =[G K NG ==

i2

5

!n.,

66,
i

12 2 4

|

2
4

40
0 8]

bat P = Ax30EI/ 17, sau khi thay vho (1), ta duge:

6 I
s 10 10
po27 12

0015 30
Pl

10 30 15
0 0 0

(12-304 —6+34 -6+32 ()_
Iz { i
IK*J="%’ T ppign 244 4
:37'—“ 2+A4  4-44 0
L0 4 0 0
< Lap va gidi phueomg trinh on diih: k4 = 0.

{e)

(D

(2)

Vin dung cich tinh 13p d€ gidi phuong trinh 8n dinh, tm thong s& i han Ay, .
Sau khi thue hién mot $6 1an tinh | K4 véi cac gia tri A khac nhau nhiim xac

dinh khoang gia tri A din dén sy ddi ddu cha dinh thie | K4 ta thdy:
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Vail=2m: ¢ Khi A= 0,0607. |K*! =0,3916 > 0, h¢ vin 6n dinh.

o Khi A =0,0610. | K*| = - 0.25000 <0. h¢ mét én dinh.
Hai gid tri cia A da rdt gdn nhau, vin dung phép ndi suy wyén tinh ta tim
dugc: A = 00,0009,

30K SUET )
Do do: Py = An — = 02,0609, = 1,8275 lfj
Bai tap

I1L.1. Cho hé& nhus 1rén hinh 1111, Van dung phuong phép luc 6é 1ap phudng trinh én dinh.
Tim luc 1. nan che cac trudng hap sau:
ayKn Ei.=Ei,=El; h=1
b} Khi Ely = >
cyKhi Efy = 0.
.2, Van dung phugng phap IUc da tim Iuc t& han cho hé chiu-luc nén nhu trén hinh
l11.2. Cho biét: E1 = const.

£ # zl =¥
i ! &0°
£ |
| ’ I
| =7 |
l 8 “

Hinh N1 Hinh 11l.2 Hinh IL.3

lI.3. Cho hé chiu fuc P nhu trén hinh 1113, Van dung phuong phap luc dé l&p phugng
trinh 6n dinh va tim gia tri & han clia P. Cho biét: £/ = const.

Chi dan: Chon hé co ban bing cach thay fién két han biing lién két khép tai nat 1, an 1 mémen udn

tai nt 7. Khi hé chura mat én dinh, lue doc trong cac thanh: Nyg= - P{nén); Nys = +P {kéo). N&u dat:

vfs =PIZ/El=v? thi V122 =- Pl El = -v2 Do d6, khi xac dinh chuyén vi do bién dang cla thanh

1-2cAn ch{ ¥ 1a thanh chiu kéo, cac s8 lidu trong (3.6) cén dugc thay thé nhu sau: v2 = - 12 v;p =

12
i v; cAc ham sin vva tg v duoce thay bang ishvvaithv.



.4 Tim luc t& han
cho hé trén hinh r £

4. ,}]3,7351 JHjﬂ
&

I
i
5 Tim iuc toh han ~ I £T ! —~
he né rén hinh ! : I
chiry hée I’e’ 1n _l_.?,)'m ”:,.” Lom L # ;
111.5. Cho miét 1 A L H
El = nonst Hinh Ill.4 Hinh L5

I.6. Tim Iue & nan ¢ho hé trén hinh 111.6. Cho biét: £/ = const .

II.7. Cho hé
chiu {Uc P nhu

Y-

wén nmn 1.7,
Tim gia o
han cla P
ugng (ng voi
hai truong hap:
aykhi k=1;
b) khi k=0

it.8. Cho hé
chiu cac luc P
nhy trén hinh
I11.8. Tim gia tri

t&i han cda fuc
P

1.9, Cho hé chiu IUc nhu trén hinh

1.9, tim gia tn tdi han cla lye P. | 4dm |7 e L 4y
& “ - , , . 1 il

Cho biét dé cung cua cac thanh: ’%7_ 77 Y7 Y7 i

» thanh ngang E/, = 2796 kNmz,

s thanh dung Efy = 1398 kNm2, ELy £l S
H.10. Cho hé chiu IUc nhu trén

hinh I11.10, tim gia tri 16 han cda P L

e P.

Cho biét: £/ = const.. Hinh [11.9

lIl.11. Cho hé chiu lUc nhu teén hinh 11111, tim gia tri t6i han cla Iuc P.
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£ g8° ) Iy 2
g 'l & T— 2£7 l 2ET l
, oy .
| ~! | £7 §
J |
|
J,_ ;i 7* 4 ,,,,“__,‘fg__.k f ‘L_ G .L re2m '!1
Hinh .10 Hinh Ill.11

HIL12. Cho hé chiu luc nhu trén hinh 1IL12, tim gia tri t&i han cla lyc P. Cho biét cac
Lianh ngang co dé cing EA = .

1.13. Cho hé chiu luc nhy trén hinh 1113, tim gia
tri tdi han cla ye P.

Cho bét cac thanh xién ABva CD ¢ 66 cing &
. G0 E
DM, = —== X — |
\"'2 n2 ~
lll.14. Cho hé& chiu luc tac dung dbi x(ing nh teén s ,
hinh [11.14. Lap phuong trinh én dinh va tim gia bt
tri tdi han cla Pkhi k=2, [ =2h Hinh 111.12
P qéP Q5P lp pl
¥ & A4 £r D A
. RET
|
*:: £7 £r £r £7 &r £
L o E,A, B
T, T, T, ! 4 k
2 ¥ e
Hinh 1I1.13 Hinh 1il.14

111.15. Cho hé chiu Iuc nhu trén hinh 11115, Xac dinh thdng sb i han cla tai trong. Cho
biét P =40kN; Ef = 80kNm2.

|o 150 15P V
% 5, Z5ET SEr ffjj, T
. |
Hinh .15 &
# : L5ET LET LET ISEX i <|§
| - T
| 7 o = — — 4 —
4m | &n 1 Em 4 b7 } £m *



“lIL.16. Cho hé ddi ximg chiu luc tac dung ddi x(mg nhu trén hinh 11116, Tim gia tri tdi han
cda P. Cho biét Iuc 16i han nhd nhét xdy ra tuong (ng véi khi hé mat én dinh theo
dang bién dang phan ximg.

H1.17. Cho dam chiu Iuc nhu trén hinh 11117, Van dung phuong phap luc, tim gia tri tdi
han ctia P. Cho biét: [, =0,51;1,=21; El; =El; El;=357El

1:1.18. Cho dam chiu Iuc va cb lién két nhu trén hinh 11.18a va b. Van dung phugng phap
fc, tim gia tri 1Gi han cda P.

I.19. Cho dam chiu Iuc nhif trén hinh N1L19. Tim gia tri 1 han cla P,

» » s £2, £ @
J’ L _""ﬁ" 7 7'37 L2 Té‘f
¥ ZEX A *
By H N
- ”P o0 Hinh 1117
T 2ET @ 2p _ EI e SET
J s H == pit
3;4'\‘ Lﬁ&sp "? ’3.; }
 — 3 2 ﬁ}\ £7 [Eat L5ET
kT s S om BT om .
5PL e PP £ + *
¥ £ Hinh 1IL18
~ Q tuj E
i ﬂL, A 2. 2ET 257 Er £
e} f;j,ﬂ 3 's.'z ’S’ 2 rzﬂ 2 j
3 1 ¥ 1 T
Hinh Ill.16 Hinh .19

111.20. Cho cac dam lién tuc chiu luc nhu trén cac hinh 111.20a, b, ¢, d. Tim gia tri t&i han
cua P. Cho biét cac nhip ddm ¢ chidu dai nhu nhau va bang / ; E/ = const .

?4 be P 49 b 2
X X~ T3 5 B v

o p 2D v
Dina S S S S G S S S SR

Hinh 1ll.20

I1i.21. Lap phudng trinh &n dinh cho hé chiu Iuc nhu trén hinh 111.21.
Cho biét gbi tua trung gian 1a gbi dan
hbi c6 d6 cing bang ¢ (e cin tac
dung dé sao cho gdi dan hdi chuyén vi
bdng don vi). Hinh l1.21
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(l1.22. Tim |Uc t6i han cho h& chiu It A nhy trén hinh 1122, Cho biét: £/ = const ; thanh
ngang CD ¢6 dd clng £A = co. ‘

I11.23. Tim Iuc t& han cho hé chiu Iuc P nhi trén hinh 111.23. Cho biét: gbi tua trung gian
14 gbi dan hdi cb dd cing bing ¢ = E1/1 2.

l1.24. Tim gia tri t& han cla Iuc P tac dung nhu trén hinh 111.24 khi thanh dimg bi mét
n dinh theo dang bién dang vénh ra ngoai mat phéng hé. Cho biét do cing tuong
ifng v dang bién dang néi trén clia thanh dimg 1a £1, cha cac thanh ngang 1a 0,5E1.

I B
9
\&' - £
C e Y <
~ ZET By
A £ il --———l—‘l
iz

b Ay 2 )

Hinh lil.22 Hinh IlIL.23 Hinh 1i1.24

1

,r_,_fz__

I0.25. Tim @ia tri t&i han cta Iyc
~nén tac dung trong dai nhdm nep 25 rtm
trong bd phan chiu nén cia than
may bay (hirh 111.25). Cho biét:
e DAi nhdm co chidu dai/=2m,
a6 cing chiu ubn quanh truc x A4 A | S

18 Eply = 0,7.10 4 kN.cm?2; dugc ———A NS
xem nhu dit trén hai gdi khdp & '

hai bién va tua trén cac suon % o5 T
ngang bing nhém dit cach déu )

nhauta § = 20 cm. Hinh 11.25

« Mbi sudn ngang duge xem nhu dam dat Wy do trén hai khdp tua ¢é nhip 1a a = 50 ¢m;
d6 cimg chiu ubn quanh truc y 1a  Eply = 0,7.10 2 kN.cm2,

Chi dan: Quy ddi cac géi dan hdi (sudn ngang) vé& mai truong dan hdi tuong duang
dé ap dung két qua tim duge trong muc 3.8.

I1.26. Tim (ng sudt t&i han trong hé thanh bién trén cla ciu dan hd qua sdng Kevda &
Nga (cau bi pha hoai nAm 1875 khi ¢6 doadn tau chay qua, hé thanh bién trén co Ung
sudt I6n nhat tuong Ung 12 Gmax = 9,7 kN/em2, va bi mét 6n dinh).
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Céc sb lidu thuc té cla cdu nhy sau:

e Chiéu dai nhip ciu I = 33,5 m; chiéu dai mdi dbt dan d = 213cm.

e CAc thanh bi&n trén co : dién tich tiét dién A = 146 cm2 ; mdmen quén tinh quanh
tryc théng dimg ! = 6580 cm* ; médun dan hdi cla vat liéu E = 1,96.10 7 Nicm2,

e Cac thanh dimg ¢6 : Iyc nén Ign nhédt N = 226 kN; chidu cao h = 195 cm ; mdmen
quan tinh quanh truc doc theo chidu dai ciu f; = 215 cm? ; mddun dan hdi cla vat
lidu E = 1,96.10 7 NfcmZ2,

e DAm ngang c6 d6 cing £z = .

1.27. Van dung phudng phap PTHH, tim luc t&i han cho hé da xét trong:
a} Vi du 3.3 (hinh 3.10a). Cho biét: I = 1 m; EI = 6,667.10 -5 kN/mz2.
b) Vi du 3.4 (hinh 3.11a). Cho biét: 7 = T m; EJ = 13333,333 kN/m2.

11t.28. Van dung chuong trinh tinh &n dinh theo phuong phap PTHH, tim lyc tdi han cho
hé da xét frong:

a) Bai tap N5 (hinh 111.5).

b} Bai tap I11.6 (hinh IIL.6).

¢} Baitap 1.7 (hinh NI1.7).

d) Bai tap 1.8 (hinh I11.8).

Cho biét: [ = h = 1 m; vét libu bang thép; mddun dan hdi £ = 2.108 kN/m2;, mbmen

quén tinh cba tiét dién 1 = 3,725.107 me.
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On dinh cua thanh cong

Trong giao trinh nay chi yfu nghién cau an dinh dang nén dang tam ciia thanh
cong I két cdu vom thuomg gdp (rong xay dung. Nhu da bict, voin chi chju ncn
Jdung am khi trye thanh rung voi dudmg cong ap lue. Khi mit dn dinh, vom
chuyCn tir ding ¢dn bang chiu nén sang dang ¢in biing chiu udn va trong vom sg
phit sinh momen won. Trong chuong nay cang ¢hi && ¢ip dén bai win dn dinh
rrong mil phfing cho hai dang vom c¢o truc 1 duomg tron (201 Ia vomn tron) vi
duomg parabol (goi la vom parabol). Ngoai ra cong giti thigu cdch gidi gin ding
d¢ kidm tra &n dinh dang udn ddi xung cia vom parabol.

‘Trong ¢dc truomg hop khic, ta ¢6 thé thay truc thanh cong biing duomg da giiac v
s&3 lugng phiin tr thing vira dd (khoang 10 phin t&) va dp dung phuong phiap phin
(i htu han da trinh bay trong muc 3,10,

4.1. Phuong trinh vi phan va nghiém tuong (rng cua thanh trén

Xét mot philn 18 vo ciing bé ab ¢ta thanh cong (rn ¢6 g0 & tam L e, bin kinh
cong fa p(hinh 4.1).

Chuyén wi e didm bil ky a (rén 2 % & S
thanh duge phin tich thanh hai thinh
phin: chuyén vi hudmg (am w (chidu
duong hwmng  vé tam  cong) va
chuyén vi theo phuong 1iép tuyén u
(chiCu duong hudmg vé bén phdi).
Cic thanh phin chuyén vi tuong img

cla didm b s¢ 12 w+dw va u+di,
Sau khi h¢ bi bién dang, phan td ab
chuyén dich (¢ vi tri m&i agb; nhu
(rén hinh 4.1. Phin 10 ab; ¢o poc & e
tim la /¢y , ban kinh cong 1a p;. / 4
Chon truc x triang véi 1iép tuyCn 1 a 40

v poi @ la poc hop thanh gita tidp "¢

tyén i gy voi tiép tuyén tai a. Hinh 4.1

Tir hinh 4.1 ta im dwoe goc hop thanh gitma GEp tuyén tai by véi Gép wydén i b 1
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h=0+dp;—de. Dodo: d0 =0, - 0 =dg;— d.
N&u quy wae chidu duong cia momen udn 12 chidu lam gidm do cong ciia thanh
dong thai chi y lads = pde va dsy = pude; thi tr Sie b&n vt ligu ta ¢o sy licn
h¢ eitra do bicn thién ¢ha d0 cong vit mdmen udn nhur say:

{0 ! ! M

do_1_1_ M @

dy P, P )
B thidt [ap cdce didu kign hinh hoc, chidu dudmg khép kin abebada 16n cic true
toa do, ta co:
SX =ds cos(dg/2) + (u+du)cosde —(w+dw)sindp —~ ds; cos[Q +{d@/2)] —u = 0.
2Y =ds si{d /2 + (u+dujsindp +(w+dw)cosdp — ds; sin[ 0 +{dpi/2)) —w = (.
Sau khi bidn déi cac ham [ugmg giac cia tdng cac géc va chi giir lai cic sd hang
v( cung b bic m, ta dugc:

ds + du — wdp = dsy cos0; (4.2)

wdp+ dw =ds;sinQ. (4.3)
N¢u bad qua bién dang nén do lye doc pdy ra, tie 1a xem ds; = ds, thi vai ¢ic goc
¢ duye xem 1a nhd ta duge:

die  w

———=0 (4.4)
Sy op

o hw

—+ = {7, (4.5)

o, ds

boi vai ¢ic thanb cong trom <6 bin kinh r, tir cac phuong trinh (4. 1), (4.4) va
(4.5) ta tim duge phuong trinh vi phan cda chuyén vi huong (am nhu sau:

2 2 2
! , , . -
(——?+17—=—£‘: hay d »;er:_Mf (4.6)
ds= r- £ dg” L
Phuong trinh vi phan cia chuyén vi Giép uyén (4.4) st thanh:
"y, (4.7)
ds

B¢ gidi phuong trinh vi phian ciia chuyén vi hudmg (dm (4.6) 1a ¢hn xdce dinh
momen udn phat sinh (rong thanh & trang (hai bién dang khi mdt én dinh.

Xét cung tron AB chiu tal trong the dung hudng tdm nhu trén hinh 4.2, Khi thanh
chua mdt dn dinh, néu bd qua bién dang nén do luc doc gdy ra thi tir Co hoe k&t
ciu ta d& dang tim dwge: tai 8t dién bt ky chi 1On i lye doc bling gr.

Gilt str khi h¢ vira bi mdt én dinh, cung tron AB chuyén dich (61 vi (ri A8 nhu
trén hinh 4.2. Chon gdc toa d01ai A;: true x theo phuong tiép tuyén 12i A & trang
thadi ban du; truc v vuong poc vai true v Vi i cha 8, dupe xac dinh theo cice toa
do x v GOt b Wy Vi g, vy 1 chuyén vi theo phuong x va y ciia didm A va B o
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N N 2 . - ~ . 2 . . - v P, N
vy w L chuyén vi theo phuong 6G8p tuyCn v chuyén vi hudng taim cua 2. T hih
3. 20 i duoe cace 1icn hé saus

VS NI =iy el VS E— FCOSP V= W L W = wsing + vicose (4.8)

b
g ’-‘—)
7 . v
s

Hinh 4.2 #4

%

.
@
03
v l e/ Wt

Gid sir khi bt ddu milt 8n dinh, (ai A; voi @ = 0, phat sinh (hém ciac ndi lue il
nho Ny, T, vt M. DE Tp bidu tire momen udn duge d& dang, ta-phin tich hop
lue cua i trong hudmg tam g (rén phiin 10 thanh dy 120 1pa A 2o¢ @ 1A gds thinh
hai thanh phiin theo hai phuaong v vit v. Vidy it nhd nén ¢o thé xem nhur mdt
doan thiing nghiéng so vai true’x theo goc w. Chidu hop luc gdy 18n trye x vi trye
v (hinh 4.2b), ta duwe: gds. sinew = q.dv ; gds.cosw = q.dx.
Nhu vily, 1a ¢6 (hé thay tai trong phian bé déu theo chidu dai cong cua thanh vii
cudng do ¢ bing hai thanh phin: i trong theo phuong v phan bd déu vai cuong
d0 ¢ theo chicu dai hinh chifu cia thanh 1&n phuong x vt trong theo phirong x
phin bd déu vai cuong 4o ¢ theo chicu dai hinh chidu caa thanh 1&n phuong v.
13idu thie momen ude tai 85 & trang (hii bién dang ¢ bing: -
M=My+Tox + Nov+gryv— -‘25(.1-2 +12). (4.9)

Sau khi thay (4.8) vao (4.9) va bd qua cic s8 hang bje hai cila ¢ac dii luyng duoe
xem L vo cang bé (N, , To . M, vt cic chuyén vi), ta st (im duge bicu thae
momen uon dndi dang:

M=A+Bsing+ Ccosp +qgrw, (4. 10)
trong ;. A =M, +Nor: B=T,r—ygru,; C=—(Nor+girw,l.
: . M B C w
Bicu thue lye cdt: @ = @ — oS - ——.\'mqﬂrqri. (4.11)
el r r dy
Thay (4. 10y vho (4.6), ta duge:
& 2 ,
sHw=——=(A+ Bsing+ Ccosp +qrw).
(!Q)— !1]
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2 ‘2

Hay: d “j + k= ,_; (A + Bsing + Ccosg), (4.1
”'(/)‘ 19

trong do: k2 = %}— + 1, (4.13)

Tich phan (4.12) ta dwye phuong llmh Lhuyun vi huomg 1am w il Wa do goc ¢

“

Hr \mqo Orfeosg
Cri ke -k
vl Dy vin D> laccae hiing s6 tich phin.

Tir phuong trinh (4.4), (2¢O du = wds / p=wdp Do do;

(< 1)

w =Dy sinkg + 1) coskeg —

b k) 2 )
\ - .- ..' . V= . v
u = [wdg < [| D, sinkg + D,coske - Hi—+ Brsing G ”,N/z—ld(/m
: RSB (T=ET0T (= k7 T

Sau Khi [dy tich phin ta duoce phiueng tninh chuyén vi tidp luyén ot o JO g
Lo 1’)] cOSKk N 1)3 .\‘HH':'(P ~ —f\:_'—‘ - H."" t';),\'([) (-'r \HN[? Y
k & K2EET (1= kPET (1—k7 LT
Hing s0 tich phin H duge xidc dinh theo dicdu kign: khi @ = 0, u = 1, K& quit
o=, (D, /7 k). Do do:

D(f—coske) D, sink 2 . 2
P @ e @ B /'l; - Br* (m(p Cy .\:n(p @415
K K KB (1=kEL (I—k')!;‘l

4.2. On dinh cua vom tron doi xing va vanh tron chiu luc
huong tam phan bo déu
A, Vom hai khop (hinh 4,3)
Dudi tie dung cta dp lue phin b déu
hidng 1am, trong vom hai khop chi
160 i lye doc nén dang tam bing gr.
Qua nghicn cim, 14 trong (o7 han whe
nhdt xay ra twong img vei dang bion
dang phan xtmg nha trén hinh 4.3, do
do  khong can x¢t dang bién dang
ddi xumg. Hinh 4.3

Khi h¢ mat dn dinh theo dang bién dang phin ximg, 1ai dinh vom (a ¢o cac didu
Kicn sau: M, = 0 2 Np = 0w, = 0. 120 do bidu thie momen udn (4. 10) va
phuiong trinh chuyén vi hugng tim (4, 14) se ¢o dang:

M=DBsing+ grw, («}.10)
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>
Bre sing

e, (4.17)
(1— k201

w =D sk + Dscoskg +
Cac Jdidu kien bién:
+ Khi ¢ =0 0a dinh vom) laco w =0 e 1) tatimduge Dy =10,
+ Khi ¢ = ¢ (1 chin vom) 1aco M =0 viw =1L
eiir(4.16) tatimdwye B stma =0; suyra B8 =1k
o 1 (4.17) ta tim duoe Dy osinker =10,
Vom bi mit dn dinh khi ; # 0 vit sinka = 0. T4 trong tat han nhd nhdt arong

ung vl nghigm ka =r.

_ 2
Tir ¢4, 13). ta o R L 18D
It o’
gt n? et z2
Suy ru: ik = ‘3 E?mi Vit Np=qmr= — rr_j -1, (4
FLa” roLa” J

Pyromg bién dang ctia h¢ khi mdt dn dinh xdy ra theo hai ni séng hinh sin.

B. Vom khong khop (hinh 4.4)
Qua nghidn co, 14i trong i han
nha nhdi xay ra twomg tmg voi
dang bién dang phan xig nhu
trén hinh 4.4, do do ta khong ¢in
X¢L dung Dicn dang di ximg.

Khi h¢ mdt on dinh theo dang bicn
dang phiin xtng, 13 dinh vom 1a ¢o
cac didu kien: M, =0 : N, =0 w,
= {i. Do do phuong 1rinh chuyén vi
huerng tden van ¢o dang (4.17) nhu
truong hop vom hai khop: Hinh 4.4

Br? S

w =Dy sinke+ D coskg + - 3 , (4.20)
(=&l
Phuong trindi go¢ xoay:
dw . Br 2 CoNg
— =k Dycoskep — & Dy sinkgp +—— > (4.21}
dy (F—k< LT

Cac didu ki¢n bién:
+ Khi ¢ = 0 (1ai dinh vom) ta ¢ w = 0t (4.20) ta tin duge 12 = 0,
+ Khi ¢ = e (tai chan vom) (a ¢co w = Ovadw /dg =
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T ed, 200 v (4.21) ta i duere:

2 . 2
Dy sinkg += o k Dy coskp +— 1T =,
(k") | (f—k=)il
Phuong trinh 8n dinh:
| sinka  sin| .
= | =0 Hay: tg ko = kg, (4.2

T kcoska cov|
Gidd phuonyg trinh (4.22) ta se e duoe gid tri & vaor (4.13) suy ra cong thue

xide dinb Tye v han:

, N
qih= —, W - I). {+.23)

¥
¥

,
C. Vom ba kliop (hinh 4.5)
Duoi tac dung cua tdi trong phiin bo ddu, hudmg tim, vom tron ba Khdp ¢ the bi
mit Sn dinh (heo dang bidn dang phan xung (hinh 4.5a) hojdc theo dang bién
dang doi xamg (hinh 4.5h). Do Jdo ta ¢dn x¢L ch hai dang bién dang va chon tai
irong nhd nhit lam (i trong t¢i han ¢ha he.

2 N4

O

3
Hinh .5

S HE bi mdt én dinh theo dang bién dang phan ximg. Trong truomg hop nay
dudrng bidn dang ¢la vom ba khap ¢d dang tuong ty nhu dudmg bicn dang clia
vom hai khap. Do do a ¢o thé van dung ¢ong thire (4.19) d€ xdc dinh hye (i
han cho vom ba khop.

< He bi mdt on dinh theo dang bidn dang ddi xémg. Trong trudmg hop nay, i
dinh vom ta ¢o cac didu kicn: M, = 0 : T, = 0 1, = 0. 120 do, bidu thic
momen udn (4, 10y ¢o dang:

M=A+Ccosp +qgrw.

eKhig=01acO: M=0:w=w,. Suyri: A+C +grw,.=1.
eKhigp=qg acOH:M=0:w=0_ Suyr: A+ Ccosa =1
Gidi hat phoong trinh r8n G G due:

Ggrn oS
1 .
A=t

- - (4.2

",
I —cove

l—cova
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Phuerng (rinh chuyén vi huimg am (4. 14) s@ ¢o dang:

> 2
Ar- Cro
weo= Dy sinkeg + 1 coske - - —,—’r—r» + ,,L,f,_‘f_‘__(p (425
kord (l- i’ )Izl
i i . h (“r‘)
Kliv g otncdrw =w, . Suyran r — —c-— b ————— =y,
k- 1d (1 kM

Ihay (thé (<4h.24) vio didu Kicn 1een 1 nm duog:

L R
R PO T A N |
Pocosa ropp -vosa (g2

Phuong trinh chuydéa vi hudng tim trong trudmg hop nity 8¢ lic

: , 2 1
wo=Dysinkg+w, |1+ et -J—‘) SR L. ——l—-- - easkg -
f-—cova  f-py /- cosu (; [y
2 . 2o
W, qroeosa _—I__ﬁ .. oyt . / ‘”:(p . 120
I—vcosa =1 T—cosa (f k)i
l’hmrmz trinh chuydn vi Gép tuyén (4.15) trong trudmg hop nay s¢ L
- bl I
w o L mcoske) sinkg | greosa 7 e T
A IS {vosa f=pf -cosa o [
— W, i’jw(__”\a ).(,7,’3‘: . (/) - ", ,.._“.{._’;,,,, x f_’ \IH(,O (__l_’_)"lll
I—coxa  L-}) f-vosa (f-k* )”
Cac didu kién bién tai chin vom, kil ¢ = ¢ tacow = 0 van = 6
7 o
O 2 , .
Dyposinka +w, | [+ Qe -----'; R x ~ coskar —
I—cosae  -pp T-cosa (- )k}
- 2 . R
—w, qreosa x j,) -, ot " ! (()}.\a _— (438)
f-coxa  (-Lf d-cosa (k7T
n, (f—vovka) N sinka wol 14 qreosa r: . or . r '"I_’_ e
k k [-—-cosa /\ 21t -cosa (1 k1
2 2.
— iﬂ_‘ ma‘ a Js““‘ -, o N ! w}ra ' (4.79)
[—cosa -t I—vosa (- k= )kl

Cho dinh thie cac e s& ctia 17 v w, trong (4.28) vii (4.29) hing khang, sau
khi hicn dét 1a duge phuong trinh dn dinhy:

vy — 4 IRy J ;\
ge-v  dtea - u “ _if {+.3h

S = e ViR v =

3 R
¥ o
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Gidd phuong trinh (4.30) 1 st tim duoe gid (o v e e gia i & vae (LT3 suy
ria cong e xac dinh lye 101 han:

P
4y 74 P
Gig = R T {4.31)

0. Vom mit khop (hinh 4.6)

Duai tac dung coa (3 trong phian b déu, hudng (Ao, vom (ron mdt Khop o ihié

hi mdt dn dinh theo dang bién dang phim ximg hodc theo dang bicn duang Joi

xing. Do dota ¢iin xet ¢ hai dang bidn dang va chon i trong nhd nhat lam 14i

(rong 1 han ¢aa hé.

S Mo biomdt Sn dinh theo dang bicn
dang phdn ximg, "lvong truomg hop
nay dudmg bién dang cda vom mit
khip ¢o dang trong tr nhu duomg
bién dang cta vom khong khdp. Do
do o oco thé van dung cong thie
(4.23) va phuong uinh dn dinh
(+.22) Jé xac dinh lue 3 han cho
voun mot khap. Hinh 4.6

@ He bi mdt on dinh theo dang bicn dang ddi ximg. Cung thue hién cic buoe
tuong 1 nhur trong bii 1odn vom ba khap nhung vai ¢ac dicu Kign bicén ¢ chin
vor nhrsaw: khi @ = a0 w= 0.1 =0: dwldp = 0, K& qui:

Cong thac xac dinh lue 107 hgn:
oo
(rin = —;'”\" -/} (4.32)
,
k duge xie dinh theo phuong (rink 0n dinh:
|26k — 1)+ (k¥ — 2k2+ 2) coxka —(k* — 1) ka sinka] iger =
= klsinke + (k2 — 1) ko coskal. (4.33)

L. Két qu(i tinh cac vom tron chiu (i trong phédn bo déu, huwing tam
Trong 1 ¢ ¢ie truomg hop (rién, cong thie i trong 1 han va luwe doc 15 han
¢o e vidl dudi dang chung nlur sau:

il = Kii_é‘ N N =K, ‘I;;- {4.34)
A r
H¢ s0 K, phu thude dicu ki¢n licn k&t va gdoe ind 2o clia vom. Bing 4.1 (theo
| 1] vin [3]) cung ¢idp cic gia tri K, (wone ing vai dang bién dang d6i xang vi
dang bicn dang philn xding cia cic loai vom da x&t & trén. Gia tri nhd nhil cia
Ky duoe in dim vir gach chin.
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Bdng 4.1

, Vom hai khdp Vom khdng khdp Vdom ba khdp Vom mét khop |
l 2a | Dangbién dang Dang bién dang Dang bién dang Dang bién dang |
j dGi xing |phan ximg | d6ixing jphan ximg | ddixing \phan xing | ddi xqu_ﬁl phan ximg |
| 300 | 3200 | 14300 | 4840 | 2940 | 108,00 1430 | 162,00 264.0 '
' 60| 792 | 3500 1200 733 | 27.60 350 | 4020 ‘ 743 |
900 | 347 | 1500 532 | 324 | 12.00 150 | 1740 | w04
oge i 191 8,00 29,7 18.1 6.75 80 | 1020 |  tul |
1500 | 110 476 18,8 115 4,32 48 6,56 i 1.6 ]
180° 80 | 300 12,9 8,0 3,00 3,0 461 | 80 |
N¢u bidu thi voun theo chidu dai nhip /£ visdwimg 1@n £ thi sau khi 1ty
Kil —cosa)={ va 2R sina =1,
cOng e 1 trong i han st cd dang:
(]f;r = K> ;TI (++.15)

HE sG K> phu thude dicu Kign Lien kSt 1y 0 /71 cha vom va ¢o gl tei nhd nhiat
ehi trong bing 4.2 {theo [ 14]) v | 3],

Bdng 4.2
Kz
fA1 | Vom hai | Vém khéng| Vam ba Vom md!
@ S ) . . ,
g "ﬁﬂﬁ\\ khop khdp khdp | khdp |
& / \ 01 | 284 58,9 22, 3.0
0 \ 02 39,3 804 335 50,0
. 03 | 409 93,4 349 | 520
o
. mit __ﬁ@ 04 328 80,7 30,2 46,0
/ her M;?} | 0.5 ] 240 64,0 240 | 3710 !
¢ BERNEN o o .
» A b %\ Trén hinh 4.7 o dd thi bicu «ién sy Wcn
/ thicn cia he s0 K theo didu kien lién k&t va
i Cac 1y 0 £/ 1 Qua ¢ac ad thi ta thiy:
o £2 10 dn dinh cda vom gidm din khi s khap
2 % trong vont liang.

qr gz 43 44 45
ST rong 1P han cd gid ei lam nhdit kKhi 1y

Hinh 4.7 sO £/ 1 trong khodng 0,25 - 0,300,
Thl vy, vom ¢d kha nang Gn dinh 18t khi cic thong sacta vom dire choi sao
cho chidu dai dudmg cung ngin vi lye nén trong vom nhd, Khi ty s0 /7 {1 nho
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hon khoiing néu trén i oy chidu din ca duomg cung ngdn nhung fue nén wong
vain Lai tang 18n nhanh vir Lan eridm khid nang Gn dinh e vome Kl (3 567 /7
Jom hom khoang néu tén i Tue nén trong vom nhd nhiung chidu dir cita divong
cung i tang nhanh nén cang lam gt Kha ndng on dinh clia vom. Do do, v
mat On dinb L nen chon 80 f /740 trong khodng 0,25 - 0,30 Ta hap |y

1. Vanl tron khong kliop (hinh 4.8)
D e dung clia i rong phian ba déa, hudng
G, vinh tron khong khap ¢d the b mil on
dinh iheo dang duoms dift et nhu teén hinh 4.8,
N i chion oa do @ nhr ién hinh L8 thi o

o e dQicu kign saus

+ Khi o= (0 tacd w,= 0w, = dwlde = 1)
7., = 0. Do do, cac phuong trinh (4, 10), (4.11)
va plurong (rinh gae xoay thda mian cie didu

Kicn tay co dang: Hinh 4.8
M=A+Ccosep +ygrw,
L _dM e
Q= s sing g s (4.30)
s r dip
il
! . .=
S D sinkgy — —n'—ljw (+.37)
dp (- k* M1

*+ Khip=a1/2,1aco; w=1{0; w'=sdullp=0: Q=0 Dodd

¢
o T (4.30) ta e i s O:suyru: C=10
r P4
. , . ok .k
o Tir (LA e =4 Ds Nif = = (3 Suy ras sin - ={).

1Al trong Wi han nho ohdt tuoang tng ved nghicm (kr/2) = o Do do L= 2.
Thay & = 2 vao cong thie (1 13) i duge 141 rong (00 han:

I

qity = 3 =

.

T {4.38)

G. Vom tron khong khop co lién két ngam dan hoi (hinh 4.9)
Quat npliCn i, 14 fromg dof fan wheés nhdt xav ra taearg img voi dang bién done
phce xeg ohu iren hinh 4.9, do do i khomg cdn x¢é dang bicn duang Jii xunp.
I<hi hé mit on dinh theo dang bidn dang phiin xamy, 1ai dinh vom G eo che dicn
Kign: M, = 0 N, = (1w, = 0 Do do, bicu thiv momen udn, phuong tinh
chuy&n vi hudmg tim vic phuomg trinh goc xoay vin ¢o dang (4. 10), (4.20) va
E21) nhar reaomg: hop vom hai Khop v vom khong khap.
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Cuc didu kién bién:

+ Khi @ = (0 tai dinh vomy taco wo= 001 (200 ta G duoe 1y =0,

+ Khi ¢ = ¢ (tai chan vom) ta ¢
ey = (), Theo (4.20), taco didu kiC'n‘

H: N

Dy osinka + ——— =),

{(/--k v
o Néu sroi ¢ B hg O dan hdi caa
licn k&t npam dan hdi (goc
xoay  cta ngam dan hodi <o
momen bing don vi Jdiil
ngam dan hdi edy ra), thi theo
{(4.16) momen udn & chian vom
bing Byt nén goc xoay i
chin nginn st bing cBsina.
Theo (4.210), ta ¢o dicu kidén:

s
Br-coxe

(<h. 39}

Hinh 4.9

k1 coska + - S0 = C B sine (b A0

(f- k-]

Cho dinh thie cic hé sS cia 17 vin B8 irong (4.39) vir (.40 bing khong, sau Khi

bicn Jdi 1a duoe phuong rinh n dinh:

11
sinka {cotga =k cotgha — . -

;-

k4] =0, (4.1

Gl phuong innh (R4 Ge s@ e dooe pid o & va i (4.13) suy ra cong e

xac dhinh Tye 160 han:

‘}.’h = (A o ”*”"

(4.42)

4.3. On dinh cua vom parabol doi x(mg chiu luc phan bd déu

theo chiéu dai nhjp

NCu hd qua bi¢n dang fién trong vonn thi
Jdudi te dung ca lye thing dimg phin bo
déu theo chida diai nhip (hinh 4,10}, truc
vom pirabol trimg vai dudmyg cong hop
luc nén trong vom chi 10n tai ue doc nén
Jung tGun, Nhung khi thi trong dat
21 tri 1o han th vomr bi mat On dinh v
trong vom s¢ phit sinh cice thanh phin
noi lue kheic.

7
IR I O I R

_—-_Ft

Hinh 4.10
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Gidi bai todn on dinh eda vom parabol Bang gili tich s¢ gdp nhidu kKho Khin b
soovol khi gt b an vom (ron bia vi Hueng din dén cic phuong trinh vi plan
hac cao. Do do, phuong phap e hica qua dé gidi biu 1oin nay thuomg la phiong
phap gin dane. chiing han thay (h true vom bang didmg da gide v ap dung cic
phuung phidp s nha phuong phiap phin ar hine han txem omue 3100, ap dung
phirong phip i trong dim hdi (xem |3

ALCLoksin Bk the gid ddu ticn,da tm ra oghidm chinh xace ca cia K 1odn vom
parabol. Viga sT ALN. Dinnik, AE Swirnov [ 16] da van dung phuong phap so dé
nphién cuu si dn dinh cda vom parabol ¢ G digén khdng dbi v thay ddi iong
ung vai cie dicu kién 1ién k&t Khdce nhau,

rong muc nay cung ¢ip mot 8 két qui tinhi én dinh cga vom parabol.

Cong nhe truong hop vom tron, ¢cong thae xdac dinh G trong 133 han cho vom
parabol duge vidt dudn dang chung nhue sau:

~—
~—

£ VO ¢o b dien khong doi: ih = Koo ERE)
D

HE s K¢ phu (thude didu Kién 1icn KCT 1y s3 /71 ctia vom v ¢o gidt iri phd nhit
ehi frong bing 4.3 (theo [144, 1207 v [3). Trong bing cung ¢ip cic pid ui A
lromg g vad dang bidén dang doi xung vie dang bicn dang phin xing cia vom
ba Khap, solicgu in dun vir co pach chidn B gid o nhd nhilt cha K.

Bang +.3

i Vom ba khop

{74 | Vom khdng khdp| Vom r;ré! khdp | Vdm hai khdp Dang bién dang
1 . N ddi ximg phan xing

0.1 60,7 338 285 22.5 285
0,2 101.0 590 454 39.6 454 }
0.3 1150 i 46,5 473 465 |
0,4 1110 86,0 439 492 43,9
0,5 974 B 384 _ 384
0,6 838 80,0 30,5 38,0 30.5
08 58,1 63,0 200 288 200
1,0 : 437 . 48,0 141 221 144

nt Vo ¢o ¢ dién hinh chir nhit, bé ngang khong ddi, chidu cao thay ddi theo
quy Tusit d¢ suo cho dién tich 4 = At cose o momen quan Gahv § = L,/ cox'p
vl A, vic L B dién teh vie momen quan tinh @i 08 dién & dinh vom: g [ pac
hop gitr G8p tuy@n vai true von i 1id didn bt ky so vaéi phaong npang.
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El
qih = Ky—5 . {4443
{

# Vinn ¢o 1 dign hinh chiy nhiit, chidu cao khong déi, b& ngang thay ddi theo
quy luit dé sao cho dign tich A = A,/ cosg ; momen quan tinh £ = L, / cosgp v
A, L, va gl cde dai lgomg da gidi thich « weén.

gty = Ks—2 (4.45)
!_\

Cdc he &8 Ky v Ks phy thude dida kicn 1ien k&t ty s6 /7 clia vom va ¢o gidtri
nho nhit ghi trong bang 4.4 (theo [ 14]).

Bang 4.4
| | Ky Ks 15
T Vomkhong | Vomhai | Vomba | Vomkhong | Vémhai | vom ba
| khdp khdp khdp khdp khdp khdp
"o 65,5 30,7 24,0 62,3 29,5 232
02 | 1340 59.8 512 112,0 49,0 436
03 | 2040 81,1 81,1 : . 59,0
04 | 2770 1010 .| 1040 154,0 57,0 57.0
06 | 4440 142,0 1420 1520 52,0 52,0
08 | 5870 1700 1700 1330 44,0 44,0
10 | 7000 1930 1930 1180 37,0 37,0

4.4. On dinh dang uén déi x(fng clia vém parabol

Trong muc nity gidi thigu mot cach gidi gin ding bii 10an Sn dinh dang udn (o
xung cua vom thong qua hai tnrdmg hop: vom parabol hai khdp o do cong thodi
chiu lue @p trung P & gimra nhip vi chiu dogan (i trong phan bd ddu (rén khoding
Litra vom,

A. Vom hai khop chiu luc tap trung P o gitia nhip

Dy the dung cha hue (@p trung £, vom hi udn va co dang bién dang d8i xtmg
(hinh <. 11a). Khi dat dén pia (ri Wi han, oéa lye P khong thay ddi phuong 1ac
dyng 1hi dudmg bidn dang cha vom st mit tinh ddi ximg vi chuydn sang dang
hidn dyng phin xime (duemg’dit nét (eén hinki 4.11a). D6 1 hign tnng mdl dn
dinh dang udn doi ximg.
Khi vom chua mal 8n dinl, dindi tiac dung cta lye P, didmg dp Iy 1 dudmg
AC'B nhu (rén hinh 4.1 1b. Phuong, et philn lye tai A duge xde dinh theo goc
nghidng ¢, vai: '
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‘/
8¢ = 4 = r .
21

Hinh 4.11]

Gol H, = PL/A41a Ige x0 trong vom ba khop tuong gng vai vom hai khop dang
xCt v ky hidu:
v =—*%2; n A . (4.46)
{1 {
vain v — 1y 8O gita lye x0 H, trong vom ba khop tuong tmg va hue x0 H trong
vom hai khop;
m 1y s0 gitra dudmg 1én vong £ va chidu dai nhip / cha vom.
Py 2f

Ta o 1ep, = =——v=2mv (4.47)
ke 2H” /

NCu xem chuyén vi trong vom Fa nhé (hi do bién thién ¢cha momen udn i Gt

di¢n bt ky £ ¢6 hoinh d¢ zx duoe xidc dinh nhu sau:

Mp=Rw, = —rﬂ—f— W, {4.48)
('().\'QOO .

trong d0: H /cos@, 1a dai lugmg khong ddi: wi 1a chuyén vi theo phuong phip

tuyén cia duomg ap bue tai e dién ¢o hoanh dd 2.

B¢ am wy ta thue hién nhu sau:

e Do tinh chit phin ximg cda bicn
dang, ta dua vom v¢ s dd tinh Limg
duong vai nira h¢ nhu trén hinh 4,12,

e Gia dinh ham M; = H w; /eosp, thay
dSi (heo dudmg cung cia vom theo
quy lu@t parabol bac hai, dinh ¢y
dudrng parabol & i didm & ¢o oa do
b Vi Hinh 4.12

e Thuy truc vom biing dutmg gy khnic gin ding. ‘Trong trudomg hop nay ta chia
nita dudmg cung vom (hanh hai doan gay khae nhur (rén hinh 4,132, D¢ ning
cao do chinh xdc, dic bigt Ia khi vom ¢0 1idt dign thay ddi, ¢dn phii chia h¢
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vii 80 doan nhidu hon, mdi doan co mot do clmg turong g,
o V¢ bicu dd momen udn Mp do i irong pay ra, bidu 46 gdm hai minh parabol
¢o dinh & tai didm k voi gid tri H wi / cosg, nhur trén hinh 4.13a.

|

2
[_[fwg‘zk +
* 5Ny, |

Hinh 4.13

» Tuo trang (hai khiy di "K" d& tim wy biing cach dat 1 & lye Pr=/ vudng poc
voi dudmge ap lue va ve bidu dd momen uén M (tuong tmg nhu (ren hinh
4.13b. Gia tri ctha bicu dd tai k 12 M*= |24 cos@, + vk sings) |/ — (2267 1)),

o Ap dung cong thic chuyén vi trong Co hoe k&t ¢du, ta tim duye:

(Mp( T, j =12 HW‘( jxo + v, i {l 2 }
Wk = ’ = NP x—(z, cox VNI =2 0.
; . El 3 vcos ®, io2 ,g‘( RN, TN 2, ‘. [k

Goi S = (xy +s2) Latdng chidu dai cha cic day cung da chia uén nd nhip vom,

sau khi hicn déi, ta duoc:

SSit 2
[I_Z-E{Z'{ -+ .\'A_f‘!{(p() )[/ - 7ZL ] — j} H'k = (). (449)
Bidu kign d& cho vom bi mdt dn dinh i wy = 0, do do ta duge phuong trinh 8n
dinh nbr sau;

ARYS) (2 vt J( / 2 ) /=0
—(z, ty.1g -—z, [—{=10
TR T AL S *J
1211
Suy ra: Hiy = . (4.5(0

2
S8tz +y e, )[I~ / zk}

Khi str dung cong thire (4.50) 1a ¢in phili xac dinh dwge vi i coa didm & aé sao
cho bidu dd momen udn Mp 1ai do Ta dinh ¢l dudmg parabol e L khi wy lom
nhill. Xdc dinh chinh xac¢ vi tri nay twong d6i phiac ap cho nén khi vom ¢o do
cong thodi vad [/ 1 < 1/5 1a ¢d thé chon eidn dueg vi tri & & mot phin (r nhip
cling Jut ycéu chu.

Sau khi thay:
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o 73 = /4 vatung dd wrong (mg v = 3f /4 cla dudng parabol;

® g @, = 2mv theo (4.47); ‘

e §= 51 voi 8§ 1atysd gita tdng chidu dai cha cac day cung trén nia vom vii
chidu dai nhip:

9
c_ 1| .22 d Ty 2
S=7 Zk +‘Vk +J(—2——ij +(/—VL)- .
bXdi vai cac vom thodi, khi 2z = 14 vave = 3f /4, 1a co:

§:£[\/1+9m-’+\/1+m-’] (4.51)

cOng thie {4.50) s (r¢ thanh:

384 El
— 5 X =5 . {4.52)
285¢t+6mv) I

Hyp =

‘Irong hiti toan vom hai khdp chiu luc 1ap trung thiing ding P & dinh vom 1a ¢o:
o [yc xO trong vom hai khop H =0.20P1/ [:
e lye xO trong vOm ba khap tuong tng H, = 0.25PL/f .

Do do, trid.46)tach v=/25 H =H,/v=025Pl/vf=025FP/mv, suy ru
192m Il
— 5 X
25¢1+7,5m™ ) I”
B. Vom parabol hai khop chiu doan tdi trong phan bé déu trén khodng

giffa vom (hinh 4.14) ‘

P;h = (451)

Cong thye hign cde bude tuonp (v nhu !t v dew [
rong trutmg hop A ta s¢ duoe ¢dng thac f TIT1 IHU“‘fz |
xidc dinh lye x0 6 han ¢o dang (4.50) {
song clin thay fg@, bliing 1ok voi @ L2
20¢ nghiéng cha dudmg ap [ue tai & so voi
phuong ngang va duge xic dinh nhu sau:
oo
g =—"2-=—%y,
H
o
trong do: Hinh 4.14

H va H, — lue x0 do (@i trong gy ra trong voim hai khop va trong v ba kbhaop
(ong mg;

Q’f\,’ — lye ¢t do tai trong gay ra (i &t dién & trong ddm don gidn (eong @mg.

Tir (4.50), khi zp = 1 /4, ta co:
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384 LI
Hip = —= X5 (4.54)
25¢1+ _s’m!_x:mk) i~

Trong bin 1ean niy ta ¢o:
Lygc x0 trong vom ba khop tuong tmg:

H,,=L“_(I~H)Z-(ﬂ-(/—i] v nzﬂ.
2/ 2m 2 1

Fae ci Q;\' frong ddm dom gian twong tmg va do do 1ge phu thude chidu dai

doan i trong nén ta ¢n xét hai truomg hop sau:

2mv
+ Khinu<i/’74: ) = gqu; nén ig g-:ﬂv=——.
Ge=a PEU Ty 2
Cong thire xac dinh hue X0 13 han (4.54) st 1
384 Ef
Hy = 55 X ?" (4.55)
2514 {2m-y
(2-1)
. o "y
+ Khin2l/4: Q. = gu-qlu-z) oo 1ggr= ———.
n-n-:2
Cong thae xdc dinh lye x0 150 han (4.54) st L
384 i )
Hyp = X —= . {4.56)

By B
25|10 MY
. f2n-n-)

Tir cong thie (4.55), ndu cho 77 = @ 1a st duoe cdng thire xac dinh lue x0 tGi han
khi vom chiu [ye tip trung dit & dinh vom.

Tir cong thire (4.56), néu cho 7 = 7 1a st dwye cong thie xac dinh lue xO (G han
khi vom chiu lye phin b3 déu theo chidu dai nhip vom.

Bai tap
IV.1. Tim Iuc t& han cho vdm trén khdng khdp (hinh 4.4) ¢6 ban kinh r, tiét dién khong

dbi, chiu ap IUc phan bd déu hueng 1am tuang Ung véi cac trudng hop sau:
a) Khi a = 1200 ; b) Khi ¢ = 1500 ;

IV.2. Chisng minh ring phudng trinh (4.33) 1a phuong trinh 6n dinh cta vom tron mot
khdp (hinh 4.6) co ban kinh 7, tiét dién khéng ddi, chiu ap Iyc phan bd déu hudng tam.

IV.3. Tim luc t&i han cho vom trdn-hai khdp (hinh 4.3) ¢o ban kinh r, tiét dién khong doi,
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chiu ap Iuc phan bd déu hudng tam khi 2¢ = 450
IV.4. Tim Iuc t& han cho vom tron ba khdp (hinh 4.5) co ban kinh r, tidt dién khong dé,
chiu ap iuc phan bd déu hudng tdm khi Za = 45° .
IV.5. Tim IUc 1&i han cho vanh 1ron mét khdp ¢6 ban kinh r, tiét dién khéng ddi, chiu ap
Iuc phan bd déu huéng tam va cb lién két nhu trén hinh IV.5.
Chi dan: Lyc 16i han nhé nhat xay ra twong Ung véi dang bién dang ddi ximg. Van dung cac
phuang trinh da lap trong phén Iy thuyét véi cac didu kién nhu sau:
e Tai@=0: u,=0;, wo=0; T,=0:
Q=0
sTaip=m: u=0, w=0, M=0.
IV.6. Tim luc t&i han cho vanh trén hai
khdp c6 ban kinh r, tiét dién khéng
déu, chiu ap IUc phan bd déu hudng
tAm nhu trén hinh IV.6. Hinh {V.5 Hinh IV.6

Chi dan: Luc ti han nhé nhat xay ra tuong (ng véi dang bién dang di ximg. Van dung cac
phuang trinh da 1ap trong phan Iy thuyél vdi cac diéu kién nhy sau:
sTai=0. u,=0, wy=0, T,=0, Qy=0.
eTaipp=m2: u=0; M=0.

IV.7. Tim luc té han tuong (ng vés dang udn déi ximg clia vom parabol hai khdp (hinh
4.14) chiu doan tai trong Ihéng dimg phan b déu trén khoang gilla vom vai chidu dai
1a 0,5/. Cho biét: f=0,21 ; luc x4 trong vom hai khdp tuong Ung vai tai trong da cho 1a
H=008994qgl12/f.

IV.8. Xét vom parabol hai khdp cd chidu dai nhip [ = 12 m; dudng tén f = 4 m; momen
quan tinh cla tiét dién { = 3,3333.10 ~5 m#, mddun dan hdi £ = 2, 108 kKN/m2.

Chia vom thanh n doan déu nhau theo phuong ngang. Van dung phugng phap phan

hilu han vé&i sb doan chia n = 6; 8 10; 12 dé tim gia tri & han cda téi trong tuong ing

vdi cac trddng hap c'hiu IUc nhu sau:

a) Luc 1ap trung thang ding P tai dinh vom.

b) Ta1 trong thiang dimg phan b d&u theo phuong ngang véi cudng do g trén khoang
gilta vom véi chiéu dai 1a 0,5,

¢) Tai trong thang dUng phan bd déu theo chiéu dai cong clia vom v cudng do g trén
todn chiéu dai vom.
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On dinh cua thanh thanh mong
tiét dién h& va én dinh dang
udn phang ciia dam

‘Trong chuong d¢ ¢ip d&n bai 10dn én dinh cda thanh thiinh mong ¢6 ¢ dién ho
(poi Uit 1 thanh thanh mong hd) chiu nén; bii todan 8n dinh dang udn phing cia
(hath thanh mong hd va cda ddm ¢o icL dign thuomg gip trong thue (& Cach tinh
thanh thanh mdng duge x2y dung trén co ¢ 1y thuydt tinh cda V.7, Viaxov da duge
rinh bay trong Suc bdn vt ligu [5]. Trong chuong nay chi néu 1én mdt s khii
ni¢m co ban va két quil nghién ciu phdng theo cach trinh bay ciia A.X. Volmir [13]
nhidm phuc vy cho bii toan 6n dinh,

5.1. Cac phuong trinh cd ban cua thanh thanh mong ho

A. Khdi ni¢m vé thanh thanh méng
Thanh thanh mong 14 thanh thing voi kich thude theo ba chitu co bac khic
nhau. Néu goi ! ia chidu dii thanl, ¢ 12 kich thuge theo mot canh nao do ¢da tidt
di¢n, ¢ 1a b& day ctia thanh thi thash dugc xem 12 thanh thanh mong khi ¢o cac
ty sd nhusau: ¢/ a <0,/ ;a/l <04 Tidt dign cia thanh thanh modng co thé hd
(hinh 5.1) hoac kin (hinh hop, hinh Ong...). p

FLTLHSEL

Hinh 5.1

Su vdi thanh thanh mong kin, khd ning chdng xodn clia thanh thianh ming hdé
véu hoa. Do do, ¢ic thanh thanh mdng hd chiu nén khi mit 8n dinh khodng
nitrng chi phit sinh bién dang udn ma phat sinh bién dang xoin vi udn, lam
giam kha nang chiu én dinh ¢ha thanh.

B. Cdc gid thiét vé thanh thanh mong
Cacht tinh thanh thanh mong duge xay dung (rén co sér cic gia thicl:
1. Khi thanh bién dang. hinh chidu cua tiét dién Ién mat phdng vudng goc vér truc

thann van giit nguyén hinh dang ban diu.
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2. Mat trung gian cla thanh khéng cé bién dang truot.
Mt trung gian cta thanh la mit cich déu hai mit bén cta thanh thinh mong.
Giao tuydn cda mdt trung gian voi U8 didn |a duong trung gian ciw tiét dion.
Trong tinh todn, tié di¢n caa thanh duge mo 1@ bang duomg trung gian.
C. Xodin tir do
Khi xodn cic thanh thanh mdng hé, tict di¢n thanh bi cong vénh: cic didm khic
nhau ¢la tiét di¢n st ¢6 chuy@n vi doc tryc thanh voi gia tri khic nhau. Néu i
di¢n thanh duyge phép vénh ty do (xodn te do): trén GEL di¢n thanh khong phi
sinh ung sudt phap ma chi ¢o ung sudl 1iép.
Khi xodn tw do, bi¢u dd img sudt tiép ) 8
theo bl day cGa thanh c6 dang hai Ol
hinh tan giac nhu trén hinh 5.2a.
Ciic ing suat tiép nay tao thanh ngdu
Igrc'cn momen la My goi 1o ménmen oz
xodn thudn tiey, duoe xem L duong
khi quay thuin chiéu kim ddng ho. Hinh 5.2
‘Theo SBVIL [5], ndu goi € 1a goc xoidn tai tié dién tromg img cia thanh, ta co:
My = Gl 0 5.1y
Iy ~ momen quan tinh khi xodn cda Giét dign thanh, ¢6 thir nguyén chitu dai .
Khi iél dign duge hinh thiinh 1ir # phin tr hinh chir nhfit voi b;. 4 1 chidu dii
vil b¢ day cta phdn tie thiri:

;& ;
I =—;f1}:}h‘- 1!'- N (5.2)
3 C

a — h¢ s phy thude dang 1iét di¢n, xdp xi 16n hon don vi, tir 1 dén 1,3 (xem
) [4]).
Ung suft tiép trén mép ngoai & didm gitra canh dai cha philn tir thir ¢ duge xic
dinh theo ¢ong thire;

i M\u’r’
P = (5.3)
Xo»
D. Xodn kim ché

Khi tiét di¢gn thanh khong duge phép vénh tr do (xoin kKim ¢hd), xay ra khi ¢o
lién k&t ¢iin trd hodic khi thanh chju nhiéu ngu luc xodn: trén Gét dién thanh
phit sinh {mg suflt phap doc truc thanh vi gty ra img sudt tiép phin bd ddu theo
b¢ day cia thanh nhur trén hinh 5.2b.
Cae img sudl tiép niy tao thanh nglu lye ¢o momen 1a Mg 20i [a mdmen xodn —
udn, duye xem 12 duong khi quay thudin chidu kim dong hd.
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)¢ lap cong thie cho momen xodn kKim ¢hé 1a ¢dn phin tich hi¢én tuwmg vénh
aing ity vi va bidn dang i didm bt Ky 2 co wa do cong s tren U8 dicn co
bl oz anl 5.3a). Sau khidide dign br xoay mor 2o vo cing be J0 dicm n
chaydn doi dén vi tri mai 1a ey Chuyn vi i didm # bao gdm cdc thanh phin:

» lica plivong GEp wyén vor duong rung gian caa HEEdien, i),

o (heo phurone vadng goc voi tEp tuydn noi rén. (khong thé nign 1rén hmh);

o theo pluong cua trye thanh (vuong goc vean it phiing hinh, io—ny).

5

Hinh 5.3
Theo gid tict 1, khi xac dinh thimh phidn chuyén vi theo phuong HE uyén (a
¢ (hE xem G dign nha moU wicng cimg xoay trong miit phing cua no quanh
tim xoay K (hinh 5.3a). X¢ mdt phan 8 thanh ¢6 chidu dai dz gidi han bai ha
L dign BC va DE ¢O goc »oiu tuomg d6i 12 @ quanh tim xoay K (hinh 5.3b).
Cioi:
a — hinh chidu chuy@n vi toin plin =, 1&0 mdl phing ban diu ¢t ¢ dign:
£ — ban kinh vecto tir tim xoay K dén n:
i — khoidng ¢ich (ir am xodn A, d8n idp wyén tai M,
¢ — 2o O dink g cla tam gidc wnarg vudng gac i va.

Tirhinh (5.30), tacd: dv=wcosa=p Qcosa=1 0. (5.4
Khi # chuyln did dén sy, duomg sinh ke (hinb 5.3a) tragt mot poc » bing:
f 1 )
y = - 711(‘\( . {5.5)
2 Oy

Bidu thie ren mang ddu dm baa Vi goc trien y ¢ day 1o goc dieong (khi nhin tir
tiun xoay doc theo ban kinh vecto, goc trugt xoay thudn chicu kim dong hd
duye xem [ duong), phiv hop vai gac xoay d0 mang ddu dni (khi nhin tir g0¢
1oa 1o doe theo true z, 2d¢ xoay thuin chicu kim ddng hd duge xem 1a duong).
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Theo gid thict thir hai, mat trung pran khong ¢ bicn dang truot. o do, ncu 1ai
ta tach mdr phan (6 chir nhat ¢o cae canh 2 vic s nhu teén hinh S b sau bién
dang. cac poc canh cda phin (0 khong thay ddi, phiin (3 ¢hi xoay theo poc trirot
¥ Sovot didm . didm me o eluyEn vi teong dSi theo phuong = i de bilng:

du =y sty = day.
Sau khi thay p theo (5.5), ta duge chuyén vi doe trge cua phan (6:
dit = —ds 0"

flinh 5.4 Hinh 5.5
Chuyén viog ctia didm e T 16ng ¢ic chuyén vi phiin 18 tich Tay tr didm 0 ¢o 10a
d0 s 1y theo dudmg trung gian biing khong (goi La didm khong) dén diém . do
ik
"= —()'f/m'.\' =—0'w, (5.0}

5

trong o w = Jhd\' (5.7)

I foa do grar cha diémon, duge Ul vt didoe eae chon trimg vor kine xoav K.
“Toa do niy bing hai 1n dign tich hinh quat KOx hinh thanh khi chuyén did bin
kinh vector ban diw ¢o eoc O (didm khong ) quanh didm cue K dEn didm » eo 1o
d0 cong s Ly theo duomg (rang gian cla GE di¢n (hinh 5.5).

Tir (5.0) ta thdy: chuydn vi doc e ta diin o 1y B¢ vai toa do quat et Do
Jdo, toa dé guat bicdu thi miee dd vénh cia té didn. Theo chicu dai thanh, do
vénh phy thuoe goe xodn 67,

o .
=—-8"m,

1

Bicn dang did 1y dOi theo phuoeng coa trge thanh: ¢

¢z
NCu 21 Wit cac ther dpc trpe thanli Khéng chen ep lan nhau 1hi theo dinh Juiit
Hooke, ung sudl phap x0dn - won o, (heo phirong caa true thanh s¢ K
Ow=Le-=-L8#"w. (5.8)
Tir (5.8) ta thiy: dmg sudl phap xodn-udn o, G mdi dicm 1y 1¢ thugn vod toa do
quat chinb eta didm do, Ta didm co a4 qual biing khong (icm Khong ), oy

SUdl g, bing khong.
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B¢ (i tmg sudl HEp xodn - udn 1 cat mo phin 16 thanh ¢o chidu dii o voi true
z di gqua cic tam xaidn (hinh 5.6a). 1iép do, bing mil ¢t song song vai e
thanl vi vudng 2o vai dutmyg trung gian tw 2. vach ra ot phin phin 16 thanh
nlar e hinh 5.6b. Tai & co une sual 7, e dyung én mat ¢t vuadny goc v oj
trye thanh, “Theo lujt dOi tmg cia ung e HEP. DEN MAL Ci Souy sony Yol Dk
thanh cang ¢O ung sudl Gép bing 7,

Kl gia 1hiél 7, phidin bd déa theo be day thinh mong, e didu Kicn can biing clia

philn phin 19 noi én G co;

Ceor { ‘/: - ."\"‘!:h - Nrr = Jf{jln | (!‘(Tw )(l"/l - J.O-u)(j;’\ .
N A

Hinh 5.0

Thay (5.8) vao did¢u Kién teen, sau khi bicn ddi ta duge:

1od’ o s
T = fardA = e, (5.9)
(!."-‘ K {
trong Jo: Sm = j(r)(l,-\ (5.10)
s

L dai fuong ¢ thir npuyén [chicu dia b, 2oi 1 mdaen tinh guat caa phin dién
tich A cta U8 dign 1 diém n dang x¢L dSn mep Lict dign.
Ung sudl 7, phiin ba déu theo be diy 7 ctu thianh, o thanh ludng oy lue:
— — :v‘q[' Jfr-
G =Tep! f m()

Momen xodn-udn M, I momen cha ludng tmg e dot voi am xoay K ¢l 1661
di¢n, N&u quy wie chicu dumg cda My, 1a thudn chicu kim ddng 1o thi mdmen
cta phin 10 tudng tng lue gds dOi vad 1am xoay s¢ mang didu i (hinh 5.60) va
biing ¢ pdy = g da. Do do:
Mu= - [qdw = 10" [( JodAido.
A A A

t
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1.3y tich phin phin doan, (a duoe, M, = 107 [m j 1] :IA\A - I(U:(//'ll,
4 A

¢

Vi o 10 loa do quat chinh nén: S, = j @ A} L= J'(u dA=0,
A 4

Bo Jo; Ma=-L1,0" (S
. ? .
vidi: o = Im' dA (5.1
A
i momen quan tnh quat cda GEL dicn,
Thay (5.1 1) vao (5.9), ta duge cong thire tng sudl HEP xoin-udn:

\‘(
Ty = -t 5.1
!
ol
Momen xoian-udn My, thay déi theo chidu dhi thanh,
DHE bidu thi tmg sudt phip oy, qua mOL dai hugmg tinh hoe, ta dua ra thanh phiin

ndi lue 1 bimdmen xodo—udn, poi Gl la bimdmen, Ky hi¢u B(z) v&i dinh nghia:

B= oo, di (5.14)
A
T8 va (5. 12y, vin @7 = O khi B =0 tach:
B=-Il,0" (5.15)
T S 1T v (5.15) tasay raceong thue dao hivn ¢ip mot cia bimomen:
I
M, (5.10)
dz

Bimomen la thanh phin nol Iue suy rong ¢o tha npoyén: [yc) [ehido dail2.
Bimidmen dupe xem la duong ki ¢y ra tmg sudt kéo tai nhimg dicm co toa do
quet dieomg trén 16 didn oo phap tvén ngodai duomg (phap tvén himg theo
chidu duomg ciw truc 2).
bdi chidu (5.15) vdi (5.8), néu giit thidt khi o= 0 (hi B = 0, ta tim duve sy lién
h¢ it tng sudt phip xodn-udn véi bimomen:
G =2 (5.17)
](U

Nlur viy, tng sudl phip gy 1y 16 voi bimdmen: cong thite (5.17) ¢o ¢iu true
tuong (e ahr cong (thae tng sudl phap khi uon da quen bidl trong SV .

E. Phuong trinh vi phan khi xodn kim ché
Tren Gét dign caa thanh thinh mong héy ¢chiu xoidn kim ¢hé song song (dn i
momen xoin thudin 14y My, vis momen xoin-uin M., . N ky hicu M- [a (dng
women ¢ha cae ngoyi lue e dung (1én phidn thanh dang X dai vai rue 2 (true
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2 di qua ¢ic tAm xoay cia (i dién) vir goi Va mdmen xodn 10ng guat vai chidu
duong quay thudn chidu kim ddng ho thi khi thanh chiu xodn Kim ¢hé, ta co:

M-=M,+M.,. (5.1%)
Thay ciae bidu thie (5.1 va (5,11 vio (5. 18). ta duoe phuong trinh vi phin cu
2d¢ xoin cho thaniy thianh mong hdr chiw xodn Kim ché:

20 do
— Elp s GE 2= M, (5.1
dr VO 7

[.dy vt phin ¢a hai v& caa (5.19) theo = ta duge phuong trinh vi phiin ¢ip bon
cla goc xodn cho thanh thanh mang ha chio xoin kim ché:

10 ‘g dM
- EI(,,(—T‘; LGl e =t = = s (5.200)

A v u’:‘j dz

- - > -~ < - - - .
mi- — curimg do cia modmen xoan ngow ue phin b, duge xem 1a duong khi lam
2idm momen xoin 10Ong quit theo chidu ting cia true 2.
Tir (5.15) vt (5.20) 1 1ap duoe phuong tiinh vi phiin ¢@p hai ¢oa bimdauen che
thanh thanh monge hdé chiu xodn Xim chdé:

) v
- Gl
“ o AR e {5.20)

5.2. On dinh dang nén dung tdm clia thanh thanh mong, tiét
dién hd co hai truc doi xiing

Xt thanh ¢hiu lue nén £ dt dang rong tin 68 dién, chidu dai f, GELdien hdreo
hai true d01 xang, chﬁng han truong hop 1St dign hinh chr T (hinh 5. 1), Trong
truomg hop nay, im xeay K tring vad trong 1am Gét dign.
Khi £ dat dén pid (ri 161 han, thanh bi md én dinh f
theo dang xodn thudn tdy, cac the doc true (hanh
M udn cong nhung (her trung tam khong bi udn
cong. Tl Gidt dign bt k¥, tdn 1 goe xoin 0 voi
chidu duong quay thuin chicu kim dong hd khi
nhin theo chidu duong cha true z. HE sir dung
duae cde phuong trinh vi philn (5.20) hojdc (5.21)
e cdn (i cwimg o cha mdmen xodn phiin b
philt sinh do tng sudt nén co bin o = /A voi A
la di¢n tich udét dign thanh, CO ip mdt they bt ky
cua thanh song song vl rue 2, 0ct dicn caa tha
ca dign tich phin (3 Fa dA. Khi thanh bi xoin, the

B

dang x<¢t bt vin theo dudmg cong s, 1 nam ién
ML try ron xoay voi ban kinh g (hinh 5,73, Hinh 5.7
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Gioi 1 goc hop thanh gitra phuong thing dimg 2 véi GEp tuyn cta they cong nen
tai o caeh dda dudgi coa thanh mot khoang 2. Noi chung, g0¢ rat nhi, thay i
theo eicu din thanh. Khi the biovan cong, e a o4 rong ther nghidng so i
phuong thiing dime theo goc w2 Thanh phdn hinh chiu [&n phuong ngang cia Iye
nay bang oA siny = @ odA se ey i momen xodn phin (8 quanh truc 7 bang
oy erdAD Nhu vy, momen xoin do ung fue nén phan bd ra (rén 1oan 6idl dign
dung ¢t st i [ o dA L NGu xGthai GELdien 1an ¢an cich nhau Lo dz thi poc g
K
B thandy o con moren xoin ¢ pia Gng mot Joong _[p dyr e dA
A
Cuome do e cla momen xodn guanh wrue 2 di gqua cac trong am C eta G dign,
phan biy theo chicu did thanh La do piatang cia momen xodn én don vi chicu dai
thanh, ta thily »r% 1am tdng momen xoin (Gag quit theo chiu Ging voa true 2 nén
mang divu o
¢ - diy

m. = -—j(r e A (5.22)
A
Ncu cha y dén s ficn he giga e dai fugmg hinh hoe (hinh 5.7) khi x¢t hai 10
dien Lan cdn cach nhau Bdz wico: pdO= wdz suyr yw=p(d)/dz).

Sau khit thay vio (5.22), ta duoe:

ml = — g —= { /)2 dA cea 1 —a {5.23)

Vi I; v momen quan tnh cye doi v (rong g Gt didn:

1;') = [p7dn. (5.24)
A
< Triomyg hop 1ét dien & hat dau thanh dee phép vénh tiedo
Trong truwomg hop nay ta ¢ (hé viin dung phuong trinh vi phin ¢cda bimomen
(5.2D) hwony g vai cde didu kign bién: 8=0 khi : =0 v £ =
Luu y L trong bii todn nay, ung sudtl phip khi nén duoe xem T duong ndn xudit
plial tircong thae (5.17) G cin doi diu cta B tronge (5.15) nhur sau:

B= .!'E'I["'j (" (5.29)
. /4 " - o~ - .. -~ 1]
Vit I('U [ momen gudn tinh quat caa HE dign doi vai trong am C.

1201 chiCu (5.23) vai (5.23), ta duue:

(22 ll)
e = ——Lp (5.20)
K



Thay (5.20) viao (5.21) v chid y dén sy ddi ddu cba B, ta duge phuong trinh vi
phiin cda himodmen:
2
d-B > y . / C -
—— kT B=0 vii kP =-— (o] -Gl (5.27)
i 2}
oz I !
117
Nehiem caa phuong trinh: B = Oy sinkz + Co couskz.
Tir cac didu kicn bién ta xac dinh duve s = O va klu C; =0 1thi
Kl=nm Vi n=14 23 ..
Vi = fthi ko= /4t bidu thae £ rong (5.27) La i duge sy st (i ha
nhé nhit khi thanh bi mdr On dinb theo dang bidn dang xodn:

i Gl

Oy = (5.28)
‘,l_ll Il
P r

B0 van cac HEL dign thanh ¢o thanh kha mong, ¢O (hd hd qua so hang e hai
(thé hi¢n anh hudng cha xodn (r doy trong (5.28), so vai 83 hang the nhdl (thé
hi¢n dnh hudomg caa xodn kin} chd). Khi do, eong thie ap ¢O ¢iu tne luong wr

nhu cong thue uler:

op = —5—*. (5.29)

o Truomg hop 16 dicn o hai ddu thanh khdng duee phép vénh tirdo
Trong ruimy hop oy aén vin dung phavng iiinh vi phin cta poc xoin theo
(5.20), Thay (5.23) vae (5.20) voi leu v 0 dol dau coa o nhu dic noi (o e,
co plneng wrimehe vi phidn:
4 2
d°0 / JEY =0
g Tooted —0l )=

I:‘l:u ! T dzm

{1 (5.3(h

oz

Sau khi gidi phuong trinh (5.30) véi ciace dicu kién bicn pha hop dicu Kign hién
KEL ¢ cde o thanh e 1fp duoe eong thie dng sudl 13 han o voi so hang ddu
¢O Cau e fivmg e nhue eonge ik o, cua cae thanh dic:
, aEY Gl
oy = '*ﬁj--—-,'f’jj *(—"1 (5.31)
fpev )" IP Il’
AT hg sO phu thude didu kign Hién kSt o bai ddu thanh:
e gF =1 khi hai didu thanb ¢o lign kECkhap, vénh t do;
o % =05 khi hai ddu thanh ¢d dien k& ngam:
o =2 khi mot ddu thanh co licn K& ngint, mat ddu tr do:
(.7 Khi mor dda thanh ¢o 1icn k& ngam, mot ddu duoe phép xoay
nhung G& di¢n vin phing.

i

- !l'[
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Clur y: Chn a6 chidu gia trj cla gy vai cae gia tri img sult 16i han Gm theo cong
thire Buler twomg tng vér khi thanh bi médt 6n dinh trong ¢ac mit phing chira
(rue quan tinh chinh (rung tm x v v

J'T_[',.l" ffll'l )

Ty =~y ! O = (5.3

{,u\_l)’.f‘. (g0, 117 A

Vi gy vt gy 10 g sO phy thade dida kign lién k&0 o hai diu thanh theo cae mal
S . . - . ~ . ‘) - P N . .

phiang chara trye quan tinh chinby rung tm uong dme. Ung sudt d¢ tinh 1 gy

nhdés nhdl rong cie gid tri o, oy vid oy
Do vor cac thanh bing (hép cian hinh chee T, oy thudmg Ion hon o va ay nén
khong ¢in kidm tra 8n dinh theo dang bién dang xodn. Truomg hop thanh co 1id

dicn hinh cha thap (hinh 5.1¢), Gico I(‘[; = () nén oy thuwwmg oho hon o, viv gy

5.3. On dinh dang nén dang tam cua thanh thanh mong, tiét
dién hé co mot truc doi xirng
Xe thanh chiu tue nén P Jd dung trong tam (¢ dicn, chidu dai £, 68 dign b co
M rue doi xung, chidng han true v nhu trén hinh 5.8, Trong trudmg hop nay, tim
xoay A niim uén true 3ot ximg v, khong timg voi trong 1am C v cd vi it chua
xac dinh, Phuong tinh vi phin khi xoiin kim ch¢ viin ¢o dang (5.21):

2 v
d=n Gl
— s = - (5.33)
2 I
l!.’. ‘ o
Khic vii truong hop 6é dign ¢od hai trye » px®
JdOi xung, trong traomy hop aiy cic dai
womg Lo, mi= v B, (Khi tinh ) ¢dn duog j
. A . . . C D |\~
il vai am xoay K ovie st oduge bicu (hi - —

heo cac dui luong /5, om0 tinh v

48] R _"JJ
trong 1am

Cang 1ap bicu thie - trong o nhu G thye

hi¢n trong mue 5.2, ta duoe phtrong trinh: Hinh 5.8
nJ
B /
ST B=0 wi K =-— (0l - Gl (5.34)
dz- 4,

Trong truimg hop GEE di¢n & hai didu thanh duge phép veénh tr do, sau khi pidi
phuong rinh (5.34), 1a duoe ¢ong thire: '
2. .
T ki Gl
oy = g e {5.135)

2
! lp II’
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Xuit philt tir cong thac (5.35) (a co thé tim (oa dO vy cia @m xoay K theo vi i
ctia trong tim C (hinh 5.8) nhw saus (dm xoay phdai cd vi i d€ sao cho g sudi
terf ans xae dinli theo (5.35) co gia tri nha nhdt.
Theo cong thiae chuyén cue da bidt trong SBVIL, khi edc cta toa d0 s L didm
khong thi loa dd gquat e tinh vai cge K (tm xoay) duge hidu thi quat b dé il
e Hinh v cue C (trong (m) nhu sau;
=0y —~ Vg X (5.30)
voi o lactoa 4o theo trge v eta Jdiém bt ky teén udl dien.
ihay €5.30) vao cong thice mdmen quan tink quat caa GE dién tinh vai 1am xoay
A taco: '
lo= fo?dA = [w?dA -2x [o vdA + [ dA . (5.37)
A A A A
Fich phin thir nhdl ctia (5.37) 12 mdmen quin tinh quat tinh véi trong, 1im C
Tich phan (e hai cda {(5.37) Ta momen guan tinh quat ly tim hay momen (inh
quat duong, tnh voi rong (im € va duoge ky hi¢a nhir sau:
Ry = Jm{_.\'n"/\. (5.38)
A
Tich phan tha ba coa (5.37) fa momen qudn tinh chinh trung 1am £, cia GEC dgen,

- ! P . N 2
Cong ihie (5.37) se gy thanh; £, = [(’0 2 Ry + v (5.39)
Momen quin tinh cye cta (& di¢n tinh vioi 1am xoay A biing 15ng cac momen

quian tinh doi v cie true v vie v di qua i xoay K (hinh 5.8), ta co;

Ip=lp+ len= bt Lo+ V[ A= I+ VDA, (5.40)
Nhur viy, cong thic Gng sudl toi han (5.35) s ¢d dang:
2
/ Tl .
Oih = ————| (1 = 2w, R, +x]1 )+ G|, (5.41)
IS 4veal = " : '
ook
2 t 2
o, -2p pto.n
iy Tih = v L S (5.42
Iy
20 . 2y
A VA 7 (RN
trong Jdo: oy = ﬁ—"i— - oy = ——5— (5.43)
=1 I =A
P »
72 ER N i
Py = —— n=t o ovai or= gL (5.44)
' 1° Ar r A

Dyi Tuong gy (wong ang vai cong thic (5.28), bidu thi tmg sudt (5 han khi (hanh
bi madt dn dinh dang XOAn-uon quanh trong 1am GEE dign. Pai lweng o (womg Gng
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vt cong thae (5.32), bidu thi {mg sudl toi han kKhi thanh bi mat on djsh rong g
phing ' B duong oy 1y I8 vai Ry ¢d (thd nguyéa (a tha nguyen cu ung sual.
bai luong kKhong (hir nguyen 7 1a thong s6 phu thude (oa do tdm xoay vi.

Didu ki¢n A& Gng sudl (91 han ¢ 2id v nhd nhadt 1 dao ham theo (hong s0 el
comg thue (5.42) bing khong:

der
o L (=2py ¥20, piid+nl) ~ 2nlay =2pn +ow’) = (0
o .
. . ;)\'
KEEhop v (5,429, ta tm duye: = (5.4%)
U_\' T

Thay (5.45) vao (5.42) vitbicn doi ta duoe phuong tind bac hai dai vin
L
(Ou —og) (T —0v) — /-); =0,

hay: e

)
, = O (Ou+ ) + (v op—p7) =10, (5.40)
Nehi¢m nhd nhdt cha phuong (rinh (5.46):

f ? 2
Oy = E{m” to)- \/(rr(, o dp] J (5.17)

Cang ¢ e tim nghigm (5.47) ctia phuong rinh (5.46) bing cach dyng vong (rm
Mordi, trong tw nhur khi nghién i trang thai dng sudt trong SBVI.,

Trong tratomg hop GEL dica ¢ MmO true d0i ximg, ngoid khi ning mat én dinh
dang xoin-udn, thanh con ¢d khil ndng mdt dn dinh theo dang udn thulin (y trong
mit phing, v vin oia tri 100 han'a, xde dinh theo (5,32);

g, = S (5‘48)
Urng sudt d& tinh 13 giit tri nhd nhdl rong cac gid tri oy, v oy
Tir (5.44) vit (5.45) ta xae dinh due toa dO coa 1am xouay K-

V= e | {5.9%)
Ta thiy tam xoay khong ritng voi trong tam G dién v cang khong trung v

Gim udn D ciia GE dign (hinh 5.8). Tt vay, 1Am udn cda thanh thanh mong duge

xde dinh theo ¢ong thae da bict trong SBVIL nhur sau:
4

! .
== [o v dits= (5.50)
»o l_\.
(T\'-\II)
Theo (5,34, (5.43) vt (5.50), 14 o Py = e (5.51)
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Cony e (5.-49) 8¢ ¢o dang: AV T VT (5.5
F (T
v th

Nho vay. noi chung G thay v # vy,

Vi dn 5.7 (theo [H3]). Xae dink lue Wy hian cho thanh dura ¢ chidu diai [ = /o
chiu fue nen dang tim £ Tié dién thanh ¢o dang va kich thuae (theo mm) nhu
trén hinh .94, Cho bidt: cic ddu thanh duoe phép vénh e do, E=7. /(0
N G=2,8 100 N/on2; gindi han t¥ 18 ey =200 N/,

&5 o 225
/5 e

T Y7

1255 a5 MBS,
f‘j . g5

Hinh 5.9

o Xace dinh cace dde trimg hinh hoc
o Dicnichudtdien: A =3419+ 2./.13 =83 mmnl.
o Khodng cich e tir dudmg (rung pian cita canh 1iél di¢gn dén trong tam ¢

11Y19 4 2.1.199.5
= e e = & 7 NN

S99+ 2003
o (00 nu‘nncn quan tinh chinlr trung tim:
1.19" Wi
ly = e +2.4.199.5% 42 ‘ N + l.l.?.l()g} = 1008 md,;

L

4

PR

D,
Iy=2 ,,}2_”_,9_(9_5__,5"7)-’ $2. 0 13872 41.19.10,32 = 5.2.104 .

o Mdmien quiin (inh cye doi voi trong un: l;] = Iy + Iy = 16,2100 mn.

) o /
o Momen quan tinh khi xoan theo (5.2 fy, = — (243054 3.19.14) = 28 mm,
3

o Xac dindy cdaoe dée trumg quat dof ven trong tam C
e Mawmen (inh quat dutmg Ry doi voi trong tim C theo (5.38):

Trude ticn, tinh Ry o ddi vl cue O niin rén dudmg trung gian cda thanh gica:
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Kyo= _[(UHJ AL ()
y A
B tinh tich phin nity 1a ¢o (hé ve bidu dd wa do quat @, (hinh%.9b) va toa do
- (hinh 5.9¢) rdi ap dung cich nhin bidu dd theo VEréxaghin vdi cha ¥ 10 bt
day 1 = 7 mn, K& quis
{M‘{).S.l

}\)\g” = —2

‘ 80.5.1.3 6,5.1.
2.8 *H‘% el '2(2-‘).5 r22.5)- 2 ”-';(9,& §2.22.5 )1

“ !

= —d4y 3 108 mmS, (hj
Tiép do, dp dung cong thie chuyén cye (5.36) d& tim cac dai Tromg tinh vai
rrong tam C theo ¢ic dai haong tinh vai cue O, Trong truong hop nay, cong
thue (5.36) 58 ¢O dang:
We =y + Yo ¥ ()
vari v, 1 khoaing cach gidm trong tdm C vacue O: vy = 10,3 mn,
Thay (¢) viio (5.38), ta duve:
Ry = Im‘_.\‘d/\ = J‘(m“ LAUR) dA=Ryog+ vo by =
A A
= Q3 = JO3 11 1H = - 163,107 mmS. ()

e MoOmen quan tinh quat l:!') dai v trong tam C: ciing thue hi¢n tiong (¢ nhy
khi tinh Ry d0i vai trong tam C
Trwde 1En, 1nh £ od0 vl cue O: Ly 0 = j'mj dA . ()
A
Nhin bidu dd toa dO quat w, (hinh 5.9b) vai chinh bidu dd do, (a dwx:
{8519 20805 [S0O895 21805 66,535 20065
fon =2 . t . + e

2 K 2 3 2 R
= 03¢ 13 mimo, N

TiEp do, ap dung cong thire (5.39) A& (im 17 tinh véi trong tm C theo Jgotinh

v cue O, Trong trudmg hop nay, ta cdi thay T, hing fpo 5 v bing v, cong
thire (5.39) s¢ ¢ dang:

. >
]( = 1(9.() +2v\';; AR\' - }';l". (g)

)
l;-) = 030108 + 2,(-—/().})(~IO.!’.IU-‘) — (103241103 = 282 f(H mm®,
s Xace dinh cace vimg sudi
o Ung suilt o, via g theo (5.43):
2707 11107

O = ; = 91,6 N/mm2;
' 10783
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22 7.10% 282 107 . 28107 28

Ou = P2 3 :
16°.16,2. 10 n,2 1

= [20) + 484 = ]68.7 N/inm<

2 4 . ?

~ 7T =163 {0 .
id ! __f.__{ il - )= 97§ Nfiinm<.

10° \/:\'.’3.1’6,2_/()"

o Ung suit (61 han dang xodn-udn quanh 14m K theo (5.47):

e i lugmg oy theo (5.44). oy =

I - e )
ot :-2-[(/(;8,7+91,(;)—— J(I()S,? ~916) + 4(97./)‘2J= 25,7 N/mm-,

o Ung sufit 1 han dang udn trong miit phing v theo (5.48):

2 f ]
- 710782 10
O =~ e = 43 N/mm?.
10" 84

. Ung; sudt J& tinh; ¢A hat gid (1 oy v ay dCu nhd hon oy = 200 Nfmm2, Chon
£id tri nho nhilt biing 25,7 NAnm?2 iy aag sudt dé tinh,
Lyc tod han tuong (mg khidf = foi Py = oA = 25,7.83 = 2113 N,
< Xae dind toa & 1dm xoay va tém win

" 971 /1( 2107
o T xoay, thco (549, v = ERTE ) TR 20,6 mm,
Ay — 20, 0

. 103107
¢ Tam uon, theo (5.50): ¥y = e = 4,8 mm,

YR
Ta thily 1am xoay niun ¢ich trong tam xa hon tim udn.,
S Khao sat siethavy doi tmg sudt theo chiéu dai thanh

éﬁ, N//??/?iz
o | Y7
@ \\ , @
&
» ‘/ éy_ (Evier) » /
\ L~
0 N %
X N i v
40 WY b e —[— = =4 - - — |- 2 -
» AN v
20 %/_\“‘*\\
v e R — 0 ‘
I / E7 4 e 150 200 T
4 S 77 7] 150 2000 747
Hinh 5.10 Hinh 5.11

Trn hinh 5,10 T k& qua ve dd thi hien b gita cie img suldt oy, v oy theo chidu
dii cac thanh tir 300 mm dén 2000 mm. “Ta thily: khi chiéu dai thanh lén hon
/380 mm thi thanb s¢ mdt 6n dinh theo digng udn irong mat philng ddi ximg.
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< Khao sat vi tri caa 1dm xoay va tdm udn theo chicu dai thanii
Tren hunh ST Ly kG qud dii chicu gitra cac vi tei i [am xoay (ver vie i o
(vp) theo ehidu diai cde thanh we 300 mm dén 2000 mm. Ta thidy: Khoang cach
itk [ xoay va (m udn Ging nhanh khi tang chicu dai thanh,
5.4. On dinh dang nén dung tdm cua thanh thanh mong, tiét
dién hd khéng déi xiing
N thanh ¢hiu lye nén £ dit dang trong tim G& dign, z
chidu dai £, Ge dign hdé, khong doi ximge (hinh 5.12), ticl
dign  hai didu thanh duge phep venh i dos Goi vy a »
cac true quan tinh chinh tung o cua gt dign, Trong
truomg hop niy, tng sudt i han Khi thanh mat én dinh ¢
theo dang xoin-uon vin duoc xdac dinh theo cong (hic
{5.35) song ciac wa di xg, v cda tm xoay K con chua .
Jure xac dinh. Hinh5.12
Thay the cho cong thike (5.36), khi gde 1oa dd s B didm khong (i (oa dd quat @
hinb vot cue K (im xoay) duoe bidu thi quar 1o dO quat w, tinh vaéi ce C (rong
L) nhur saus
@ =@ — VEX 4 X v (5.53)
v 4, v oa do theo ¢iac trye v, v cua didm bt ky trén 8t dign.
Thay (5.53) vio ¢ong thie momen quiin toh quat clia GEE dign (inh voi 1m xoay
A taco
lo = '[u)j(fﬂ = '[(w‘) w2 v
; a i

37

k

2 2 2
- RS N T ' B e J S
O Zm‘._.\,\‘\ S¥ NN AT JedA (5.5

St dung cie Ky hidu tuomg ty nhur rong mue 5.3 v& ciae momen tinh quat dutmyg:

Ry = [ vdA: Ry= fw vdA, (5.55)
A A
ddng (hai luu y L momen quan tinh ly m fyy = j.r vdA =0 tach
A
I = i(‘,'] —2¥% Ry + 22k Ry + _\'A-_i‘\‘ +ard (5.56)

Bidu thace momen quan tinh cue cia liC‘.'l‘(li(;.n tinh vadi tam xoay R o dung:
I .
A“l,J +(Vy +.\£}A. {55

o hl
l])zl\'+l_|'+r\'!\_d‘1 4'\},\‘
NI vily, cOng thie tng sudl tar han (5.33) s¢ ¢o dang:

2

A

Y . ; >
[ PR R R FT 1 . - W .
N, = (f 2y, I\.\_ 4 2A\LR_‘ + ) Jp’_Y + A

¢ 2, .2 2 w I.\ H (“’_m
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g

7
o,-2p0n+2p t+on +o &
g "l v 3 Y (558

Hay: Oih = 5 5
f4n-+&°
72 ER X,
- &= -5 (5.59
1= Ar
cae dur luong vy, Gy oL v duoe xae dinly theo (5.43), (5.4,

reng Jo P =

—

Indu Kign dé tng sudl 130d by ¢o 0id (i nhd nhit l cac dao haan riéng cba bicu
thue (5.58) theo thong 6 7 va & bing khong:

O : o)
_Tth 0 : Ak
oy s
) . P2 ) a2,
KCt hop vt (5.58), ta tim duoe: =~ — L= (5.600)
(T_\.' T oy T

Thay (5.60) vio (5.58) vir hicn dii ta duge phuong rinh biic ba doi v ey,

? 7
(O =0 (T =0} (O = T) = p (T =) = p(Om —oy) =0, (5.61)

Qua khao sit, nghigm nhd nhdl cta (5.6 1) nhd hon che dai Tuemg o, oy, Do
o, thanh ¢o Gét dign khong doi ximg s¢ mdt dn dinh theo dang xoin-uon.
Phuong tiinh (5.6 1) 1 tdng quat nén ¢o thé ap dung cho cae trudimg hop dae bigt:
o Vit dign.co had true doi ximg: khi do gy = o = 0, ba nghidm cia (5.01) st li
(il = Op!l (Tl = . (Ou)s =aFy.
phit hop val cac cong thae (5281 vi (5.32) da ldp (rong mge 5.2,
o Tict dicn ¢ mot true 9ot xung: Khi do gy 7 0; gy = 0, ta tim duoe cae nghicm
cia (5.010); ()2 theo (5467 va (o) theo (5.48),

5.5. On dinh cua thanh thanh mong chiju uén thuan tay
A. Trwimg hop tiét dién co mot truc doi xing
X< thanh thanh mong, GE dign ey, ¢o mdt true dOi xtmg Ta true v, chiu udn
thudn iy trong mit phiing zv do tac dung cda hai mdomen M @it theo chidu
duong & hai ddu thanh nbur rén hinh 5,13 Trong (rudmg hop nay ta e

- e f R M ,
Ung sudt phip tai cic 6ict dign phin bd theo quy ludt; o= —v. {(5.00)
[.l'
. ~ . . . “w 1"'1
Urng sudt phap tai thad bién: Ty = e (5.03)
v

vii W, L momen chong uon cta GE dign, 1ién quan dén cace they bicn (i ¢ hoiic

Jduen binh 5.13).

Khi chua dt Sn dinh, dudmg dan hoi cia thanh T dwomg cong phing trong mi

phing vz Khi M dat dén pid i 161 ban, true thanh ¢ the bi von cong theo
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phuong x, vuong goc vai mat phiing udn ban ddu vz 10 b hién wong mde dn

P “1. . rF_M_m

Hinh S.13 n————— = =

c A
-] ”%. 1y

Khi mit dn dinh, cic 1ié dicn bi xoay trong mil phiing x quanb im xoay A
nan teén triee 33 xumg cha (EL dign, Do do, 1 ¢o th¢ vin dung phuong trinh vi
phian khi xodn kim ¢h@ (5.33) dé giii bai 10dn nay. Mudn vily, cin tim cutmg do
At clia momen xodn phian bo, tinh vai tim xoay K ¢l tict dign,

dinh dang non phéng.

Theo (5.22) v cha y Haow = prd0/dz), wa oy,
dy d20

h- = —Io’— pdA =- —~—-—j0' p' dn, (5.6:4)
A 2 (IZ 4
vavi o L ban kinh vecto ctia phin 0 di¢gn tich ¢A d6i vai m xoay K.
?

O0M

Thay (5.62) viwo (5.64), aduee: - = — L—T—— ¥ /)2rl/\ . (5.65)
de T

Néu ky hicu: Sy= [vplda, (5.66)

T4

vitchi y d&n (5.15), vdi quy dinh img sudi keo 12 duong, ta ¢o:

: N
e == M—‘-L()- - My, (5.67)

¥
",\ dz- II l_‘

trong do, dai lugmg 1, duge xdce djnh doi vai 1am xoay cha 18t di¢n.
Phuong (rinh vi phan (5.33) (rd thanle:
dB M S, G

+ k- H—() v kT m e - 0
dz” II I\_ }']

(5.68)

Khi tiét dign & hai ddu thanh dwre phép vénh ty do, sau khl gidi phiuong teinl
(5.08) v st dung cic dicu kién bién nhue da thye hign vdi phuong irinh (5.27),
ta tim duoe i tri 1 han nho nha cida momen (wong g vid &/ = 7 nhu sau:
g, -
Aﬂ’] retl rf
. _ e (5.69)
!‘* TR S“'

AS

Cilu trac cda (5.69) wong ty nhar cdu trde cla img sudl L6 han (5.35) khi thanh
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chiu nen dong 1am song ¢in thay dui luymy 1 bang Sy Dui baong 7., van duoe
sac dinb e (5.39), theo cac dai hoong dd quen bidt trong mue 5.3
D¢ e dinh dad Jueng Sy d0i vol i xoay tacdn tiin suelién hé eita ban kinh
vech e ol vl tm xoay K va bédn kinh veeto P A0 v trong 1 O Neu v
ol v A true quan tinh chinh trung tim va vy 1a khoang cach theo tae o
sre, Wetam xoey K dén trong tm Cta eo:;

J e e VA pf "2“‘A—“‘+—“'I\3 ) (5.70)

Thay (5,703 vao (5.66), 1a duyc:

. > ) - vy
Sy oo I(;){f - 2_\‘A VA vy A = S'V - 2.\"!‘ , (571
A
trong Jo; S‘\ = J.plf‘yd/\. (5.72)
A
Thay (5.71 vao (5.69), ta duoc:
o
/ aol 2
t ) 2 . .

i I e —| = - 2_\Ah’.\' +v, I‘\‘)+G.t’m . (3.73%)

S R
¥ 2

Tl (5.73) va (5.63), sau khi bidn d0i ta xdc dinh duge gid (i (0i han cda ing

sudt tai they bicn:

2
o, 20 3,0, tF Ny
T = ¢ ro rE (5.74)
2»’(/)‘\‘ 1, )

5 ‘ 1% R
. R) / . v — / - / _ .y / “
VIY) /),\-- :2}’— - .\!) ;.'. 1 -—’/'1“. 2/3 .—'\l\ ; 2 —}D;"— }" ’ . (ﬁrﬁ)
v v

cac dui lugng gy, oy, oy, 1 van duoc xie dinh theo (5.43), (5.-H).
Vi tri cia tam xoay dwge xie dinh theo didu Ki¢n: fng sudt (i han co gia tri iho
rhdt e 1 dgo ham cha bidu thae (5.74) theo thong sG i biing khong.
Khi 5 + np — g = O, didu Kign én co dang:
=0y iy +0y N+ voy =0,

Tt
Suy D= 1y =V " . (5.70)
o

<
¢ P - - - .-
Thity (5.76) vao (5.74) 1a duge phuong tiinh bic hai dé tim ng sudl 1o han:

{vouP+ 2o (vou + df:]f) -0y & = ().

g N
. . . ¥ . 2 Ry -
Neghi¢m ciia |)h‘uung tinh: o, = 1( ,Uy * \jﬁ,v -1-{0’(}/0'}‘) =17, ].(5.7/)
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Momen 16 han: My = P_{(— 7, t \/yf +(P0r2/f’)_) ~y[2) J: (5.78)

S“

trong do: Vv _ﬂ\ r=——m——y

21 Ypi Pyv=ovAl Po=opA

B. Truomg hop tiét dién cé hai truc dii xiing
Trong (rudmg hop dic bi¢t nay, ta co: R, = S“‘ =f = yp = 0. Cong thire xic dinh

tmg sudt va mdmen 13 han ¢o dang:
I —_— ——
- N . el * ’ q L)
O—M.lh v O—UU,\‘ ' ‘th ]\{I(}IV\‘ ’ (5.79)
S FVCHdién tinht sao tao then tiv cac dai chiv nhdt hep o6 hai trac doi xumg va

Lt dion ot chie nhidt hep, 'Trong teudme hopy nay (e eo:

o= 1" =0 au=GI T GE At W
o) vy g Yer \
. IR Py R S ,
Dodi oy !\/(,/Wr,l_v M= G (5.80)
1

Trong reomg hop GELdi¢n hinh chir nhat hep ¢o cle canh &, ¢ Kin lugt theo cac
Ctrue v vt a, Khiovz Bomdt philing ucdo ta co: o= be12; Wy = 1026 1y, = bi/s,
(e cong thie (5.8 11 52 ¢o dang cu thé hon nhu sau;

J
b/ R mhr - '
Toan VO A Gl | (5.1

s Licy dicn hinh chie T (hinh 5,14 '”:ﬁ;'

Trong truomg hep nay /, = l:'; A 0. HE xae dinh L

¢l luu v 1o dO quat @ bang Khong i cac didm nim < 5
(ren ban bung G& dicn va bing A/ 2 tai cac «didm
nam 1én bian d8 68 dien Khi oa do v duge tinh L
ducmg trung gian caa bitn bung vir bin Kinh veeto ban

Sl W
N

Gl

— ¥

didu trang vod dudmg wwang gian cia bdn bang. Do do, v

momen quan b quat duge sac dinh nbur sau: Iinh 5. 14
‘ ?
-} - . A =
lo = If jm dA = j y A =
A At

)
he
)
2

j.w’d\:" 1 o (5.8D)
AT 2

. * . - - ’ e e > - - ~
vai [ Lnmomen quin tinh ddi vai trye v eta mot ban dé.
Suu khi thay cac dab luong gy, oy, v xac dinh theo (5.43), (5.75) va dil;
2 = Il

Y (! o
N=r/llt+nm- ! - vid () = - (3.8%)
f‘ Z(rl

o

[04



K ————
Lt (URYC: T = (1 11 : M, =— 1G] EI . (5.%3%
M.th Hl ¥ vl Ty th i N e Ty

5.6. On dinh cua thanh thanh mong chiu nén léch tam
A Traong hop tiét dign co mit true déidi ximg
Xab thanh thimh mong, (8 di¢n hdéy co mdt rue dai xiing B teye v, ehiu hee /2
nen dee 1dm voi i sai e trong mat phing dor xamg v nhw uén hinh 5,15,

i 5. 15 ad e AL P t .
W_'.f— z E "% E2
a) ' )]

Khi chura it $n dinh, duimg dan hoi cta thanh T dudmg cong phiding trong miii
phing vz, Khi # dat dén gia (ri tn han, thanh ¢o thé mdl on dinh dang uon
phitng: truc thanh bi u@n cong (hew phuong x, vudng goc vai mil phiang udn ban
ddu vz Cac 1ié dign bi xoay rong mat phiing xv quanh tam xoay & ndm tén
truc Jdoi xtmg ¢l Gét dien, cich trong am C 1 v chia xde dinli Do do, tacd
(h¢ gidi hai lodan twemg e nhu 33 thee hign trong mue 5.5: xdc dinh v theo didu
Kign umg sudl (i han ¢o gid o nhd nhit,

NCu quy wow tmg stdt nén la duong va goi v cie trye quan tinh chinh irung
i ang sodt phap co bin i iha bt Ky co toa do v biing:

PP ( 3
o= — 1 v Vrev/i®) (5.85})
A /- o / \)

\
. e
trong do ., = F/A; = I /A L
Cuong dd - chia momen xodn phan bo, tnh vai tim xoay K cia GEU dign, do

Cle ang sudt o ban pay ra duve xide dinh theo (5.04):

>
10 /- ()
- :-(——--)——Iap')n’,-'_l = J.p dA+ — j‘\'p‘)cm
dz7 (/Z 1\_ A
a0
Hay: iz %——=0 [ +(eS )] - [I +(eS J]IZ (5.86)
dz= / /

Thay cho {5.27) trong truomg hop nay ta duge phu':mg trinh vi phan:

(/ ;; ) T s Gl _
sk B = 0 voi kP= ¥ [l +(eS _/f' )] —- M (5.87)
(jL I r A Il
(42
Khi Gét dign & hai dia thanh duoe phép veénh ar do, sau khi pidi phuong (rinh
(5.87) viisur dyng cie dicu kien bica nhue 3 thye hicn trong mye 5.5 tatim duge
nghi¢m nhd nhal cia ung sudt, tuemg tng v & = 7 nhu sau:
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/ b
T = e | e B G {5.8%)

"t (e, il "
Vin dung cic cong thie (5.39), ¢5.71) bidn ddi Ly vir Sy dot vai tin xoay A theo
cae dan luemg tinh var rong 1am G taco thd dua (5.88) vé dang:

o o0 T T 5 0]

R not 2’],'._”’,\- Fagyy )
trong do:; He=cfr - (5.9
cac darn luong r, [3\ , k. i duoe xde dinh theo (5.78) con oy, oy . 1 van duye
xie dinh theo (5.43), (5.44).
Vi e caa tam xoay duoe xac dinh theo didu kién dao him cta bicu thic (5.89)
theo thong sa 7, bang khong. K&l guil:
o, n.)

Nk = 1p 4 (5.91)
o -,

N
Thay (5.91) vio (5.89) ta duoc phuong trinh bie bai o& tm tng suill o,
(5, =TT, =Ty ) +20.,( T, =y Mot fhtn) ~ (Gulfe —Oynp)? = 0. (5.92)
Hay:

2 > ] 3
La2netfhryqn)=n; |0, ~(Gor o+ 20hne)os +dpay —a iy, = (0L (5.93)

Tir phuong trinh (5.92), néu ¢ho 7. = 0, 2 ¢ (h¢ suy ra phuong trinh (5.46)
(iong (g voi lruomg hop lue nén E i trong tim GEL dién,

Trudge hop hee nén G i e udn £ cua S dig¢n, taeds 0 = . Tu (3.91), W
tim duoe g = pp o, nfu oy = o, didu do chong 1O L Gim xoay trimg voi tans
udn T (5.92) tasuy ra il nghi¢m:

o]

Ty O,

t

¥ oMo (5.94)

€ ¥

U:;l) = 2

I+ iyt 2:7”/3-\. ,
Qua khdo sit phuong tinh (5.93) fa nhin thdy: voi do 1¢ch (i da lom, ol
rong ¢ic nghié¢m cha (5.93) ety thinh sghicén dn nehia B thanh ¢o (K¢ by mit
on dinh dang udn pllfillg v lye P Lo fpe Kéo. Gidort gidd han e Jdo 1¢ch tim
(wrng tng van khi 2 1 fue kéo duoe xac dinh theo dicu kién: nghi¢im cha (5.93)
biing + x. Kli do, h¢ s6 cda sahang ddu cia €5.93) phin biing khong:

[I+2 0 h+nn)- 1)5 | =) hay r)‘f) =2k —1 =1, (5.95)

voio A= e+ gp ladal leong khong tha nguyén.,
Nehigm cia (5.95): e =k & \f,r\-'— e

196



e e e PR

I'lr 15,900, suy ra: ¢=(k +\NkZ 1)

Nhur vav., néu wen triae don xang v, (i irong. i
C o dume mon doan CE = kr viv e £ dung ve

hin chicu cac doan £F v EG bang Ve +
the ki 77 dat rong khodong FGL e 1y han chi
co the niye nen (hinh 5.16).

Vidu 5.2 . Xic dinh gid tri i han caa ung suil
trung. tinhi 0, = /4 cho thanb ihaali mong
4 < irong vi du 5.1 tuong dng voi khi lee
nen 16ch vun P (hinh 5.17) ¢o dicn diac

Py £ cach trong tam C la 7 mmy;
2y tam uon £ cich wong tam a /4,8 mm,

D¢ van dung 5.93), 1 ¢lin chuidn bi cae s0 ligu:

<l 80 cha G dign theo (5.72):

\f‘ - J.‘lj,f»\. dA = J"\'\"?(!/"l + j."‘ A\':'\‘ oA Hinh 5.17

: 405 o o
e Doun 3£ S'\_ = /.37 .19+ l(),_)’_[” ” ATl = 20762+5887 = 20049 1mmS.

! N

R i 3 5 o0, _
e Doan 2-3, 54 § = zj ey »2.9.5~j o v = 5507

v.2 /
- ‘ 2 225 9
o Doan /-2, 53-0: S‘Y L= 2A-8TF A3+ (—8,7).2]() . vTdv = =782 /4 mn*
Oiatri S“j cla toun e dién: S‘\: =Sy + Seo+ S0 = 406058 mmd,
ST e theo (5444 voi A = S22 va l;) = 16,2704 mm? (xem vi dy 5.1):
r= \/l;;//l = \/162{)!}/8_)’ = /4 mn.
< '1'im Beva pp theo (5.75) vai fo = 5200 mmt va yp = 14,8 mm da um duoe

trong vidu3.1:
m=yp/r= {48714 = 1057

. ! 46095 !
=t/ . = T gaste o= 7
A ES-"/ G ’-’];- { 2.5200 M‘S]x PRl

Cac dyi luomg gp =708, 7 Nimm2; g =940 Niamm?2 d2 (i duge brong vi du 5.1,
Iy Kii P ddn sad Eedoh trong tdm Cla 7 mnt:
Tir (5.90), taed: e =efr=7/14 = 0,5 Phuong trinh (5.93) st [
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LI4+2.0,5(~ 1,373+ 1.057)=0.52) 0% = [168,7+91,642.90,6.(= 1.373).0.510, +
I68,7.90.6 — 91,061,057 = 01
My a7 = 0998 G+ 14000 = 1.

.. .. . . T 3 .
Cac nghi¢m eha phueng trinh; O’:J Y= 255 Nfmm2; o Y= 55 N/mm2,

Ciac nghigm tm duge ddu [om hon gid ti o = 44 N/mm2 da (im duoe trong vi
du S.1 Do do, gid g 8 tinh ¢ha img sudt (i ban s la oy = 43 N2,
2) Kl Pt i 1dm ndn 1 cach trong tam Clé 14,8 mmi;
Tl {5.9:4) ta o cae nghiém:
ol 1087 2 910.1037° =—84.5 N/mm?: &'~ = 91.6 Nimm?-.
Y 4 LOSTZ 2005741371 !

Do do gid g dé tinh cia ung sudl (i han s¢ 1y g,y =0, = 43 Nimme,

T thay: khi J0 I6ch iam Lon, mot irong ¢ic img sudt tof han 12 lue kéo,
B. Triong hop tiét dién co hai truc doi xiing
‘Trong truomg hop nay 1am udn trung voi trong 1am, 1a ¢o; Si =y =vp=npn = 0.
Phuong trinh xic dinh tmg sudl 1y han (5.93) s ¢o dang:
) bl
(I=n>)o, ~lou+o)o, +agoy = (5.9}

Truomg hop thanh ¢ G dién hinh chir nhie hep, hai diu wr do, chiu lye nén
Iech 1am P vai tdm sai e trong mc phing vz, taco:

. . ‘ o1 2
lo=1=0: oy=0GI / R /! A
Thay o, = P/A v i, =e2/r? vao (5.96) ta duoe phuong (rinh tim lye 161 han:
hl A bl
(e =r2)P2 + | GF +-f‘r--;— N ]!’ %I:‘l Groo=0. (5.97
v /- AY /- AR

5.7. Cac phuadng trinh cd ban cta thanh thanh mong chiu uén
ngang phang khi tiét dién c6 mét truc déi xdng

X¢é thanh thinl mong, G681 di¢n hd, co mot true déi ximg, chiu udn npang phing
do K trong tac dyng trong mt phiing ddi xdamg zv. Trong trudmg hop nity, dé co
ih¢ s dung nhang kSt qui dabiél trong SBVE vE cite die trung qual ta chon dida
cue ciid foa dooquat Khong trimg vai e xoay nhw trede ddy mb trimg vor i
ndn cla 6 dien. Nhu vay, didm cue da chon B didnr cue chinh, diéne goc chinh
(dién khang chinh) ol tpa déa yuat ndm trén triue doi ximg.

() trang (hii ban ddu, dudi e dung cia ti rong, tai 08 dign bat ky phid sinh
momen ucn My, Ung sudt co ban g thea bt Ky ¢d toa 3O v trén ¢ dign chiu

momen udn My st i

[V8



F o= -y (5%

Kivi mat 6n dinh, true di qua ¢ac tam udn bi udn cong ra ngoii mil phﬁng uon han

diu oy, dong thon ¢de tdl dign bl xoian quanh true bi udn noi (ren. Ta s¢ tm cic

dai luone duoe xem nhu cie thanh phian " trong” phit sinh do cie dng sudt co

bin tromg ng vl hai dang bién dang n¢u & én;

< Do bién dang g Vat 6L dien ¢o boianh dooz, x8t mot the bt ky ed digén tich
Pphan 10 dA o toa dO v v, ndéu Xem gag sl cor bin kéo [ duomg thr img tue co
ban L do la o dA s¢ b nghicng so vin true 2 va duge md G tuong ung voén cac
cludu duony theo quy woe vé didu trong SBVIL ahir trén hinh 5,182
Goi v, i cie thanh phin chuydén vi ctia i udn theo phuvng vox th poc
nehicng cia 0d dign dang xCt rong cie mat phiing zv v on Ko fuot ke dv/ds va
iz DO o, hinh chidy cta img ue o A 18n cac trae v x s¢ L g debidhvdz) va
o dACdAdlz

’ / i dzx
< z
— J%
<
C

v

Hinh 5.18

Nhu vy, cuong dd cic thianh phian "tdi trong” phin ba (rén mor dom vi chicu dai
thanh, phat sinh do dmg sudt corban G cae the én toim 1EE dign se

2 3
d v o
fv.) = — — A L = = i S.l)l
"y J.(\(Idz:u“\ ol J.-\U‘IZ-?(IA { )

NEu guan mi¢m ¢udng dd monen xoin phan bd quanh m udn ¢o o do vy, do
cite thanh phin wén gy ra corchidu duong B chidu lam gidm momen xoin tdng
guat theo chidu Ging cla truc 2 (i ta co:

,
ny = [\a el Sy =y ) ldA. (5.100)

Sau khi thay (5.98) vio (5.99) vi (5.100) v tau y 1 mdmen tiah vic momen
quan tnh ly tam doi vai he tuce quan tinh chinh bang khong, ta duoc:
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d-v M &’ M,‘

v Y.
i =——-x—t| vdA=10; g, =~ % ydA =0 (5100
o ]\ A dz? R '["
a2 JE ) =
Hip = ---4-;(— —-—: A+ i—--’-}j AR \‘“)n’/\ =M ﬁ.-_’?i. A5.102)
Il e dz= " I et

= Do bidn dang xodn: Tuong e ninr trong mue 5.2, néu x¢&t hai G dign 1an ¢an
¢, vir Ccach nhau Jz thi kKhi thanh bi xodn, (hd m—-n bi vin theo dutmg cong
i wén mat e 1ron xoay co wrue di qua ¢ic tam uon B, ban kinb gy tuong tny,
vidi chidu duong clia goc 0 nbur irén hinh 5.18b, didm # chuyén dich 101 1y, e
adA trome Wi nghicng so vat phinong 3 theo goc o .
Thanh phin hinh chidu cta luc o dA [én mil phiing av ¢o phuong vudng goc v
han kinh o tunb W tam udn 1) vis bang o dA.dw hay biing o dtd 0/ dz).pp dA v
v oy(d € /dz) Phan tich thinh phiin hinh chidu trén mat phing v theo hai
phuong vova v fa due:
¢ theo phiuony v - Icrd(d()/z?:).p,r dAL o1t = o d(d 0/ dz).x dA ;
o theo phuong o [ad(d 0/ dz).pr dA(y=yp) /pi] = G d(d 0/ dz).(v—xp) dA.
Nhwr vay. cutng do ¢ic thinb phan "tai trong” phian bd ieén mot don vi chido dai
thanh, phit sinh do ang sudt co bin G cac thd rén wian 8L dign se L '

a 7
Gu2 :j-‘_io'%g—) vddA g2 = — :\ai—?- (_v-'\'”)(//\. (5.103)
oz oz

Theo €5.23), cadng dO mamen xadn phin bé quanh @m udn o wa do vy do cic
(hanh phin trén gy ra st i

i~ ()
iy = o‘i-hp da, (5.104)
A -
(e
Sau khi llmv (5.98) vao (5.103) va (5. 104), ta duge:
- 0 M 0 M, 20
(fyr = i —-———j vwdA =t qor=— -(L—i—.——h‘— My )(M = i—n,— :
4z dz= 1A g dz”
d-0 ﬁ/l‘ . d%0 M, >
? = e—— — o = 8 i 8§ = yolu . .
M PR -J.!.‘P,r dA PRI v v J‘{‘_\p,u’/\ {5.105)

. Y
Dai luomg Sy duge xiac dinh theo (5.71), trong tridmg hop ndy ta cd;
R LA T i ¢ o_ 2.,
Sy = S}_ 2y, 0, v S__\- = J‘P[. ydA.
A

2 2
Do do: ny = w—? w8200 )= 2/3:M\ d ?

dzs . - : dz*

vi: /1:,‘ =(.ﬁ‘_‘\j/211,)~y,). (5.107)..

(5.11}0)

200



HE 1ap cac phuong rinh ¢o biin cho bai toan dang xét, ta st dung cic phuong
innh vi phiin cia chuyén vi vai quy woe vé diu gquen bict trong SBVIL va phuong
irinh v ph;’m ¢ 2OC x0dn (5.20):
p 4 2
iy du d70 d=0
El— = ~qv; Ebh——0F=~qv;  Ely—7r ~Gl = rir- . {5.108)

4 A 2
oz

dz oz dz
frong truomg hop nity, f, [a momen quan tinh quat chinh cba (6t dign doi vai

gim udm £ v duge xace dinh theo (5.39) va (5.50) nhur sau;

_ g R A S T L PO O T . (
lo=1 =xp R v I =1 =2vpyphy+ v I =1 — vi/ . (5109

ac dii luomg gy ooy o om- trong (50108) 1 1dp hop cde dai Tugng tuong ang 1un
e theo (3100, (5. 102), (5.105), (5.106) va caa i trong tac dung trén thanh,
Now el ¢, ¢ * s a2 3 cuomg dO caa cie (i trong phin bd rén thanh, ta ¢o:

20
oSyl qu2 v g = 0+0+ qf D g =gl g2 =0 -M, ‘—-—;-' + gy
. ‘ n"Z
& /)
nz=mp+n2+m*= M - € 2/3 M ——= +
Ydz? Yzt
Sau khi thay ¢ic bidu thie rén vio (5. 108) ta duge ¢ie phuong (inh vi phin:
4 7
dhy / 0
EL S = —g¥, R R LT
ez dz* d'z"
7 0 120 &
Elo“—5 ~(2B M 4Gl )Ss =M (S.11th
dz? ez~ Yozt

Trong ¢dc muc sau ta s¢ van dung cac phuong trinh (5.110) dé gidi cic bai 1odn
cu llm Lhuomyg pép.

5.8. On dinh dang uén ngang phang cua thanh co tiét dién
chur nhat hep
Xét thanh ¢o tidt di¢én chix nhft hep, chiu udn ngang trong mat phing zv. lrong
fruong hep niy, 1a co; I(o=ﬂ: = O vi gy = mrt=0, "l'ich phan hai 1dn phuong (rinh
thee haai cta (5.110) vai ¢hid y {a cac hitng s6 tich phin biing khong, phuong (rinh
tha hai va th‘r ha clia (5.110) ¢o dang:

2

I ! l..
B - M 0=0; Gl g__Q e Ty
Y o t!.{' Yzt

Sau khi khilr nghiém e ta Gm deoe phuong trinh vi phan cdp hai theo nghi¢m &
2
d= M .
e/ Y/ (5.111
dz=  GF KT
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Ta s¢ van dung phuong trinh (5,11 1) & giai mdt 86 bai in cu thé thuong gap.

A. Thanh ddt trén hai géi twa

Trude 1en ta xé thanh ¢o lién k&t g -
« hai diu nhur teén hinh 5,19, chiu T z zx
udm trong il phang v boi lye 14p PéT__z_l” o TP/Z .y
trung A it i rong tam i dién é —e— EJ —
eiva. Trong (rudmg hop nay, bicu yr— |
thue mamen udn i 1E dien ¢o o | “_
hoanh Jdo - da My = Pz/2 nén ! & £
(5.111) st la phuong trinh vi phan lz
¢ he so thay ddi: Hinh 5.19
,2
fﬂu 220=0  voi  K° :;—_ (5.112)
X 467 wl:']v

Co thé tim nghigm caa (5.112) dudi dang hinn Bessel hojde dudi dang chudi vo
lan. N¢u dung chudi vo han, ta vict nghigm dudi dang:
O=co+ciz+m2+et+. +00+ .. (5.113)

Thay (5813 vao (5.112), ta duog:

2o 4230434 ey P2 A Scs 4+ R ey vor e e i =00,
Hay: 200 +2. 3 sz {34 ey + Keo) 2 +

+{LS5cs+ K2yt w50 co+ K2 2 (6. 707 +k2ea)5+. = 0,
Phuwag (rinh nay ¢iin duoc thod man vai bt Ky gid i 2 nén cac h¢ so cta da
thuc nay budce phili ddng nhi bing khong, Do do, ta ¢o;
¢x =1} cy =0 J4ey = —!\’3(,‘(, , 4.5(.‘5 = —/\’3(,‘; y
4

50ce=—-Kex=0: O0.7c;=~ky =0 78cs=-kcqy= ?‘; Cotonnn

‘T thily cic hing s8¢ mang ¢hi 0 2, 3,6, 7, 16, [/, ..d8u bing khong, o L
Coggi =0 VU Coggi =0, vii i={0 [ 2.,

5
Ciae hé sOdn tai ¢o quan he nhu sau: ¢y = ~——-~£ Cica
(i+4)l+2)
vit ¢o the bidu thi theo ¢o vi oy .
I i 2 L - - 0
CETRC TTIRYT NI P sz
j\;’ l.\,Z /\'4 A(:
R D L AR S Y A

Do do. nehigm (5.113) duge duwa ve dang:
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2 A 6
= ('(,[}'i—z'3 + A e A 12 +J +
34

3478 34781012
+L‘j1(."—£2—24k £ 2 - ! 27 ' (5.114)
L 4.5 4589 45891213
Cuc didy kign bién:
* Khyz=0tmeod: & =0 Suyra ¢, =10
+ Khi 2 = {/2 1 do tinh ¢hdt doi xtng chia bai toan va lue P 3t i trong 1

khong edy ra momen ({p trung tai 2 = #2, nén bidn dang xodn tai do la hién
e, tran tru. Do do, 2oc xodn O(41/2) ¢o gid i cue dai vatlaco: 071/2) = (.
T ay dao hinn (5,114} theo z viv ¢, = 0, ta duoc:
2 4 f N
d0 IR k 2, J

ci|l——2" + z0 - z
ez 4 458 4358912

‘Iir dicu kign bién thi hai, sau khi (hay 7 = /2, ta 1ap dicu Ki¢n 100 tai cua ¢; s¢
duoe phuong rinh On dinh nhu sau:
2 3 24 P2t
/ / . k-l
‘ ‘ = vdi a= = th__ . (5.115)
o4 250GI LI

ot - +...
1 270

Gidi phenyg trinh (5.115) ta oy duoe nghicim nho nhdt cia w i o = 1,126
Tl (5. 115y tsuy ray pid e coa hue (0@ han:

oW e
Py = 3 Ji:/_‘_(,/m. (5.116)

Chii thich:
1. Gia ri cua le 161 han con phy thudc vi Irf cua didm dat luc P theo chiu cao cla it diém: khi luc P
huéng xudng dudi, néu diém dat fuc ¢ phia trén trong tam tiét dién thi gia tri téi han giam xudng va

ngugc lai. I

Trong lruéing hop nay, phuong trinh vi phan va ?ghiém cla {— ‘ —E o)

bai toan van cé dang nhir {5.112) va (5.114). Diéu kién bién o 2

thir nhAt khdng déi, nhumg diéu kign bién thir hai s& khac di. HE

NéU goi d la khoang cach thing dimg 1 digm dat luc dén [_}_j |

trong tam tiét dién (d duong khi diém dat & phia teén trong e

tam) nhu trén hinh 5.20 thi tai z = //2 se phat sinh thém L_/é"__._{ :_._

momen xoan P.d.0(1/2). H‘(ﬁ(?z) d;(_f)

Bi&n dang xoan s& khéng tron tr tai do nén theo (5.1), ta ¢é: / z
Glxo O'=[Pd O{l2)]/2 khi z=12 Hinh 5.20

Cung thue hién cac phep tinh tueng W nhur trén, ta dugc:
203



Pm=~ E!G . (5117
12

véi Kla né sG phu thude vi tri cla diém dat luc, o6 gia tri cho trong bang 5.1,
Bang 5.7

D:em dat {uc o tren trong tam lret dién

—_— — . - E T |

¢ e iGi 0 | oox | o143 | 0293 | 054 R
E N vy X | o ._,,]‘
K 16,94 f 150 | 128 | 96 | 64 ’ 32
e Drem dat Iu’cafdum trong 1am er_tdlen . ;
} 9\/57&;? 0 oosglmssJoz?: 0396‘0562!081& 130 |5 278 1
i, f .. y xo SN l ﬁ<( . _j, . L ‘] \ i
K |1694] 192 | 224 | 256 | 288 ' 320 | 352 | 384 416
Khity 6 d /1 nho ta ¢6 thé st dung cdng thirc gan ding tim duoc theo phuong phap nang Iuong:
16,94 ., 348d — o
Py = \/EI GI [1—— E!y/GIXOJ. (5.118;
2. Triong hop luc P dal tai tigt dién bal ky cach €y
dau trdi 12 ¢ thinh 521): d8 giai bai toan nay ta |
can giai phuong trinh (5.112) cho hai doan R B Tz
thanh véi cac hé sd k nhu sau: L: G P .
e doan bén trai; ky = 2kif-c)/1; E
» doan bén phai: ks = 2ke /1. Hinh 5.21
Cac didu kién bién: ® ¢ haidau thanh: ) =0; O»=0;

e 0 tiél dién tiép giap gidta hai doan: = (b, Oy =05
A. Kdrobov da giai bai toan nay, cong thirc e 16i han ¢b dang (5.117) vai Kia hé so phy thudc vi tri
cla lyc P, ¢b gia tri cho trong bang 5.2.
- _ Bdug 5.2
e/l | 050 | 045 | 040 035 030 | 025 020|015 | 0.10 | 005
K . 11684171517 "3?4__’_,9;-04, 21,01 24,10| 29,11 | 57,88 5“)-__0,,’,, 1116

3. Trudng hop thanh chiu tai trong phéan bé déu véi cu(mg dé q trén toan nhip, cdng thisc uc téi han:

(G = —\f (5.119)
B. Thanh co mat diu ngam, mot ddu tw do
‘Trude tien 1a xét thanh chiv udn trong miil phiing 2 v bivi lue tap tung P it (qi
rong Am tidt dign & diu te do (hinh 5.22). “I'tong treomg hop nay, momen won
Gai it dign ¢o hoanh df 2 la My = =Pz ndn (S.111) s¢ 1 phaong trinh vi phan

204



¢o W sO thay ddi:

] 2
-7 P

d i vk7270=0  vai kZ = — —. (5.12()

dz - G[\(JIZI‘,‘
Phaong trinh nay ¢ dang eidng nhu
(5.112) ntn nghi¢m cua (5.120) cang ¢o
daig (5.114). T T 2
(dc dica kign bién: P~
+ Khi 7 = 4, momen xodn bitng khong / -

nén @ = ¢ Tir bidu thae dao ham cia v
(5.0 14y o tim duge: cp = 0 Hinh 5.22
4+ Khi z =/: = 0. Tu didu ki¢n nay, ta co:
k3/4 K'4IS k(:’lE
Cor I*‘ + - 4. 0= 0.
34 3478 34780002

Tir didu kign 10n tai ¢, 1a tim duee phuong (rinh On dinh nhar sau:

2 3 2.4 24

< _ k=1 Pl

J~a+——L b =0 voi a= s (5.021)
14 154 12 12GI FI

(iidi phaong rinh (5.121) (a tim duoe nghi¢m nho nhilt cia a 1a: o = 1,342
T (5,121 ta suy ra gid tri cha lue 10 han:

403 e
Pm=—-'-r-~‘j1:‘1y6‘l . (5.122)

Chy thich:

1. Truding hop luc Ptac dung ¢ dAu tu do tai diém dat cach trong tam tiét dién mot khoang cach thing
dimg la d {d duong khi diém dat ¢ phia trén trong tam), cling ldp luan turong ty nhu trong trudng hep
thanh ¢& hai gdi tya, ta duge ¢éng thirc xac dinh luc toi han nhu sau:

K =/———
sz F E!yG!XC‘ ' (5123)

véi K la hé s8 phy thude vi iri cua didm dat luc, €6 gia tri ¢ho trong bang 5.3

 Bdng 5.3

- Diémdatlyc o tén trong tam tig! dign
\fEf /G_f 0 (0.0031
¥ X0

0.0887| 0,164

0,238 | 0,322 | 0425 0,568 0,7911 1,224]2,485

K 4013 40 | 36 | 32 | 28| 24 | 20 | 16| 12 | 08 | 04

‘ - piém dit luc G dudi trong tam tiét dién i
\/ET'/?;T_ 0 0,114 ] 0.320 0,923 1 o
¥ X0

Ko Laow |44 | e | sz | s
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Khity s& d /i nho ta co thé su dung cdng thirc gin ding tim dugc theo phuong phap nang luong

nhu sau:
4013 "
Pyp= —— /E! G! (1—-—\/5 GJ . } 15.124)
2 Ny wl /
2 Tridng hop thanh chiu tai trong phén b3 rén toan nhip, ¢ong thic W i han ¢6 dang:
. 1285 ——-
% phan bé déu véi cudng do g . (@n=—— [Er a1 (5.125)
‘,( LYt
Y . p 528
+» phan bo theo luét tam giac g = gez /1 Joth=—7 E! GI . (5.126)
I

3. Truong hop tiét dién thanh cé chiéu cao thay doi theo ludt h = ho{z /1)7, cdng thic luc 1¢i han ¢o

dang
‘ o oai . m
+» chiu tai trong phan b deu voi cuong dd g . (glhm = —~ fElyGfm ; (5.1277)
{
+% chiu luc tap trung dat tai dau tu do : Py = ElyGlm ) {5.128)

Cac hé sé mva m* phu thude gia tri cia 8 mi n, duge xac dinh theo bang 5.4.

o o o o Bdng 5.4

T T 9___“Jf44___+1/2___;if_4___ o ‘
oom (tat trongphanbo deu) ' 12 85 12,05 __*1_1,24 10,43 962

Im (!Uc rap trungrardautud { 4013 3614 1 3,214 2811 ‘ 2,495 '

4. TruGng hap thanh ¢6 hai dau bi ngam, chiu lyc tap trung dét tai trong tam tiét dién o gitta nhip:

26.6
Pih = 7 ElGL, . (5.129)

5. Truang hop thanh ¢b dang lién két khac ¢ hai du, c6 thé tim két qua trong [9].

5.9. On dinh dang udn ngang phang cla thanh tiét dién chii T
X¢t thanh ¢o Gét dign chr I, chiu udn ngang phing [mng mdt phidng zy. ‘Trong
trucrng hop nay, tdm udn triing vod trong tam nén ta ¢o; [5’ = ), Tich phin hai lin
phuong winh (ha hai coa (5.110) vai cha v 1a g% = 0 va ¢ie hiing s3 tich phan
hing khﬁng phiweng trinh tha hai va thir ba cda (S LI0) ¢o danL:

A= 40 o~ 0 d=u

ENSS =M 0=0:  Ely*——-GI ‘“-s-M D= m*
(!Z' (IZ / - (fZ"

bai luomg 7, duge xdc dinh theo ¢ong thie (5.82).

Sau khi khir nghi¢m « ta im duoe phuong trinh vi philn ¢dp bon theo nghiém ¢
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4 2 M-
e1,90 . 9T

, 0= m*. (5. 130
(/24 o ([z? El

i st van dung phuong trinh (5.130) d& gili mot $6 hii toin cu the thuvmg eap.
A. Thanh dat trén hai géi tua chiu téi trong phan bg g*,
Trong trwimg hop thanh chiu thi trong phin bo v cudmg dd ¢y theo quy lull
bit k¥ di tal cao dO cach trong thim mdt khodng 1 d, trong hé s¢ phit sinh

wonien xodn phan bo voi cuong A0 m™ = —g *yod. 0. NEu chi y dén s licn hé¢ vi
phan 2itra ¢ %y vit M thi phuong trint (5,130 5T ¢ dang:
4 25 2 2
170 70 M d°M
Elog — =Gl = ~|==t—— Sd|0=0. (513D
oz dz” I'J\, dz”

Co thd tn nghigm cha (5.131) dudi dang chudi theo (5.113) hojc ap dung ciac
phuong phap dn dung, chiing han phuong phap Bubnov-Cralerkin (xem [13]).
Trong truomg hep thanh chiv i trong phan b3 déu trén 10an nhip vai cwong do
¢ = ¢, phuong trinh (5.131) ¢d dang:

4 > R, 3
! -0 27l -z
Ellu‘ 0—(?[ d=0 g7z (I-2)

] - d=10. (5.132)
(124 e dz? 413[\.

Bl nphicm dudi dang chudi vo han (5.113), thue hign cac bude trong o nhur
trong amuc 5.7 tuong dng vai cde dicu kign bicn tai cie diu thanh:

+picxoin @ =0khiz=0vaz=1;

+ bimomen biing khong hay theo (5.17), 0" =0 khiz=0vaz=1,

ta s¢ m duve ¢ong thae xic dinh gid tri 13i han;

K 7 :
(alin = 75 JI1,61.,, . (5.133)

vist K 1 he s0 phuy thude vi i dat hee va 1y 6 242, dai luomg ¢ duoce xdce dinh

theo cong thue (5.83). Cacgid (i ciia K cho trong bing 5.5,

R ____Bang 5.5
7 ”1'3_/_32 0.4 410 8,0 I@g__ 24,0 32,0 48,0____

i { Tai |tongtdmtiétdiéni 1430 | 530 | 426 | 363 | 338 | 326 __3;_1_57
Kjtong| bandétén | 929 | 363 | 304 | 275 | 266 | 261 | 260
| dattal|  pandddusi | 2225 | 774 | 596 | 481 | 436 | 405 | 379
1207 64 | 80 | 128 | 200 | 280 | 360 | 400

Téi |trong tém tiétdién| 305 | 301 | 294 | 290 | 288 | 286 | 286 |
K|tong | bandstén | 259 | 258 | 260 | 263 | 265 | 266 | 267
! [T PY . i 1 N
|| bandsdue | 363 | 951 | 332 | 520 | 315 | 310 | 308 |




B. Thanh ddrt trén hai goi twa chiu fuc tdp trung P o gitta nhip

Trong truomg hop nay, bidu thic momen udn My = Pz /2 véi 0 <2 <1/2. Do do,
khi 0 <z <7172, phuong trinh (5.131) ¢o dang:

d4*0

Elo—7

(I.c

-Gl

A0

(!20

3
P 2

3

dz~

=0

0.

(5.134)

B ngluém dudi dang chudi vo han (5.113), thue hign cac bude wiong ty nhue
trong nge 5.7 twong ong voi cac diGu kién bién nhur trong muc 5.8, (4 s¢ G

duere cong thie xde dinh gid i (31 hane:

vail K la hg 80 phu thude vi i dat lee va oy s& 12242,

K
P =~ K1 G,
It A XO

theo cong thire (5.83). Céc gid tri cla K cho trong biang 5.6.

(5.135)

dai lugmg « duve xdc dinh

_Bang 5.6

12£a2 04 | 40 | 80 | 160 | 240 | 320 | 480

o ;._r;mg tamtiétdién; 864 | 319 | 256 |.218 | 203 715,6“_715787'7.
K| trong mb_.-:in dé trén 517 | 202 | 169 | 154 | 150 | 149 .1;1_,-8.“
dat tai f— bandddusi | 1467 | 500 | 383 | 304 | 273 ;25:5_7235

_ {%/a2 64 80 96 160 | 240 | 320 ;o_c_) ’
T troilg 1Am tigt dign| 183 J 181 | 179 | 175 | 174 _3;,_2: _1_7:zﬁ
LK ong | ban dé trién 149 | 150 | 150 | 153 | 154 | 156 | 157
| gt tai Fﬁbéndédud‘i 223 | 216 | 211 | 200 | 192 | 180 | 187 |

C. Thanh co mot diau ngam mt ddau tw do chiu lyc tap trung P tai trong
tam tiét dién tir do

Trong trudmg hop nay, bidu thie momen udn M, =—Pz Do d6, phuong trinh
(5.131) co dang:

Ely

d40

dz?

-Gl

B YZ)

o 20
dz 2 P

¥

'0—()

(5.136)

Cing dp dung cich gidi bai toan (womg tr nh irén, ta st tim duge cong thie xic
dinh g3a (i coa lye 1§ han:

K o
Pin= 5 \/u\_mr\;n .

(5137

vaii K L h¢ sO phy thude 1y 86 £2/a2, dai luong ¢ duge xde dinh theo cong thie
(5.833. Cide gid i cta K cho trong bing 5.7.
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~ l)'ang 5 7

R T S e e . - ;
et a? |0.|1i2| | \6‘8 10‘12\14|16i24!32|40
K E 4.3 137;12 |107‘976 8.69 8,03 758\720‘696‘673|619158’!561

Qua w&t Gy Cho trong biang ta thdy: Khi 1y s0 2747 ang thi he s0 K gidun vitticm
can Jden wid iy <002 L gid i xace dinh theo ¢ong thae (5.122) tuong dng v
traone hop 6L dicn chir nhat hep. DG vai nhamg (v s 2/ 1on hon 40, 1 ¢
the xie dinh 2dn dung he $6 K theo cong thiw:

2
. {
K= 40! e
if-a)
i duvye bing cach thay chicu dai / trong ¢cong thac (5.122) biing chidu dai gquy
o (=), .

Truvng hop thanh ¢o dang lien k& kKhic « hai diu, ¢o thd tim k& gud tong |91,

5.10. On dinh dang udén ngang phang cua thanh ghép co lién
két ngang
D¢ ting cuomg Sn dinh dang udn ngang phing a ¢o thd ghép ndi cic thanh don
bing lién k&t ngang. Anh hudng cta licn k& ngang dén lee «ii han cang, duge
nghien ciu theo cde phuong phip da trinh bay & cie muyce tén,
B¢ gidi thicu cich phan tich b
todn, a x¢t ruomg hop he pdmn

g )
n, ) I v Lo g— .
hai thanh it song song ¢d licn 5 / R
2 I
by

ket ngang dat & gidr nhip (hinh

5.23a) nhilm ngin ¢in chuyén vi

xoay quanh rue hé. Hinh 5.23

HE s& mét 6n dinh tuong ing voi dung bidn dang phian ximg theo phuong x.
Bung dan hdi theo phuong v ¢o dang hai nlra song vai diém udn tai git nhip
nhue (rén hinh (5.23b). Néu ¢ie thanh ¢d Gét dign hinh chir nhat hep vis chiu udn
thulln tay trong miit phing v,z (h i trong (61 han cang duge xiae dinh (heo
phuong (rinh vi phan (5.68) nlung trong (ruomg hop nity nghi¢m nhd nhil phii
[dy bing & = 2z 1uong tmg vai duomg din hdi ¢o dang hai nir song. Do do, thay
cho (5.81) ta e

i\/mwif_ (5.138)

Nhtr vy, trong truome hgp nay momen (i hgn idm 2ap doi id i mdmen 107 han
khi khong co licn k&t ngang.

Cang thue hién twong G oha viy taco the tim duge lue 160 han cho he ¢o dién k&l
ngang chiu cic dang 1ai trong khic.
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Duoi iy 1o mot s3 KEt qui (theo [22]) cho hé hai thanh don co tién dien chir 1t
1. Phanlt don GE dicén chr T ¢o lién K& ngang « gitea nhip, dill oén hai g0i tua.

chru hue ap trung £ w trong tam uce dign gita nhip:

K =
Puy = 7 ‘/z;/}.mm . (5.139)

viit A L hie sO phu thude ty 86/ /7 . dai lwomg ¢ duge xac dinh theo ¢ong thue
(85.343) Clie pid i cuu K cho trong bang 5.8
Bang 5.8

lvat i 04 40 | 80 . 160 . 320 | 960 | 128 | 200 | 400 |
| 498 | 474 |

K\ a6 154 | 14a | 864 | 892 | 545 | 554

L P

2. hant dom ad dien ¢chir T ¢o 1ién k& ngang & giua nhip, dil (rén hai goi G,
chit i rong phin bd déu vod cuong 40 ¢ trén 1oan bd chidu dai caa trge h:

=

(qh)in = 7 £, . (5.140)

vl K T e s3 phu thude 1y 867 /7 a, dai luong o duge xdc dinh theo cong thue

(5.83). (e pidtri cta K cho trong bing 5.9.

Bang 5.9
AN - ]

e .
i {2ra? 04 | 4.0 ‘ 8.0 [ 16,0 ‘ 64 | 96 | 128 | 200
K 673 | 221 | 164 | 126 | 101 | 795 | 764 | 728

3. Thanh don Gét dign chir T ¢o lién kE ngang & hai ddu, & trén hai g6t tua, chiu
lire 1@p trung P tai trong 1am tict di¢n gitra nhip.
‘Trong trudmg hop nay, cic Gt dién ¢
¢ hai ¢ thanh khong xoay duoe QF—K/ vz
quanh truc v. Khi mdt dn dinh, x}_&-ﬁ! —__I

dusrng dan hdi theo phuong x ¢o
hai didim udn nhar trén hinh 5.24. Hinh 5.24

Lue o han duoe xde dinh theo ¢ong tore (5.137), Ciae gia tri cta K cho rong
bing 5.10.

Bang 5.10
| twar 04 | 40 | 80 | 160 | 240 320|640 rvza | 200 | 320 |
j K 268 | 888 | 655 | 502 | 436 | 402 | 341 | 307 : 294 | 284 |

4, Thanh dom 8L dign chir T co licn K& ngang & hai ddu, &it wrén hai 900 tua, chiu
(i trong phan bo déu v cudmg do ¢ trén toian bd chidu diu cua true hi:

Lue 1 han duge xide dinh theo cony thie (5.138). Cic pid b caa K c¢ho trong
biang 5.11.
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. Bdng 5.1
96,0 | 128 | 200 . 400 '

580 ' 558 535 | 512

. !
e — ]

kK L o4gg 181 118 | g1z
e ' PR . .

Sovsanb k&S Quil trong bang (5.10) va (511 vai k& quit trong blng (5.0) via (3.5)
rthas ol Hen két ngang ¢o dnh hdmg nhi¢u doi vai nhimg thanh co chicu dii
pedn OV SO/ a@ bt

Bai tap

V.1. Cho thanh ¢ chiéu dai / = 800 mm, chiu lYc nén ding am*P. tiét dién chir T nhu
trén hinh V.1 vl A = 20mm; b = 10 mm; & = t = 1 mm. Cho biét: £ = 7.70¢ N/mm2;
G = 2,8.10¢ N/mm2; gidi han ty 1& gy = 200 N/mmz2; khi tinh Jy, theo ¢ong thifc (5.2),
ldy hé sb ar = 1. Tim Iuc téi han tuong (ng véi hai trudng hgp sau:

a) Thanh ddt trén hai gdi tua, cac chuyén vi xoay i do.
b) Thanh cb mét dau bi ngam, mét dau tu do.

V.2. Cho thanh ¢6 chidu dai | = 800 mm, dat trén hai géi tua cho phép cac dau thanh co
chuyén vi xoay tu do. Cho biét: thanh cé tiét dién hinh chif T nhu trén hinh V.2 vén
h=20mm; b=10mm; & =t=1mm; E = 7.10° N/mm2, G = 28.10¢ N/mm2; gi& han
ty 1& a1 = 200 Nimm2; ki tinh Iy, theo cdng thic (5.2), ldy hé s6 a = 1. Tim Iuc 16
han tugng Ung vdi hai trudng hgp sau:

a) Thanh chiu Iuc nén P dat tai trong tam C.
b) Thanh chiu luc nén P dat tai tam ubn D.

b b &
t— 1 1 t—t
EE:—‘#EI# = }s == —} ¢
| & r - ...fia—d"
_"F ch z o lle o
A cll z * 5 * dloy *
= _] == 4/ U == %,
L4 L.V Yy
Hinh V.1 Hinh V.2 Hinh V.3

V.3. Cho tiét dién hinn chir U nhu trén hinh V.3
a) Nghiém lai cac cdng thifc sau:
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et 30°t
» Khodng cach tif O dén trong tam Cvatdmudn D ¢ = — - g = ——t—
2bt + hy Gt + ho

» Cac mdmen guan tinh chinh trung tdm

2 ) 7
lhk=0hc2+ —th (b2 +3c2 - 3bc); [y:7,71.(b
3 12 2
« Cac mémen quan tinh quat ddi vé trong tam € va tam ubn £
.32 2 3,7
- Yh™ e toh tb™h 25 h+ 3t
o200 (02 +207 + 2pc); 0 =L 2o NI
o 12 & o 2 Stb+oh

e Cac dai luong Hi va S": ddi v&i trong tam C:

2
sn’c ton
RS = w xda=—° o (2c v o)
yoa 12
! n? o
SS=| plydA=onc c® +—— — S (b—20¢) (205 —ab - 402 +0) .
y JA’C ‘ 2] 4

b) Xéc dinh cac dai lugng trén khi: A =20mm ;b =10mm; d=t=1mm.

V.4. Cho thanh ¢o chiéu dai { = 800 mm, dat trén hai géi tua cho phép cac dau thanh co

chuyén vi x¢ay tu do. Cho niét: thanh co tiét dién hinh ¢hir U nhy trén hinh V.3 van

h=20mm; b=710mm; &=t=1mm; E =710 N/mm2;, G = 28.10° N'mm2; gith han

ty 1& 4 = 200 N/mm?2; khi tinh /,, theo cong thic (5.2), 13y hé sb « = 1. Xac dinh cac
Ung suat t&i han o theo dang xodn-udn . o, theo dang udn quanh truc x va tim Iuc 10
han dé tinh tugng Ung véi cac trudng hop chiu Iuc nhu sau:
a) Luc nén P dat tai trong tdm C.

b) Luc nén P dit tai tam ubn D.

¢) Luc nén P dat tai diém O.

V.5. Cho thanh c6 chiéu dai /, mdt dau bi ngam, mdt dau tu do, tiét dién hinh chif nhat

hep v@i cac canh theo phudng x va phuang y lan lUgt 1a tva b Thanh chiu mdmen M
dat tal dau W do, ludn ludn tac dung trong mat phéng toa dé z,y trong quéa trinh dau tyu

do chuyén vi. Lap cong thic xac dinh gia tri 181 han cla M.

V.6. Cho thanh co chiéu dai /, tiét dién chir nnat hep, hai dau thanh cé lién két ngan can

Chuyén Vi théng theo C4C PhUGNG x, y va chuyén vi xody quanh Gac truc 2z, y (cho phép

xoay tu do quanh truc x) nhu trén hinh V.6. Lap cong thie xac dinh gia in té han cua

Ic tac dung che cac trudng hgp thanh chiu luc trong mat phéng tpa a6 z, y nhu sau:
a) Mémen ubn thudn ty M.
by Luc 1&p trung théng diing Ptaitrong 1am 1iét ¢ién gilfa nhip.
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¢} Luc 1ap trung thang ding P tai trong tam tiét dién ¢ cach dau traila ¢ = 0,3,
¢) LUc tnang dung phar pd déu

VGt cuing dé g trén foan chiéu

da trut thanh.

V7. Cha thanh ¢6 chiéu da: /. tiét

dién hinh chitf nnat nep nny trén
hink V.6. Thanh ¢d dau phai bi
ngam. dau a1 co lién két nhu

Hen kA&t rong nai V.6. Hinh V.6

Lap «dna thuc xac dinh gia 1t han cua lUc tac dung trong mat pnéng toadb ez y
wWong Ung vol ¢ac rdang hdp chiu lus nny sau:

a) Lyc @p irung thang dung P tai trong tam tiét dién ¢ cach dau trarla ¢ = 0.2 1.

by Luc thang dimg phan bd déu véi cudng do q trén toan chidu dai truc thanh.

V.8. Cho thanh cé chiéu dai /, tiét dién hinh chif nhat hep nhyu trén hinh V.6. Thanh co6
hai dau bi ngam hoan toan. Lap cdng thifc xac dinh gia tri t6i han cla Iuc tac dung
frong mat phang toa 6o z, y tuang {ng vdi cac frudng hop chiu iue nhu sau:

a) Luc tap trung théng ding P tai trong tam tiét dién & cach dau traila ¢ = 0,3 /.
b} Luc thing ding phan b déu véi cuding do g trén toan chidu dai truc thanh.

V.9. Cho thanh chiu ubn thudn tdy ¢é chiéu dai f = 2,37 m, tiél ¢ién hinh chir I nhu trén
hinh V.1 véi b =20cm; b= 10cm; ¢ =t = 1cm. Cho biét: £ = 2,6 G. Cac dau thanh ¢b
lién két ngan can chuyén VI théng theo cac phuong x, y va chuyén vi xoay quanh truc
Z (xoay 1 ¢o quanh cac truc x, ). Lap cong thifc xac dinh gia tri t& han cua M.

V.10. Cho thanh ¢6 chiéu dai / = 2,37 m, tiét dién chif I nhu trén hinh V.1 v&i h = 20
em; b= 10cm; § =t=1cm. Cho biét: £ = 2,6 G. Cac dau thanh ¢ lién két nhu trén
hinh V.6. Lap cdng thuc xac dinh gia tri idi han cla lU¢ 14¢ dung trong mat phéng toa
dé z, y Wong Ung vdi cac trudng hop chiu lue nhy sau:

a) Luc tap trung théng ding Piaitrong tam tiét dién & gilta nhip.
b) Luc thang dimg phan bb déu vai cudng do g trén toan chidu dai truc thanh.
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On dinh cua hé thanh lam viéc

han dan hoi

a 7 .

ngoai gici

Trong ¢fic chuong trrde da gidGi thigu cach tinh én dinh cta he thanh voi gid thidl la
vat 1icu tuy¢t doi dan hdi va wian theo dinh fuit Hooke. Do do, cic phuong phip
tinh vii cac cong thie xic dinh Jue i han trinh bay trong ¢ie chuong ién s¢ Khong
ap dung duve khi ang sudit tél han Gm duoe vagl quii 2idd hun dan hdi (hay gion han
1y ¢,
‘Theo [13], 1 Lamarle [ ngudd ddu ticn (nam 1845) xdac dinh gioi han dp dung cic
cong thic tim dugre theo 1y thuyét Huler, ddng thod cong phit hién thdy da s0 cic
cong trinh thye 1€ thudmg ndun ngodi pham vi ap dung cua ly thuyét Luler. Vao cudi
ih¢ ky tur 190 I Bauschinger, A. Considere, 15 S, laxinski, L. Teimajer, 13
Rankine, ). 13, Johnson ... da tién hanh nhicu thi nghic¢m v tirén co sordo Kicn ngly
moe sGeong thue thue nghi¢m dé tinh 6n dinh cte thanh chju nén Lo vice ngodi
g1l fan dan hdi. Ti¢p do, nhimg ndi dung nay da duoe nghién ciu bing ly thuyd
vl cie eong trinh cia FL ngesser, P S, laxinski, Th, Karman, . R, Shancely...
Trong chuong nity s@ (rlinh bay cach tinh On dinh ¢l h¢ thanh Lun vige ngoai gioi
han dan hdi ¥n hant theo qua trinh phit ridn cta nghién ciu.
6.1. Cac cong thuc thuyc nghiém
Nhu d bict, cong thire xiac dinh lye 1630 han theo Ly thuyct Buler co dang:
ki
Tk
Py = -3
. fady”
trong Jdo 41 he 6 phy thude di¢u kign Nén kE & cde ddu thanh (xem chiomg 2).

»

Chiu ¢ hai vé cho dicn tich A ca ti¢t dign thanh ta ¢6 cong thie dng sufl i han:

)
Ol = =5 (0.1)
. iz - .
trong do: A = S— — dd manh coa thanh; (6.2}
B
/ -y . ik
r= \ 7 ~ bin kinh guan tinh cua tiét di¢n thankh. (6.3)

NCu dung dd (hi lién h¢ gita gy, va 4 1 thdy cong thie (6.1) duoc md ta theo
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durng conge hypebol poi M dwimee hvpebol Farer (hinh 6.0 Cong thae o 1 o

Ay dung duge Khi tmg sudt 16t han nho hon gidi hany 1¢ oy
b

dl f" <oy hay A22% v A¥=nx @ 10.4)

A Von‘

Nhu vay, dor vai nhimg thanh ¢o do manh A < A% (hi khong ap dung duwye cony

iy =

thue Buler
Vidy, vai thanh Tam bang thep Crd et B o= 2000 00¢ kINfom2 ay = 19,2 kKN/emi?
1 do manh 2101 hun A% = foi
KEL qua tht nghicin cung xae nhin dicu do.
Neu lam (hi nghi¢in xic dinh ang sudt Wi han cho ¢ac thanh co do manh khac
ahau Gse te droe ede didm thi nehi¢m nhu rén hinh 6.1, Qua do ta thiy;
¢ Y01 voi nhong thanh ¢d do manh &

A A% cae didim thi nehiém sl \ Buing porotol Jotnsan
Loy r/vfg Bt rmegrer 1o0xmski

o
Fd

viri daone hypehol Fuler v (dp

&

lrung

o B ovar nheme thanhe ¢o dd manh &
. T . . e
A < A% e la khi thanh BEun vice
neaiti gidi han dan hdi thi cic

diédm ihi nghiém khae xa vai

!

I

',

1

duong biypebol Huler v rdt phin 2* A
ran. Hinh 6.1

Cohé pidi thich k& quid wen nhu sauw:

+ O (rong giai doan Jan hoi, tng sudt 101 han tuong tmg vai moi do manh ¢hi phy
thude modun dan hoi £ ma modun £ hin nhu khong thay ddi doi voi cdc miu
v nghi¢m khae nhaw Lun biing cung mot vat licu, do do k& qua thi nehiém up
Lrung.

4 () neoli giai doan dan hdi, ung sudl 16 han phy thude db thi hien he gitn ung
sudl o vil bidn dang 1y d6i ¢ miv do th nay thuomg khic nhau ngay ¢l khi cac
mdu thi nghicm thude cang md nham ¢o do manh ahive nhag, do Jo K& qud i
nghi¢im thiwmng bi phan tan, Neoai yéu 10 1rén con ¢o nhidu yéu 10 khae gy anh
hudng ding k¢ khi vil licu Tam vige ngoii gini dogn din hdi nhus @i trong di
I¢ch e g thii ¢chiv udn ban ddu ctia mdua thi nghicm: phuony plip gia
CcOng M.,

Nhur vay, dé thidt Idp cong thae thue nghiem dp dung cho trutmg hop vat Héu L

vife ngoal 2101 han dian hoi tén co séonhong O Gicu e nghigm te cln dap dung

phuony phap ihong k& Nhicu tie gid da kicén nghj cic cong thae thue nghiem
ihae nhau. Duot day la ¢ie cong e durc Tuu y hon Gt

215



B2 Cang thie dieemg thdng, do L. Temuger vic IS luxinski Kidn nehi (doan 8¢

wen hanh 0.0
g =d—DA. (6.5
vl b T cite thone s phy thude v ligu ¢hé tae thanh va duge xiic dinh iheo
Jicw kicn: e khi A = A% 10 gy biing vidi han ty 16 oy, = oy -
o khi A = 0 thi oy bang 2id1 han bén chiv nén oy, = on

Cong thae (6.5) cho ket qua phi hop var thi nghi¢m khi thanh ¢d d¢ manh rung
binh. Ching han d&i voi thep CL3, eong thic nay cho k&t qua pha hop khi do
wanh o rong khodog 4= A4 < 1O,
BX0i v thanh ¢o do manh nha (voi thep CL3, khi A <40), (hi oy, duge 1y bang
2idl han chay (doan CO rén hinh 6.1):

Grir = Ol (0.0
22 Cang titee parabol, do ). B Johnson kidn nghi:
g = a— fF A7, (6.7)
a L dmg suat nguy hicm khi nén dom, phy (hude vit licu thanh, xae dinh nhue
SULL; o vai vl licu déo, o hing pidi han chlly a = ow

o Vil Vil licu don. a biing gidi han bén @ = oy :
A b so duge xde dinh theo dicu kien: dreomg parabol #ép ane thodi voi
dieemg hvpebol Evder, ige 1o khi A = A% (thi duonge parabol v duimyg hypebol
Fauler ¢oticp wycén chung,

6.2. On dinh cla thanh khi tai trong khdng thay doi
A. Cdc plirong trinlt co ban

B nghicn cau 1y thuydt bai toin dn dinh cda thanh lam vige ngoii eidi han din
Bob e gid (e v ligo ¢hé tao thanh ¢6 dd thi licn he eits inge sudl o vie bicn
dang 1y doi & nhur trén hinh 6.2, Do B KEL qua thi nghidm nén mau ¢ chicu dai
nedan. 1rén hicu déd: doan Oa tuong img vod giai doan bidn dang ditn hdi, doan
aly tuome Gne voi gial doan bién dang ngoi midn dan hdi,
Sau khi nén thanh vaot qua gici han dan hoi, dat dén didm me bit ky (lunh 60.2):
£ NCu Nt (giam hae nény (hi theo B L Gerstner, d6 thi ting tmye Ja duimy
thing i’ 2dn song song voi doan Ca. Tang eoc nghicéng clia doan nay ot 1a
middia fe téi. Co thé xem modun b i nay biing modun dian hiX & = (ga,.

0 NCu rang @i (tang hee nén) thi & thi tuong ang L doan s, Gol fang clil
gde nghidng e GEP wyCn tai m K ddun 1ép tvén v Ky hicu W I = rea.
I3y gidr G xét thanh ¢o khap G hai ddu, chiu nén dang (dm voi tmg sudl vin
qua 2ioi han dan hoi. Gid (6t eing &hi g sudt trong thanh dat dén mor gic i
o néw do, thaml bi uon cong thi tie niéen Plueng tng voi tmg sudt do khiong thay
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dOT vt (i rong qua trinh thanhy biowdn. Khio bioudn cong (hinh 6300, ¢ac tha

doc true cia b cd thém bicn dung phue

+ {Cac they & phia om ¢o thém bidn dang nén Ae ; ung sudt nén trong cac Hur
nay g 16n [d Ag Nhur vy, trong khu vie niy xdy ra hign luong tdng G,
eitra 80 eia ang sufil v $O gia bidn dung 1y d6i ¢6 lién h¢ theo modun 1ép
tuyén: Ag = E; Ag. Goi khua vue niy 1y midn idng 1ai.

4+ Cic thd & phia 161 ¢O théin bicn dang kéo Ag @ g sudl nén trong cic tha niy
aidm xudng 1 A Nhu vy, trong khu vae niy xily ra hién tuwomg ha G, git
SO eI my swal v sO gia bicn dang 1y dot ¢o fen hé: Ao = E Az Goi khu vug
wy L mdicn f 14l

+ Runh gioi gita hai midn ndéi tén 1 thea co bicn dang phu bang khong. goi Ta
the trivig hoa oo cde Bidn dang phye ' Tha trung hoa cida cic bidn dang phy
khong di qua rong thn cla cice tict dién.

& ]P
p
ST
223
X,
g 4o 4 | DL o 55 gra
g Sudt
| Ao
=4 |
ok d? 2 o
Hinh 6.2 Hinh 6.3

Gid thidt rang khi phat sinh bién dang phu, cde 1ét dién cia thanh véan plidng
(hinh 6.3¢). 120 do, néu 2oi x,, v, 1 ¢ice trye guan tinh chiinh trung tam ¢a G
dién, vl trye trung hoa cia cac bicn dang phu (hinh 6.3b} ddng thot eid thidl Ta
thanh bj udn cone trong i phiag (2 v,/ thi bidn dyng phu As tai Uiy bl ky
cach true trung hoa cta cic bicn dang phu la vy dooe xae dinh theo cong thie
quen bid trong SBVILL nhu sau: Ag = v/ vl o B bian kinh cong ¢ia duong dinn
bihi.
SO g ung sull Aoy trong midn tiang LU vie Aes trong midn ha 1 (hunh 6.3d):
Agy = E Ae=E v/ p Agy = FEAg=Evy/ p
Vi lue nén khong thay doi gia tri trong qud trinh thanh bi udn nén hop lue cta
cie $6 gia tng sudt én 1oan u¢t dicn phili bang khong, ta co:
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I”"; [’.‘ r
jdcr/ dA + _[Aa, - jy(m + - pvdAd =)
A ) P oA 24
! A2 iy 2
Hlay: E/ S+ ES =1, (6.8)
wong dos Az, Ax va 8, S = Ln luot Ta dién tich v momen tinh doi vl truc
trung boax cda phan tié dign thude midn ting i v midn ha ti.
théu Ki¢n (6.8) duge dung dé xdc dinh vi (i ¢ha trye trung hoa .,
Tu dica Kig¢n (6ng momen cia ¢ic sO gia Gmg sudt A5 vai trung hoa v bang
momen udn ngoa lee M, ta cd:

l K
[vao, dA+ [vao,dt=—L [x7 (m+f_-'-- [ dr= a1

2 ;)J
A, Ay .-'.1, .\2

NTASHE —!—(E, L+ EfH) =M (0.9
/,)
frong 0 7, L= 1 luen D mdmen quan tinh d6i v true trung hoa v cda phin
nct dign thude miadn tng 1i vie mién hy ti.
Gov £y L mddun gy woe, xa¢ dinh theo cong thue sau:
_ l:'flj t l:'lé,.

E, = — (6.10)

trong do: 1 = momen quin tinh cta (oan bo & dign doi vl truc x, di qua trong
(i el et dign.

-~ . / M _— e v
T (6.9 vit (o 1)  duoe: —- = -—— v ik SBVIL e da bidt: — = - ! : :
It ."',‘Il' I o
k]
. . ™y .
130 dd ta eo; Eyl —5=~-M (6.1
dz=

£ [ phaong trink vi phan duomg dan hoi cia bai toan On dinh neoai eicd han
din hdi, ¢o dang tuong te nhe phuong trinh vi phan dueomg dian hdi ¢oa bai 1oin
on dinh trong 2id han dan hdi. Nhu vy ve nguyen e, cde phuong phap tnh
va cac két qua da nghién et duoc o cac chwong rén déu co thé ap dung cho
trucmiyg hop hé thanh feum vige ngoai gici han dan hdi néu thay modun dan hai
béng modun quy woe Eg.
Cong thie xdac dinh fue téi han v dog sudt té han ¢b dang twomg ang nhu sau:
R 2.
D) s
Py = Tify =
(ped)” A
Vin d& mai con 10n tai & day L xic dinh modun quy we £,

L (6.1

b
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Tl (0.8 vit (6.10) ta thdy mddun quy wie £, phu thude nhimg y&u 10 sau:

e Hinh Jing cua UeL dién thanh.

e Wil litu ¢hd tao thani.

« B3 thi lien he gitm img suidl o va aén dgng (v Aoi &

Npoat ra £y, con phy thude pid try ung sud (i han, That vy, U (6,10} 1 thiy £

phu thuoe £, nhung F; phu thude d3 thi o (&) (hinh 6:2) va il e ung SUAL Y

range il dang x¢C e 19 img sudl (ol han, Niur vy, bad todn many (inh chad

lam quidn: ¢ tm g tacdn bict £y (theo 6.12) nhung mudn bict £ [ phai bict
Do do chi cothe eidi bai todn theo cach thir ding din (xem cae mye sau),

B ong tnie xde dinh modun quy woe cho mt s dang tiét dign

“OFiét diea el nht (hinh 6.4) (T | T
Cid NGt thanh bi uon trong mat phiing zOv. Goi by
fan lugd B khoang ¢ich (o true trung hoa x dén cac
Uy bicn cinir ¢ie midn ging 1 v ha this Theo (0.8): - \ -
LiAi(hi72) + EA>(h=/2)= 1), \ “
Hay: Echihp2/2) + Ebiha/2)= 1 >
Neowrata e iy 4 fio=h. Nén: R S
/i i AR
fip=fh—p— ha= 1 ——-r-—.—\!.»—f—’——;:. Hinh 0.4
ﬂ/f Ji A

Cie momen guin tlinl
1 iy bt VE ] ; Nrj wt L b’
} = K 2 = = N = ——
R BN R

Thay nhung k& qui ny vao (6.10), ta duoc:

A I
O S {6.13)

N T

Nhdn xe by < fog < 1

o Tiet di¢n chr 1 (hinh 6.3)
(i thict bidn bung cda 1ét dién rit mong nén J
khang thant gia chiu udn. Truemg hop thanh bi
uim cong trong niit phang 20x ta ¢ thé xem

Nn
)
=
NS

LN

Get dign gdm hai bian d¢ nhu hai hinh chir nhit 4 ,,,
vit ap dung cong thue (6.13) d¢ tinh £y G
Truong hop thanh bi udn cong trong mit

phing 2Oy ta ¢dn 1p cong thie tinh £, . Hinh 6.5
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Gioi /rlakhoing cach gitra trong i ¢ia hai bin dF vie xem dién tich el md
ban ¢ bane nim dién teh A cua oan bo (8t dién. Goi fip , B o Juo ia
Khoang cich tir trye trung Boa v dén rong t@m bin J8 thuade nidn ting 1 va
rong an ban ¢ thude mién hy thi. Theo (6.8);

E/Si+ ES: = EitA22) hyp+ E(A22) ha = 40,
Nooii ra L e Iy v =1,

I l

NG hy=l—— =t '

I", I IR

Cac iomen quan tinh:

2 il
: U Aa oA I i
[ = ;'1/' = ;~*,___k7’7l. fo=—h3=—h"- ! .—_-_-ji
2 2+ N Y N f
Thay nhimg k& quil niy vao (6.1, ta duow:
2EF
g = — [ (614
I‘.l + I

Nhin xé < by < 17

< Tiet dién co hinh dang khac
K¢t qud tinh modun quy wde theo cong thie (6.10% ¢cho mdt s Gt dign ¢o
dang hinh hoe khic nhau ching (3 eing dnh hudng cta hinh dang ¢ dign doi
vai Iy Khong lom . Do do, theo [13] Geeo thé vin dung cong thi (6.13) hode
(0. 10 d8 xae dinh 12, cho ¢de 1et dicn co hinh dang ki,

Qua phirng K& qui v i duoe ta thiy:

+ Khi hi¢ Lun vige trong gidi han dan WO, fy = £ thi £y = 1

+ D01 vai nhong vat 1i¢u co dién chiy 1on, 1o range vi khi he T vige edn 1o eiai
doan ¢hidy thi ¢ = ¢ (hinh 6.2) nén £ vivF7, cing xip x1 bang khong. Bicu do
ching 16 dmg sudi ton han khong bao glevuot qua gidi han cliagy.

C. Do thi lién hé gida ting sudt to1 han va dé mdnh cia thanh

NCu cho bidl 6 thi licn h¢ gitat ng suill o vabién dang (y d6i & thi 1 co thé dung

dunye 6 1hi licn h¢ gita tng sudt @i ban oy v do mdnh A cta thanh. That vy, (i

(0.12), ncu goi Ag L dd minh tiong dng voi modun quy e oy ta co:

Ay =m -1, ([CARY

Cho trude gy mot 214t niwo do, ciin et vaw do thi o (g viv theo (6.13) hoie
(6.1 ta s xidc dinh duoe gid i teong ime £ By v e do i doomdnh A
oy ang theo (0.15). Lin buot cho gy nhamg gia rf khace nhau vic thge hign
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trong iy ahue trén ta s¢ dung duoe do thi ayy, (2),

Niam 1948, A. §,
Volmir [13) da lap
dd thi gypfd) cho
hai log val lidu:
hop  kim  nhom
DI6T va thép xay
dung Ct3.

P thi trén hinh
6.6a la k&t qua thi
nghi¢m nén miu
v chidu dai ngan
bing hyp kim
nhom  DI6T  c6:
moOdun  dan hoi
E=75100 N/emz?;
givi han vy 1§
an =2. 104 N/cm2,
Pbé xac dinh céc
Ey, tir nhimg di¢m
khac nhau (a, b,
C,...) trén do thi ta
k¢ cic uép tuyén
vii duimg ofg) va
im fang cha goéc
nghiéng tuong {mg
vdi truc hoanh.

K& qua tim cac &
g img v&i cac
eia tri o v £ ghi
irong  bang 6.1,
Trong bang cing
cung cip k&t qua
tinh cac £y va A4
(cOl § va 6) tuong
img vol cae gia ol
o lim theo (6.13)
hodc  (6.14)  va
(6.15).

2

& kN/wz
yel o s I g
40
35 //ﬁ/ﬁ.,_n
é-é‘—‘-"& # 4
90 | 2
[
251t —
A
e’//&
w1 // Hop kim
¢ / DIE T
w2 > E = 75 PN
(o
s/
0/2345578920//12=
£0*
¥-)] &,
-ﬁ e
N T = Al DiET
£ B
@% \
Az Ay
25 ‘\ N TE
ey AT
20
& .
\.,\
v
\\.‘
5
A
Omzaxwmaammw;mw
Hinh 6.6
G AN 2
y rd
AN Thép €3
|3 T
2 A N
=] ‘\—\
22 T N RN
20 Az Axz
X
"
\\
5 \
fz \
e
0 \A

N VI VI R/ . R A

Hinh 6.7

v o 0 20 W KO
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Tir cac <0 ligu tim duoe trong biing 6.1 12 duny duce d6 thi gy, (4) nhur eén hink
6.6h (duome 1ién nén). Khi 4 > 00, duimp cong nay trang voi dudme hypebaol

Tiuler.

i Diém trén
| do ths

g 10t

10

1,1

1,2

L]

1,3

1.4

15

16

1,8-40

0.95

103 ' EC-TC E

547
470
430
36.8
330
| 283
25,0
226
20,8
20,6
20,2
200

67,6

47,5
37
28

17
23
245
24
23,6

& 108 ; I E ;
i kNem® L kNem? | kNiem?
267 | 200 | 750 | 750
30 | 220 | 5% | 685
35 26 Loam | 550
a0 | 264 7 372 | 497
a5 1 278 | 255 | 38
5.0 29,0 205 | 322
6.0 50,8 150 1 250
70 32,0 117 203
80 332 097 172
9.0 34,0 0.82 1,48
10,0 345 0,82 1,48
1.0 356 082 148
120 | 364 082 1,48

o E. 107 Eq. 107
kNiem? | knfem? kN/cm?

200 2,10 2,10
210 1,42 1,72

22,0 099 1 139

22,8 0,67 1,05
234 0.46 0,85
238 0,26 054

239 0,13 0.33
24,0 0,06 0,19

24,0 0,00 0.00

241 0,02 0,07

24,2 0.04 0.13

247 0.05 0,15
25,75 0,05 0,15
26,85 0,05 0,15
2800 | 005 1 015

23

605

Bang 6.1

4
Al

605 |
516
a2 0
473
02
265
2o |
180
17.0
154
153
15,1
149

- Bang 6.2

At

102
818
66,6
54 |
44
32,7
231
15,7

0
9.1
12,7
142
138
136
BLE




Bt v thep CL3, k& quit cdn im ve £, vit Ag trong dng van cie gid i or khae nhaw
shi trong bang 6.2 (cOr4 via 5). 'Tirede so 1icu m duge trong blng 6.2t dung dunoe
do thi ay, €47 nbur i@n Bioh 6.7 (duomy lién nét), Tirhinh 6.7 @ty rong khu vie
fuong tme wi cie do miinh nhd, do thi Gém ¢in din 0 dwmg ndim ngang (wong
ang vai 2idi han ¢chy: 68 do wr didm ¢o A4 = 0 dd thy quay ngoiit L, ting din theo
A vivcudn cong ting nhanh v¢ phia rén, Nher vy, trong khu vue nay, inmg img von
mdL do manh A o hd ¢o hai hoje ba 210t oy, do L do hién g ién cung
neudr cua hep sau khi vt qua giai dogn chay. Thilt vy, (én db i orfs) o thi
(60 Lal e hodic ba didm fuong Gmg van cac tng sudl ¢o eid 1 gdn hilng va fon hon
gion hane chay cho cing indt 1y s0 £, /7 ay do do theo (6.15), dO manh A, cong co
cung ol giadri. Kh oy = opy thi £ = ¢, do do Ly = O nén /L, = £ Tat nhicn ung
sudl v han chi ¢o thd vt qua giot han chity d& dat dén gid tri & nhinh phia ncn
cta O thi ay (A4) Khi ta dang mot bién phap nhin 190 nho do J& giir ¢cho thanh
khone bi mdt on dinh ¢ giai doan chity ma chuy@n sang giai doan cliing ¢, i von
Vil licu khong e dién ehity (26¢ ay trén hinh 6.2 luon khiac khong cho tdi khi b phia
o), dO Y a7y (A s¢ khong hinh thanh mai nhen ma thay doi ién e theo duong
not dut nel nho ién hinh 6.7.
D. Ddi chidu voi két qua thi nghiém
DE danh i k& quis Iy thuyd, AL S, Volmir [13] da thue hicn mdt s3 thi nghigm
udn doc cie thanh Eim biang hop kim nhom DI6T vai cic dd manh khic nhau,
Cae didm i nghi¢m thuomg mdm & ben dwsi dd thi oy = TE, /27 (cie Khuycn
tron rén hinh 6.6h) vir chi wong doi sit vod d6 thi do trong nhimg ruong hop ca
bigt, khi thue hign thi nghi¢m thit cdn than.
Cang ¢in luu ¢ 12 k& quin thi nghigm L phi hop von 3O thi xac dinh theo I thie
pitrt ting sudt (4 han gy, v do nilnh A tuemg img va modun GEp luy('.'n 1
Nz
Ay=mx [~ (6.16})

G!h

Nhu vy, k6t qui thi nghigm phi bop vor quan didm cta 1 Bngesser d& xut
mim 1889, cho ring: git 0 gia tmg sudi va s6 gia bicn dang 13 467 co lien he
theo middun HEp tuvén By

Niam 1895, 1S, lasinski da, phé phin cieh tinh theo quan dic¢m mddun Gép
tuydn cua P Lingesser 1 khong cha y d8n hién teentg ha tai, trong micn hy i 0
pid UNg sudl vir 86 gia bicn dang 1y doi ¢o lién hé theo modun dian hdi £ cha
khong phid modun GEp tuyeén £ Ticp thu y kicn do, cling ngay rong nim 1895,
I, Engesser da xdy dung cach tinh theo quan didm modun quy wae nhu 33 trinh
bay ¢ ten Nam 1909 Th, Kannan cing da xiy dumg cich ttah theo quan dicm
modun guy wde mol cach doe Iip.
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V& 1y ludn, cich tinh theo modun quy wye chiit ¢ hom caclt tnh theo iddun Hép
tuyén. Song ai sao ke qud thi nghicém Iy thuomg phi hop vol cich tinh theo madun
HEP uyén vir ¢ bt mai pha hop vei cach tnh theo modun quy wde? Trong mue
0.3 50 e thich 0 hon vE viln d& nayy song so bd co thé nhdn thily: cach tni theo
madun quy wie duoe xdy dung tong tmg voi eid thed G rong khong thay doi ki
h¢ b uon cong ¢on cach tinh theo madun Gep tuyén phu hop var il thict so gia cia
ung sudl o ang ma khémg giam (hinh 6.3¢) va dicu nay ¢lu xay ra néu i trong
e tues 1ang sau khi bé b uon cong. Gid thide i trong GEp tue tang suu khi he D
mal Ou dinhy dang ¢in binge ban diu do R Shanely J& xudt nim 1947 (xan mge
0.3}

6.3. On dinh cua thanh c6 kém theo su tang tai trong khi bi uén

Trong e 6.2, khi nghicn ¢au ly thuy¢t tinh on dinh cta thanh Eun vige ngods

ciod han dan hor dada edap dén hai guan niem khae nhau:

2 Cach tndy theo mddun GEp wvén (Engesser) ¢ac comg thie xie dinh lae (51 han

vivung sud 1o han o dang:

2, L.
fr‘lzr! ol 7
Pyy=——— Ty = —5—, (0.17)
/- AT
Quan ni¢m nay phir hop vai gid thict g
trang  thanh khong  plint sinhi hién
L | £} . - rET THT
taong ha G Trén hinhy 6.8 trinh by I o
cac trang hai Liun vige cia thanh chiu 8
lue nén khi bi udn cong vt duge v —d D
. . Tt R RRRRTIRR T ERIIIRIRIN 7 " Egl
theo so dd ban ddu cta hé. Hinh 6.8a 723 e
L trang thai lam vige cta thanh twong o
g vor quaa ni¢m dang x¢l, trong Jdo — =y
pr IR R Ko p7

micn tng 11 midn ¢ tring) chidm

toan hoy the tich thanl. Hinh 6.8

22 Cach tinh thea madun quy woe (Engesser—Kdarman): cic cong thire xdc dinh
lue 140 han vieang sufl 16d han ¢o dang:

2,- L
LSl s
4. 4

Onjy = —5~

i~ A

Quan nicm mity phit hop vai il ict @i trong khong thay doi trong quil trinh

Py = {6.18)

(hanh i uon, ¢o phat sinh hién tegng hy i Trong radmg hop niy, theo (6.8),

fruc trung hoa ¢d vi tei khong thay Jdoi i moi GEC dign doc theo chidu dai thanl:
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do do sau khi bi udn, trong thanh hinh thanh hai mién: mién ha €4 anién gach
cheo hat 19 va midn Ging i (midn dd rdng) nha 1rén hinh 6,80, Vi £, < E nen
i Kign (6.8) G thily micn ting (i chidm phdn 1om con midn ha i chicm

pivia nho caa the e thand.

Pai 1o S€ e ndn phoe tap hon nCu gide thict i trong con GCP tue King (rony qua
trinh thanh br udn, That vy, wong truong hop nay thay cho didu Kign xae dinh
true trung hoa (6.8), ta eo didu kifén:

) FrSi+ ISy = pL AP, (0. 1%
win AP LSO praccda ive oen Froeae dat laemy Khae vin ¢o y nghia nhuoomue 6.2
Nhir vay, vi i cda true trung hoa phy thude bin kinh cong g nhung g2 1a hiun caa
Loanh do 2 nen vi i e true trung hosa cang thay dn doe theo chidu dai thanh va
dicu do lam ¢ho bid toin rd nén phac tap.

Frong i dicu [13] v [16] da gidi thicu k& quit nghica ciu dinh lwong bai toan

nity ¢ho ol so traomg hop ¢y thé, Dudi ddy a ehi phan tich dinh tinh vin ¢ nay.

X& thanh chiv nén ¢@ khop tea & hai diu. Gid (hict khi lye nén dat dén gia g £+,

thanh bi udn cong viv lue nén vin GEP tue tng thém [ AP, Lac nby, i mot so

HEL dign Umyg sudt chi ting mis khong giim con i mot s6 GE dign khae  khodng

piga thanh co thé xdy ra ¢i hign tuong Ging ang sull (ting Gi) Fin hign (ugng

£Eun img sudt (ha i), Trong thanh hinh thiwmh bad midn nhu 0én hinh 6.8¢;

e midn King i (mién d¢ tring) duoe dic trung bing modun GEp tuyen £ xice dinh
theo do thi arg) tuong tng vol tang sudt ot =774

e midn hy i (midn pach ¢héo hai Kin) diroe die trung bing madun dun hdi £
chidm mot phin nhd hé teh thanh.

NEu gid thidt hi¢én tgng ha 14 bit diu

o o
phat sinh dong thot vai khi thanh bi udn :

cong tht dusmg cong ¢an bing 1i¢n h¢

pitra fue nén £ va dd vong [ i gita

nhip ¢ dang nhu rén nh 6.9, Thil

vay. nghidn ctiu ¥ nghia cia tme doan P

Sy

duvmg bidu didn rang 1hii cin bing on
dinh cha thanh a thdy: Hinh 6.9
< Khi £ < % (hanh chua bi udn cong, trang thii ¢an bing dn dinh cia thanh

tuomg amg vai doan thilng dang QA wén hinh 6.9,

15-00CT

o
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< Kiu £ = £+ thanh bt ddw bi ucen cong, hien teonge hi G bat Jdin phat sish o
Jidm bien cta G dign & it nbup. O toi dicm tay co e senn nhu foan bo tho
beh thanh déu fae vige o rang thar tang e nhu teén i 6.8 Nho vy thanh
s can biing vaoi lue 2% due xie dinhe vai gidl thict trong thanh khong phat sinh
NICn tiong Ik G aae 0 tong ine vor gia i tor han e duge theo modun Gép
uyen:

P o= o {6.20))

-

S KNP s P do vong ftang, micn g Goploren mhg them il 6.8¢). Vi
E > £ nén khi mién by Vi duoe dac trung bing modun dan kol £ phat widn con
midn tang 1 duye dic irang hing modusn GEp tuyén £y thu hep b dO ¢ung ciia
thanl ting lens DO cung ting o didu Kign cho thanb ¢ khd nang can biing vii
i o hue men fon hone Lue nén tang, do vone Ging theo, do cang caa thanh
cang ting len nén thanh la ¢o khil nang ciin bhang vor pid o lee nén bon hone,
viL e the tiep dién. Trange thin ¢an bang Sn dinb ¢ thanh tuong ange vai duomg
cong AHC wen hinh 6.9,

< lraong hop eidi lan Khi f G¢n 11 vo cang, micn Lyt phat widn den nie o
i toong g vor rudmg bop e hih 6.8 TThat viy, khi fodn Wi vo cang i
o 1ok khong nén cong thae (0.19) ¢ ¢o dang shu (6.8) di x¢t o mge 6.2, 1o
do, theo chidu cao cua cac HE dic¢n thanh, mida ha (u chi ¢ (hé phat rién déun
e 101 i o ang vas Ko tree rung hoa duee xae dinh theo cong thae (6.8)
con doc theo trge 2o midn hy Gi ¢ohd phat WIEn A het chidu dak thanh,
N vay trong truong hop nay thanh B vice o teang il toeesg (o ol truong
op din xCtrany mue 6.2, theo nndun quy woe, Puomg cong can bing P tigm
¢in 101 dudmg ¢an bédng phidm dinli ndo ngang tuone ang van gia in 2+ duoe
e dinh theo madun quy wc:

Joks = 4 (6.21)

Toan bo duimg. OABC 1én hinh 6.9 L duome can Bing On dinh caa thanh an
vige ngoai gion ban dan hoi KB gid tid du trong con Lep tue ting trong quat trinh
thanh bi uon. Mo dicm cia duong cong xic dinh mol iy thiai can bing Sndinh
et thanh, Chn Tou ¥ L qua rinhe dicn bicn cOa do thi 2of) chi co the thue hien lign
tue theo chiidu ting cua do vong / theo chidu A —3-C). Chiang han, khi £ = %,
néu giir cho thanh kKhong bi udn cony v tang G trone dan gil i iwong ing von
didon At thanh s¢ khong chuy¢a sang rang thai can bing tmg v Jidm 13 e
dudne ABC wia se phidl icn theo duomg dut nét AB°C nhu wen hinh 0,90 Nhu
vay. tay tung tmh hinh cy thé, mdi didm ndim rony micn khep pita duong tiun
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aoang 2= PR v duomg cong ARC cothe bircu thr mdl trang thiai ¢an hiing cia
fhandy,

i) Inal dung ey (thE i todan nay a tham kbio mat viu 86 Ligu do A S, Volmir
PEAL opnen cuu cho truomg hop thanh ¢ tét dign hinh chr nhdt. Trén hinh 0,10
Lvastht hen hg o 2 = P /P vay SO all [UbIA chidu did caa nnda by L va
chadn don thanh, tiomg any van cac 18 s6 0= £/ £ khie nhau.

1

U 2 S e

o A

Hinh 6.10 Hinh 6.11
i 0 ridn d
Quil b phat icne caa P
micn by i theo gid i wor— T T T

caa B trong P lyong (g
voi lrong hop o=
duae thé hica rén hinh
o1 "1rén hinh 612 [
dudmg cong ¢in hiing lign

he gt vty 0 f =

2171 th = chitu cav caa g g2 44 98 38 g0 42 14 F

¢ dicn thanhy. Hinh 6.12

6.4. On dinh ctia thanh c6 kém theo su giam tai trong khi bi uén
Trong muc nay nghién ciu sy oOn dinh cba thanh Lam vige ngoii gici han din hoi
Vi gt LGt Ll trong gian xudng trong qui winh thanh by udn,

Xér thanh teing chiu nen ¢ Khap tua < hai dde. Gia (hict thanh viin gic npuyen
dang tiing ban ddu cho dén khi i trong P dan dén gia e £y, Gép do thanh bi udn
cong i i trong gilim xudng L A2 Neay sau khi thanh bi udn, vi i trong gicio
nén trong thanh hinh thanh hai mién nlur (rén hinh 6,133, Khic voi truomg hop
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Giny i trong dd xet o 6.3 (hinh 6.8¢), trong tradmg hop nay L thily:
o auén g Guoonicn d¢ trdang) Jic @
irtng bang modun ncpouyén £ chi

chicnr ot phidn nho thé tich thanh:

e o b G onidn gach chiéo hai Kng

die brung bang modun dan hoi £

chicm phin lon the teh thanh,

Ranh gion coa hat nicn nay la lop

g hoa duve xac dinh theo bicu

thure (6,19 nhung trai diu:
S+ S, = - pl AP (60.22)

NI vy, vi e coa 1ap trung hoa thay doi doc theo chidu dai thanh va B cho bin

toun oo nen phoe ap. Bai toan nay Jdicduge AL AL Hjusing Vo Gl Zubchaninoy do

XUl diu nen va cang dd duve nhidy tac pid khae nehicn cou. Dudi day a cing

el phan tich dinh tinb vin dé nay.

S0V E > B viemidn ha G diic trung bisg imodun dian hdi £ chidm phan thé ch

thunh lom hon trudmg hop i trong kKhang thay doi da Xt d muc 6.2 ¢hinh 6.13b)

nén do cung caa thanh rong ruong hop P

piy lon hon dé cing cda thanh gong ,C;r

traomg hop i rong khong thay ddi. Do g S -

dog i treng gitr cho thanh & trang i el & :j_‘::‘f
can hiang s co eid i lom hon PEEdidm

phin nliinl img voi gidctei £ o¢n true F

(hinh 6. 1-4) s& & phia teén didme co gii (g 7 7
P Hinh o.14

Traong hop gioi han khi nidn ha i phat tign dén muoe 191 da, chicn toan Do
thé tich thanh abu wén hinh 6.83¢, Gu teong P 82 08 W1 gid el Py L lue 130 an
Vuler xac dinli vai gidd (hict v licu dan hidi thudn my.

Nho vy, trong tradmg hop thanh Lo vice neoid gidi han dan hor var eid thid
[ trong giam xuonge trong qud timh thanle bi udn, dicne phde nhandy trén trie
WiE trong e thE xav ra trong khodng i hai didne tuomg g vod gl trj P
Kere dint theo mddin guy tee va via i Provae dindi theo Iy o ena Enler

soug klicnyg beo eom didne co gia iri bang Py
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*= Sau khi phin nhinh, duong cong can biang P(f) st gidm din Khi / tdng v ticm
Cin o duome cin bang phicnr dinh nam agany wong ung vor g i P dhinh
oL Than vay, kKhi dO vong £ lang, nndén hg thi phat iicn rong Jin, Jo cung ¢
toan thanh erim do do G tong g1 chio thanh o trang 0 can bing s¢ pidm dan.

< Trueme Bows gaon hgn Khi /G803 vo cang, nadn Ging, 1l phatt (eién dén e (6
da nhu saws theo true 2, phat wicn dén hén chidu das thanh: theo ¢hidu cao ¢ia
cae GEEdien thaah, Lop trung hoa duroe xdae dinh theo cong thae (6.22) vai p éin
1o khong tue 1 teomy ang val cony thoe (0.8 di x¢ trong mue 6.2 Nhur vy
trong truonye hopoaay dand Lo vige o trung (had tuong ie nho iraong hepy 160
trong khanw thay J0i Do dos Khi £ oén wn vo cang i B irong 2 ¢ 6en i pia
(ry A7 chree wae dimh theo modun quy o,

Foim bo duong GABC ieén hinh 0,14 Ja dirong cain bang o dinhy eia thanh L

vige ngoar g1 han dan boi Khio gs dnct g irong piam trong qud trmh thanh bi

aon, Cung tuong 1 nhue O nwe 6.3, qua irinhe dicn bicn caa do thi 22/ chi cothé

thye hien Licn tie theo ¢hicu ang cda Jo vong f. Vi didan phian nhanh uén true Gi

trong ¢o S xay ra trong Kiodee it hai dicm tuong tne vo pid i 25 vie Py
nén mdi didm ndon rong midn khép ety duomg mim ngang P = PEE i drong
cong dut ndét bicu thi mot trang (hai cin biing caa thanh.
Cing can da cau hoi eu trong thye (¢ co xdy ra trgong hop thanh b mdl on
dinh nponi piod han dion oD ke thee lien taonge giam 14 tong hay khdng? Nho
Ja bict, Khi thanb bi uon cong thi khodng cach gitr hai dia thaonh thu ngdin Lai. Do
o néu cae lien K& noi tiani voi cong i toin the ching han shu cae miam nén
e may (i nghicm khang chayén i kip theo do tha ngdn cia cac diu thanh thi
s¢ phid sinb hien wong eiun i trong. V. G Zubchaninoy dasar dyng nhieng 1hicl
bi don gidn ¢ L i nehicor v& trudme hop nay va di thu daoe Tye (o0 han v
qua gia i M am dege theo modun quy aoe,

6.5. Chon tai trong dé tinh khi kiém tra o6n dinh ngoai gidi han

dan hoi

NCu quin nican 1 troag 161 han 1 i rong tromg ang viadi didém phin nhanh caa
dutmy cong can bing thi trong bai odan oo dinh ngoai gid han dan hoita se pap
phai mot vin dé moi e didm phdn ahdnh khong xidy ra ¢ mot didm duy nhit nhue
ciae i toda on dinh trong pidt han dan hoi Thit vy, aha da bict, didm plian

nhinh co (he xdy ravoi nhimg 2@ i PO oong khodng 2% dEn 2% ki i rong
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tang trong gui winh thanh bi udn va trong khodng £ dén P Khi 1 irong gidim
oty Jqua rinh thanh b udn. Nho vay, nhiimg thanh thi nghi¢m hay thanh fm
cige rong Jida kien thie 18 s2 bar die b udn cong tar diéin oo trong athuny
Khadine do? Pada nay ¢on phy thude nnh chie clia may thi nghicm vi di¢u kien
fen ket el thanh voi toan b cong trinh. Dic diém do cho phep gru thich vé sy
phan tan cua cac dicm thi nehiém tm duoce khi Gng sudt vaot qua gien han dan
hoi dinew trong muye 6.1 thinh 6.1, Bang thai cang ¢dn thiy 12 didu kign Jé cho
Jdidm phan nhanh vuot qua i i 2% thuomge kho thue hign cho nén i so ciae ket
Jquo th nphicm thudng ddn i gido i 2% Dicu do cong cho phép giai thich duov
vitn ¢ i dar va Oreudt mue 6,20 kA g thi nehidm thienie phu o vir cacdi i
e ode B BRIV Ve cabEer i plia oy ver cdel tinds the mddi i oo
Prose dige handl, tase Cho 1 tronge nao ba G trong J¢ unb ke Kad i o dinlhy
ngoal e1od han dan hdi? Néu chon L trong on bom 2% Jas i wrong dé tinh (i
s€ 68 kigny duoe vat ligu hom song trong moi trudme hop ey the ta ¢an phan tich
Ky dicu Ki¢n am vige cta thanh vi kha nidng nay khong thién v& mi an toan,
Khi thidt k¢ thye (8, nén chon tye £ xdc dinh theo modun GEp tuyCn Ta tii trong
J& tinh vi nhimg 1y do sau:
22 Lage P womg dmg vol didm phan nlinh thdp nhdt néo cich tinh theo madun
Hep uyée se thicn ve man an toan.
28 KRS quid e nghicém thudmg phit hop van tue £
2 Khi nghi¢n ciu o dinh ngobi eioi han dan hdi cda thanh chiu te nén 1¢&ch G
fa i duge dusmg cong ¢an béing P(f) mang s 2 trén hinh 6,15,

New do lech tun tén 15 khong (hi

| o 2y
duong cong 2 se tién Wi dwomy cong | P
e duoe vei eid thidt i trong ting /
(ronry quit Arinb thank bj udn cong. o 2
Trong thue (€ G trong thumy d¢ Lac
dung 1ech i nén tgng i can bang P
on dinh cia h¢ thuomg kho iy ra & g
phia tren duomg cong 1. Hinh 6.15

Neodi i, dO vong caa h¢ bat ddu phide trién nhanh ngay tie khi # = P* acén chon
fue 224 Lt trong d& tinh L ca y nghia thae (6.

Thue ra, O chenh 1¢ch gitar cac lue 2% vic P4 cong kKhong Lon Bim cho nen, theo
N1 ot o vige chon cich tinh theo modun quy wde hay cich tinh theo modun
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NEP yén dé nehi¢n etu cang khong doh hudme ding k& dén k& qui unh iodn,

Yuonud O 2 i bict, cach tinh theo madun Gep tuyén hay cach tnb theo modun
atiy e cun e d6n phaone e ve phao diong dan bow co dang tong ol
plhwerng ot e pizan Kb teali Oncdimb rong eror han dan hon va duoc bicu it dudn

viaiee CluLiy Gl st
fE = - M (6.23)

Vot B - Kho ksl tra on dinh rone ol han dan hois
£ Fe- kbl KiCGm e on dinh ngoin eidi han dan boi theo modun 1ep tuycn,
Fr= K Kedin i on dinn ngoan 2ian han dan hot theo modun quy woc,
N vy, aeav@n 30 ta co the vin dung i phuong phiap d2nehidn ciu <y cic
Chroai braoe G i bai wan on dimb ngoll gidi han dan ndi néu thay modun dan
hov £ bisnge miodun £ bas modun £, tuy hude cach inh theo madun GEp tuvén
hay modun quy woe, Tuy nhicn, trong troong hop tay cae madun &y hay £, phu
huoe ang sudt Wi han B Tuong chaa bidts dang cdn tm cho ncn e co Ui v
bai toan bang cach th dung ddn, Neoid ra cang ¢an luu v Ta trong nhicu troomg
hwrp, e modun Iy va £, con ¢ the thay o dec thea chidu dii thanh,
Frong ¢ac muc dadt day tas® tin hica cich tinh thue hanh d¢ piai bai toan On

dinh ngoar e1od han dan hoi cho mot so ket cdu ey 1he.

A . s
6.6. On dinh ngoai gidi han dan hoi cua cac thanh thang
A Thanh chiu nén co lidn két ciong & hai dau
Trong truome hop nay, lue nén khong thay o1 doe theo chidu din thanh, do do
ung suit nén tong thanh va modun £, phu thude tng sudl acén, cong khiong
thay doi doc theo chidu dai thanh,
Nehigm cha phuoag feinh vi phan (6.23) cang ¢d dung tuong tu nhy nghi¢m caa
phuong winh vi phin khi tnh éa dinb trong 1ol han dan hois To nhang k&G quid
i duog trong e 2.2, G thay cae phuong trimb dn dinh cho nghicim e die Lip
vot modun dan hdi £ Do do. trong traoae hop niy 1 vin eo the ap dang cae ket
qui trong mye 2.2 d& xdce dinh lue tor han ndu thay modun £ bilng miodun 204
Cong thie Tee i han vicimg sudt ot han duge vicr dwdi ding chung nhe suu:

AR a7k

Py = ; Opjp =5, (6.2

{;rH“’ A
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wong do: g — he s8 phu thude ditu kicn lién k&t & cice diu thanh;
A — o manh cuu thanh., xac dinh theo {6.2).
Pra fuong £ phu thuge ung sudt 1on han oy, ma bian than o Tak e dan Tugmg cin
i do dé ¢ e bad oan wocdo ap duag cach thir dang dan theo thu iy nine
S
o (o tidE imyg sudl 4 han <o g .
s Fu J0 th nodac guy tudt lién he pitn o vie £ x6¢ dinh modun £ (iong imp vai
via il gy
o Dimomadun £% = £ — khi tinh theo modun G¢p wyén:
E¥= [, - Khi tinh theo modun quy ude, xem (6.13), (6. 14).
s Pheo (0.24), xiac dinh ung sudl 161 han oo,
Nobchung. ay= gz nen can pid thiét Lai eid (i ay roi i thue hign cace buoc tinh
dd néu g en, Tép e nhw vty cho d8n khi op x3p xi bing > thi do ia kG qui
¢in G, Qua trinh the hién duge tom e qua s dd uén hinh 6.16.

Hinh 6. 1¢ . y :
i 6.10 Gid hist o, |———w{ g ——w{ [

NCEu ¢ dumg do thi lién h¢ pita agy vae 4O manh A thi Lt cang thue hi¢n cic
e tinh tuomg tr nhu di néu & cudi myc 6.2
Vi du 6.1, Xac dinh Tue t3i han cho thanh ¢d kKhop e < hai dda, GEC dién vaong
cocunh o =43 cemechidudai ! = 2.2 m. Cho i |7
o= 204 0107 KNfein? klu o <19 kKN/em?;
b= SO (Nt ki o> 19 kN
(.128

Giist thic thanh Tam vige trong gidi han dan hoe Theo (6.1), (6.2) va(6.3), ta ¢d:

Bin Kinh quan tinh ¢t UGS dign: r = \[ \[ = /.00
2a” \//2
i '

. {120
i manh ¢ia thanh: Am Se = = 925,
r 13
2, 2 4
. P Fraal DR Sl S S ,
Ung sudl 1o hany gy = ——5— = - . - = 24,7 kKN/em2 > 19 KN/fem?,
A Y25

Nhu vy, thanh Eun vice ngodi pidi han dan hdi, Ta GEp e piad hii todn o
hat cach tinh:
f Cachli tind theo middun guy wae:
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o 1.0 i thir nhit: Viogygy ¢l tim & khodng, pita hai gia i /9 kN/em? vi 24,7
KIN/CI nén 1 chon gy biing eid (i trung binh ¢ong 124,85 kN/cn=, Khi do:
hl
20.85¢ 312185

Modun tiép tuyén: - Fyp = w-tone =Lt = 43 1M KNfem2,
’ 0,128

Maodun quy woe xac dinh thieo cong thire (6.13):
qbt 4204007 143107

— = [.73./(¢ kN/em2,

5 = R
(Jz,w.m" N \/I.4_UU4J
Pheo (0.2:h vin B = Eg, ta e

2 4
47310
0 = z A 5 = 19.9 kN/cmi2 # 27,85 kN/em?.

)

s L thae tha hai; Chon oy = (79,90 + 2183/ 2 = 20,9 kN/cni2, Thye hicn cae
phep tinh trong tu nhue g En thi tho nhdl, ta eo:
E; = 1,660 10H kKN/cm?; L= Ey = 88 ¥ KNIcm?,
a» = 24,0 kN/cm? # 20,9 kN/cm.
o Lan thir thir ba: Chon ay = 2/,2 kKN/em2, Thye hign ¢de phép tinh tuwong tur nhey
(rén. La o
L= 159007 kKNfewt;s B = By = 1834104 kNfem?: aga = 217 KN/em2,
Vi o; da xip xi biing oy nén ¢o thé K& thae qui trinh (hir v My gid g trung
binh cong cha @y viv o lam Gng swit 13i han cdn e
om=(21,2+212)/2=2115kN/cm?,

L i han twong img: P° = o A = 21,15, 4.52 = 427,5 kN.

2. Cacl tinh theo mdédun Hep tuvén:
o |dn tha thi nhd: Vi 2% < P ncn ta chon gy = 24 kN/em2. Khi do i eos
bl
2hvat - 210
Ev=ty= 100 E0T o ke,
(128

] 4
2 164,00
TLOHI07 e g kNfem? # 21 kNJem?,

"
92,5
o L.0n (hir tha hai: Chon oy = 20,5 kKN/cin2, “Tare hi¢én cie phép tinh tuong or

Theo (6.230), 1aed: o =

nhur & Ko ke thee nhidt, 1 eo:
£ =Ly = 1703 HH KN/, a» = 2604 kN/eme,
Vi er; di x3p xi blng @ nén ta kG thae quad ininh thilr va 13y gid tri trung binh
COng cli ay vit oo Ln tng sudt i han cln G
oy = {2005 + 20.4) /2 = 20,45 kKN/cm2,

i .
Luc1oi hantuong tng: P, = oy A = 20,45, 4,52 = 414 kN.



B. Thanh chiu nén co lién két dan hoi ¢ hai ddu
Trong truimy hop nay, modun £ cang khong thay déi doc theo chidu dii thanh.
Nghicin caa phuong trinh vi phiin (6.23) cing ¢6 dang tuong o nhu nghi¢m cua
phuong trmh vi phan khi tinh 8o dinh trong @131 han din hoi Tuy nhién, bai
twan co phin kha khan hon dos chat, Lo nhomg k& quit tim doge trong mue 2.2
ta thiy cac phuong trinh On dinh phy thude trye Gép gia ui £, we £+ ¢ho nén
nghient ¢ cung phu thude mddun £7#
Vi =a/ul va A=gpl/r=x/arnén e sohe hicn dicdu kien licn k&g vi
JO b A coa thanh s¢ kKhong phii H hiing O nhe trong tratme hop thanh ¢o
fien k& cung ma thay dd1 theo ga iy cha E#
Nho vay, d¢ gili bl 1oan nay ta ctng ap dung cach thdr dung din Gién hiinh theo
Hue fe nho da née o diém A song trade khi bude vao khiu xace dinh ang suat o
e cdn hidt 1ap v gidi phuong rinh 6n dinh 08 xac dinh gid tri o vaa (ir do suy ra
B¢ s hogic do manh 2 tuong tng vor gid i 2% dang x¢t (e 1 teong ang v
ol (] oy di chon. Qua trinh thue hién duge 10m G quat so dd trén hinh 6,17,

@Ifm - ofe) ﬁ_,rF Giai PT én dinh o

Hinh 6.17

Vi du 6.2, /\p dung cach finh theo madun Gép tuycn, tm lue tdi han cho thanh
1een hinh 6,18 Cho biée: it = 1 == 0,43 e GéL dien thanh B hinh vadng co
canh o = L5 ems [y = 2o modun £ vie £ duoe xiac dinh nhu trong vi du 6,1

Thanh g#dy khae r¢n hinh 6. 18% duge

| ﬁ

@ 4
dug vé so dd tinh twong duomg nhu —"ié”I-*— p
t¢n hinh 6, 18b, ta duye bii todn thanh a1
¢o mde ddu e do vie mot dau ngam 1,
Jian hai dae xé rong mue 2,20 Trong Ll =
(rwomng hop nay, kKhi thanh lam vice L
neoat 2iol han dio hoi, phuong rinh g

an dinhi ¢o dung:

/
Vlgr = e i v Hinh 6.18
ar o Il

o — #OC xoay cia lién kEE ngam dan hdi do momen don vi gdy ras Trong (rudmg

[
e

hop niy, @ 14 goc xoay tgi B cia dim don gidn 8C do momen don vi di
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tar f2eay ras Bai lugog nay bang: o = [ /JEHL v £ o modun dan hoi
(thant ngang van [am vi¢e trong gidi han dan hdi).

Phuong trinh Ondinh khi e = (13840, = hr; ;= 1> st thand:

I
aft. tgah = 3 s (W)

Caa thice thanh dung ¢on bun vice trong gidt han dan hdi. Khi do, £% = F,
phimng tini G dinh () co dang:
ah. tgadr = 3. o)
“uiun phuotg inh (D), ta vin dung phuong phidp dd thi hode phuong phap ihue
Jduang Jdin. K8 qua eh = 1,193 Do dd, thanh dang st eo:

{hidu dad nrdo: L=yuh =7 »—»fwh = 2,031
a 113
A 3
Do manky: A=t o0 /‘ 20345 265 b =91
! \ ! T
L.we to1 han: P = f——---—]vl_. (<)
N3/ f)'
22t a7t 204007
. . M )T = 2. 0. .
Ung sudt i hane oy = ———= -— = 22,5 kN/cn? > /9 kN/cin®.
. A Of-

NI vy, thanh Eun vige ngodi 2idi han dan hoi Ta can 68 e il bii oan
theo cach tinh theo mddun GEP tuyén nhu da quy dinh.

o an thir the nhit: Chon oy = 24 kN/cm2, Khi do;

)
2h3i-214
Er¥r=F = 207 207 = [.04. 1K kN/cm?.
0.128
. . 2.14.107
Phuong trinh On dinh () s¢ trd thinh: - ot rgedh = .f—~—4 = 3.9,
10440
Sau khi gidi phuong tinh, o duoe: afr = 7,26, Do do thanh dimg s¢ oo
Chidu dattudo: L =ph= T2 = 2,494,
a I.Z(J
! -
DO minh: A=H2 2249 34.04 = 86,25,
R
2 x? w0’
. i P x .0,
Ung sudt i g, o = 7 = = S—— = 21,76 kN/cmi2 .
A &Sty 25~

Vi 7> 2 oy nén cn GEP e phép ther dung din,

o L thd tur hai: Chon oy = 24,4 KN/cm2, KO don B0 = By = L5342 16 KNem=,
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4
Phuong (rinh On dinh () st trdy thinh: . readt = 3 iM—]% =4.10.
1542143

Nehicm: el = £.273. Cong thue hidn nhimg phép tinh nhu (e8n, (o duec:

L=phr=24650 A=240534,04 =852: ax = 2/ kN/fem!.
Vi e = o nén cin tiép e phép thir dang din.
i il thee ba: Chon oy = 24,25 kN/em2, Khi dO; £% = Ey =1.576. {7 kNfcm?,
Phuong trinh On dinh (a) st (rd thinh: e, rgead = 4,07
Neghicm: e - 1,268, Do Ao

fo=gh =248 A= 248 34,04 = 83, 8; o> =214,25 kN/em?- .
Vi r2 = o7y nen ta k&t thiie phép thir ding din.

Lare i han wong ane: Py = g A = 24,25 4,57 = 432 kN,

Cung ¢ thé vidt cong thie lue (i han dudi dang quen thuge nhu sau:
R Z ..
e DR B Y|
2 qen 2
(it (2480)7

DO chidu (¢) va () ta thay chicu dai i do khi thanh Tam vige & ngoin gidi han

Apj'h = l@ﬁ

din hoi khie vit eo gid tei nhd hon khi thanh Yoo vige G trong gici hyn dian héi
S di nher vay Ta do khi lam vige & ngoai pidi han dan hdi thi thanh dang. dic
trumg boi mddun Gép ySn £ < £ nén dd cung st gidm trong khi do do aing
ctia thanh ngang khong ddi. Do do, Jdo cang twong ddi cda licn k& din hdi ting
1en vir en giun chidu dii tu do cta thanh ddmg. Towdimg hop gidn han, kKhi oy,
HEn toi gidi g chity o E* GEn (61 khong: phuong (finh o0 dinh (a) st ¢o
dang: cosah = 0. PO 1a phuong trinh 6n dinh cda thanh ¢o mde dda e do v
MO ddu nglum cang vai chiQJ dibi tuydo L = 2/
Tinh chiit not 1rén ciing dung cho trudmg hop thanh ¢o cic dang 1icn k&t dan hi
khae k& i truemg hop thanh lién tye dat (e cde goi dan hdd va thanh Tam vige
rrong ol trwomg dan hdi, Nhe vy, o co thé KU laan: khi thandi fan vide o
ngoai wict fan dan hds, do cimg tieomg do cia Hién ket dan hdi hav cia nén da
hiaf sé tang 1o con chiéu dar tie do cla thandt s@ giam xudng so vor kin thanh
Wi vide o trong eiof han dane i,

C. Thanh chiu tue nén phan bo doc theo chiéu dai truc thanh
Trong truomg hop nay, tmg sudl nén thay ddi theo chidu dai thanh nén modun
L cung thay ddi doc theo chidu dai thanh va 1 hivn clia bicn s 20 B = £z,

Phuong trinh vi phin (6.23) st co dang:
bl

F¥z) i “’_-:,‘ =-M. (6.25)
oz~
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Nbw vay. ciach gidi coing tuong (w nhu da thue hign trong bai toan thaph <o dd

vitne ihay i da xét o mue 2.5 song ciin tuu y 12 do cimy %) 7 con phu thuge

tugt phan phat tmg sudt nén trong thanh, T}

Clidne han, vai truong hop thanh chiu lye nhw (rién hinh

6,19, khi ung sudl trong phin dudi cta thanh vut qua gio

han dan hdi thy ung sudt trong philn trén cda thanb ¢on ¢o thé
o Y TR R R - 17

o trony ¢iol han dan hdi Lac nay, can xem phan dudi cla

thanih co o cang thay doi B E5(v) £ can phiin rén cua thanh |

cor Jo cimy khang a6 Fa E1

Tuy viy, bii toan ciing con rit phic tap vi dO cimg E¥x) |

. . A . s ¥
phy thude due philn phddi dng sudt nén (e 13 phu thude i -
trong 101 hun 1 dad lueng dang cin . Hinh 6. 19

D¢ xic dinh edn dang gid ti @i wong (G han ta ¢o (he st dung k&L quit da tim
duoe khi thanh Lun viée & trong gidi han din hdi v thay thd modun dian hoi £
ping madun £ dwre xide dinh tuong tng vai gid o dmg sudt lom ahdt trong
thant. Ching han, voi thanh chiu lye phan b3 déu (rén hinh 6.19, L1 ¢6 thé sir
dung comg thie (2.27) da thidt 1p trong mue 2.4 va bicn ddi nhu sau:
(gl = 7.8+4 [—I,—[
JE:
Modun £% duge xdce dinh theo tng sudl tai G8 dién & nglim. Vi {mg sudt nay
con la dai fieeong chura bict nén cdn dp dung cich (hir ding ddn nhu da thye hién
G dicin A, theo sordd ién hinh 6,16,
Cach tinh gdn dang néu wén phi hop vai gid thict 1a & ngoii givi han dan hoi,
do cimyp A% cia thanh khong déi via biing do cing L GE dign ¢6 img sudl Ion
nhdt. Khi ung sudt gng thi £ gifim nén cich tinh gdn dang nay cho gid tri lue
13 Jian nhd hon gid g chinh xée, (e 1a thién vé mit an (oan.
D. Thanlt chiu nén co tiét dién thay doi
Trong trudme hop niy, tng sudt nén thay ddi theo chidu diti thanh nén madun
£ cang thay doi doc theo chicu dai thanh v [y ham clia bicén s0 ¢,
Phuong 1vinh vi phiin (0.23) 5T ¢ dung:
5
I Ty vy (6.26)
oz

NI vy, bid (0an cang tuong W nhu bii toan da néu & didm C. Cich tinh chinh

eS¢ r phae tap vi nhimg 1y do di néu O ien,
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¢ xac dinh gdn dung gid ul @i tong Wi ket cung st dung KEE quad 3 i
duge khi thanh am vige  trong gidi han dan bdi va thay thé modun Jun b £
hing modun £% dwye xac dinh tuong Gng vol gia g img sudl lon whil trong
thanh. Cich tinh gdn dung nay cho gid i hue (631 han nho hon pid i chinh xac,
e L thicn v& mat an (o,
Khi g sudl trong thanh khong thay dob nhu trudmg hop thanh ¢o udl dign
khong doi trong timg doan (hinh 6.20) hoge thanh co ¢ di¢n thay doi phis hop
van luid phan phor eda ang sudt ti cach tinh s dom gidn hon vi co thé ap duny
cach thir dung dan nhu dd thae hign o didm B3, (heo so ddren i s 47
Vi du 6.3. Ap dung cach tinh theo modun GEP tuyen, tim lue 131 han cho thanh
chiu tue nen co uét dign thay Jdot nhwr trén hinh 6.240),
Chobicl. i=2m a=05m: Ay =27cm>: Ay =46 - . 1= <25 ¢ .
f> = 307 cmd ;s cac modun £ v 5 duoe xde diok nhu trong vidu 6.1

Trong muc 2,5 da gidi bai wan nay

f24
kht thanh Lun vice trong egidi han
Uy b vike frons gl 4.4 ZA o,
dian hoio Kht thanh tam vige & ngobi [ .=-==.
£ Iz.A {d

pidi huan din hdi, dne sudt khone 2
N = = P S ——

thity dOi trong 1ung doan nén E*

cang khong doi rong timg doan, Hinh 6.20

Cung 1hi¢t [ip va gidi cic phuong trinh cho timg dogan thanh nhu trong mue 2.5,
1 cdhiroe phuong trinh dn dinh:

TP LI TR R S P S
2 2 a, s S,
Vi cie $6 licu cu thé da cho, phuong trinh 8n dinh s¢ ¢o dang:
P 0475 ke 1) x1600,2c 1) = 1,583 k ()
trong o o’ =a§ =7 If;l, ;ok = fl;/l; . {h

- - N N . e N 'S sy . Lk H - -
il thict thanh con Hun vige trong gida han dan hoi. Kihi do, !-,, =L, = FE nén

k=1, phuong trinh 6n dinh (a) ¢o dung:
100,475 ker 1) xtgf0,2e 1) = £,583.

D¢ (i nghigm, ta v dung phueng phip do thi hode st dung cac sO Heu trong
Dang 24 KEqua af = 2,59, Do Jo:

2 204107 307

Piy = 2.592 - = 2,597 S = 1098 KN,

i 4. HI
Ung sudt 1oi han rong doan thanh ngoai vivtrong doan thanh gitm 1An legt bing
0,7 kKNfem2 vy 22,4 KN/em2 déu vuot qui gici han dan hdi. Nher vy, thanh Tam
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viee ngodl gidi han dan hoi, e cdn GEp e gidi bai toan theo cach tnh 1theo
modun GEp wyEn nhu da quy dinh.
< T an tha tho nhiie: Gid thict Py, = 650 kN Khi do 1 co:
o trony doan thanh neodi:
ap = 050727 = 24,1 kKN/emm? > [9 kN/cm?;

. 240030 - 24.1)°

do o I, == = 0,896, /(F kKN/cm?2.
! U,IQS

» (rong doun thanh giua:
a2 =050 /49 = 13,26 kN/em? < f9 kN/cm2;

o o 1 = E = 2.14.10 kN/cm?.

e

21410

_ et S = 1540,
0,896.10)

l:'i,
I";
i
IPhuyong (riinh 6n dinh (a) s¢ (e thinh; (0735w 1) x1g(0,2w 1) = 2.448.
Sau khi gidi phuong trinh, G duge: a ! = 1,908, Do do, theo (b) ta o

I, 2.14.007 307

Py = 19082 =32 = 3,63 =0 = 596 KN,
I’ 4.0

Giia ri nay ¢on chénh 1geh nhidu so vol gido o xudl phat nén cdn 16&p e phép

Trong dnihirney: k=

thr dang din. ‘
< L thor dur hais Giothidt Py = 6040 kKN Khi do ot co:
» (rong doun thanh ngedi: oy = 23,7 kN/cim? > 719 kN/cm?;
do do: I, = E = 0.987.10¢ kNjem2,
e (rong doan thanh gitra: o = £3,07 kN/cm? < /9 kN/em?;
do o I = £ = 2.04.1(4 kNfem2.,

Trong Anthirnay: k= /473,

Phuong trinh 6n dinh (a) st (& thanh: gl 7al) xte{th2al) = 2,31,

Nghigm: e/ = £L,9% Do do, theo (hy ta cor Py = 050 kN,

G tri nay van con chénh [8ch so vai gid i xudt phit, ta tiép tue phép thir
< Lan thirihar ba: Gia thidt Py = 042 kKN, KhiLdo ta co:

o trong dogn thanh ngoai: ay = 23,78 kN/cm? > 19 kN/cin?;

do do e, =L= 0 Y67 H(H kKIN/em?2,
o trong doan thanh git; - ax = (3,70 kN/cm? < f9 kN/cm?;
dor do: ES = E = 2.14. 107 KN/em?2.

Trong 1dn thtnay: & = /488,
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Phuong (rinh On dinh (a) st (r¢ thanh: (O 707 i) x1gl0.2a lj = 2,355
Nehidm; o f = 1,975, Do do. theo (b taeor Pyo= 044 KN,
K& qua xdp xi bang gig trr xufit phit. ta K6t thae phép thir va chon: P = 642 kN,
L. Thanh ghép chiu nén
Khi chura mndt dn dinh, dudd tac dung ciia lee nén doc true, ¢iac thanh co bin cuia
h¢ chiu tng sudt nhu nhaw @i mei G¢C dign con cde thanh bung (thanh gidng
hoac ban giling) khong chiu tmg sudl. Do do, khi kiém ira dn dinh ngoai gidi
han Jan hdi ta vin ¢o thd ap dung cic cong thie Gim duoe khi kiém tra On dinh
trong g1vi han dan hdi dd xeirong mue 2.7 néu thay modun £ bany modun £*
frong ¢iac sO hang ¢o lién quan d&n thanh cor ban vil gitr nguycn modun £ trong
cae sO bang ¢o Tién quan dén thanh gidng hodic bin gidng. Nhur viy, khi thanh
ehep B vige & neoat pioi han dan hdi thi dO cung uong A1 cad cice thanh
bung ting 1¢n, do do syl vige cda thanh ghép s¢ ¢d chicu huomg tién gdn hon
JCEn su lium vide caa thanh dic,
Qua trinh Kidm tra 8n dinh cta thanh ghép cung duve thue hién theo cac budc
Ja néu & didm A, tuong tmg vai sordd eén hinh 6. 10.

6.7.0On dinh ngoai gidi han dan hdi cla cac khung phéng

VE& nguycn tie, khi kiém tra &n dinh ngodai gici han dan hodi cda cic khung phiing
(a chi ¢dn thay modun dan hdi £ hiing modun E* phy thude vng sudt. Tuy viy,
i todn cimng khi phoe gp vi con it duge nghicn ctiu, diic bigt 1 ddi v nhimy
khung betong cot theép. Sy phue tap cia bai toan nay chi yéu 1a do dmg sudt trong
cie thanh ¢hiu nén cla khung ¢6 gid i khae nhau ddng thin ¢o 1he ¢o gia i vt
qui hoae clra vagt Gua gidi han dan hdl. Lae nay, mddun £% va do dd dd cong
dirn vi Twong ng;

FE]

i:l: -

{
cang ¢o 2id (rf khac nhau (rong ¢d¢ thash chiu nén.

, (6.27

Trong gido rinh nay chi gidi (hi¢u cach kidm ra Sn dinh ngoai gidi han dan hoi
cha khung don giiin bilng Kim loai 42 d¢ ¢ip trong tai ligu [19].

Hurome pidd quyCt 1 dua biti toan khung L vige & ngoai gidi han din hoi vé bii
foan khung Eim vige & trong gidd han dian hdi v cie do cimg dom vi i* dong (hivi
ap dung cieh thir dang diin. Nhe vy, d cing don vi £% gitr vai 1o quan trong khi
kidm tra On dinh ngoii gioi han dan hoi cia khung, Vi modun £% pha thude ang
sudt (i han oy, nén d* ciing phy thudc dng sudt (i han gy, “Trong thue hanh, G¢én
hon ¢ L nen bidu thi i% theo dd manh A, ¢o thd thue hién duge didu do ncu bidt
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4

quy i hicn e gita ogy va 4
e buoho o 20 a dbo lién he
vhoa oo va A lrong do: doan BC
Lo duevag Bivpebol Fauder thich hop
v R v cu Lam vige « trong
vivi b dan hob: doan AR wong

ung v khyovat didu Bun vide

ngoai gt han dian hdi cd quy

luit bién thien con chua bid. Hinh 6.21

bor vou thep xay duny va hep kim nhom ta co thé gid (hidt gdn dang doan conyg
AB thea quy ludt parabol:

Oth = O —(Cfy — O} —— & 16.28)
(/].:[:}_

trone Jdoc ayy vit o — 2160 han chaly vy gidi han ty 1¢ cta val lidu;
A*— d0 manh tuong tng vai didun ranh gidi gitwa hai doan AB va BC.

Theo (0.4), L e AT = zr\/?_/;; {6.29)
l'?

Mt kKhiae, (0 (0.24) ta b E* = gy —, (6.3H
i

Fhay (6.28) vio (6.30) ddng thad chi v d8n (6.29), sau khi bin ddi ta due:

Ten 321 Ty 52 ur
E¥=Ll-pll-p)—5-A =470 vei p= —. (6.31)
x I ol g,
bd cimg dom vi £ et thanh bt Ky ¢hiu nén & ngoii gidi han dan hdi co (hé bidu
thi theo do cang dom vi § caa thanh tuong dmg Bun vige & trong gidi han dan hoi
nhur suu:
I
Y =ri: v r= —. {6.32)
I
HE w0 7 hicn (hién trong khoiding tir O (khi E7% = () dén [/ (khi £% = E),
Thay (6.31) vio (6.32) @ tim duge quy ludt bién thicén cia 7 theo dd mdnh A:
a . 1T, s
r= | Jeppl—p) sl p0 o 52 (6.33)
7, 2,.
-l 3
Theo cong thire (6.33) vi ciin e vio ¢ie s0 Hicu v dde trumg co hoe vaa vt lidu
trong bing 6.3 ta ¢ thé dung dd (hi lign h gitr h¢ s6 7 v 49 miinh A cho cic
logi thep xdy dung va hop kim nhom nhwe trén hinh 6,220 DG véi thep Ci3,
phurong trinh duime cong 7= r(4) o dang cy thé nhu sau:
r= |1 = O 485104 221 1.16. 10~ A2, (6.34)
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Bang 6.3

T Y S,

| Chu thich: D3l voi thép 1101, 1142 va hop kim nhdm ta quan niém gidi han chay 1a ang suél

Vitliéu - Nnanméy: & I gwmIon : T
. kNiem? o kNiem? ‘ kiNfems« . o, ; ‘

Thépxaydung! C@ | 21104 22 176 | 08 G
ooy 20800 | 24 182 1 08 | 104 |
HAT D o20000 | 30 0 240 | 08 | 93 i
oz o2t sa | _er2 | o8 & |
'Hopkimnhom | A8-Tt | 710 | 28 | 126 | oss ¢ 75 |
| D6eT L zasag | a1 7o oss i e4 |
|

iwong Ung vdi bién dang du ty ddi bang € 2%.

- . N L
DOty ien he pita 7 E; KniA>A"; /54 B 57/93 105 A"
2 O 1 77 ! o oa
va A urén hinh 6.22 29 Thélp xdy diing A //,J
S¢ Lao dicu kién 08 7. Ct3 / //

. . - 18— 2.4 et %
thuan i cho vige jﬂfzf / //
2idi hiti tdn dn dinh 87—\ Hop kumatiim 7~ oae

e 26 i-a85 L | SN
needt i han din o 5. pwr /
hoi coa ¢de khung a5t /- i
phing. Tuw dd thi nay 241 . / /
Geoco the nhanh // A

23 ’ ://

theo Cie gid il A vai

chone xac Jdinh duoc //
.. h. . ,, o 042 v -+
eido i octa he sdor /4 ‘
L arl . L. -

L\\gx

do o chinb xie 1ai b/

0.0 dap ane duoe

yeu ¢du thye 18, Hinh 6.22

That tie thaee Tiién:

1 Gid thict toan bo khung lam vige trong gion han dan hai 1.0¢ nay, cde thanh
chiu nén dlu ¢d 7= /; 7% = i Ap dung ¢ic phuong phip da nehién ¢t trong
chuong 3, xdc dinh cide thdng 56 101 han vy, cho B3 ¢d ¢de thanh chiu nén,

Nhu da bidt tir chuong 3 vir theo (0.1, ta ¢o:

P ]TJ'
1':/::amf=n’\/ﬁ=, = :

visi =1/ A ~ ban kinh quan nh ¢l 1i¢t dign thanh.

AR

“



Nl viy, sau khi hict thone s3 t¢d hyn vy cia cac thanh ¢chiu nén ta ¢ ihe xdc
dinh Jdomanh tuong tng cta thanh theo cong thnre:

A= {6.35)

NS cac thanh ddu ¢ 4 > A#hi khung Tam vige trong gici hun dan hdi. kEL thac
btk toan. NCu 1on i nhimg thanh ¢o A < A% thy khung Lam vi¢e & ngoai pioi han
dan 1o, ¢dn chuyén sang bude thie hai A& GCP e gidi bai woan.
2o Timiy kg {dm vido & neodd giod han dan ficl, Can thye hién cach thir ding
dan nhur s
o Lan thie thie nhée: Can ¢ vao do mianh A 1im duge & bude rén, theo dd thi
qAswen hinh 6,22, xac dinh hé s0 7 cho twmg thanh chiu nén vit (e do suy ra
Jdd cumyg de vy tuong ung:
(= ri Khithunh ¢ A < A% i* =4 khithunhco 4> 4A™
Ap dung cic phuong phap da nghicn ctu trong chuong 3, xac dinh cic thong
§O 191 han vy cho 1t ¢d cace thanh chiv nén wrong tmge viai ¢ie do cung don vi
vid i duge., TiCp do, theo (6.35) xic dinh 0 minh A cia ¢ic thanh chiu ngn.
o Ldn thiv tidp sau: 140 ¢an o vio do mitnh A tin duoce & bude ween, theo di thi
7 A) xdc dinh h¢ s0 7 cho timg thanh chiu nén. Sau dé cang thue hicn (wong ty
nhiwr trong 1in thir (rude,
Ti¢p tue nhu vy cho dén khi cic thong sO vy hodc & manh A tim duge trong
hai Lin thar k& G8p xap x1 biing nhau thi k&t thie qua trinh thir dang din. Gii i
v Vi A do chind B kGt quidedn am,
Trén hinh 6.23 1 sordd iom G qua winh thye hign ¢ie phép thir.
Fuc 13 han wong ang khi khung Ban vige & ngodi gidd han dan hdi duge xic
dinh theo ¢ong thace:
Pu= v L (6.36)
th IE:
Kinh nghigm chimg (& L qui (rinh tinh todn hoi tu khd nhanh, tduomg chi cin

thue hicn do 3-4 [ L dat.

; this' : 6.35 dé thi T(A
G tiet: | Giai hung ] vy o] 2 oo Bl

r=11i=i T

Hinh 6.23
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Vi du 6.4. Ap dung cach tinh thco modun GEp tuySn, tim lue 151 han cho khung
tren hinh 6.24a. Cho bidt: i; = 34> 01 = 40r vor r 1 ban Kinh quan tinh cha 1ic

dien thanh chiu nén: vat licu ¢hd tao Khung Futhep Cid o A¥ = M.,
P ol khung ta vin dung Q) lp _
phaonge phap chiuyén vio HE =

o miot dn s HE o ban va
mcu JdO don vy onlur trén hinh

0.24h. Phuong rinh On dinkb:

A A

3, i,
D] ‘—'."”:—:—.’] (v)+—= {l,
B / l?
Suy ri
+
i, Ty T, _
nivj=~- —=--—"==—-——= vy
.ll T‘,J] "rl,

Thanh dimg thir hai khong chiu lue nén nén khi hé ma On dinh thi thanh niy vin
lum vige trong eidi han dan hdi. Do A6 72 = £, phuong trinh dn dinh st ¢6 dang:

{
nfv) = —— v )
_)’r‘,

1o Gia thiét toan klneeg (e vice trong giof han dan Tigi, Khi do, ;= 1 phuong

trinh on dinh (a) ¢o dung:

I
vy = -3 vidi V= (b)

Str dung bing 2 trong phin phu lue (1 tim duoc: vy = £.84. Theo (6.32), xic

dinh 0 mianh cda thanh chiu nén:
. ml T
Ap == o) = 09.3 < At = 04

ry 1.87

NI vy, Khung-bi mdl 6n dinh & ngoai giva han din hoi,
20 Tinh Khang fam vice ¢ ngodai gion han dan hot.
o L thie thr ihid: P dd th @A) teén hinh 6,22, doi vai thep CL3, khi 2 = 69,3
ta tun duge heé sO 7 = 0,37, Do do, phuong tiinh On dish (a) ¢o dang:
{ . . P
mfv) = —————= =005 v v=/ j———. (<)
30514 (1.5 “"li
St cung bimg 2 trong phan phy lue Gt duoc: vy, = 2.0/, Theo (6.32), xic

dinlhy do manh et thanh chiu nén, k& quits A, = 62,5,
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o Ldn thiy thiv hai: Cang thue hi¢n turong tu nhur trong Ein thiv irén, ta duoes:
ki A =025 rp=041 vwp=210: Ay =598

=

o Lan thir thie ba: KELqui:
khi A = 398 ;=039 vy = 2123 A, =59/,

IKGt quad vy, trong hai 1n thie Jd 2dn bdne nhau nén ta k& thue qua tnmh uni

toidn vir chon k& qui cudi cung bitng: vy, = 2,730 khido Ay = 59 1 = .38,

Lare 161 han trong ing duoce xdac dinh theo cong thire (6.36):

2 ERL 2 0

o
L A2 2 ' 2

(- I~ {-

o, —
ol =

6.8. On dinh ngoai gidi han dan hoi cta dam chir I chju udn
Trong chuong 3 di teinh bay cich tinh On dinh cda ddm chiu udn phiing trong givi
han dari hor cho hai truomg hop: dam co ué dién chir nhat hep va dam co Gét dién
ihir T
boi val ddm ¢d té dién chr nhde hep, tmg sudt khong nhing ¢ khit ndng thay
doi theo ¢hidu dii mi con thigy d6i theo chidu cao cta dim, do do modun £% phy
thude tmg sudt cang thay doi theo chitu did va theo chidu cao cia ddm. Nhur viy,
bai toidn On dinh ngoii gidi han dan hoi cha ddm ¢o tidt dién chir nht hep chiu
udn phing s¢ rilt phie 1ap.

DXdi voi dane co it dicn chir I, taco thd xem eln dang: tmg sudt trong cic bin d¢
kKhong doi; khi mdt o dinh ngoii mat phing, ¢ic han dé ¢chiu udn quanh true v L
cha y&u ¢on bin bung tham gia ¢hiv udn & mie do il nhd nén ¢o thé coi nhy
khong chiu udn. Do do, khi kidm tra dn dinh ngoai gioi han dan hdi cla dam «o
G dign chir I, modun £% phu thudce tng sudt chi thay ddi theo chida dii coa diun
nén b toan s¢ don gidn hon,

‘Trong gido trinh nay chi dé ¢ip cieh kicm tra dn dinh ngodi gidgi han dan hdi cia
ddm ¢o id dign che I, chiu udn thudn 1ay va chiu udn ngang phiing.

Tuorng ty nhu trudmg hop thanh thing, khi kidm tra dn dinh ngoai gidi han dan hoi
¢lia ddn cha I ¢hju udn philng ta van sir dung duoe cdce phuong irinh da thid [ip
o chuvng 5 vivchi ¢dn thay modun dan hoi £ bing modun £% Song, ngoai modun
£, trong cac phuong trinh do con hao Tk cdomoddun treat G Modun truot G eang
thay don khi ddam Fun vige & ngoai gidi han dan hoi nén trong ¢ie phuong tfinh do
ta cang ¢an thay modun G bing G* Ta modun trugt hoje xodn ¢ ngodi gigi han
din hoi.

GIV IS sqe thery Ao it hai (rang thai ln vide & ngodi vé & trong giin han dan
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hai e modun et va modun kéo hage nen ta nhe nian, nghia i
Lr_or 6.37)
r ¢
Gia thidt nay L gdo dung vacthién v& mit an oan vi theo [22], ty 86 G¥G thuong
nho hon ty $06 EYE.
A. Ddam chiu uén thudn tiy
Trong truong hop nay, tmg sudt trong cac ban d khong thay doi doc theo chidu
dar diam, do do ¢ ngoat gidd han dan hdi modun £% cung kbong ddi vor moi tidy
dign. Phueng trink vi phiin cing ¢d dang tong tu nhu phuong (rinh vi phiin khi
uith S0 dinh drong 2101 han din hdi, trong 4o chi ¢in thay E v G bing £7 va
G Do do, wong truomg hop ity ta van ¢o thé dp dung cic k& qua (5.84),
(5.85) trong mue 5.5 ¢ xic dinh momen udn 16 han nhur sau:

T3 HE*L
et ovol @l =
\ l_ 2(;=. I“.v

1

Ciae dui haong trong cong thie vin ¢o ¥ nghia nhir da gidi thich trong muc 5.5,
Ncu chap nhan (6.37) thi h¢ 8O ¢ vin ¢d gid tri nhu trong trudmg hop dam Lun
trong eidi han ditn hoi:

2 .
h'l'.l\.
O (6.38)
2671
Xe)
con ¢ong thie momen udn 11 han s& ¢ dang:
# I* o
M, = = M, (6.3
th I 1

trong do My, — momen uon (& han xdac dinh voi gia (hidt ddm lam vide rong
2i¢i hyn dan hodi.

Pai luome £7 phy thude dme sudt (3 han gy 1Ge 1 phy thude mdmen udn (4

han mi ban thin moémen udn 161 han lai L dai layng ¢dn Gm, do do dé gidi bai

todn tu can ap dung cich thar dang ddn theo thir tu nhur sau:

» (i thi¢t momen udn (6 han ¢o pid i M*; e do suy ra tng sudl lom nhit oy
trong bin Jdé.

o 10 40 thi hodic quy ludt lién hé gitr o va £ xic¢ dinh modun E lwyng ung vt
ittt oy

o Vi modun £% F*= Ep — khi tinh (heo modun Gép uyén:

E¥= [, - khi tinh thco mOdun quy woe, xem (6.14).
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o Theo (6,395, xac dinh momen uon wn han, gid s duge KE qui a7,

Nt chunge, M ™ - M nln cdn e thict b gid i A% rOi lai thye hién ¢ac buae
anh da néu o wen, TIEp tue nhu vay cho dén khi M xip xi biing M#; thi Jdo ia
kCt qua can o Quid trinh thue hién duge 1om 1t qua so dd trén hinh 6.25.

Gia thigt M*, p alel | & £ (6‘.3‘9)I M

Hinh 6.25

B. Dam chiu uon ngang phing
Trong truome hop dam chiu udn ngang phing, (mg sudl thay ddi doc theo chidu
dar ddm, do do & ngoia gidn han dan hdi mddun £% ¢ang thay doi doc (heo ¢hidu
dai ddm. Phueng trinh vi phian ctng ¢o dang teeng e nhue phuong tinh vi phin
khi tinih On dinh wong gidi han dan bdi nhumg cdn thay £ bang £%2). Bai toun
(tong (ng voi truomg hop diim ¢o do cung thay d6i nén rdt phic Gp.
& Lun doa gidn bai 10an ta ¢o 1thé guan nigm E* khong ddi theo chidu dai ddm
Vit o gia trf duge xde dinh teong (mg vai tng sudt om nhidt rong ddm. Lac nay,
phuong wrinh vi phin ctng ¢o dang tuong tu nhu pluromg trinh vi phin khi tinh
on dinh trong gidi han dan hdi nén viin co the ap dung cac k& qui trong 5.8 dé
xie dinh (i trong 161 han khi ddim lam vige & ngodi gidi han dan hdi ncu thay £
hing £ va G bilng G*
DE pidi bii todn ta cang cin dp dung cich thir ding din theo tha we nhae da néu
trong truomg hop dim chju udn thudn wy.
Cich tinh 2dn ddang niy thién v& miil an wan. Thi viy, cich dom gidin hoa noi
rén phi hop voi trudmg hop do cing khi udn vit khi xodn clia @ ¢t moi G
dién cung gitn xudng theo mot (§ s6 E4E, Ty ra, chi ¢6 dd cang tai &t dign
¢ momen udn 1on ahdt giam xudne theo 1y s E*/E con do cing i cde Gt
di¢n khdce giam it hon khi tne sudt g cic 6& dicn do vaot qua eidi han dan hoi
hoac khong eiin Khi ung sudt (i cae uct di¢n do chua vuot qué gidd han dan
hoi. Nhu viy, do cing thue (& caa toian didm sg lon hon 36 ctmyg tinh toan theo
gid thifl gdn dung nén (i trong & han xic dinh theo ¢ich tinh gan ding noi
(rén s nho hon (i trong (6 han thye (8.
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Bai tap

VI.1. Cho thanh chiu Iuc nén P, ¢ chiéu dai f = 1.2 m: lién k&t khisp & hai dau; 1am bang
thep Ct 3 vén cac sb liéu sau: modun dan hdi E = 2.10¢ kN/em?; gidi han dan hor ogh =
20 kNicm?2; gidii han chay dch = 24 KN/cm?2; & ngoai gidi han dan héi, Ung sudt 1 han
dudc xac dinh theo cdng thifc thuc nghiém: o = 30 - 0,1 A. Van dung ¢dng thic thuc
nghiém, xac dinh IUc t& han tfong Ung vé&i c4c tiét dién thanh nhy sau:
a) hinh tron co dugng kinh d = 6 cm;
b} hinh vudng ¢d canh a = 4,5 cm;

\ ¢) hinn ¢cnl nhat co cac canh 10 x 5cm.

VI.2. Cho thanh chiu lic nén P, mdt ddu ngam, mot dau tf do, chidu dai / = 7,2 m ; tiét
dién hinh vudng cb canh a = 4,5 ¢m ; vat liéu thanh béng thép Ct 3 cd mddun dugc
xac dinh nhu sau:

E=214.10¢ kN/cm?2 khi o <19 kN/cmz,
2
o3l -o
Et= -—(————) kN/cmz2 khi o> 19 kN/cm=.
0,128

Tim Py, tuong Ung véi hai cach tinh: theo médun quy U&c va theo médun tiép tuyén.

VL.3. Van dung cach tinh theo modun tiép tuyén, xac dinh iuc tdi han cho thanh chiu luc
nén P, mét dau ngam, mdt dau co lién két thanh dat vudng gde vdi truc thann. Cho
biét: thanh cé chidu dai / = 1,4 m ; ti&t dién hinh trdn ¢6 dudng kinh d = 4 cm ; Vat lidu
béng thép Ct 3 ¢6 mbdun duge xac dinh theo cic céng thifc nhu trong ba: tap v1.2.

VL4. Van dung cach tinh theo mddun tiép tuyén, xac dinh Iuc 18i han ¢ho hé thant; da
xét trong vi du 2.2 (hinh 2.4a thude chuong 2). Cho biét: cac thanh ding ¢é chiéu dai
! = 90 cm ; tiét dién hinh vudng cd canh a = 5 cm; vat liéu thanh bing thép Ct 3 ¢o
mdédun dugc xac dinh theo cac cdng thifc nhu trong bai tap V1.2,

VL5, Van dung céch tinh theo mddun tiép tuyén, xac dinh gia tri t6i han cla tai trong
phan bd déu doc theo chiéu dai thanh congxén (hink 6.19). Cho biét: thanh ¢d chidu
dai { = 82cm ; tiét dién hinh tron ¢6 dudng kinh ¢ = 4 cm ; vét liéu bing thép Ct 3 ¢
modun duoc xac dinh theo cac cong thilc nhif tfrong bai tap VI.2; modun tiép tuyén £
dugc lay gan ding tuong Ung v&i gid tri (ing suat 1én nhét trong thanh.

VI.6. Van dung cach tinh theo madun tiép tuyén, xac dinh gia tri 161 han cua tai frong tac
dung trén thanh ¢o tiét dién thay déi va co lién két khdp & hai dau nhu trén hinh 6.20.
Cho biét cac sb liéu: [ =20 m ; a = 10 m; tiét dién cia hai doan thanh bién cé dién tich
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A, = B0 44 ¢cm2, mdmen quar tinh /; = 10000 cm4, tiét dién cua doan thanh giita cb
dién uch Az = 780,44 cm2, mdémen quan tinh /> = 49800 cm4 ; vat liéu béng thép Ct 3
co mddun duge xac dinh theo cac cdng thuc nhy trong bai tap V1.2

VI.7. Van dung cach tinh theo mddun tiép tuyén, xac dinh tai trong té han tac dung trén
thanh congxén co tiét dién thay dbi nnu trén hinh 2.16b (chugng 2). Cho biét cac sb
léu: chidu dai thanh [ = 200 cm; tiét dién tai ngam la hinh chir nhat ¢o kich thudc
25x10 cm; tét dién tai dau tv do 13 hinh vudng ¢6 kich thudc 10x70 cm; vat liéu bang
wop Craco BCan dude xac dinh theo cac cdng thic nhu trong bai tap VI.2; mddun
1 tuyén Epdude 1y gan ding tuong Ung véi gia tri Ung suat In nhdt trong thanh.,

Chi dan. Trong gié han dan hdi, kni ty s gilfa cac mdémen quan tinh 1ar tiét dién o
41 td do Iy va & dau ngam J, bang 0,4 thi Iuc td1 han dugc xac dinh theo cong uc
P = 1,8675 Bl /(2.

vi.8. Van dung cdch tinh theo médun tidp tuyén, xac dinh tai trong téi han 1ac dung trén
thanh réng co iién két khdp & hai dau, tiét ¢ién co ban dude cdu tao 1 4 thép goc
75x 755 mm va thay doi nhu trén hinh 2.18b (xem chuong 2).

Cho biét cac s6 liéu: chiéu dai thanh / = 15 m; a = 3 m; tiét dién & hai dau thanh co
dién tich A, = 35,12 cm?, mémen quan tinh /; = 2300 cm4, 1ét dién cla doan thanh
gilfa co dién tich Ap = 35,12 cm?2, mémen quén tinh /> = 17500 cm# ; vat liéu béng thep
Ct 3 co mddun dude xac dinh theo cac cong thirc nhu trong bai tap V1.2; mddun 1iép
tuyén £, dugc lay gan ding tuong (ng vai gia tri Ung suét Ién nhat trong thanh.

Chi dan. Trong gidi han dan hdi, st dung bang 2.7, chugng 2 dé tim Iuc & han.

V1.9, Van dung cach tinh theo mddun tiép tuyén, xac dinh tai trong t& han cho khung
trén ninh VL1.9. )

Cho biét ty sb giffa chiéu dat thanh )
ddng va ban kinh quan tinh cla tiét
dién thanh ding 1a A/ r = 40.

Chi dan. Trong gi6i han dan hdi, tham ”L? [

khao vi du 3.5 dé giai bai toan v&i 1 | % mlﬂ ‘
an. SU dung cdng thifc (6.34) dé tim
rtheo A, Hinh V1.9 Hinh V1,10
VI.10. Van dung cach tinh theo modun 1iép tuyén, xac dinh tai trong 16i han cho khung
trén hinh VI.10. Cho biét ty sé gilta chiéu dai thanh ding va ban kinh quan tinh cla
tiét diénthanh dingial/r =48
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Chi dan. Trong gidh han dan hdi, tham khao vi du 3.1 dé& giai bai toan. SU dung cong
e (6.34) dé tim rtheo A

VI.11. Van dung cach tinh theo médun tigp tuyén, xac dinh mémen udn 1 han cho dam
chiu udn thudn tay. Cho biét: chidu dai cla dam [ = 220 cm: tiét dién enir IN012 v
cac 56 lléu nhy sau: mdmen chdng udn 16n nhat Wy = 58,4 cm? mdmer guan tnh
chunh trung 1am nho nhat Iy = 27.9 cm*; mémen quan tinh ddr val truc ¥y cua mét ban
dé iy = I,/ 2 = 13,95 cm* ; mdmen quén tinh khi X08n Ixo = 2,7022 cm#*, Cac modun
Eva E; ducc xac dinh nhu trong bai tap VI.2.

¥1.12. van dung c&ch tinn theo mddun tiép tuyén, xac dinh gia tri tdi han cua tai trong
pnan bb déu trén ddm chiu udn ngang phang. Cho biét: chidu dai cla 5&m / = 220 cm:
16t dién chif TNe12 véi cac s6 liéu nhu trong bai 1ap VI.11. Cac modun £ va £, dudc
xac dinh nhuf trong bal tap VI.2; mddun iép tuyén £ dude lay gan dung tuong 1ng val

Jia i Ung suat ion nhéat trong dam.



7 Khai niém vé én dinh déng

Trong ¢dc chuong trude da trinh bay bii 10an 8n dinh dang c¢én bling cta h¢ thanh
vai eid thid 1ai trone 14¢ dung tinh. Trong chuomg nay st dé ¢ip dén bai toan On
clu h¢ chya (@ treog tae dung dong, trong do cin x¢t dén anh hudmg clia gia
tee chuyén dong thong qua cac lye quan tinh khi 1ap cie phuong trinh 6n dinh.
a0 dong phat sinh trong bai 10an on dinh dong thude (he logi dao ddng co thong
so.nang tinh chat riéng bi¢t. Khic véi dao dong wr do, dao déng nay xdy ra trong
thot k¥ o tic dong cta nguyeén nhan bén ngoai thay ddi theo thod gian. Cong khace
vt duo dong cudmg bie da quen bict vi tac ddng cia nguydén nhan bén ngoai khong
phit 12 ngudn kich dong (ruc (iép.
Dao dong co thang s& b dao ding dupe duy tri bén cae nguvén nhdn hén ngodi,
eian 1iép gdv ra su thay ddi cac thong sd ciia hé theo thot gian, duwe mé 14 blng
phuong trindt vi phdn c6 hé s& thay déi (thieomg 1o thay déi tudn hoim) va ndm ¢ vé
trai cia phiong (rinh. Ty theo cic dic (rung cia dao dong ¢o thong s6, hé ¢o thé
On dinh dong hodc khong én dinh dong.
Vi dy dom gidn nhli v& dao dong ¢6 thong $6 trong Cer hoe 1a dao dong ciia con lac
khi ¢ su thay déi tudin hoan v¢ chitu dai treo con lic. Sy thay d6i niy din dén sy
thay doi do cimg cda hg. Dao dong cta khdi Tugng con e khong phai 1a dao dong
tu do vi xay ra trong thivi k¥ ¢d (ac dong cia nguycn nhan bén ngoai ¥a sy thay ddi
wdn hoiin vé dd cimg. Cung khong phii B dao dong cudmg bl vi (ac dong cia
nguycn nhan hén ngoiai khdag phii 1a lyc kich dpng trie Gép.
Dao dong ¢6 thong s6 ¢o 1ién quan voi bai todn dn dinh dian hoi. Thé loai bai toan
niy ¢6 diae diém chung nhue sau: nguyén nhin edy ra dao dong  do sy thay doi
tudn hoan cla ngoai e co thang s6. Negoai Iue ¢4 (hdong sO 1 ngoai lue khi tac
dung tinh ¢o thd gay ra mdt &n dinh dung can biing cia h¢ dan hdi. Sy thay. di tudn
hoin cta ngoai lue ¢ thong s8 din dén sy thay déi udn hoan v& do cing cia he
dai vai ciac lue khde ngoai lye ban ddu,
D& pi6i thigu khai nidm vé dn dinh dong cia h¢ dan hdi vy cich gidi bai oan, trong
pham vi chuong nay chi dé ¢ap dén hat bai toian:
« On dinh dong cia thanh lang try, (8t dign khong doi, ¢o licn k&t cung & hai diu,
chiu lue nén doc tryc thay ddi ditu hoa theo thoi gian.
e On dinh dong caa vanh tron, 1iét dign khong ddi, chiu lue phin bd thay ddi theo
thod gian.
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Irén cor s d6, ban doc ¢o 1thé van dung cong cu 104n hoc tuong ag eidi cac bhiai

tudn khac.

. . . :

7.1. On dinh déng cua thanh thang co lién két khép & hai dau
Bai toan dn dinh dong cha h¢ dan hdi didu tien do N. M. Béliaev dé xudt vao nim
1924 iu wrwong bop thanh lang wu ¢6 licn ké khdp & hai ddu ¢hinh 7.1a), chiu lye
ner doc true thay doi didu hoa theo (hii gian véi 1n 6 0@ P(1) = P, + Py cosO1t
(hinh 7.1b), z
Khi bien dd cia lue ¢dn nhd, @ )
thanti ¢hi chiu dao ddng doc tryc. ()

Song, van mdl quan heé 1y 1é xic 1
Jinh pita thn s dao dong ricéng
vt thn 56 dao ddng cudmg hie
¢ 1hi dang c¢an bing thing khong
con On dinh ma phat sinh dao
dong udn theo phuuong ngang,  y g
bicn di duv dong 6 thi ting

nhanh v nhang gia i rat lon. Hinh 7.1

o lvezw

Ty 8 cic tdn $3 khi phit sinh cOng hinyng ¢o thong s¢, tie 12 khi thanh bi mt 8n
dinh dong, khac véi ty sd cac tin s6 khi phat sinh ¢dng hudmg do dao dong cuong
buic. Néu tin s @ di nhé thi 1y s6 nay st 0 = 2o,

Trong trudmg heop thanh ¢o do cing E/ khong 381, cuimg do khdi luong phin ho
m = const, ndu goi vwz.0) lia chuyén vi theo phuong v tgi oa do z & thoi didm 1 (hi
phuong trinh vi philn ¢ita duimg dan hdi khi dao ddng ngang ¢6 dang:

2
vzt
ETSMY o iy 7.1
az”
v M(z ) Faindmen udn igi 16 dién ¢ toa ¢ 2, duge xae dinh theo bidu thie:
Miz) = Me(o0) + P1) v(z1): (7.2)

trong do, Merz) i momen udn tai GEt dicén ¢o toa dO 7 do ricng cac lye npang

2dy ra. Trong rudmg hop nay, tue ngang L lye quan tinh tai cac kh¢i lugng phin

b trén chidu dii thanh, ¢o giad tri duoce xic dinh nhu sau:

F*EM”(Z.!) o 521'(2,1)
&z ot

Sau khi 1dy dao ham hai 1an phuong trinh (7. 1) theo 2 v chi y dén (7.2), (7.3), ta

duere phuong trinh vi phiin clia dao dong rgang cia thanh chiu lue nén Por), thidt

lap voi eid (i chuyén vi v 1 nhd se voi chidu dai thanh:

('.:‘4\'(2.” (731*(2..') r“'gv(z.IJ

+ (1 )— : m =(). (7.4
ot A )

pizt) = (7.3

El
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bl nghigm v(z,¢), thda man ciac didu Kign bicén, dudi dang 18ng cic nghi¢m ricng:

=9 k
VI WALy (7.5)
k=i :
Thiy mot nghiém riéng thie & ¢la (7.5) vao (7.4), sau khi ¢ gon 1a duoc:
2. r )
def () Lop
aL;er_B\ A _“.({”:”: (7.0
dr= " ok i

ong J0 wye —1in s6 dao dong ngang thir & cda thanh khi khong chiu fue Po1):
2
ki T f
@, = ( —_ — (7.7)
A . m
P —luc tdd han Buler tha & coa thanh:  Pr oy =tkxa /1) EL (7.8
Tue (7.6), ta thiy ham fif1) phu thudce cic thong sO ax . Pro, Pr1).

Khy Pity = P, + Py cos@t, phuong trinh (7.6) st co dang:

dsz {1) 5 r Poeostt |
Aty I-— f =0, (7.9
dr” v Pry
Hay: f'k({)+!2’,f[!—2/1km.\'()r]fk(r):(); (7. 1)
l)
vii: : pp=—-~t— (7.11)

B AP, =)

Phuong trinh (7.10) 1 phuong trinh thudn nhit ¢o hg 6 thay déi tudn hoin thudc
lowi plieomg trinh Mathiew (E. Mathicu, 1835-1890).

Sau khi d6i bidn s3 7= 01/2, ta <o 1hd dua phuong trinh (7.10) V¢ dang chudn
cria phiveomg (rinh Matlien:

_/-‘;(z')+(u—2(;:'0.\'21')‘/;{_(1):(); {7.12)
dw’ I : ) o \7
vl a = )"" -2 hay a= i 5 (i‘—”j I_:'I(/\—EJ =P (1Y)
0_ P];J\. Hi’()_ ! ! ‘
2
dw, P N
2 = —% ! hay 2¢g = 7 5 (A—ﬂw P (7.14)
- F. mo-\ L
FON

Nghi¢m cta phuong trinh Mathicu phu thuge gid trj cu thé ciia cac thong 6 ¢ va
¢ e a phu thuoe ciac (v 80 w /0 P,/ Py oy Pr/ Prg. Ung vGi mot 1 hop cuaa
thong s0 a vit ¢, néu h¢ dao ddng vai bidn do gia ting nhanh (trutmg hop (rén
hinh 7.2a, khi @ = 1,0 va g = 0,1) thi h¢ khdng én dinhi. Ung voi mot (85 hop khac
cua thong s8 a va g, néu he dao ddng voi bién do hiu han (trudmg hop (rén hinh
7.2b, khi a= 1,2 vé g = 0,7y hi h¢ dn dinh.
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Hinh 7.2

2 i
& =
F=4 4 75222 35 =] e y //
&Dfmm f‘%/ /
”-‘4-;" 3o %, e, 4 /A/
] ) d % '—//y
E% 7“’427////%/
2 ] A saﬁj//y///
7= I+ s Zr&:’ %
- /// 5/// %7
! 5 //V o 5 //; 7
-1 = ]—}? 7 4 Se{o /; 4 w/{a/r% -
“ 74
\\ 0:_52 -5 Fo e, /‘é 1/ 72 j
T -1 LA %//.é
Hinh 7.3 Hinh 7.4

Trong thue hanh, diéu quan trong [ (im duge ranh gigi git mién on dinh v
mié¢n khong On dinh cta nghi¢m. Vin dé nay da duge nghién ciu ddy da, k& qud
cudi cting duge trinh bay dudi dang d6 thi rong mit phing cac thong s a va ¢,
eoi 1 dé thi Ince — Stra 'Trén hinh 7.3 1 dd (hi Ince - Strutt tuong ing vl ¢ic
gid (ri vt nhd cta thong $6 ¢ VO mot h¢ da cho duge dice trung bdi cac thdong s0
a vi g tuong img vai mot diém ¢o toa 4o ¢, g weén do thi Ince - Strutt goi la “didm
dée trumg”. N&u didm dde trumg ndm trong miién gach chéo ciia do thi thi heé
khong én dinh (euong hop didm /£ aén hinh 7.3, khi ¢ = £,0 Vil g = 0./, Wwong
ing vai dung duo dodng irén hinh 7.2ay. N&u didm ddce trimg ndn trong wién rang
e do thi the he Gndinh (radmg hop didm 2 (rén hinh 7.3, khi a= 1.2 va g = (.4,
luong ung voi dang dae dong (rén hinh 7.2b).

Trén hinh 7.4 1 49 thi Ince - Strutt twong dmg vii ¢he gid i ddy du hon cha
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thong s0 ¢. Tie dd thi ta thiy: mién on dinh (mién trang) xen k& véi nuén khong
an dinh (gach chéo). Nghi¢m wdn hoan trén bién gitra cd¢ micn tha § 1 cic him
Muthicu ¢ap £ ky hiéu 12 cei( t) viy sei( 7).

Trong thye hanh, khi gidi bai 1dn cu thé a ¢in thidt 1ap phuong trinh vi phin
twing ung, dua phuong trinh 3o vé dang phuong rinh Mathicu toe T tim duoe gig
(1 ctia cac thong so ¢ v gs HEp do, ¢ian ¢ vao vi tri clia didm dac trung co toa do
i, ¢ trgn dO tht Ince - Stratt 1a ¢6 thé phin doan vé kha nang 6n dinh hay khong
dn dinh cia heé.

Tirhinh 7.3 via 7.4 ta thy: vai cie lye 1ae dong Py nhod, e 1a khi g (theo 7.11) va
¢ {theo 7.13) nhd, mién khong On dinh xay ra ¢ lan ¢in cic didm nim ren trac o
cotondd o4 910, T (T AN acdh: a=4022702=[:4;9: 16,

8 20 o

Suy ra - =aovi on=A0 20304 (7.14}

&

m dinh (wong ang vai no= £ goi la mién chinhi hoic mién thir nhdat;
n dinh twong Gng vai = 1 goi la mién phy.

Mién khong ¢
mién khong o
Trong thye hinh, khi nghién ciu bit 10dn dao dong thong sO clia hg dan hoi, dicu
cdn quan tam [a dm ranh i mién khéng dn dinh thi nhdl Liomg tng van cic
thong so g2 nho. Mt khage, sirdung do thi Ince - Strutt dé i gia (ri (o han ctia ty
sO 0/ 2 cang khong duge thudn lign vi (¥ s0 ndy cang thamn gia trong ¢ia¢ bicu
thite cla thong s6 « vit g Dudi day ta s@ tim ranh 2idi cic midn khong Sa dinh va
Mo A wen dd (hi licn hé gita 1y 88 97202 vathong s3 4.

Ranh gidi clia mién khong 6n dinh duge xac dinh theo didu kién: chuyén dong
cua thanh 1a phi¢m dinh, dao dong duge duy tri nhung khong gia Ging vi khong
gidm yéu.

Theo | 13], Rayleigh da xédc dinh gan ding ranh gioi cda midn khong 6n dinh thir
nhdt, 1an ¢in gia tri @=242, cich thye hién nhw sau:

XE0 ot trong ¢ace phuong trinh vi phan (7.10), khi do ta ¢6 thé bd chi 3 & vir dil
fp= 021, duge:

= 0 .
'I(I])Jr[/—2;1('0.\'5”]/ =1}; (7.15)
Gid thidt chuyén dong cia b 1 twidn hoan, wong dng vai bidu thir dn dung:
()r! 0!1
f=Acos—= +B sin—~+. (7.16)
202 242
Thay (7.16) vao (7.15), ta dugc:
32 01 a1 2 0t 01
Al l— ¢ ~ — 24t cox Licos—L + 5| 1- L;— 2;:4'0.\‘—"' sin—L =0,
40" Q 20 407 0 20



) 01, i, 1 i, )’()II\
Chui y dén ciac h¢ thae: cos —= cos —5 = —| cox +cos [
n 20 2 22 Q|

cos ——0” sI —0"’ =i[ - w'n——or" + sin 30{’

2 20 2 202 202

va loai bd ¢de sO hang trong (mg vai tin sO gdp ba lfm ta duoe:

7 Il Ed
I 01 7" 01
Al - : — 4 lcos Lo+ B} /- ¢ >+ 1t |\m——i = (L (7.t
2102 202

\
-

Vi A =0 via B =0 nén cac bidu thie trong moc vuong phili biing khong, do do:
0 0 '
— =l f+u (7.18)
282 20
T (7.18) ta dung duoe dd thi bidu thi ranh giti dudi v trén clia midn khong On
dinh khi # = / nhu trén hinh 7.5. 'l'mns_ (97 cung ¢ip mot 8 k& qui v ranh gidi
cuia mién khong On dinh khi n = 2; .Aim duge theo phuung phip tham s b,
d6 thi tuong (ne vaoi o = 2: 3 nhulu,n Iunh 1.5.

B =
12

42 ‘\"\{ \\
, T 7 ekt k\m,
e NS

g8 Q¢
a4 i g -\
n-2 —teesy] - 1
92 4z
¢ qr gz 43 g i ¢ g1 g2 43 44 Mk
Hinh 7.5 Hinh 7.6

Khi thiét 1ip cic cong thae & trén ta chua quan 1am dén anh hudng cta lye ¢in
trong qua trinh dao dong. BE dinh gid dnh hudng nay ta gild (hidl lye ¢in 1§ 1¢ bic
nhdt vai van e chuyén dong qua h¢ s3 ¢dn & v b0 sung thanh phin nay vio
phuang trinh vi phian (7.15) nhu sau:

[i1)+2¢ _j(:)+!22[l - 2uco .s'()i]j'(:): (.

N&u diil ¢; = £2¢, sau khi bién ddi, 11 duoe:

/(r )+2 ,f(r )+|:I 2;1(0\?2 ]/'(.f‘,)(); (7.1
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Cang gia thiét chuyén dong cua h¢ la tudn hoan, theo bicu thie (7.16), sau khi
thay vao (7.19) va loai bd cac s@ hang tuong (mg véi tin $¢ gdp ba lin, a duoe:

C 0t 0 01 [0’ 0s | . 01
A 1————,—/1]+B 57 cos—L 4| Bl 1- s+u |- A é,, sin—= = 0),
TR 1 ¢ S B O 20 40 Q- 20

Lo+ J

Cho cie bidu thie trong mde vudng biing khong ta tim duge hai phuong trinh xic
dinht A va /3. Tirdiéu kign A =7 via B # 0 ta ¢ phuong trinh:

II 0* p Og ,
#7,_7_ —2— 2 = 2 2.2
412 -Q7 = 4 51 -2 0 3 Jﬁb—y +l—;12=().
/3 I 402~ 4427 0°
T T

NGu xem ty 8§ £ /02 I nhd va bd qua cic dai lugmg bic cao clia £ /62 thi nghi¢m
cta phuong trinh trén co dang:

%:\//i\/,u-’wm/mf Vi :%. (7.20)

Al do suy gidm cha dao dong riéng.

Khi & = 0, 1a tim duge cic cong thae (7.18).

Khi & = 0, uén co s cong thiie (7.20) ta dyung duge dd thi bidu thi ranh 2idi clia

mi¢n khong On dinh thi nhidt. Theo 9], khi A4 =60,/ dd 1hj ranh gidi cia witn

khong On dinh tyong tmg v&i n ={; 2; 3 ¢O dang nhu trén hinh 7.6. Tir hinh 7.6, ta

nhin thiy:

< Khi ¢o fye cin, cdc mién khong dn dinh ¢6 sur chuyén dich va thu hep, mae do
(hu hep ting theo dd 10m ciia & Luc ¢iin ¢ dnh hudng nhicu doi vai cic micn
phu (i > f).

<+ Khi g = ¢, sy mit én dinh khong xdy ra & cic didm nidm trén trye 0/202 nhe
(rén hinh 7.5. Tir (7.20) ta thidy mién khong 8n dinh thir nhdt chi ¢ thé xiy ra
khi ge > g% vOi g™ Va gic tri 1od han cia hé sd kich dong: u* = A/«
Theo Boldtin, gid tri t6d han ¢da h¢ 3 kich dong tuong img véi midn khang 6n
dinh (hir # duge xdac dinh gin dung bing:

i
* v
MR ot n=1,2 3.
T'a thily, khi # ¢ang tang thi ¢dc mién phy cang thu hep. Do do, trong thye 1€ ta
chi ¢iin quan 1am dén midn khong n dinh thir nhit.
Vidyu 7.1. Xél thanh thdng ¢o lién k&t khop & hai ddu, chiu lue nén doc trye thay
ddi didu hioa theo quy ludt £(e) = P, + Py sind 1 Yéu clu:
1) Lip phuong trinh vi phan ciia chuyén dong.
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2) Khio sat khi ndng 6n dinh cia thanh twong ng vai hai dang dao dong
ngang diu ticn (k = va 2).
Cho hidt: P, = 1000 N: Py = 200 N;n s6 @ = 300 rad/s; thanh ¢o chidu dai
1= 100 ¢ khai luomg m = 810~ Ns2/em; 30 cung EX = 2,106 N.cin?,
1) Lap phuomg trinh vi phdn cia chuyén ding. Phuong trinh vi phan (7.6) va cac
bidu thic (7.7), (7.8) vin nghigm dang cho truimg hop niy.
Thay Pit) = P, + P sin0t vao (7.6) (a st dupe: .
Fon+ Q21=20 sin0c)f 00 -0: ()
trong do: £2 4, 44 van duge xdc dinh theo (7.11).
Sau khi d6i bién s6 0t = 27— (x/2}, phuong trinh (a) duge dua v& dang chudn

cria phieomg (rinh Mathiew:

J AT+ (0= 2qcos20) [ (T)=0; (b)

2 . k) 3 SR
voi: u = i , {é—{] H(,\—”] -P o 2¢=- i 5 [A—”] £ ()
mo=\ { ¢ mo-\ 1

2) Khao sat khd nang dn dinh. Vi ¢ice s6 lidu da cho, theo (¢) ta co:

7 L
dr- 2 4=
2 == kTP = k7P = =5,483.10- k2 200;
m0O°1° 8.107° 30071007
4 2 2 2
3
a= - p Ik o p = 5asia0-ke | 200" g op | =
mo~i- I~ “ 100~ ¢

= 5483 10-9k2 2. 1R 22 k2 - 1000},
e Khik=1 2¢=-548310% 200=—-01097: suyra
a=5483.10-4] 2. 17 22 - 1000] = 0,534
biém dic trung thude mién dn dinh ctia dd thi irén hinh 7.3. K&t luin: dn dinh.
e Khik=2: 2q=-548310~.4.200=—-0439: suyra | g/ =0.22:
a4 =S5483 1094 2. 102 24 —1000) = 15,12
bidm dic trung thudc midn &n dinh ciia d6 thi trén hinh 7.4. K&t ludn: dn dinh.

ql = 0055

7.2. On dinh dong cua vanh tron
b gidli bai todn én dinh dong cla vanh ron, 1iét dign khong ddi, chiu hue thay ddi
didu hoa theo thod gian ta ¢dn (hict 1ip phuong trinh vi phin cha chuyén dong
lrong Gy, dua ve phuong trinh Mathicu ¢ dang (7.12), tae 1a Gm cie bidu thic
cta thong s8 a vir g; 48 do, ¢in ¢ir vao vi i ctia diém déac trung ¢o 100 dO a, ¢

(rén do thi Ince - Strutt d& phan dodn v& khit nang én dinh cla he.
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A. Cac phurong trinh co ban cia thanh cong tron
¢ chudn bi thidt 1ip phuong tdnh vi phan cta chuyén dong, ta cin 13p cae phuong
iinh oo ban cta thanh cong ron. Khao sii phiin (6 thanh ron ALB,, ¢ chicu dii ds.

O trang thar duge xem la
trang thii xudt phat ban
ddu. cac dar lugng tong
ung duoc ky hicu kém
theo chr 86 o (hanh .70,
Lap wic didu ki¢n c¢in
bing va dicu kién hinh
hoe cho phan 16 AB ¢
trung tha khae sat wong
tung vl ociac dai lugng
khong mang chi $8 ¢ nhu
irén hinh 7.7.

. Hinlt 7.7
< Diéu kién can bdng: Vi cic phuong (rinh ¢an bling: hinh chidu I¢n phuong
tiép tuyén, phuong phap tuyén i C va momen ddi vai dicm O, ta dwyc:

) () 1 /
INLQ e Ny MGV k0221
ds RO dy KM oy ds f
Tl phuong trinh thi nhdt va thir ba cda (7.21) 1a suy ra lién hé:
M
0="" (7.22)
oy
Ty phuong (rinh thir hai cua (7.21) v phuong trinh (7.22) 1a tun duoc:
3 e q
dM A Yy, (7.23)
dst R ds ds R

» Diéu kign hinh hoc: NSu g0oi w la chuyén vi humg 1am (chi¢u dimg hutmg
v¢ 1am cong) vi i La chuyén vi theo phuong iép tuy€n (chidu duong hudmg vé
b&n phiii) cia didm A tir trang thii xudt phit dén trang thai khio sat thi sau khi
van dung cac kSt qui (4.6), (4.7), (4.1) da I1fp duoc trong mue 4.1 cho trudmg

hop nity ta co cdce licn he:

,
d7wow M

dss kYR

it " . ﬂi:_{_iz_ﬂ_ (7.24)

ds R ds R R Iy

< Cac phuong trinh co ban 6 trang thai chuyén dong: duge xiy dung trén co
sr ¢he phuong trinh (7.21) = (7.24) vdi cie cha y sau;

o Cic dai lugng 14 ham cda hai bidn s3 s v 1 nén ¢ln thay cic dgo ham biing
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daw ham riéng weong mg.
e ‘lrong cac phuong trinh ¢in bing ¢in bd sung cac lue quan tinh (ong mg:
x ﬁju * %
§, = M5 ('?13 ; ¢, =—m =2 .
» 1o dong cia hé duge xem la nhd quanh vi tri ¢dn biing xufit phat (i rang
thai tinh krong tmg voi cac dai lugng mang chi 88 o. Cac dai lomg & trang
thdi chuyén dong se duge bidu (hi theo ¢de dai luomg & trang thai tinh cong
virl 80 pia twong ung nhu saw:
M=M,+ AM: Q=0,+ 4A0: N=N,+ AN ;

(7.25)

! /
gn = no + Agn Gt = Yro + Age ; E = }f_ +A(1/R). (7.26)

14

N
=22 nen .zl(]/R)—(MqJ

Iy P&l

(7.2°7)

Tirhinh 7.7, ta ¢

’

1
R
Thay (h¢ (7.26) vao phuong tinh diu ctia (7.21) va bd sung lyc quan tinh theo
(7.25), sau khi khai (rién ta duee:

N, O ) i
o Bo 0OV A0 Q AU/R)+AQ.A(/R)- 4q, +m‘—” =),
o R o gy Rn o

-

B qua cic s0 hang vo cang bé bic cao (0 hang tha 7) dong thai lyu y 1a cac
phuong trinh ¢in biing vin thda min vai cie dai luomg & trang thai cin bing
tinh nén 1dng cia ba $6 hang ddu biing khong: k& hop vai (7.27), ta duee:

3 ) A Al
AN CORa Aq+u—;-() (7.28)

O R” Ty e

Cang thye hign tuong ty nhu viiy vai phuong trinh (hir hai cba (7.21), 1a duge:

PAC) 2l "32 ' )
cAQ fﬂ—N ‘A(”m, i —= (), (7.29)
Ox R” o e

Thue hi¢n nhr irén véi phuomg trinh (7.22), k&t hop vai phuong trinh tha ba
cua (7.24), a duyce:

cam Al !

(A(/)

A0 = gl = ——-— :fEl— I/R)=-L{ {7.30))
ox | R R, s AllfK) Ax .
K&t hop vai phuong trinh ddu ctia (7.24), ta dugc:
A .
a0 =i S L) (7.31)
a\") R (’\
1.4y dao hinm phuong trinh thir hai cia (7.24) theo thoi gian, ta co:
32 2
Cu Lo (7.32)

doy RO



Van dung cac phuong trinh (7.28) + (7.32) ta ¢o th¢ giki cdc bii toan (hanh wron
chiu lue bal ky.
B. Gidi bai toan dn dinh cua vanh tron, tiét dién khong doi, chiu luc
phédn bd déu huong tém voi cuong d6 q(t) = g, + g1 sin6't
Trong trudmg hop cu thé nay (hinh 7.8), 1a ¢o cac didu Kidn sau:
gno = g = consl;  Agn =

(t
(11‘(} = () N Aq] = (). 9 )
Xem R = R, vaky hi¢u chung 1a R,
Theo két quéa da biét trong Co hoe kEt ¢du, ndi
lye (v trang thdi tinh:
N() = []R.' Q() = {).
Thay cac didu kién cu thé trén vao cic phuong |
trinh (7.28), (7.29) va thye hi¢n nhimg biCn
doi nhu sau: Hinh 7.8
« 200 ham phuong trinh (7.29) theo s ta duge:
ol 27A0 1 AN 274
= Hj =L j(‘ 2! —(/R( 1(}9 . (1.33)
oot o RO Oy~
2
- . AN A0 e
o Tir (7.28), ta cO; ¢ = ——(’ —-m ¢ f (7.34)
(1}.\' R ('\lr-
At A2 AQ p° A7 A
Y [ & 7
Thay (7.34) vao (7,33, m—b 4L m&u L 4y w42
Ov O o8~ R o2 R? Qs
sau khi Ly dao ham theo s, ta duyc:
A 8ta0 o 1 840 % A
" (7"‘7:( ,('+ﬂ ‘ ”7+—,‘ ('—ch :D. (7.35)
O 01~ s Ravor- R- O Oy
[L.dy dao hiun theo 7 ¢tia (7.32) va dao hiam theo s cba (7.30), ta co:
o | 2ah 2al 1 840 _
cu _Low, CAp 1 0aQ (7.36)
o Oy R o’ A’ £l os

Sau khi thay (7.36) viio (7.35) va bidn ddi, ta duye:
v metw (‘.7';AQ [ ! (/R]@AQ
= e e Sl e

Hl - 3

ot Ra? ot RPOEH] &

Thay AQ xic dinh theo (7.31) vio k&t qui trén, ta dugc:

7 - 2
oty mOTw 1 AT B |: f N (/R} ot 1 07w
m - — =-1 -— -|— -—
L L] 9 > 2 2 ) )
oot R o S I S s A

Hay:
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& O

} +m - — =(}

ool R o
{(7.37)
b6 La phuong trinh vi phin cda chuydn vi w trong vanh tron, chiu Iuc phin béd
déu budmg tam.
Khi lygc phiin bd déu voi cudmg dd q(t) = qo + qising , ta 44t nghi¢in wz),
thoa man cic didu Kién bién, dudi dang:
X . . ks -
wint) = ij(!).wn— . (7.38)
.y R
Thay mot nghiém ricéng thir & ca (7.38) vao (7.37) vathay g = go + gpsind s,
sau ki mit gon ta due:
2.
SR R0 [1_;1(;{-3 -

Rj

Sau khi dGi bién 8 0t = 27 =(x/2) va thye hi¢n cic phép bién dou ta ¢o 1hd
dua phuong trinh (7.39) v& dang chudn ciu phuong trinh Mathieu:

-/k”)+(“_2(1('“‘\-2”-/“”:0: (7.40))

A —y —qg, xinGr|f =0 (7.39;
dr" " r)err:2+]) “ ! J .

£ r
YL

(7.41)

k77 =0 | Bk =1 w22~ 1)
- 2 2 3 _qu : 2(] = '_?'——-_2'—([
O"mR (k= +1) R O“mR(k* +1)

‘Trong biii toan cu thé, sau khi tim duge cac thdng s a v ¢ tiong (mg vai dung
dao aong thir & ta st tm duoe vi il cda diém dic trung ¢O 10a 40 ¢, ¢ trén dd 1y
Ince - Strutt va tir do phan doan v khit ning 6o dinh cta he,

Vi du 7.2. X& vanh tron chiu ap lue hudng (@, phin bo déu vai cuomg do thay

ddi didu hoda theo quy Wit g1) = g, + q; sin01. Khao sat kha niing dn dinh ¢l
vanl tuong tmg vai ba dang dao dong ddu tién (k = /: 2 va 3).
Cho bic: g, = 100 Nfem?; g = 20 N/em2: thn s6 0 = 1240 rad/s: (ruc vanh ¢o
ban kinh-R = /5 cm; bé day &= 0,5 cm: chidu cao /i = 1 ¢y khdi lugmg phan
b (rén don vi chidu dii m = 4 10-F NsZ/em:; modun din hdi £ = 2./07 Nicm?.

Chudn bi ¢ic s6 lidu rong ¢ic cong thie (7.41);

k2007 1057
— - ? x
R’ 15
4 4
02mRk - 1240°.4.007° 15

=06/,728 Nfcm;

= 43,36.10-4 1/N.
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Theo (741 2q = 43,36.10-4.20.1. A—U-(ﬁ—z-—“ =&8.072. 102 é(—f-}—;“ :

(k= +1) (k*

Kk - 1)
k241

FAn luot thay & = 7; 27 3 ta st tim duge cac toa do ¢: g twong ing cla cie didm

diac trung; tiép do phan doan khi ning &n dinh cta h theo dd thi Ince - Strull.

= 43,36.10-4 (61,728 (k2—1) — 100.1] .

K&t qui ghi trén bang 7.1,
 Bang 7.1

: k a g Két luan |
— S
§ 1 0 0 - dao ddng phiém dinh |
.2 ogss 0104 dao dang én dinh |
B 12,204 0.312 dao dong én dinh |

Bai tap

VII.1. Khao sat kha nang én dinh clia thanh thang co lién két khdp ¢ hai déu, tuang Ung
vl hai dang dao dong ngang dau tién (k = 7 va 2).
Cho bidt: thanh chiu Iuc doc truc thay ddi didu hda theo quy IUAt P(t) = — Py + Pysin( ¢
VGi Po = 1000N; Py = 200N:; tan sb (= 300 rad/s; thanh ¢ chidu dai / = 100 cm; khdi
lugng phan bd déu m = 8 705 Ns2/cm; db cling Ef = 2.706 N.em2.

VIL.2. Cho thanh ¢6 mét dau ngam, mdt dau tu do, chiéu dai [ ; db cling E/; chiu Ic nén
doc truc thay dbi didu hda theo quy tat Pt} = Py + P; cosO 1. Yéu cau:

1) Lap phuong trinh vi phan cla chuyén déng dudi dang chudn cua phugng trinh
Mathieu.

2) Cho bié%: Py = 200 N: tan sb. 0 = 300 rad/s; thanh ¢c6 chidu dai / = 700 cm; khéi
lugng phan bd déu m = 8. 710-5Ns2/iem; db cUng Ef = 2.106 N.cm2. Khao sat kha nang
dn dinh clia dang dao déng ngang dau tién {k =7) tuong (ng v&i hai truong hop sau:
o Khi Po =400N;

e Khi Po = 500 N,;
- Chi dan. *» Dé s dung dudc phugng trinh (7.4), nén chon gdc toa dé z 1ai diu 1 do.

“+ Thay cho (7.5), dat nghiém dudi dang:
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x knz
vizt)= Y f (t}sin— .
( Er“” 2

VIL.3. Cho vanh dai tron, mém (khdng cb kha nang chiu udn, Ef = 0), chiu ap Iuc phan
bé déu nudng tU tAm ra ngoai v cudng dd thay ddi theo thén gian g(t) = go + g1 SN0 ¢
1) Lap phuong trinh vi phan clia chuyén déng dudi dang chudn clia phuong trinh

Mathieu.

2) Cho biét: 1an sb 0 = 2000 rad/s; truc vanh ¢é ban kinh A = 15 cm; trén don vi chiéu
dgal s cua vanh: kndi lugng phan bb déu m = 2.70 - ¥ Ns2/cm; ap Iuc Go = 50 Nicm; ap
itc qr = 20 N/cm. Khao sat kha nang an dinh clia 5 dang dao dong dau tién (k = 1;
2. 3: 4; 5).
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Pap sb cac bai tap

Chuong 1
K2k (1, +1,)°
L+
.2, a)vab) Pp=4ka/3
1.3, Pp=6a2El/] .
LA, a1) Py =nr2E1/12 a2) Py =12E1/]2
b) Py = 11,42 El /12
I5. a)vab) Pu=0904El/12 ¢c)Pn=0802EI/12 d)Py=1085El/{2
e) Py = 1,086 El/12 )Py =1085EI/]2
1.6. a) b)vac) Py =8El/I2 '

11. ayvab) P =

Chuong 2
II.1. Bua vé so dd thanh chiu nén, mot dau 1a khdp cb dinh, mot dau ¢6 lign két dan
ndi theo phuong vuéng goc véi truc thanh. Phuong trinh én dinh:

sinv (13 sinv
- + ——

3El, L. s e .z P
=0 (k= —L -hé sd dan héi cua lién két; v =1,/ — ).
Bk v 7 El

N2, Py =1,421 (El/1:3).
3. Py =0162 (m2EI/ 12} .
Ha. Py =412 (E1/12}.
11.5. Phuong trinh én dinh: ai(rga!+ tgaa) =tgar l. tgaa; Py =3247 (El/12).
1L.6. Phuang trinh én dinh: — sina (I+a) +al cosa (I+a) + (2 — cosal) sinca = 0;
Py = m2El/ 12 .
I.7. Phugng trinh n dinh: sinca [al. cosa (1-a) —sina (I—-a)] = 0;
Py = 5,429 (E1/12) .
0.8. Py =1974(EI/12).
IL9. a) (g /2)n = 4,23 (E1/12) ; | két qua chinh xac: (qf /2)n = 4,58 (E1/12)] .
b) (gl /2)p = 3T2EI /12 ; [ két qua chinh xac: (g /2y, = 3,18 #2E1/ 17 .
I1.10. Phuong trinh én dinh:
tgas ax gae(l/2) —al = (@, /az);, vo a?=P/El;; af=P/El;.
a) Py, = 8,51 (El /12). b} P = 8,208 (El / [2).
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a, «

tgae (1 —a) tga’a)}
= + =0
2 !

I1.11. Phyang trinh 6n dinh: cosay ax cosaz (I—a)xli

vi ¥ = (P/ElL); af=(P/El2). Pn=2987(ElI/]2).
012, Py = 0,467 (EI/ h?) . |
113, Py = 8 (Elo/ 12).
1.14.a) Py = 7,64 (El2/12). D) Py = 7,70 (El2/12).
11.15. a} Py, = 1068 kN khi kidng ké dnh hudng Iuc cit.
b) Py, = 1001 kN khi ¢b ké anh hudng Iuc cit.
I1.16. a) Py, = 1648,54 kN khi khdng ké anh huéng Iuc cét.
b) P = 1603,61 kN khi co ké anh hudng Iuc cit.
I117. &) Py, = 810 kN khi khdng ké anh huong Iuc cét.
b) Py = 600 kN khi ¢ k& &nh hudng Iuc cat.

Chuong 3

1. Phuong trinh on dinh: Oy (v) + Oa(v) + Os(v) = 1

hay ——’+—h—£\i=a v v=l‘/E.

3, i, v El

a) P = 6,05 (E1/12). b) P = 72(EI 712} . C) Py, = 72(E1 /4 112).
.2, Py = 11,22 (EI /12) . '
M.3. Phuong trinh dn dinh: tgv =thv; Py =154 (El/12).
4. Py, = 2,25 El. '
5. Py, = 28,2 (E1/12).
NL6. Py, = 30,98 (EI/12).
7. &) Py = 4,862 (EI/12); b) Py = 20,142 (E1/12) .
8. Py, = 6,0128 (E1/ h2).
M1.9. Py, = 717 kN.
0.10. Py = 30,8 (E1/ 12}
.11, Py, = 0,064 EI.
WA2. Py = 1,16 (E1/12).
W13, Py = 17,22 (E1/ h?}.
111,34, Phuong trinh én dinh: 6k htgv =-v! v& v=1JP/EI; Py =7378 (EI/h2).

HI.15. Thong s téi han: S, = 2.5.
.16, Py =32 (EI/12).
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WAT. Py = 12.11 (E1/12) .
N.18. 3} Py = 0,077 El ; b) Py = 0,1295 EL.
.19, Py, = 3,705 (Ei/ 12} .

U1.20. @) Py = 14,9 (EI/12); b) Pp= 1282 (EI/[2); cyvad) Py = ﬂe(EI/P)

'! [
H1.21. Phugng trinh ondinh: sink iy . sinkls=ksink! (

.22, Py, = 14,68 (E1/12) .

.23, Py, = 3,76 (E1/12) .

M.24. Py =13 (El/a%).

HL.25. Py, = 20,53 kN.

L26. i = 8,4 kN/cm?2,

11.27. K&t qua theo chuong trinh Microstran V5.5/32;
a) Py, =40700%N = 30,52 (Ei/I2) ;
b) Py, = 15800 kN =1,185 (El/[2).

111.28. Két qua theo chudng trinh Microstran V5.5/32:
a) P = 1770,67KN = 28,38 (EI/12) ;
b) Py, = 1942,72 kN = 31,08 (E1/13) ;
C)Khik=1: Py =30273KkN = 4,84 (E1/12) ;

Khi k = o0 Py = 1253,13kN = 20,05 (EI/ 12) ;

d) Py, = 429,30kN = 5,987 (Ei/ h2);

Chuong 4
IVA. &) gp=4.57 (EI/r3). b) qu = 3,28 (Ei/r3).
IV.3. g =63 (EI/r3)
V.4, Gy = 48,4 (EI/13)
IV.5. Phuong trinh &n dinh: g ki = k(T - k2)7; Qun = 1.4 (E1/13).
IV.6. Phuong irinh &n dinh:  tg (k/2) = k(1 - k2)t/2: = 0,8 (E1/r3).
IV.7. G = 58,57 (E1/13).
IV.8. Két qua theo chuong trinh M|crostran Vv5.5/32:

n 8 10 12
. , R SR O A SO e
Truafng hdp a: Py (kN) II 1567 1572 1586 1586
e
Tnfofng hap b : op b qu (kN/m, {kN/m) ‘ 270 270 270
i Tnedgng hop ¢ : qu (kN/m) 164 162 1615 L 1615




Chuong §
V.1. a) Py = 180N (dang ubn quanh truc y); b) Py =45N (dang ubn quanh truc y).
V2. a) Py =6832N (dang xoan-udn); b) P, = 720N (dang udn quanh truc ).
V3.c=25mm; d=375mm; l,=41667mm*; [, =266667mm*;
I:; =133333,33 mm¢; 13 = 29166,67 mmé; Rf/ = -16666,67 mm?S ;

s; = 4583,33 mm> .

V.4. a) 0*= 49,74 NImm?2 ; g = 11,25 N/mm2 ; Py, =450 N (dang udn quanh truc x);
b) o= -332 N/mm2 ({ing sudt kéo); gy = 11,25 N/mm2 ; Py, = 450 N {dang udn
quanh truc x);
¢) 0°= 63,41 N/mm2 ; o, = 11,25 N'mm?2 ; Py, = 450N (dang udn quanh truc x).

_t°n
V.5 My = 2 E G J

2
V6.

3

2 mt3h 44,5 _7.428%n

a) M,,,:-I”— El Gl =«—\/EG; o) Pn=—=%-[El GI, —VEG:
I /
35,2 _81%

2 7l
!' I 12 12

532 88671‘ h
V.7.a) Py = EI G &/ E
¢

86,4 14 4( Sh
b) (gl = [EI I JE
) (!} ! G

80,9 1348! h
V8. a) Py = El Gl 2 T JEG
1

129,1 21 52! h
b) (ql)w = ,;El Gl =———VE
f
3,895m
Vo My = . }ElyGfxo )

50,2 91,3
VA10.a) P = 7— Ef GI - b (q[)m:—}—z—— ElyGlXO

Chuong 6
VI1. a) Pn=6,22kN; b)) Py, =420kN; c¢) Pp=1086KkN.
VL2, Py = 430kN (theo mddun quy udc), Pw =414 kN {theo mbdun tiép tuyén).
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VI.3. Py, = 249 kN.
VI4. Py, = 547.5kN.

VLS. (gl )i = 257.6 kN.

VL. Py, = 1242 kN.

VL7, Py, = 1981 kN.

VLS. Py, = 708 kN.

VI9. Py =176 (EI/12).
VL10. Py, = 2,4216 (EI/ 12},
VL1, My, = 1227 kN.cm.
VI.12. (gl)y = 43,78 kN.

Chuong 7
VI1. Khik=1: =0055. a=163; Ondinh
Khik=2: =022 a=163; ondinh.
VIL2. 1) Phuong trinh vi phan clia chuyén dong co dang (7.12) véi:

2 2
a_ff)Ly_._O . g_fﬁk___f_
Y- ’ q="3
0 P 0 P

2 2
) (2k — 1) fE: (2k — 1)1
trong do: = ——— = Pgg=|——""—| El.
° @K [ 21 } m gl [ 21 ]

2) eKhik=1 Po=400N: q=00137; a=00128; 6ndinh.
e Khi k=1, P =500N: q=0,0137; a=-00009; khéngdn dinh.
VIL.3. 1) Phuong trinh vi phan clia chuyén ddng cb dang (7.40) véi:

k2 w? -1) ak? ik -1)
@= ——5— Q.. Q= ————>——q,.
0°mR K% +1) 02mRK? +1)

2) Két qua tinh dugc ghi trong bang:
R k a q Két luan

1 0 : 0 dao déng phiém dinh
_f_ 2 4 0,80 dao déng khéng én dinh
’73 12 240 dao dong &n dinh

4 23,53 471 dao dong &n dinh
| 5 38,46 7,69 dao déng 5n_c!!nh -
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Phu luc

Bdng 1
Bang gia tri cac ham sé: |
afv)= {, LI———J; 0}(\’)='—LQ—IJ (v)= 3;[ . il J ;
v gy ye V vEACOSY v
3 rgv v v
,B(v)——[ —]J; &(v}-—(1+\'1gn— _ +—]; — = vigv.
\H!\’ [ LAY [NIARY i Ig‘l’ Sy

f vi o oa) B thiv) Ov) | Oalv) i vitgy | v/sinv f vigv
000/ 1.0000 : 1,0000 { 10000 i 10000 10000 | 1,0000 | 1,0000 | 0,0000 |
10,10/ 10007 | 10012 | 10040 | 10015 10045 | 09967 | 10017 | 0,0100
| 020 1,0027 | 10047 | 10163 | 10061 10183 | 10,9866 | 1,0067 | 0,0405
030/ 10061 | 10106 | 10374 | 10140 10421 | 09698 | 10152 | 0,0928
040 1.0108 | 10190 | 10884 | 1,255 10771 | 09461 | 10272 | 0.1691
050 1.017% ‘ 10300 | 1,113 10412 | 1,1253 00152 | 10429 | 02732
1060] 10249 | 10437 | 11686 | 10621 |  1,1900 | 08770 | 10626 | 04105
070, 10343 - 1.0603 | 12445 | 10895 | 12758 | 08311 | 10866, 0.5896
080| 10454 | 10801 | 13455 | 11255 13001 | 07770 | 11152 | 08237
090! 10585 | 11033 | 14821 | 1.1736 15448 | 07142 | 1,1489 l 1,1341
100, 10737 | 11304 | 16722 | 12396 | 17604 | 06421 | 11884 | 15574
110] 10912 | 1,1617 | 19491 | 123343 20750 | 05509 | 12343 | 21612
'1,20 1,114 | 11979 | 23822 | 11,4805 25677 | 0,4665 1,2875! 3,0866
130| 11345 | 12396 | 31435 | 17342 34340 | 03609 | 13492 | 46827
1140{ 11610 | 12878 | 48082 | 22828 53331 | 02415 | 14207 l 8,1170
'1505 11915 | 13434 | 11,2013 | 43725 | 12,6290 | 0.1064 i 15038 | 21.1521
'mi2i 12159 | 13880 | o x x 00000 | 15708 | x
”501 12266 | 14078 |-262445 | -7.8201 | -30,1214 | .0.0467 | 16007 |-54.7721
! 1,700 1.2673 1,4830 | -57378 | -1,1305 -6,7139 | -0.2208 17143 |- 13,0842
11800 13148 | 15710 1-31308 | -02720 | -37409 | .04199 | 18483 | -7.7153
190] 13704 | 16750 | -2,1113 | 00701 | -2,5805 | -0,6491 \ 2,0078 | -55615
200| 14365 | 17993 | -15694 | 02575 | -1.9657 | -09153 | 2,1995 | -4,3701
2,020 14512 | 18270 | -14902 | 02856 | -18762 | -09738 | 22425 | -4,1902
204 14664 | 18558 | -14179 | 03115 | -17944 | -1,0342 | 22872 | -4,0240
206| 14822 | 18858 | -13516 | 03355 | -17195 | -10067 | 23337 | -3,8695




Bdng 1 (tiép theo)

15521
15713

1.5914
16124
16343
1.6572
16812

1,7062
1,7325
1,7601
1,7891
1,8195

1,8516
1,8854
1,9212
1,9589
1,9989

20413
2,0864
2,1344
2,1855
2,2402

2,2G88
2.3618
2,4295
2,5027
25819

2,6680
27619

B Ofv) | Oefv) Os{v) v/igv | v/sinv | wigy
: 19169 | -1,2805 0,3579 -1,8507 ;| -1,1613 23822 , -3,7255 I
i 1.9494 | -1,2342 0,3787 -1,5872 | -1,2282 24328 | -3,5807
‘ 19832 | -1,1820 0,3982 -1,5285 | -1,2975 24855 | -3,4640
I 20184 | -1,1335 04166 -1,4741 | -1,3693 2,5406 | - 33446
I 2,0551 | -1,0884 0.433¢ -1,4235 | -1,4438 25981 | -32316
2,0935 | -1,0463 04503 -1,3763 | -1.5211 26582 | -3,1244
21336 | -1,0068 0.4659 -1,3324 | -1,6014 27211 | -3,0224
21755 | -0,9700 0,4807 -1,2912 | -1,6849 2,7870 | -2,9251
22194 | -0,9354 0,4948 -1.2526 | -1,7717 28560 | -2,8320 |
2,2653 | -0,9028 0,5083 -1.2165 | - 1,8622 29284 | -27427 F
2,3135 | -0.8721 05212 -1,1824 | -1,89566 3,0044 | -2,6569
2,3641 | -0,8431 0,5336 -1,1504 | -2,0550 3,0843 | -25742
24172 | -0,8157 0,5456 -1,1202 |-2,1579 3,1684 | -24943
24731 | -0,7897 . 0,5571 -1,0817 | -2,2654 3,2569 | -2,4170
25319 ;| -0,7651 0,5683 -1,0647 | -2,3780 3,3503 | -2,3421
25940 : -0.7418 0,5791 -1,0392 | -2,4961 3,4489 | -2,2693
26595 | -0,7196 0,5857 -1,0151 | -2,6200 3,5631 | -2,1984
2,7287 | -0,6985 | 0,5999 -0,9921 | -2,7503 36634 | -2,1293
28021 | -06784 0,6099 -0,9704 | -2,8875 3,7804  -2,0618
28798 | -0,6592 0,6196 -0,9497 | -30322 39046 | -1,9958
29624 | -0,6409 0,6291 -0,9301 | -3,1850 40366 | -1,9311
30802 | -0,6234 0,6384 -09114 | -3,3466 41773 | -1,8676
3,1438 | - 0,6067 06476 -0,8936 | -3,5180 4,3274 | -1,8051
32438 | -0,5907 0,6566 -0,8767 | -3,7000 44880 | -1,7437
33508 | -0,5753 0,6654 -0,8605 | -3,8938 46600 | -1,6831
3.4656 | -0.5606 0.6741 -0,8451 | - 4,'1 006 48448 | -1,6233
3,5890 | -0,5465 0,6828 -0,8304 | -4,3218 50436 | - 15642
37221 | -0,5329 06213 -08164 | - 4,559 52583 | -1,5057
3,8659 | -0,5199 0,6997 -0,8030 | -4.8142 5,4906 | - 14477
4,0218 | -0,5073 0,708 -0,7902 | -508% 57428 | -1,3902
41914 | -0,4952 0,7164 -0,7780 -5,3877| 60174 | -1,33%1
43766 | - 04836 0,7246 - 0,7663 -57115) 63176 | -1,2764
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Bdng 1 (tiép theo)

ax(v) Blv) Oh{v) O(v) s(v) v/tgv | v/sinv | vigy

2.8648 45795 | -0,4724 0,7328 -0.7551 -6,0649) 66469 | -1,2199
2.9778 48029 | -0.4615 0,7410 -0,7444 -6,45201 7.0007 | -1.1636
3.1027 50498 | -0,4511 0,7491 -0.7342 -6,8783| 74114 | -1,1075 |
3,2414 53245 | -0,4410 07572 -0.7244 -7.3502| 7.8583 | -1,0515
3.3963 56315 | -0,4312 0,7654 -0,7151 -78756| 83585 | -0,9955

35704 59768 | -0,4218 0,7735 -0,7081 -8,4645| 89218 | -093%95
37676 6,3685 | -0,4127 0,7817 -06976 | -9,1284| 95610 | -0,8835
3.9928 6,8160 | -0,4039 0.7898 -0.6894 | -9.8866| 10,2920 | -0.8273
4,2525 73322 | -0,3953 0,7980 -0.6816 | -10,7572] 11,1361 ; -0,771
4,5550 79343 | -0,3870 0,8063 -0,6742 | -11,7692] 12,1212 | -0,7146

49121 8,6455 | -0,3790 0,8146 -0,6670 | -12,9609) 13,2858 | -0,6579
5,3401 94982 | -0.3712 0,8229 -0,6603 | -14,3858| 14,6831 | -0,6008
58622 | 10,5393 | -0.3636 08313 -0,6538 | - 16,1207 16,3802 | -0,5435
65134 | 11,8386 | -0,3563 0,8398 -0,6476 | -18.2806| 18,5219 | -0.,4858 |
7,3486 | 13,5057 | -0,3492 0,8484 -0,6417 | -21,0458| 21,2585 | -0,4276

84583 | 157219 | -0,3422 0,8570 -08361 | -24,7145| 24,8983 | -0,3690
10,0049 | 188117 | -0,3355 0,8657 -0,6308 | -29,8204| 28,9750 | -0,3099
12,3004 : 234173 | -0,3260 0,8746 -0,6258 | -37,4201| 37,5450 | -0,2502
16,1102 | 31,0155 | -0,3226 | 08835 -0,6210 | -49,9427| 50,0376 | -0,1899
23,5659 | 459233 | -0,3164 0,8926 -0,6165 | -74,4894) 74,5539 | -0,1290

44,8321 |88,4522 | -0,3103 0,8018 -0,6122 |-144,4711] 1445048 - 0,0674
600,1919 [1199,1683| - 0,3044 09111 -0,6082 |-1971,5507|1971,6532| - 0,0050
2 o -0,3040 09119 | -0,6079 o o - 0,000
-51,2692 |- 103,7576| - 02087 0,9206 -0,8045 | 1716512} 1716803 | 0,0582
-242542 [-497312 | .(0,2831 0,9303 -0,6009 | 82,7559 (- 82,8170 0,1222

-15,7398 |- 32,7063 | -0,2876 0,9401 -0,5976 | 54,7253 (- 54,8188 0,1871
-11,5688 |-24,3681 | -0,2823 | 0,9501 -0,5946 | 40,9834 [-41,1087 [ 0,2530
-9,0029 |-19,4202 | -0,2771 0,9602 -0,5918 | 32,8180 |-32,9776 0,3168
-7,4532 |- 16,1447 | -0,2720 0,9706 -0,5892 | 27,4033 [-27,5965 | 0,3878
-6,2872 [-13,8166 | -0,2670 0,9812 -0,5868 | 23,5466 |-23,7740 0,4569

-54154 [-12,0770 | -0.2621 0,8920 -0,5846 | 20,6578 (-20,89197 | 05272
-4,7389 |-10,7281 | -0,2574 1,0030 -0,5827 | 18,4112 |- 18,7082 0,5987




Bdng 1 (tiép theo)

18-0DCT

vl ! - B hiv) Oofv) Os(v) viigy v/sinv | vigy |
3.34; -47566 ]L -96517 | -0,2527 1.0143 -05810 | 16,6126 |- 16.9450 06715 :
3.36| -37571 - 87729 | -0,2482 1,0258 -0,5795 | 15,1387 | - 15,5071 0,7457
3.38| -3.3895 | -8,0421 | -0,2437 1.0377 -05782 1 139078 | - 14,3126 28214 ¢
340} - 23.0787 -7.4248 | -0,2393 1,0488 -05772 | 12,8533 |- 13,3051 0.5887 |
3421 -28124 | -6,8966 | -0,2351 1,0622 -05764 | 11,0651 | -124443| 09775 I
344 - 2_,5817- -6,4397- | -0,2308 1,0749 -05758 | 11,1836 |- 11,7007 1,0581
3467 23798 60405 | -0.2267 1,0880 -05755 10,4868 |- 11,0524 1,1405

13481 -22017 | -56888 | - gre2? 1,i014 -0,5753 8879 [-10.4824 1,2248
| 350| -2,0433 | -5,3768 | -0,2187 1,1152 -0,5755 9.3437 | -9,9777 1,3110
352| -19016 | -5,0981 | -0,2148 1,12¢4 -0,5758 88538 | -9,6279 1,3994 I
354| -17740 | -4,8477 | -0,2109 1,1440 -0,5764 8,4102 | -9,1249 1.4900
356 -16584 | -46215 | -0,2071 1,1591 -0,5773 80061 | -8,7619 1,5830
358 -15533 | -4,4163 | -0,2034 11747 -0,5784 76359 | -8,4335 16784
360 -14573 | -4,2293 | -0,1998 1,1807 -0,5797 72953 | -8,1352 1,7765
362 -13691 | -4,0582 | -0,1961 1,2073 -0,5814 6,9805 | -7,8633 18773
3,64 -1,2879 | -3,9011 | -0,1926 1,2244 -0,5833 6,6883 | -7.6146 18810
366 -1,2129 | -3,7564 | -0,1880. 1,2421 -0,5855 6,4160 | -7,3865 2,0878
368 -1,1434 | -3,6227 | -0,1856 1,2604 -0,58860 6,1614 | - 71767 2,1979
3,70 -1,0787 | -3,498% | -0,1821 1,2795 -0,5008 59225 | -6,9833 23115
3721 -1,0184 | -3.3839 | -0.1787 1,2992 -0,5939 56977 | -68046 24288
3747 -06620 | -32768 | -0,1754 1,3198 -0,5974 5,4855 | -6,6351 2,5499
376 -09092 | -3,1769 | -0,1720 1,3409 -0,6012 52846 | -6,4857 2,6753
378 -08595 | -3,0835 | -0,1687 1,3630 -0,6053 50939 | -6,3432 2,8050
380 -08128 | -29961 | -0,1655 13861 -0,6009 49124 | -6,2106 2,9395
382 -07687 | -29140 | -0,1622 1,4101 -0,6149 47393 | -6,08M1 3,0790
384 -07271 | -2,8369 | -0,1590 1,4351 -0,6203 45738 | -59720 3,2239
386 -06876 | -2,7643 | -0,1557 14613 -0,62¢1 44152 | - 58646 3,3746
388| -06502 | -26959 | -0,1525 1.4857 -0,6324 42629 | -5.7643 35315 |
390| -0,6147 | -26314 | -0,1493 1,5173 -0,6392 4,1164 -5.6705 36950 |
392| -0,5809 | -25704 | -0,1461 1,5474 -0,6466 3,9752 | -55829 38656
3,94 -0,5486 | 25127 | -0,1425 . 1,5789 -0,6545 3,8388 | - 55000 40439
3,96( -0,5178 | -2,4580 | -0,1397 1,6121 -0,6631 3,7068 | -5.4242 4,2305
308] -0,4884 | -24062 | -0,1365 1,6470 -0,6723 3,5789 | -5,3525 4,4260
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Bdang 1 (1ép theo)

1:, v | a) piv) iv) {ofv) {5(v) v/itgy | v/sinv [ v.igv
400} -04603 | -23570 | -0.1332 | 16838 | -08823 | 34548 | -52854 | 45315 |
1402} -04335 | -2.3108 | -0,1300 | 17227 | 06930 | 33340 | -52227 | 48471 |
54.04 -04074 | -22660 | -0,1267 | 17638 | -0.7045 | 3216 1 53640 | 50744
406] 03825 | -2.2038 | -0,1233 | 18074 | -0.7169 i 31076 | -5.9080 | 53743
408) -0,3586 | -2.18% | -0,1198 | 18537 | -0,7304 ; 29867 | 50562 | 55678
410 -03355 | -2.1453 | -01165 | 19030 | -0.7449 | 28802 | -50105 | 58365 |
412| -03133 | -2,1089 | -0,1130 | 19555 | -0,7606 | 27728 | -49662 ‘ 6,1216 ‘
414] 02019 | -20741 | -0,1084 | 20116 | -07775 | 26676 | -4.9250 F 6,4251 ‘
416| -02712 | -20410 | -0.1057 | 20717 | -07960 | 25642 | -4.8868 | 67489
1418{ -02511 ) -20094 | -0,1020 | 21362 | -0.8160 : 24626 ! -4.8515 | 70952 |
420( -02317 | 19792 | -00081 | 22057 | -08378 | 23625 | -4.8180 | 74667
422| -02129 | -1.9504 | 00040 | 22807 | -0.8615 | 22639 | -4,7889 | 78664 |
424| -0,1947 | -1,9229 | -0,0899 | 2,3621 | -0,8875 | 2,1665 | -4,7615 | 82079
426| 01769 | -1,8066 | -0.0855 | 24505 | -00161 | 20704 | -4,7365 | 8,7653
1428) -0,1597 | -18715 | -00809 | 25471 | -0,9475 | 19753 | -47138 | 92738
430| -0,1430 | -1,8475 | -0.0760 | 26529 | -09821 | 18811 | -46635 | 9wzl
432| -01266 | -18246 | -00708 | 27694 | -1,0206 | 17678 | -46753 | 10,4386
434| -0.1107 | -1,8028 | -00653 | 2,8984 | -1,0634 | 16953 | -46593 | 11,1107
436 -0,0952 | -1.7819 | -0.0594 | 30418 | -1,1114 | 16033 | -4.6455 | 11,8563
438 -0.0801 | -17619 | -0,0530 | 32025 | -1,1653 | 15120 | -46336 | 12,6884
440| -00652 | -1,7420 | -0.0450 | 33835 | -12265 | 14210 | -4.6238 | 13,6238
442| 00508 | -1,7248 | -0,0381 | 35893 | -12063 | 1,3305 | -4,6150 | 14,6836
444| -00366 | -17074 | -0.0205 | 38251 | -1.3767 | 12402 | -46100 | 158951
446| 00226 | -1,6000 | -0,0197 | 40881 | -14702 | 06077 | 1.1502 | -4,6059
448 -0.0090 | -16752 | -0,0085 | 44180 | -15800 | 06034 | 10603 | -4.6038
450 00044 | -16603 | 00045 | 47980 | -1,7108 | 05091 | 08704 | -4,6034
452| 00175 | -16461 | 00199 | 52568 | -1,8695 | 05948 | 08805 | - 46050
454| 00305 | -1,6326 | 00386 | 58218 | -20653 | 05005 | 07905 | -4.6083
1456( 00432 | -16198 | 00817 | 65349 | -23126 | 05861 | 07003 | -46135 |
458| 00558 | -16076 | 00015 | 74632 | -2.6350 | 05817 | 06089 | -4,6204 |
460 00682 | -15962 | 01313 | 87215 | -30744 | 05772 |- 05192 | -4.6292
462| 00804 | -15854 | 01878 | 105243 | -37036 | 05727 | 04731 | -4,6398




Bdng I (tiép theo)

l v | av) | B h{v) alv) Oa(v) v/itgy | v/sinv | vigy
464 00925 | -15752 | 02748 | 133227 -46815 0,5681 0,3365 | -4.6522
466 01044 | -1565 | 04272 | 182571 | -64071 | 05636 | 02444 | -4.6664
(agg| 01 162 | - 1,5567 0,7663 | 29,2842 - 10,2660 0,5589 0.1516 ; -4.6825 -
a70| 01279 | 15483 | 21964 ! 759114 | -265690 | 05543 | 00582 | -4.7004 :
3m/2| 01351 | 15431 | x x 05514 | 00000 | -47124 |
472 0.1395 1 -1,5405 | -3,8830 |-122,5075 42 8825 0,5486 | -0,0358 | -4,7201
!4_74 01510 | -15334 | -1,1535 | - 33,4762 11,7131 05449 | -0,1309 | -4,7418
I 476 01624 | -1,5267 | -0,7162 | -19,2430 6,7317 0,5401 | -0,2268 | -4,7654
478 01738 | -1,85207 | -05370 | -13,4289 4,6983 0,5352 | -0,3237 | -4,790%
480 01851 | -15152 | -043%0 | -10,2704 3,5939 05304 | -04216 | -4,8185
482 01964 | -1,5103 | -0,3771 | -8,2850 29006 0,5255 | -0,5207 | -4,848C
484 02076 | -1,5060 | -0,3343 | -6,8216 2,4250 0,5205 | -06210 | -4,8797
486( 02188 | -1,5022 | -0,3028 | -58273 20787 0,5155 | -0,7226 | -49134
488| 02300 | -1,4982 | -0,2785 | -5,1702 1,8154 05105 | -0,8257 | -49494
490 02412 | -1,4863 | -0,2583 | -4,5742 1,6085 05054 | -0,8302 | -4,9875
492| 02524 | -14941 | -02435 | -4,0829 1,4417 0,5003 | -1,0364 | -50280
494 02636 -1,4926 { -02304 | -36959 1,3045 04951 | -1,1442 | -50708
496| 02748 | -1,4816 | -0,2192 | -3,3630 1,1896 04899 | -12539 | -51160
498 02861 -14912 | -0,2086 | -3,079%6 1,0921 046846 | -1,3655 | -5,1638
500 02975 | -1,4814 | -0,2011 | -2,8355 1,0083 04793 | -1,4791 | -52142
502 03088 | -14922 | -0,1937 | -26230 0,9356 04735 | -1,5948 | -52672
504| 03204 | -1,4936 | -01871 | -24363 0,8720 04685 | -1,7129 | -53231
506{ 03320 | -14955 | -0,1811 | -22710 08157 0,4631 | -1,8334 | -53819
508 03437 | -1,4982 | -0,1757 | -21235 0,7658 04576 | -19564 | -54437
510 023555 | -15014 | -0,1707 | -1,9912 0,721 0,4520 | -2,0822 | - 55087
512| 03674 | -15052 | -0,1662 | -1.8717 0,6809 0,4464 | -2,2108 | - 55769
i 514 0,3795 | -15088 | -0,1620 | -1,7633 0,6446 0,4407 | -2,3425 | -56486
516 03918 [ -15152 [ -0,1582 | - 1,6644 06116 0,4350 | -24774 | -57239
518 04043 | -15212 | -0,1545 | - 15739 0,5816 0,4292 | -26157 | -5.8030
520| 04169 | -15280 | -0,1512 | -1,4908 0,5541 04234 | -2,7577 | -5,8860
522] 04208 | -1,5355 | -0,1480 | -1.4141 0,5288 04175 | -29035 | -59732
5241 04429 | -15438 | -0,1450 | - 1,343 0,5056 04116 | -3.0534 | -6,0647
19-CHOCT
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Bdng 1 (tiép theo)

|[__ v a(v) Biv) v Os(v) Os(v) vitgv | v/shv | vigv i
1526] 04562 | -1,5529 | -0,1422 | -1,2772 0,4841 04056 | -3,2077 | -6,1609 i
} 5281 04699 | -1,5629 | -0,1396 | -1.2158 0,4643 0,3996 | -3,3665 | -6,2620 ‘
15.30 04838 | -1,6738 | -0,1371 [ -1,1585 0.4458 03935 | -3,5303 ! -6,3681 l
; 532 0.4981 | -1,5857 | -0,1347 | -1.1048 0,4286 03873 { -36084 | -64798
L 53417 05128 | -15885 | -0,1324 | - 1,0547 0,4126 03811 | -38740 | -6,5972 |
: 536| 05278 | -16124 @ -0,1302 | -1,0074 0,3977 03748 | -4,0545 | -6.7208
;538 054331 -16274 ¢ -0,1281 | -0,9629 0,3837 0,3685 | -4,2414 | -6,8509 }
540G 05592 | -16436 | -0,1261 | -0,9209 0,3706 03621 | -44352 | -6,9879 i
15427 05756 | -16610 | -0,1242 | -0,8812 0,3583 0,3556 | -4,6362 | -7,1324 |
i 544 0595 | -16797 | -0,1223 | -0,8436 0,3467 0,3491 1§ -4,8450 | -7,2848 |
| 546| 06101 | -1,6998 | -0,1205 | -0,8079 0,3358 0,3425 1 -50622 | -7,4456 :
I 548 06282 | -1,7214 | -01188 | -0,7740 0,3255 03358 | -52884 | -7515
550 06470 | -1,7446 | -0 1171 -0,7417 0.3158 0,3291 | -55244 | -7.7954 ;
552| 06666 | -1,7694 | -01155 | -0,7110 0,3066 03223 | -5,7708 | -7,9858
554 06870 -1,7961 [ -0,114G | -0,6816 0,2979 0,3154 | -6,0286 | -8,1876
556| 07083 | -1,8248 | -0,1125 | -0,6535 0,2897 0,3085 : -6,2987 | -84016
558 07305 [ -1,8555 [ -0,1110 | -0,6267 ¢,2819 0,3015 + -6,5821 | -8,6291
560 07538  -1,8886 | -0,1096 | -0,6010 0,2745 02944 | -6,8801 | -8,8711
562 07783 [ -19242 [ -0,1082 | -0,5763 (0,2675 02873 | -7,1939 | -9,1289
564| 08040 { -19624 | -0,1068 | -0,5526 00,2608 0,2801 | -7,5249 | -9.4040
566 08311 [ -2,0036 [ -0,1055 | -0,5298 0,2544 02728 1 -78750 | -9.6880
568 08598 | -2,0481 [ -0,1043 | -0,5079 0,2484 0,2654 | -8,2459 ,-10,0129
570 0.8%071 | -2,00862 | -0,1030 | -0.4868 0,2426 0,2580 | -8,63%9 [-10,3507
572| 09224 | -2,1481 | -0,1018 | -0,4665 0,2371 02504 | -9,0583 |-10,7140
574 00957 | -2,2045 [ -0,1006 | -0,4468 0,2319 02428 | -9,5070 |- 11,1054
576| 09934 | -2,2657 | -0,0995 | -0,4278 0,2269 02352 | -9,9861 |- 11,5283
l 578] 10327 | -2.3323 | -0,0083 | -0,4095 0,2221 02274 |-10,5006 [-11,88€3
580 10750 | -24050 | -0,0972 | -0,3917 0,2176 0,2195 |- 11,0546 |- 12,4838
582 11207 | -24845 | -0,0962 | -0,3745 0,2132 0,2116 1- 11,6535 {- 130260
5,84 11702 | -256718 | -0,0851 | -0.3578 0,2080 0,2036 1-12,3031 |- 136188
5,86 12240 | -2,6680 | -0,0841 -0,3416 0,2051 0,1955 |- 13,0107 |- 14,2685
.88 12829 | -2,7743 | -0,0831 | -0,3258 02013 |-13,784% |-14,9866 | -25081




Bdng 1 (tiép theo)

av | B Ov) Ox(v) siv) v/tgy | v/sinv | vigv
1.3476 | -2.8924 | -0,0921 | -0,3105 0,1976 - 146362 |- 157806 | -2,3784 ‘
1,4190 ‘ -3.0241  -00911 | -0,2956 0,1941 -155772 |- 16,6642 | -2,2499 |
14934 i -3,1719 | -0,0801 | -0,281 0,1908 - 16,6235 (- 17,6529 | -2,1225 '
1,6873 ? -3.3388 | -0,0892 [ 0.2670 0.1876 - 17,7949 ! 18,7664 | - 1,962 l
16876 ’ -3,5234 | -0,0883 | -0,2532 0.1846 -19,1158 [-20,0284 | -1,8707
1.8015 w -3,7456 | -00874 | -0,2398 0.1817 -206181 [-214734 | -1,7460 '
1.8323 | -3,5996 | -0,0865 1 -0.2267 | 01788 | -22,3430 |-23,1398 | -1,6220 |
20842 | -4,2899 | -0.0856 | -0,2138 01762 -24.3455 |-25,0835 | -1,4985 ‘w
22628 ; -4,6366 | -0,0848 | -02013 01737 -26,7000 |-273791 | -1,37%4 ;
24761 { -50527 | -0,0839 | -0,1830 01712 | -28,5105 |-30,1303 | -1,2527 |
27353 | -55609 | -0,0831 | -0,1768 0,1689 | -329263 |-33,4866 | -1,1301
30573 | -6,1948 | -0.0823 | -0.,1651 | 01667 | -37,1699 (-37,6703 | -1,0077 1
34686 | -7,0072 | -0,0814 | -0.1535 | 0.1645 -42.5880 |-43,0284 | -0.8852 i
40125 ;| -8,0852 | -0,0806 | -0,1422 0,1625 | -49,7528 |-50,1327 | -0,7627 :
47664 | -9,5828 | -0,0799 | -0,1310 0,1606 | -59,6795 |-59,9987 | -0,6400
58814 [-11,8031 | -0,0791 | -0,1200 01587 | -74,3604 |-746184 | -05169
7,7007 |-154319 | -0,0783 | -0,1082 01570 | -98,3006 | -98,5061] -0,3935
11,2028 |- 22,4264 | -0,0776 | -0,0985 0,1553 | - 1444038 |- 144,5385| -0,2696
20,7425 |-41,4962 | -0,0768 | -0,0880 01537 | -2699502 |-270,0228] -0,1452
1500476 (- 300,0967{ -0,0761 | -0,0776 0,1522 |- 19715457 ;-971,5557] -0,0200
oo « -0,0760 | -0,0760 01520 oc € - 0,0000
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Bdng 2
Bang gia tri cac ham s6:

vy v (qu -v) ‘ _ v{v—shng

AT (T A ORI
Atqv rs,r 2 45111\’(11,'2 2
P vi=niv)=¢, [L ] ; mivi = L ; miv) = m(i\[
2 Jrgv —vj V2
' v ' Covt L @) pslv) @) =malv) | sy} 72V}
UL T 1,0000 1.0000 1,0000 1,0000 1,0000 1,0000
S 0.0 : £.99G63 0,9997 1,0002 0,9908 0,9960 0.9990
020 ' 09873 0.9987 1,0007 0,9983 0.9840 0.9960 '
0,30 0,9940 0,9970 1,0015 0,9885 0.6640 0.9910
0,40 0,98493 0,947 1,0027 09973 0‘9360q 0,8840
0,50 0,6832 09916 1,0042 0,9958 0,8'999 0,9750
0,60 09757 0,9879 1,0061 0,9940 08557 0,9640
0,70 0,9669 06836 1,0083 0,8918 0,8035 08510
0,80 0,9565 09785 1,0109 0,9893 0,7432 0,9360
10,80 0,9447 09727 1,0138 0,9864 06747 0,9189
J 1,00 09313 0,9662 1,0172 0,9832 0,5980 0,8999
1,10 0,9164 0,9550 1,0209 0,87597 0,5131 0,68788
1,20 0,8098 09511 1,0251 0,9757 0,4198 0,8557
1,30 08814 09424 1,0297 08715 0,3181 0,8307
1,40 0,8613 0,9329 1,0348 0,9669 0,2080 0,8035
1,50 0,8393 0,9227 1,0403 0,9619 0,0893 0,7744
niz 0,8225 06145 1,0445 0,8581 ¢,0000 07525
¢ 1,60 08152 09116 1,0463 0.9565 - 0,0381 0,7432
1,70 0,7891 0,8998 1,0529 0,9508 -0,1743 0,7100
1,80 0,7606 0,8871 1,0600 0,0447 -0,3164 06747
1,980 0,7297 08735 1,0676 0,8382 -0,4736 06374
2,00 0,6961 0,8580 1,0760 09313 -0,6372 0,5980
2,02 06891 0.8560 1,0777 0.0299 -06710 0,5899
204 06819 0,8530 1,0795 0,8285 ; -0,7053 0,65817
i 2,06 06747 0,8459 1,0813 0,8270 -0,7399 0,5734
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Bdng 2 (tiép theo)
T

v | et | o) | o) |pai=mdy | ol | mew)
1208 | 06673 | 08468 1,0831 09256 -0.7749 0,5650
1210 | 06567 | 08436 1.0849 0.9241 -0,8103 05566

212 | 06521 08404 1,0868 09226 -0,8461 0,5480
214 | 06443 | 08372 10887 08210 -0,8822 0.5394
‘216 | 0634 | 08339 10907 09195 -0.9188 05307
218 | 06284 08306 1.0926 09180 -0,9558 05219
220 | 06202 | 08273 1.0946 08164 -0.9931 05131 |
222! oe11e | 08239 1,0967 09148 -1,0309 05041 |
2241 06034 08204 1,0987 09132 - 1,0691 0.4951
226 | 0.5948 08170 11008 09116 21,1077 0,4859
228 | 05861 08134 1,1030 0.9099 -1,1467 0.4767
230 05772 | 08099 1,1051 09083 - 1,1861 0,4675

232 | 05681 08063 1,1073 0,9066 -1,2260 0,4581

234 | 05589 08026 1,1095 09049 -1,2663 04486 |

236 | 05436 | 07990 11118 09032 13069 | 04391 |

238 | 05401 07952 1,141 09015 1,341 04295

240 | 05304 | 07915 1,1164 0,8998 -1,3896 0.4198

242 | 05205 | 07877 1,1188 0,8980 - 14316 0,4100

244 | 05105 | 07838 1,1212 0.8963 14740 0,4001

246 | 05003 | 07799 11236 0,8945 -15169 0,3902

248 | 04899 | 07760 1,1261 0,8927 +1,5603 0.3801

250 | 04793 | 07720 1,1286 08908 -1,6040 0,3700

252 | 04685 | 07679 11311 08890 -1,6483 03598
| 254 | 04576 | 07638 1,1337 08871 -1,6930 0,3495

256 | 04464 | 07597 1,1363 0,8853 -1,7381 03391

258 | 04350 | 07555 1,1390 08834 -1,7838 0,3287

260 | 04234 | 07513 1,1417 08814 - 1,6299 03181

262 | 04116 | 07470 1,1445 08795 -1,8765 03075

264 | 0399 | 07427 1,1473 0.8776 -1,9236 02968

266 | 03873 | 07383 1,1501 0,8756 -1,0712 0,2860

268 | 03748 | 0733 1,1530 08736 -2,0193 02751

270 | 03621 0,7295 1,1569 08716 -2,0679 0.2641
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Bdng 2 (tiép theo)

o
[{e]
L)

W
<
%]

| v

0,340
0,3358
03223
0.3085
0.2944

0.2801
0.2654
0.2504
0,2352
0.2185

0.2036
0,1873
0,1706
0,1535
0,1361

0,1182
0,1000
0,0812
0,0621
0.0424

0,0223
0,0017
0,0000
-0,0185
-0,0412

-0,0635
-0,0864
-0,1100
-0,1342
-0,1591

-0,1847
-0,2110

P2(v) Qo) \palv)=15v) | T(Y) 172Y)
0.724% 1,1589 ,8696 2117 0.2531
07204 11618 0.8675 -2,1667 0,2419
0,7158 11650 00,8655 -2,2169 0,2307
0,711 1,1681 0,8634 -2,2676 0.2154
0,7064 11712 0,8613 -2,.3189 0.2080
0.70t6 1,1744 0,8592 -2,3707 0.1865
0.6967 11777 0,8571 -2.4231 7.1849
06918 1.1810 0.8549 -2.4761 0.1733
0,6869 11844 0,8527 -2,52096 0,1615
0,6819 1,1878 0.8505 -2,5838 0,1497
0,6769 1,1913 0,8483 -2,6366 0,1378
0,6717 1,1948 0,8461 -2,6939 0,1258
0,6666 1,1984 0,8438 -2,7499 0,1137
06613 1,2020 08416 - 2,8066 0,1015
0,6560 1,2057 0,8393 - 2,8639 0,0893
06507 1,2085 08370 -2,9219 0,0769
06453 12133 0,8346 - 2,9806 0,0645
0,6398 1.2172 08323 - 3,0400 00520
06343 1,2211 0.8259 -3,1001 0.0394
0,6287 1,2251 0.8275 - 3,1608 0,0267
0,6230 1,2292 0,8251 -3,2225 0,013%
06173 1,2334 08227 -3,2849 0,0010
06169 1,2337 08225 -3,2899 0,0000
06115 1,2376 0,8202 -3,348C -0,011¢
06057 1,2419 0,8177 -3.4120 - 0,0250
05897 1,2462 0.8152 - 3,4769 -0,0381
05937 1,2506 0.8127 - 3,5426 -0,0513
05877 © 1,2551 0,8102 - 36002 -0,0648
0,5816 1,2597 0.8076 - 3,6767 -0,0780
0,5753 1,2644 0,8050 - 3,7452 -0,0915
0,5691 1,2681 0,8024 -3,8147 -0,1051
05627 12739 0,7998 - 3,8852 -0,1187




Bdng 2 (tiép theo)

v e | o) | ey v =7e(v) | lv) ) |
3.34 0.2382 0,5563 1,2788 0.7971 - 3.8567 -0,1325 \I
3,36 0,2662 0,5498 1,2838 0,7945 -4,0294 -0.1463 ¢
3.38 0,2950 0,5432 1,2889 07918 -4.1032 -£,1603
3,40 0.3248 0,5366 1,2840 0.7891 -4,1781 -0.1743
3.42 0.3556 0,6298 1,2993 07863 -4,2544 -0.1884 !
3.44 0,3873 0,5230 1,3046 0,7835 -4,3319 -0,2026 ‘
3.46 0.4202 0,5161 1,3100 0,7808 -4,4107 -0.2169 [
348 -(.4542 0,5091 1,3156 07779 -4.4%10 -0,2313
3.50 C.48%4 0,5021 1,3212 0,7751 -4 5727 -0,2457
252 1,525¢ 0,4949 1,3269 07723 -4 6560 -0,2603
354 5037 04877 1,3327 0,7694 -4.7408 -0,2749
3,56 0,6030 0,4804 1,3387 0,7665 -4.8275 -0,2897
3,58 06438 0.4730 1,3447 0,7635 -4.9159 -0,3045
3,60 0,6862 0,4655 1,3509 0,7606 -5,0062 -0,3194
362 07304 04579 1.3571 0,7576 -5,0985 -0,3344
3,64 -0,7764 0,4502 1,3635 0,7546 -5,1830 -0,3495
3.66 -0,8244 0,4424 1,3700 0,7516 -5,2896 -0,3647
368 -0.8748 0,4345 1,3766 0,7485 -5,3887 -0,380C
370 -0,9270 0,4265 1,3834 0,7455 -5,4904 -0,3954
372 -0,9819 0,4184 1,3802 0,7424 -5,5947 -0,4108
3,74 -1,0395 0,4102 1,3973 0,7392 -57020 -0,4264
3,76 | -1,099% 0,4019 1,4044 0,7361 -5.8124 -0,4421
378 -1,1634 0,3935 14117 0,7329 -5,9262 -0,4578
3,80 -1,2303 0,3850 14191 0,7297 -6,0436 -0,4736
3,82 | -1.3008 0,3764 1,4266 0,7265 -6,1650 -0,4896
3.84 -1.3754 0,3676 1,4344 0,7232 - 56,2906 - 0,5056
3,86 -1,4542 0,3588 14422 0,7199 -6,4208 -0,5217
3,88 -1,5379 0,3498 1.4502 07166 - 6,5561 -0,5379
380 | -16289 0,3407 1,4584 07133 - 6,6969 -0,5542
392 | -17218 03315 1,4668 06,7099 -6,8437 -0,5706
3.94 - 18228 03221 1,4753 0,7065 -6,9973 - 0,5871
386 | -1.931 0,3126 1,4840 0,7031 -7.1583 - 0,6037
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400
4,02
404

406

4.08
410
412
4.14
416

318

420
422
424
4.26

428
| 430
L 4.32
4,34
4,36

438
440
442
444
4.46

4,48
4,50
4,52
4,54
4,56

4,58
4,60

BRI

-20474
-2.1726
-2.3078
- 24546
-2.6143

-2.7887
-2.9802
-3.1916
- 34260
-3.6878
- 3.9821
-4,3156
-4,6968
-51370
-56514

- 6.2608
- 6,9947
- 78961

-9,0304
- 10,5025

- 12,4808
-15,3271
-19,7043
- 27,3534
-44,1501

-111,0248

2279292

|

L

Bdng 2 (tiép theo)

@a(v) Pafv) ) @4V} = 13(v} miv) 12(v)
0.3030 1,4928 0,6996 -7,3275 -0.6204
02933 15019 0,6961 -7.5060 -0.6372
0.2834 15111 06926 -7.6947 -0,6541
0.2734 15205 0.6891 -7,8952 -0,6710
02632 1,5302 0,6855 -8,1088 - 0,6881
0,2529 1.5400 06819 -8,3375 -0,7053
02424 1,5501 06783 -8,5836 -0.7225
0.2318 15603 06747 -8.8497 -0,7399
0.2211 1,5708 06710 -6,1392 -0.7573
02101 15815 0.6673 -9.4564 -0.7749
0,190 15625 0,6635 -9,8063 -07925 |
0,1878 1,6037 06597 -10,1956 -08103 |
0,1763 16151 0,6559 - 10,6329 08281 |
0.1647 1,6269 0,6521 - 11,1296 -0,8461
0,1529 1,6388 0,6482 - 11,7006 -0,8641
0,1409 16511 0,6443 - 12,3670 -0,8822
0,1287 1,6636 0,6404 - 13,1581 -0,8005
0,1164 1,6765 0,6364 - 14,1169 -0,9188
0,1038 1,6896 0,6324 - 15,3089 -0,9372
0,0910 1,7031 0,6284 - 16,8390 -0,9558
0,0780 17168 06243 - 18,8856 -0.9744
0,0648 1,7310 06202 -21,7805 09931 |
0,0514 1,7454 0,6160 - 26,2165 -1,0120
0,0377 1,7602 06119 - 33,8246 -1,0309
0,0238 1,754 06077 - 50,7807 -1,0500
0,0096 1,7910 0,6034 -117,7150 | - 1,0691
-0,0048 1,8070 0,5991 221,1792 -1,0884
-0,0194 1,8234 0,5948 -1,1077
-0,0344 1,8402 0.5905 -1,1272
-0,0496 18574 0,5861 -1,1467
-0,0851 18751 05817 -1,1664
-0,0809 18933 + 05772 -1,1861




Bdng 2 (tiép theo)

v e | ey | e |edvi=mstv) | ) ) |

462 -0,0969 19120 0.5727 -1.2060 |
464 -0.1134 19312 0,5681 -12260 |
466 -0,1301 19509 0.5636 12461 |
468 | -0,1471 19711 0,5589 -1,2663 l
470 | -0,1645 19920 05543 -12865
3n -0,1755 2,0052 0,5514 12092 |
572 .0,1823 20134 0.5496 -1,3069
i 74 -0,2005 2,0355 0,5449 -1.3274
a.76 -0,2190 2,0582 05401 -1,3481
478 -0,2379 20815 05352 -1,3688
4,80 -0,2572 2,1056 0,5304 - 1,389
4,82 -0,2770 2,1304 05255 -1,4106
4,84 -0,2972 2,1560 0,5205 -1,4316
4,86 -0,3179 2,1823 05155 -1,4528

1 4,88 -0,3390 2,2095 05105 -1,4740
4.90 -0,3607 2,2375 0,5054 -1,4954
492 -0,3828 22665 0,5003 -1,5169
494 -0,4056 2,2964 04951 -1,5385
4,96 -0,4288 2,3273 0,4899 -1.5603
498 -0,4527 23502 0,4846 -1,5821
5,00 04772 | | 23923 0,4793 -1,6040
5,02 -0,5023 24264 0,4739 -1,6261
5,04 -0,5281 24618 0.4685 - 1,6483
5,06 -0,5546 24984 0,4631 -1,6706
5,08 -0,5818 25364 0,4576 -1,6930
5.10 -0,6099 25757 0,4520 -1,7155
5,12 -0,6387 26165 04464 -1,7381
5,14 -0,6683 2,6588 04407 -1,7609
5,16 -0,6989 27028 0,4350 -1,7838
5,18 -0,7304 2,7485 0,4292 -1,8068
5,20 .0,7629 2,7960 0,4234 -1,8299
5,22 -0,7964 2,8455 04175 -1,8532
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Bdng 2 (tiép theo)

v oifv) P2(v) @a(v) | @) = 173(V) 17:4{v) n72(v}
524 -0,8311 2,8969 04116 -1,8765
526 -0,8669 2.9506 0,4056 - 1,8000
5 528 -0,9039 3,0065 0,3896 -1.9236
5,30 -0,8422 3,0648 0,3935 -1.9474
532 -0,9819 3.1257 0,3873 -1,9712
5,34 -1,0231 3,1804 0,381 -1,9952 :
536 -1,0658 3,2560 0,3748 -2,0183 '
i 538 -1,1102 3,3258 0,3685 -2,0436
} 540 -1,1563 33,3989 0,3621 -2,0679
542 -1,2044 34755 0,3556 -2,0824
544 -1,2544 3,5560 0,3491 2,117
546 - 1,3066 36407 0,3425 -2,1418
5,48 -1,361 3,7257 0,3358 - 2,1667
550 -1,4182 3,8236 0,3291 -2,1817
552 - 14779 3.9226 0,3223 -2,2168
554 - 1,5404 40272 0,3154 -2,2422
556 - 1,6062 - 41379 0,3085 -2,2676
558 -1,6753 4,2551 0,3015 -2,2932
560 -1,7481 43794 0,2044 -2,3189
562 -1,8249 45116 0,2873 -2,3447
564 - 1,9061 46523 0,2801 -2,3707
5,66 -1,9920 48024 0,2728 - 2,3968
5,68 -2,0833 49628 0,2654 - 2,4231
570 -2,1803 5,1346 0,2580 - 2,4495
572 -2,2838 5,3180 0,2504 -2,4761
574 -2,3944 55174 0,2428 -25028
576 -2.5129 57313 0,2352 -2,5296
578 - 2.6403 5,0628 02274 - 2,55686
5.80 -2 7177 6,2139 0,2195 -2.5838
582 - 2.9262 6,4873 02116 -26111
584 - 3,0876 6,7858 0,2036 -2,6386
| 586 -3,2634 7,1132 0,1955 -2,6662
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Bdng 2 (tiép theo)

LV @1(v) P2(v) @afv) | Pav) =15V} | (V) n2(v)

588 - 3.4560 7.4738 0,1873 -2,6039

| 590 - 3,6679 7,8727 0,1790 -2,7219

592 -3.9022 83162 0,1706 27499 |
594 -4.1630 88123 0.1621 27782 |
506 | - 4.4550 9.3706 0.1535 28066 |
sup | - 47845 10,0036 0,1449 28352 |
30 -5.1594 10,7270 0,1361 -2,8639
5.02 -5,5000 115615 0,1272 2,828
5.04 -6.0900 12,5346 0.1182 .2.9219
5.06 - 6,6780 13,6835 0,1091 -2,9512

| 6,08 -7,3801 15,0601 0,1000 -2,0806

5,10 8,233 16,7392 0.0007 -3,0102
6,12 -9,2941 18,8319 0,0812 -3,0400
6,14 - 10,6483 215117 00717 -3,0699
6,16 - 12,4301 25,0645 0,0621 -3,1001
6,18 -14,9205 29,9980 0,0523 -3,1304
6.20 18,5905 37,3084 0,0424 -3,1600
6.22 24,5776 49,2526 0,0324 -3.1916
6.24 -36,1011 72,2690 0,0223 .3,2225
6.26 674876 | 1350113 0,0121 -3,2536
6.28 .492.8864 | 0857779 00017 .3,2849
on -~ v 0,0000 3,289
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Muc luc

Loi tya
M& dau
1. ¥ nghia clia viéc nghién ciiu 8n dinh céng trinh
2. Khai niém v& én dinh va mét én dinh
3. Khai niém vé bac tf do
4. Cac tigu chi v& sy can bing dn dinh

Chuong 1. Cac phuang phap nghién ciu
1.1. Khai niém vé cac phudng phap nghién cifu
1.2. Phuang phép thiét 14p va gidi phuang trinh vi phén
1.3. Phuong phap thiét 1ap va gidi hé phuang trinh dai sb
1.4. Phuong phap sai phan hilu han
1.5. Phugng phap day xich
1.6. Phugng phap Bubnov - Galerkin
1.7. Phuong phap nghiém ddng tai mdt s hitu han didm
1.8. Phuang phap ding dan
1.9. Phuong phap ap dung tryc tiép nguyén Iy Lejeune-Dirichiet
1.10. Phuong phap Rayleigh - Ritz
1.11. Phuong phap Timoshenko
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