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LGOI NOi DAV

béi vai sink vién hoc mén Sirc bén vat lidu, vige gidi bai tdp thudong la khé khin
I6n phat, Tai ligu « BAi tdp Sire bién vat ligu» pay nhim muc dich giap do siph vién
gidm bot nhitng khé khdn trong qua trinh hoe gido trinh, nim dwgc phuong phép, ddng
thoi ¢6 mot s6 k¥ ndng cin thiét d@ gidi baitap.

Trong tai lidu cé trinh bdy nhirng khai niém co bin cha phiin Iy thuyét, cae chi
dan cin thiét v& phuong phip, nhirng thi du gidi bai toAn miu, nhitng bai tap tur giai,
dap 86 va s6 ligu tra cru. DE thuin tign cho vige sit dung tai liéu va pim virng vin 48,
nhitng chi din déu d8 & ngay méi pbin, con dip s6 va s8 lidu tra ciru thi d& & cudi
sach. Ching t8i cho riing didu truée tién d6i véi sinh vien 1A phai pdm dwec nhing
khai ni¢m v& 1y thuyét, phuong phap gidi va bai gidi mdu cda ting phin, didu nay gitp
cho ho nb¢ lai, hidu vA niim chic hon nhing vdn dé co bin cda I¥ thuy8l, nghi ra duge
phuong phiap va tim dugc céch cin thiét d& ty minh giai duge bai toan.

Cac d& bai tap tu gidi duge trinh bay dudi dang so dB cing voi cac s6 lidu ciin
thiét. Vi mot so dd c6 the ddc trirag cho sy lam vige kbhong pbdi cda mot k&t cXu ma
nhigu két cdu do6i khi ridt khae nbhau v& muc dich, do dé hiu h&t cac d& bai tip & day
déu khong viét thanh 1oi, d2 khong han ché vige st dung mdi so dd chi cho mot trweong
hgp riéng hidt,

Méi nhém bal tdp lign quan dén mét d8 1ai va c6 mot myc dich chung thi cé mét
chi din chung v& muc dich cin phdi dot duge kbi gidi. Nhw vay sinh vién phaj tui didn
dat diu d& bai toin, va do d6 hinh dung t6t hon vin d& phdi giai quyét va ohitng
s6 ligu ban diu.

Lan xudt bdn ther tv nay v8 dai th® khong khic nhirng lin xudt bin truée, tuy
¢d mot s6 thay d6i va sira chira. Ciling nhw nhirng Jin xudt ban truée, I3n xudt ban nay
co dwa vao h¢ don vj qude té (SI). Trong mot logt thi du 6 trinh bay dic dizgm gidi bai
todn khi st dung hé¢ don vi nay. Trong cdc bai tip ty gidi ciing c6 dwa hé nav vio.

Nhirng sinh vién nao hoc Sirc bén vat ligu, ddng théi lai ¢é hoc tidng nuéde ngoai
thi co thd st dung tai ligu bai tip nay theo ban dich tidng Phip, tiéng TAy Ban Nha
hode tiéng Anh-

- Ching 131 xin bdy 16 long cim ta sdu sic dGi voi tdt cd cac ban dd gitp do
ching to6i trong vigc bin sozn va hoan thiga 1ii ligu ody. Chang t6i vo ciing ¢am on
cdc ban ¢6 nhirng nhin xét phé binh giap ching 6] stra chia tai liéu nay duge 16t hon

Cdc tde gid



CHU THICH CHUNG VE CAC BPIBU KIEN CHO TRONG BAI TAp
1. Trong cac bai tap, nhitng dai lwgng cé ghi trén hinh vé d2u coi la dir kién,
nhitng dai lurgng cin tim (néu c6) d8u cd ghi diu hoi.

2. Nhitng dir kién cia bai tap cho theo hé don vi quéc t& (SI) thi phaj gidi theo
hé nay ®

) 3. Néu trén hinh v&, cic kich thuée hinh hoc khéng ghi ky hiéu gi thi dop vj st
dung 12 milimét.

4. Nhirng bé phidn vé bidng hai nét va eo vach chéo, thi coi nhu cong tuyeét dai.

5. Néu bj nén, che bo phin két cdu deu coi nhu @i dege bio dam v mat dn dinh
{trir trudng hop c6 ghi cha rigng).




I - KEQO VA NEN

§1. Lye doc

Hop luc clia nhitng hyc dan hoi vudng goc voi mit cit ngang goi la lyc doc.
Luyc doc xdc dinh bing phuwong phap mit cit. Gia tri lwec doc Nx & moOt milt cit
ngang nao do cia thanh bing téng dai s8 nhitng ngoai luc dec truc thanh (huc
tap trung P hofic Iyc phén b theo quy luat bat ky g:) tac dung vao phin thanh
& v€ mot bén cha mil cdt dang xét. Noi lyc kéo dwoe coi la dwong, nén la am.
Cong thirc tdng quat d& x4c dinh gid tr{ ndi lye doc trén mét mijt ciit ngang bit

ky c6 dang sau diy:
Ny = ZP—}— Zj.qxdm (1)

Trong céng thire trén, tich phan tinh trén chifu dai doan thanh co6 luc phin
b tic dung, va tinh téng ddi voOi it ci cic doan & vé mot bén cda mit ciit dang
xét. NEu vecto lyc doc N, hwéng ra phia ngodi clia mit cdt, thi didu kién can
bing cla phin thanh cét ra, tue 1a cong thirc (1) s8 cho cd gia tri vi dfu cda
néi lue,

Thidg 1. Cho Py =P; Py =3P; P3 = 2P, tai trong phan b g: bifn dj
theo quy tudt béc nhat tr q =0 d8n ¢ == Pfa (hinh 1).

V& bitu d6 N, ‘

Bai gidi. Cit biing mot mit cAt ngang bat ky & mdi doan, ta cé hd xdc
dinh dwoc gid tri fye doc theo cong thire (1):

Ny=—Pi=—P; Ng=—P; 4 Py==— D + 3P =2P

X

. 2 2
Ny=-P, + Py | P2 dg—=-upP 3Pmp_f_mp(2m,_£_.)
3 1+ P2 J St + o yye
[}
Ns . ==2P, Ny _ ==-_p
Nay=p = <4 3x==a'""4 '
b4
T x? 1
N4mmP1+P2~*IP oo dr — P3 = — P 12 ,N.;Sz__am---zwp;
(]
Nipoge =—P.
23
Ny=—P4 Py— | P—"—ds—Pg=—P,
2a?

~1
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§2. Ung sué&t phap, bidn dang dai tuydt d&i va thé néng bi&n dang

Ta coi wng sufit phip ox trén mit cit ngang ctia cac thanh kéo hosic nén la
phin b déu (cling gdn dung d8i vdi thanh mit cit thay d8i). Do do gia tri cha
ung sufit phap trén mit cit ngang bt k¥ cia mdl thanh xdc dinh bing cich chia
hwe doc Ny & mit ciit do véi dién tich Fe cia no, tie fa:

Oy = Nx’F;: (2)

N€u coi val liéu tuan theo dinh ludt Hue thi bién dang tuyét ddicia thanh

tinh theo cong thirc Long quat

al= Y J' Nxdz|EF: )

trong do E & modun dan héi doc ctia vat liéu.
Tich phan tinh theo chidu dai méi doan va tdng dgi véi tdt ¢ cac doan cla
thanh. N&u trén chiéu dai / cta thanh, N: va F; khong doi thi Al =— N{/EF.
Cong thire tdng qudt tinh th€ ndng bi€n dang dan héi U tich lily trong thanh

bi kéo va nén c6 dang: ,
Nédx
U= f 9EF; (4)

&' day, tich phin va tdng ciing tinh ohuw khi tinh bign dang.

Vi trong gi¢i han dan héi cia val lidu, co thé coi th€ ning bién dang ¢o gia
tri bitng cong cua ngoai lyc, do do déi voi
thanh bl kéo hoiic nén boi lue P dat & déu

[ha[’lh, ta co : o 8[@2}' d‘g o
i @ g e
Thida 2. Cho P =10kN, [=03m; | \]| 86
d = 0,0lm, d;= (0014 =)m; E = ! .
= 2. 105)N/m? (Hinh 2). ! oo d
V& bitu do o, va tinh Al va [\ ~ w%: —
Bdi gidi : Luc doc & milt cat bt ky 2 1 1773
bing N:= P =10kN. Dién lich mit cél o e ‘ A
ngang: & phin hiph try F==zdfd = ~I7 /v,u/\ =7 0if
0,25x . 10-*m? ; & phin chuyén tifp Fr= T W ?’
- T N 313
= nd?¥4d = i’-— (0,01 + z%)’m?, }e
Ff‘ng sufit phéap : o phaii hinh tro Hioh 2
G::J\-I/F: 10- 103/(0,207: .10_ ), hay Ox —
— 1,273 . 108N/m? = 127,3MN/m?; & phiin chuyén Li€p
N 3 9
o — Ny — 4P _ 4.10.10 _ 127,3 __ MN/m?
F. =001 +22)2 (0,0 +a2)2 (14 100x%)?
Gemo = 127,3 MN/m?; Gemfs = 127,3 ~ 81,6 MN/m?

(1 4 100.0,05%)%
my=1j3 == 31,8MN/m?,

1§30 999>



Bidu 406 ox vé& & hinh 2,
Theo cong thire (3) bi€n dang tuyét ddi ciia thanh

/3
7
A=Y Nedo _ Pl 2P.4 dx _
EF; 3EF =E (0,01 + z2)2
o]

Pl 8P x 1 1 x |o,1
— ' : arclq ——— | =

3EF + nE 1 2(0,01 + x2) 0,12 T 2.0,13 7701 |o
_ 10.10%.0,3 8.104 7/ 01 1
T 3.2.10t, 0,25% . 10-* n2. 101 \ 2(0,01 4+ 0,12) 0,12

1

- 1

-+ SRE arctg )

Al =~ 1,46 . 10—4m = 0,0146cm,
Theo cong thire (5), thé ndng bi€ndang dan hoi lich lily trong thanh béng:
P. Al 10%.146.10-4

U == 5 ] 5 == 0,73] ~ 7.45chm
Bai tap 9-16. V& bidu d trng sufil phap o, tich do bi€n dang tuyet déi Al
va h€ niing bifn dang dan héi U tich liiy trong cac thanh, Cho E = 2. 10°MN/[m2,

Trong cic bai 11-14 18y E =2, 106kG/cm?

1 12
o | 10xN 1?,) ) §10k% ! : gy
& | F=2em? 4} 1 t| 1t VL Fedemt ST H L
H 7 il & & gl SRIRSL
| | o HI 5 y
£ 3wy f i tg=10nA | L 9291 § || F=zem
et ! ! H o { =3 7
s fl gt L!
h t $ tpo
N e o “tg=0
' oo §r0en 3T for
‘ N
13 14 15 QQE
j2r bem = Sem
t - P P2
i L F=2m? & JA:F 5= bem? I3
o || E g
- : % L J‘;=5fm" X \V'E hem
J____J - § § S
] lq-—o % 1 &f. = ol
H RS E ™~ 1 = E
o i L x N b gome ‘[ S
=y , (7 & [ fr=sem 26m 5 =
i Iy , Z
’ZT 19kN §
3
L J0KN
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§3. Bién dang ngang va d¢ bién d&%i thé tich.

Theo djnh lual Huce, bign dang doc ti ddi trong kéo hoiic nén bhing:

. e=a/F
vh bi€n dang ngang i ddi
g e ez == — {0/ E)

trong do w la hé s§ Poilxdng cua val liéu.

(6)
(7)

Do bién ddi t1 d8i dién tich miit cil ngang tinh thco cong thuc:

AFIF &~ — 2us = —2p. (s] E)
P bifn d6i t1 ddi thé tich thanh tinh theo cong thuc

AV = .i.l.:"ﬁ.-?ﬁl ) Ii\'xda: (9)

Tich phan tinh Lrén chidu dai mbi doan va long ddi voi
cac doan,

N&u thanh bi kéo hojce bi nén béi lye P diit & hai dau
thanh thi:

—_—
av = L=2 p (10)
E

Thi dy 3. Cho P, q,[, Fy, E, » (hinh 3}, Tinh ., AFz/Fz, AV
Bdi gidi. Theo cac cong thire (1) va (2), luc doc va ung

(8)

a1 A A A AR AR AT O

L]
=

' ¥

suéil plip & mit cit bt ky bing: Hinh 3
17 19) pesow 20 yp
|7 O ; )
Lo | £= 2x0 W /m?
! A=03
L ar=? -
= 2
777/,7»7{77/&7772&& '
fr LU, e
: ZIN7
ad= yfif”:’//jm N E
a=ill )
Jav_
20 Eps 7“?
21 V #p 24 P
N E l iq=0' P I ;./CT
SHER il
{BEM ’ Ep
~ Wb, 0 & |10
am i ' ‘ | | d=2cm
|
. ! [ 11| 2d
AT ’;;’q LAk1d) p=t
av=1 P
AY, - 1




Ne=P 4 g3, o= Ne/Fs = (P + go)|F,
Vi theo dioh ludt Hic, d¢ din ti d§i bing ex = 0x/E = (P -+ qz)/EFs, do
do theo cong thirc (8) do bi€n ddi ti dai cda dién tich milt cit ngang biing:
AFFy = —2u[(P + qx)/EFy).
Dung céng thirc (9}, ta tinh duwge dé bi€n ddi tuyét ddi cda thd tich thanh:

i 1
{1 —2y (1 —2w (1 —2 {
Q 4]
Bai tap 17—24. Tinh cic dai lwong ghi & moi bai tap. Trong bai 24 ddi
véi thép l'é:y E =2 108kG/cm?, p==0,3.

§4. Chuydn vi céec digm cia hé thanh lién k&t khép

Chuyén vi dan héi cic didm cda mot hé thanh lién k&t khép tinh theo so dd
16ng quat sau diy. Tir cic ditu kién {inh hoec, ta lim dwge lye doc truc efia cac
bo phin dan hdi cla h¢. Bing dinh [uit Huc, ta tinh dwge do din tuyét dsi cda
cac by pbén. Vi khi bi bién dang cdc b0 phan cda hé khong 1&i nhau ra, do dé
bing phuong phap céc dudng giao nhau, ta lip duwoc céc didu kién chap cda chuyén
vi, tirc 1a cdc quan h¢ hinh hoc cda cic bo phan hop thanh hé théng. Tir uhiing
quan hé 8y ta sdc dinh dwoc cde chuyén vi can tim.

Khi dung phworg phép dudng giao nhau cdn cht y riing cac bo phin cia
hé khong nhitng cé bi€én dang doc truc ma con c6 thE quay chung quanh khop
nao d6. Do d6 moéi mot diém cda bo phan déu co th& chuyén vi doc true cida bo
phén va chuyén vi trén cung tron c6 ban kinh twong tmg. Cung tron (dudng giao)
d6 co thé thay biing duong ké vudng géc véi ban kinh quay vi bién dang cta
thanh rdt bé so voi chiéu dai c¢tia no,

Thi du 4. Cho P, a, E1, F1, E;, F, (hioh 4, a).

Xac dinh binh chiu nim ngang 8¢ va hinh chi¥u thing dung 8, ctia chuydn
vi & clia didm dit hye P

Bai gidi. Ta cit cac diy cing I va II d& phéin hé cho trwéc thanh hai he
(hinh 4, b). T cac difu kién tinh hoc X Ma =0 va ZMp =0, ta lim dwoc noi
lye cdc day cdng:

N1 = P/3 via Ny = 2P[3. Theo dinh luat Huc:

Al == Pa/3E F1 va Al, = 2Pa|3E,F,.

Dung phwong phap dudng giao nhau ( xem hinh 4, b) ta tim duwoc chuyén
vi ndm ngang cta diém C bing Al,, va chuydn vi ctia di2m C vuodng goéc véi duwdng
BC: 8.=10, V3.

Piém D chi c6 th& chuyén vi nim ngang. Chuyén +i uvay bing
3p == 8.(2a/a V2) = 2AL.

_ Chuydn vi n¥m ngang efia difm dit lyc P bing chuyén vi nim ngang cia

diém D cong voi 46 din cua day céng I, tirc Ia:

12
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1 Pa Pa 4 1

4 Pa
8: = 2A/, - Al = — — = _ .
2t A= e T Er 3 (Eze R, )
Chuyén vi thling dung cla diém dit luc P
a Pa 1 1
8 i gxt — 8?\7 =
A 3¢ 9 ( 5.F, T ER )

Hinh 4

Bai tap 25—40. Xdac dinh chuyén vi 3 clia cic didm dit luc P (hoiic chuyén
vi ctia difm khac c¢ ghi trén hinh v&) va wng sufil trén mit cit ngang céc thanh.
Trong nhitng bai chi c6 d& chit, khéng cho gia tr] cia E va F thi coi cac
thanh dfu co E va F onhw nhau. P&i voi bai 35 — 38, 18y E =2.10%G/em?, bai
37 — 40, E == 2, 105 MN/m®.

pomis)

[N
1

P

T,
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)

3
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i
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25 26
:
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z
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} PGk

am

P doky

F= 262 4em? [ 1=

§5. D6 bén va dé cing.

Kich thwéce dién tich F cda mit cr‘aftt ngang thanh bi kéo hay bi nén (thanh
c6 mit cit ngang khong thay dbi) tinh tir cong thre:

F:ATmaxf[G'] (11)

trong d6 N, |2 gid U] luyét d&i lon nhit ctia lue doc {rén thanh darg xét; [o]:
trog sufit cho phép cia vat liéu thanh vé kéo {oi] hodic nén {s.].

DP&i voi vat liéu co d6 bén kéo bing dé bén nén (val liéu déo).
[ox] = [62] = [0} =0Geb/Den (12)
trong d6 ocx l& gioi han chdy cda vat liéu vé kéo (nén), ne la hé s6 ap toan dsi

voi gigd han chay.

14



Bgi voi thanh mit cit thay ddi, kich thuée tinh theo ditu kién bén & mat
¢t nguy hidm. Néu nguoi ta co diit thém dibu kién bd sung la chuydn vi dan hoi
5 cda ditm nao dé cua hé khong dwoc vwol qua mél gid tri cho phép (3], thi
viéc kidm lra do cing thuc hién theo bal déng
thire:

3 (3] (13) 9

Thi dg 5. Cho P = 1T, a=1m, « = 30°

[oxli = 1000kG/em?, E; = 2.108kG/cm?

[aa]tr == 100k G/em?, E; =0,1. 10%kG/em?.
chuyén vi cho phép theo phwong ndm ngang
[3;] va theo phwong thing dirng [8y] cia diém
dat lwe P: {8:] = {8y] = 1,3mm (hinh 5, a).

Hiy xac dinh Fy va F,.

Bai giai, Tir cac didu kién finb hoc (xem

hinh 5, a) ZX =10, vi I} =\,

; P
Ni=Nys=N, N=P=1T, ) V\/
Theo cdng thire (11) | //

Fy= ﬁf[r:k] == 103/108 == lem? o N\ % /
3 2 2 o N i /
Fa = Ni[za]u=10%/10" = 10cm*. Nl
Theo dinh luil Huc. \\i /]
3 2 _
A= 4 01 g osem, N
EFy 2.108.1 y
N 03,102
A= = Sk S 0,Icm. Hinh 5

E,F,  0,1.108.1n
Trén hivh 5, b v& theo phuong phap duwdrng giao nhau, ta c6 Al bing tong
hinh chifu cia 5, va 8, lén phuwong cla thanh I, va Al, bing tong hinh chiéu
chia 8; va 3, lén phuong cla thanh II, tirc la:
Alp = 8ySina =~ 8xC05a;
Aly = 3ysina -+ 3:c0s0.
Tir do

8__Ali+A12 -
g 5

Aly — Al
: —1,5mm; 8= —
2sina 2cosa

= 0,289mm

Vi 8, > [5,] nén ta phdi ting thém dién tich mit cét cac thanh. Ta gifr
nguyén d:en tich thanh I: Fy == lcm? va tim dién tich cdn thigt F; cua thanh I

“Theo diéu kién vé do ctrng 8y = —;—-—-1-3——; (Aly -+ Al << [8y), hay 0,05 4 AL <<
- sl
< 0,13cm. Tir do ta dwoc

A’Z s NaonFz < 0, 08 va F') NQI0,0S E2 = 12,5cm2-

Vi dién tich nay tng sufit & thaoh II: i = N/F; == 80kGjem?, con cée
chuydn vi n¥m ngang va thing dirng ctia didm dit lyc P:



8y == 1,3mm, 8 = (0,08 — 0,05}/V3 & 0,0173cm = 0,173mm.

Thi dy 6. Mgt vanh tron, dudng kinh trong r = 100mm, duvéng kinh ngoai
R == 10Imm, chiéu dai !, chju tdc dung 4p Iyc suyén tam & phia trong p = 20 bar
(hinh 6, a).
Tinh d¢ tdng bin kinh Ar vi hé s§ an todn new cia vanh, bift ring vét
ligu co modun dan héi E=2.10°MN/m? va giéi han chay o = 300MN/m2.
Bdai gidi. D& xic dinh lyc cdng N trén vanh, ta cil vanh bing mit cit chira
true vanh (hinh 6.b). Tir di€u kién cin bing clia tdng hinh chigu lén truc y clia
cac lyc va ndi Ige tdc dung én nta vanh tromn, la

a L duoe:

/—\ E_
2
m\ N = J' plrsine . da = prl.
‘ 0

Ung sufit phap trén thanh vanh
N ple 20.10%.10.10-2

F (R—nrl 0,1.10-2
= 2. 108N/m? —= 200MN/m?2
Hé s3 an toadn (48 voi gidi han chay cda vat
liéu) nen == genlo = 300/200 == 1,5.
D6 tdng tuyél d3i Ar cha bin kinh trong cla
vanh tinh dwgc theo dinh [uat Hue. Vi 2z{(r 4+ Ar) —

o = D a4
ER — )
pr:  20.105,102.10-9

=0.01.10-%*m = 0,01lcm.

E(R—r1)  2.101t,0,1.10-2

Bai tap 41—48. Chon kich lhwée dién tich F mit cit ngang cia céac bd phan
dan hoi ciia hé: & cac bai ma dit kién cho bing chit thi (rng suii cho phép [o]

43

p‘[

ASCRUROORIRRRI,

PLLTINIANINS

a
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bing nhau vé kéo va nén ddi véi LAL cd cic bo phan cia hé, Neu & bai khéng cho
modun dan héi E thi coi nhw @i bift va gigng nhau déi v&i 18t ¢ cic thanh. O
nhitng bai 45 — 46 18y ddi voi thép E =2, 108 kG/em?.

44 45 46 V
) kv . T [8] = wo0ks fm®
. [d‘}-lsmm c
o " It o (8] = 2mm 5 L
T Ly N P
1 m w
o | g 4T
_)%\ B Y ST -
G o a——— T oaiml o
F=qa '
e
47

[6]=r0mu/m?
4 =1m, [d‘;y}—?fmm
E=2:105MN/m ?

Bai tap 49 — 53, Tinh luc cho phép P hodec nhing dai lwong chi dan &
moi bii.

F=2cm?,

2 !
g o =
! e g ’lff ! 4
Fazemt] el
1G] =150004Gjem? 7T A: P ‘ e 2&5,@;7
] = g 5mm §6 buldng.n=8 },(_..__..
£ = 2-10%G Jem? (6] =/20046G fem?; =2 Gar = ?



§ 6. Tinh thanh ¢6 xét trong lveng bén thén

Déi véi thanh hinh Idng iru co tac dung cia trong hrong ban
iap trung P dil & diu ty do.

Lyc doc truc (rén mit cil ngang cich diu tw do la x:
Nr = P + TF.”C,
Ung sufit phép trén mit cit nay

P
L L
o 2 +

Dién tich ciin thigt cta mét cit ngang.

Fam L
, [o] — vyl
Bé dan luyet doi l
| = —— (P
A &+ 2

prl

thian va juc

(14)

(15)

(16)

(17)

trong d6 v 1a trong luong riéng (lrong lugng don vi thé tich) cda vat liéu thanh,

{ — chi®u dai thanh va Q = yFl — trong hrgng thanh.

D3i voi thanh d¢ bEn du, tire 1a thanh ma irng sult phdp trén cac mit cit

ngang d&u bing nbau, dién tich mit cit ngang tinh theo céng thirc:

trong do e la co s§ 16ga ty uhiédn.
D¢ dén tuyét dgi cda thanh c6 do bén ddu tinh theo céng thire.

Al o= [0‘] ”E
D3i v&i thanh hinh bic dign tich mit cfl cda bic the i
Fie o Plo]i—1
(o] — 711) (o] = vl2) ([6] ~ vbs) ... ([0] — 11i)

va d6 din tuyét dgi
P =y, ( ~ b
A t? 2: i1 5T )

lrong d6 Iy, Iz, Is... 1a chidu dai cda bic (wong irng.

(18)

(19)

(20)

(21)

Thidu 7. Cho P =16T; v = 8 G/cm8; [6] = 1800kG[em?; E =2 10k G/cm?;

-I _ 40!??.
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Tinh dién tich Fy, trong lwgng (., v& d6 dén luyél d&i Al cia thanh hinh
ling tru: dién lich lon nhdl Fs, trong lwong (v vado din tayét dsi Afy cia thanh
¢o b8n bac chifu dai nbw nbhau; dién Ulich lon

nhdt Fa, trong hrong Q¢ va do dédn luyét ddi a) 4) 0
Alg cua thanh do bén déu (hinh 7). S S |
Bdi gigi. D§i voi thanh hinh ling tru e
(hinh 7, a) dién tich mil ciit ngang tinh theo cong 1
thire (16) _ “‘""{
Fr—= 16 . 102 ~ 10,204 cm? ~}=
16.10% — 8. 10-3. 4, 10° 1
trong lrong N
Qi= yFd =8.1073 10,204 4. 103 ~ 326,53kG 1;, o .
Do dan tuyét daoi tinh theo cong thue (17)
4,103 : 327 .
A= 0 1020 (16'1“3 + T) ~ 3,168 em. Hinh 7

Bgi voi thang hinh bac (hinh 7, b):
dién lich lon nhit tinh theo cong thire (20).

3
Fp == P[Gi 1= : vl 4
) -
([c] 1 ¥ [e] 3] )
16.108
— . = 10,203 cm?,
I (1 8,109 4. 103)4
4,15, 10%

lrong luwong
v = [6]Fp — P = 16.10%. 10,203 — 16. 103 = 3248 kG,
do din {uyét doi tinh theo cong thire (21).
[s)l (1 o ) _16.10%.4.10° (1 _8.10-3.4.10°
E 2. 4{o] 2,108 2.4.16. 102
B§i voi thanh d6 bn d8u (hinh 7,c¢): dién tich I&n nht tinh Lheo cong
thire (18)

Aly=

) ~ 3,192cm

p RS 5 103 8.107%4, 103
Fi— g 0] 222 16.102 - 1p.e%02 ~ 10.202 cm2,
T ¢ 16.102 ° +10.e e

lrong lirong

Qa == [s)Fa — P =16.10%, 10,202 — 16.10% ~323,3kG, do din luyét d3i tinh theo
cong thire (19) )
Aly = [o)l/E = 16.10% 4.10%/2.10° == 3,2 cm.

Tir cac k&€t qua ¢ trén ta lh#y d8i voi thanh Lhép dai 40m sy khac nhau
gitta thanh hinh l&ng (ry, thanh hinh bic va thanh do b8n déu rét khong déng ké.
Tir cong thire (16) ta th@y wng suft do trong lwong bén thin cta thanh hinh ldng
tru dat dwoc trén 5,0% cla [o] khi chidu dai thanh [ > 0,05[c]/Y. N&u thanh
biing thép, va coi [6¢] = 1600 kG/ecm?, ¥ = 8 G/em®, thi
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(5 099:16. 107 464 om = 100m

8.10-3

Bai tap 54—57. Tinh cic dai luong ghi lrén mdi bai.

W 2272/7777 77 5 F o ¢ P=200T
] ?"—‘2,55#:.711 y
L
4 , [6]= B0k Gjemt
_ % . - s;,’-; 7= 256/cm
[6];5 A
a{""-\ E B
[6]= 1046 jom* T/mn'h'd& béndéu
} P ‘&p E228x10%G fem?
d=7 ;pa=17 Ad:: FeliFatAl=7 R=? Fz?

§ 7. Hé sigu tinh

Hé¢ siéu linh la hé ma nguoi ta khéong thé tinh dwoc noi lye & L8t cd cac
b6 phan néu chi st dung céc digu kié¢n tinh hoc. Kbi linh hé siéu tinh, ngodi céc
diéu kién tinh hoc, nguwdi ta phii dung nhitng didu kién chap cda chuyén vl va
trinh tir gidi bai todn nhur sauw.

Truoc hét ngudéi la vigt cidc phuong irinh tink hoc va dinh bac sidu
finh cila hé, sau d6 1ap cac difu kién chdp clia chuydn vi, lre ]a cdc quan hé hinh
hoc gifia cac bi€n dang elia cic by phén cua hé. Biing dinh luat Huc, ngudi ta
vi€l bi€n dang cia cdc bd phan cda hé theo noi lue, va thay vao céc difu kién chap
ciia bign dang. Giadi nhiing phwong trinh tinh hoc va phueng trinh chap ta tim
duroe ndi hye & cde bo phan cia hé.

D& tinh wng suflt do nhigt do, ta vdn gitr so 6 tinh d& noi trén. Trong cic
didu kién tinh hoc chi c6 cde noi Iye tham gia, con d6 thay ddi chiéu dai cla thanh
bi d5t n6ng hay bi lam lanh thi biing téng dai s§ cia do thay ddi chiu dai do noi
Iirc va 49 thay d6i chiu dai do nhié¢t 4. Do thay dbi chiéu dai do nhiét do bién
dbdi tinh theo econg thire.

Al == LxAt (22)

trong d6 ! — chidu dai thanh, « — hé s8 din né binh quan cla vat ligu va Af — sir
bi€n dbi nhiét do.

Ung suft lip ghép tinh tir nhitng didu kig¢n tTnh hoc va didu kién chap chuyén
vi. Ehi lap nhitng didu kién chap chuyén vi, ta cé xél dén d¢ sal léch chifu daj
clia cac bo phap cia hé. Vi chidu dai tlnre 1€ cla cde bo pban khi ché tao khde rét
it so v&i chigu dai thiét k&, do d6 khi tinh bi€n dang ciia cdc bo phan itheo dinh
lnat Hiie, ngudi ta van 14y chidn dai thigt k& chur khong phai chidu dai thye i,

P& xac dinh tai lrong t8i da theo phwong phap irog sufit cho phép, ta cho
ing suiit lon phit cda hé bing trng suit cho phép, rodi tir do tinh dwoe tai trong
an toan l¢n nhat.
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Néu tinh hé siéu tinh theo ndng luc chiu tai (phwong phap phén tich déo),
ta chi ciin d€n cac didu kién linh hoe, Trong cac difu kién ndy, lyc doc déu lay
biing tich cfia Ung sufit cho phép voi dién tich mit cit ngang Vi phwong phap
nay dwa (rén co s& bitu d6 kéo 1y tubng Pordng, mit chdy coi nhw kéo dai vo
han, do d6 khi irng suiit cac bo phan dat dén gioéi han chdy thi heé bi bi€n dang
hinh hoc.

Thi du 8. Cho : a) Ei=Es= Es=E = 2,108 kG’/Cﬁ}z, [6] = IBOOIEG/CHI?‘.
==0,4m, b=12m; ¢=0,im, Bi = 45°, B2 == 60°, By = 30°, F1=12em?;
Fy=14cm? Fa=16cm? (hinh 8), b) a1 = a2 == 23 ==« == 12,5.10-8, At =40:C;
¢) Thanh II bi ch€ {ao ngin hon chiéu dai Lhigt k& 14 Az = 1,2 mm,

Hinh 8

Tinh: a) P; Prac; b) o1,11,111, ©) st1nm1.

Bdi gidf

a) Tinh theo itng suil cho phép, Tir cac diéu kién tinh hoc 1a tdng hinh
chigu cédc Iwe va noi lye lén phwong thing ding & cdc nit (hinh 8, a), ta co:

2N1 8inB1 == 2N, sinf,;
2N, sinBa2 - 2N; 5inf; = P.

Digu kién chap clia chuyén vi 1a déng thic gitta chuyén vi cda didm dit
luc P do cic thanh I va II ddn ra vd do thanh IIT co lai (hinh 8, b); tirc 1a
81 -+ 8z == 8s.

Theo dinh luat Hic

5 = Al Nily 5, Al, — Nab
sinB; E\Fysingi =~ sinp, E,Fy sing,
Al Nyls

ng f=—]

sing;  E,Fs sing,
 Theo hinh vé ta co

[y = a/sinBy, {2 == b]sinBa, {5 = c[sinps.

[ 2]
Yn



Thay céac gia tri & trén vao difu kién chap, ta dwoc.
Nya/(E1Fy sin®B1) + Nab|(E2F2 sin®B,) == Nsc/(EsF3 sin*g,)
Thay cdc gi4 tri bdng s§:
sinB, == V2/2; sinp,=V32; sing; =172,
a) (F1sin®py) = 40.4/(12 .2) =20/3 1Jem
b) (F sinB,) = 120 . 4/(14 . 3) = 80/7 1/em
¢) (FssinBy) = 40.4/(16.1) =10 I/om
Tinh trong hé SI
a) (Fysin®fy) = 0,4 . 4/(12 . 10-4 . 2) = 20003 1/m
b) (F2sin?ps) =1,2. 4/(14 . 10-4 . 3) = 8000/7 1m
¢) (Fj sin®f;) = 0,4 .4/(16 . 10-4) =1000 Ijm
The phitng gia tri nay vao cic pbuong trinh tinh hoc va phuong trinh chép
bi€n dang, ta dwoc hé ba phwong triph.
V2 Ni=vy3 N,
V3 N, +Ny=P
14Ny + 24N3 == 21N3
Gidi hé nay ta duwoc
Ni=ca1F1 =~ 0,332P; Ny = o1 F2 e 0,27P; N; =amuF,; ~ 0,53P.
Tir dé rut ra ‘
0,332

rey

Trong bé Sl
o1 == 0,332P (12 . 10-4) ~ 276P, o == 0,27P/(14. 10—*) ~ 193P,
o = 0,53P/(16 . 10—4) ~ 331P.

Do tng sult lon nhdt o khong dwoc virgt qua tmg su#t cho phép [o], ta
it ra lge P cho phép.

P < [5]/0,0831 == 1600/0,0331 =~ 48340kG = 48,3T
V&i Ire P nay wng suft & cic thanh béng:
or ==48,3.27,6 =~ 1334 kG/cm?2, op = 48,3. 19,3 ~ 932 kG/ecm?, o1y = 1600 kGjem?.
‘Trong hé SI:
P < [0]/331 == 157/331 ~ 0,475MN == 475kN, o1 = 0,475 . 276 ~ 131MN/m?;
oi == 0,475 .193 ~ 91,7MN/m?, or1 = 157MN/m?2.

by Tinh theo ndng Iyxc chju 14i. Hé bi bi&n dang hinh hoc khi thanh (htr
nhit va thir ba chdy déo. Phwong trinh tinh hoc lién hé udi luc cfia nhiing thanh
nay co dang:

) -
P ~ 0,0276P; oy :-9-;—‘343-P=s 0.0193P; gppp== 093

gy ==

P = 0,0331P.

2N1 sinB; +4- 2N, sinps = p.



Pit N1 ==[o] . F1 v4 Ny ==[o]. Fa va h€ vao phwong trinh trén, ta linh duwoc

lre cyc dai cho phép
Pz = 2[a] (F1singy + FjsinBs) == 2. 1600(12V2 2 + 16 . 1/2)
~ 52750 kG == 52,75T.

Trong hé SI:

Pruax = 2 . 157 (12, 10-4 Y2 /2 + 16. 10-% 1/2) = 0,518 MN = 518 kN

Nhu vay 1akha ndng chiu tai cia h¢ tinh
theo phwong phip nidng lyc chiu tai lén hon

khd ning chiu tai tinh theo phwong phap tng 9 5
sufit cho phép (n€u 13y cac hé s§ an todn nhr RN
phép (néu lay : PN J_Q
nhau). ) g &5 1K
Mﬂ;ﬂwxm 1 y
Pmax e P IOOV _ N 7
Rt 0 = A\

e
_ 52,75 — 48,3 1009 ~ 9,1%

. /’Vz N?\
48,3 /
¢) Tinh itng su@l do nhiét dé. Tir céc o cencaissanaiossece
didu kién tTnh hoc (hinh 9, a) ta c6
2Ny sing, = 2N, sin8,. 2N, sinBs == 2N; sinfs.
Do digu kién chap chuyén vi (diéu kién
chiéu cao hé khéng ddi) (hinh 9, b) la ¢
81 -+ 32 - 83==0.
Vi 8 = Aly/sinfy; 8; = Aly/sinB, ; 83 = AlsfsinBs
Al = Al — (NUYEF1) Al = laagAl — (Nl o[ EF2); Als == LAt — (N5l]EsFs),

Biéu kién chip co dang

a Ny b N, € N
—_— LAt — At — e Al — =10,
sin?g; (CL EF, ) T sin?B, (OE EFQ,) + sin’p, (nL LF, ) ‘

Hinh 9

Véi Ny = o1F1, Nz = onF2, Ns = cirFs vi lhay cdc gia tr] bing s8, cac didu
kién tinh hoc va didu ki¢n chip thanh cic phuwong trinh sau day:

Trong hé k§ thudt:
6Y2 o1 = 7V¥3 on
7V3on = 8m
o1 + 201 -+ 2011 = 5000

trong hé SI:
V2 6y = 7V 3 on
7V8 ou = 8o
a; + 2011 - 2011 = 490

Giai hé trén ta dwgc:
o1 =~ 1105 kG/em?, o » 774 kG/em?; o » 1172 kGjem?.



Gidi hé dudi ta duoc:

d) Tinh tng sudl ldp ghép (hioh 10, a). Tir nhiing didu kién (inh hoc
(hinh 10, b)

2N1.S‘I.Hﬁ}_ == QATzSiRﬁz
2Npsinfz = 2N ;sinfs.

Tir nhitng digu kién chap cda chuydn vi

ta duoe.
{.\ll + A[g + Alg — 'Az
sinB; SInfs sinfis sinfs
hay
GICI GIIh CTIIIC — E Az
sin®py sin®f; sin?gs sin?py

Thay bing s§, nhiing ditn kién trén
thanh nhirng phuwong trinh duti day.
Trong hé k¥ thuat, Hink 10

6 ﬁo‘l =7 '\lgcn
7 ﬁdlf 28611:

551 "'I" 20'11 + QGIII - 4000 I
trong hé SI.

7 1/3—0'1-1# SGIII
oy 4261 + 207y =392,
Gidi hé trén ta duwgc:

6 Vi, =7 V3 oy z

Gy &~ 886 kG’/sz; gpp == BQORG/CIHZ; Srir ™ 939 kG/Cmg
Gial hé dwéi ta duoce:
; or ~ 86,8 MN/m?; oy ~ 60,4 MN/m?; oz~ 92 MN/m?

Thi dw 9. Béng cich d3t nong ngwoi ta 14y mot 8ng thép tron II 6 dwdng
; kinh trong rz =—41,96 mm, dwéng kinh ngoai
Ry ==43mm ra ngoai §ng thép trén I co dudng

kinh trong r1 = 40mm, dwéong kinh ngoai R, =
G /18 T\ 42mm hinh 11).
U U Tinh tng sudt o; trén thanh &ng I va

oy trén thanh 8ng II sau khi 8ng ngoai ngudi
Médun dan hoi cfia vat lidu E == 2.105kG/cm?2,

Hink 11 Bai gidi. Trong tinh toan, ta thay &ng

bing mot vanh c¢6 chidu dai bing don vi (xem thi du 6). Ehi ngudi, vanh II nén
vao vanh I bing ap suit phan bg d8u hudng tam, con vanh I thi tic dung vao
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vimmh Il mot @p sulit nguoc lai trong Ly, Ap sulil p ndy linh tir didu kién: do
hitn doi ARr cua bin kinh ngodi vanh T cang voido bitn d6i Arp ctia bin kinh
trong vanh II biing do chéah l¢ch ban diu £y — ra. Vi (xem thi du 6)

22 2
L&R[*.::-E‘—- . R va Arg == P L
k Ry —r E Ry —r»

nén diéu kién chap cna bieén ddng co dang:
M4
i) Iy
.ﬁ;( LML )Emhrz
E AR —nr Ry —ra
T do, it va:

_ E(R —r2) o 2.108.0,004
P= " FT T T3 1186

A1
Ri—ri = Ry—r2 0,2 + 0,104

U'ng suit phip o vi oy tinh theo cic cong thue nhuw & thi du 6:

~ 31kG/em?

1.9
oy == Pri = 3. 12 wﬂsﬁlk(},cmz
.HI e I} 0’2
Pra 3L ospkGrem?

Ty =

Hg -z U,}.U-,E-

Bai tdp 58 — 70. Tinh ung suil phip & cic ho phin dan héi cia hé dudi
tic dung ctia ngoai lwe. Ndu trong bai khong ghi gia tri etia moédun dan hoi E
thi coi modun ndy & cic bd phin cta hé déu nhu nhau.

58 59 60 61
El ......... - Vo eaegre s e
S e ZF
S:%T —t B I F
§ M 5 F
g 3 1 ot "
$ M bgr &l yer ¥
l sl n| L i
SV
- i
I S bor S +2
T sl 7V F=20me
S‘: T F—ng;mz 3 ]57. cm ‘\E‘ ly ‘ o w,-l)f.
rxrd N:—W L ey J"— e
& E=I(7€%6/cm’ F=80cm? 7
<
62

2a

a=8icm




65 66 aval ¥ 67

v T\ etem [ e2ome prrmzy
Y 2
é S \gtlm_a Zn ? £ =éen?
a1 g ! i - IEFREILENS BrN ¢ a I csi
0 b =2’ M= V2, ) Fe=2Fy
7 T TTTT T T TITTITITR. N rrrzed,
a a P=2qq / ;
e 25n et —2e ]
g = 15xN/m £,=0,7F,
70
MF‘_T‘{[I/H LTI I e
. !
[f =Zcm?
o i
a

) )
'
1

7d
, s [6] 5 #,= (v
: i [6] = 20k6/em2; A= ?{FZ; max
fg] = ;000?!(6/5‘17?? [ec}gggggfm? SR
= d=¢

Bai t8p 74 — 79. Tinh frng sufit lip ghép. A 12 40 lén cla doan ché tao
khéng chinh xdc. DEi véi cac thanh, 18y E = 2. 108 kGrcm?. O nhitng bai 78 — 79
lay E = 2, 105MN/m?2,
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4-0,5

m 79
FoF ygfg ﬁmjzﬁge
W
o / N
B I < —
?f .
< & 4
. T R
s)‘<§ | PR s "'r']'l',/"ft | F’:FEZF‘;
al a a! a=lm a c

Bai tap 80 — 87. Tinh tng sufit do nhiét do. Trong céc hinh Af 14 d0 thay
d6i nhiét do tinh theo do Xenxint(°C); Ali: 40 thay doi nhiét dé bo phan thir
i cia hé; T: thép; B: dong. D3i voi thép, 18y E==2.10°%G/cm?; o« = 125 . 10-7;
d8i véi dong E=1. 106kG/em?;« = 165.10—7. Trong cic bai tap 84, 86, 87 dsi
voi thép ldy E=2. 10°MN/m2.

80 81 82 . 2
V2L LSS S '/////////////////////4{
J
7
=] s
S| | 57
= z
E;: - 6 F
' S|
st [l
7;, 7 R P PP P e TR T or e PR i rie a8, éF
. dt=1° Y e
dt=36 »

[ ]
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; ___E;%mzzz%mzzzgn
b
; o I i !
7
4
7
7 o oo
/
7 h
4 . a a
Thép ; 4t = 14° Thép; F, ot,=70°
a7
7
£
2,9m ’
ThépiF=22cm2, Al =80°
Cdc tydng dan hoi: luc 10T

Thég; 5. o= 175° ' chuyén v caa mor tu-ong 16 0,25mm

Bai t4p 88 — 93. Tinb tng sufl do tic dung clia ngoai lyc va sy thay d&i
nhiét 6. Trong céc hinh oip, o5, 12 rng sufit cla thanh thir i do tac dung cia ngoai

T N AL IS 2

e
f/8 !
EEERERRRRRRRRT)
am
F=5m2?; al =25°
30° 30 I_a=tm_,_  _za 1
fi /t
TN T
VY VI AN RN YN T
T AT T HoNg=28 T/m
oo g ETHST/m o
a:im.i. F=d4em? ; Al =-~14°

F=2m?; At=20°
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lye va do su thay d6i nhigt dg. Boi voi cdc thanh, 18y £ =2.10%kG/em?, «=12.10-%.
O biai 92,93 18y E = 2. 10°MN/m?.

92 93
ﬂn ‘R N {i/////. L E e i Lk
L N NPT IITI a a al”“lﬂlw
P D= 18N N
a=2m q?z, K F=2cm?; Al =15°

F=2cm?, 4t =16°

Bai tap 94—101. Tinh tai trong cho phép [P] theo phuwong phdp trng suat
cho phép va [P’] theo phuong phap niing lyc chiu tdi; xdc dinh wng suit lip
ghép on va ung sulit do nhiét do ou tng vOi cac digu kién ghi trén moi hinh.

> R S
PSP g
: It
s dE
;31/\'( ! s ey
i Zm 71:’ _jmg p £ = 2F=3F= bom?
F=bom aty=10°

98
!
4
£ =2rm?
$7 at=19°
98 - 99
Lpt L LIS e et L L L LA YT L LTSI L LT CLLL SIS

30° T




Bgi voi cidc thanh 1Ay [o] = 1600kG/cm?, E = 2 106kG/em?, « = 12.10-5. Y
nhitng bai 99, 101, 14y [¢] = 160 MN/m?, E =2, 10° MN/m?2.

100 101

! N P opl s -. _____
N I > ,_}y” ~ M
%ﬂ 4 F i b b % el aja ra)I

F=2em?; ot,=16° ' e

Bai t4p 102—107. Tinh nhiing dai luwong ghi & cdc bai tap v& vanh va §ng
hinh tru méng: '

Trén cdc hinh: p — 4p sudt mit, ¢ — tii trong phin b3 tac dung gifia lruc
va vanh hofic gifta cac vanh véi nhan. D8i véi thép (T) l&y E= 2. 10°kG/cm?
a == 165.10-7, d6i v&i dong (B) E =1, 108kG/cm?, « = 165 . 10-7; d8i v&i nhom
(N) E=0,7.106kG/em?.  cic bai tap 106—107 Linh o tir didu kién: khi giim
nhiél do khe hé A mEt di.

d400 D
' S ir rin Ithip g
T ! id i
.:yd'angﬂy A ’:
s "
[P + &
—-——m b L
= Dot ) ., o]
e I A Vruc gdc =
EYS e Ef v £2 Y+ P X,
f,d,‘af=~405 D| f,;b,;[’,;bz:a,‘ﬂv a)atxlaonc;ﬁl'n?;éﬂ:.;q:?
G=2,g=2 C=7?,6,= Pig=7 b}[ﬁJ: F.?{,?Oks/{:m’; [6”}: 8006 jem?
[at]= 2
105 106
)
SRl Tructorn,
gy RS
Sl 1 AGfem?
s Il \ ]
AARATIN ] ;
/\‘\_- X ‘\/\ .
s 1hep™ Trphem  # A 5
E, i E,: (6] = 1400k6 frm?; T A
[6,) = 10005 fom 2 rhiaia s 13 Ep 0t ay i o= 150
p=? 6=t G =2:6,=2

Il — TRANG THAI UNG SUAT VA cAc THUYET BEN

§ 8. Trang thdi ong sudt tuyén tinh phdng va khsi

Trong trang thai ing sufit khoi, trén cdc milt chinh cta phénp 3 tach ra &
lan cgn ditm dang xét clia vat thd c6 ba tng sufit chinh khiac khong: o1 > 02 > o3
(hinh 12, a)
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Hinh 12

Nhitng mil c6 ung suit o1, 62, va o3 téc dung (khdéng cé {ng suit tigp) gol
la met chinh. Nhitng phuwong (I, II, III) vuéng géc véi mil chinh goi la

phuong chinh.
Ung sufit phap o, tng sudt ti€p v vh ng

sufit toan phin p trén nhilng mit xién géc xac dinh
biing cdc cong thie sau day:
Trén miill song song v&ri phwong [11 (hinh 12,b)
— 2 i 2
o = g100sa) + a8l ru’)
c] - 02

23
T = e 121, S (23)

— 1

P =+/g? L 1% = {slcoslas -+ oisin?ay > (24)

trén mit song song véi phuong Il (hinh 13, a), 6
¢ == 61005%ay -+ oysines, ,
Gl = G3 . 25
T M&Inzaz (25)
2
P = Vo¥coslaz - olsinixy; Hinh 13
trén mit song song vé&i phuwong I (hinh 14, a),
o = 6,€08%3 + o,5inB,
_. G2~ U3 )
T ~—---2—---- sinZg, (26)
cssrere L.
P == valcos?p + a3sin?
al  a g ¢)
\V?’/': T brip
(| . &y <
% i £33
T
PPl / /%'f’
m I~ v .
b) i &r GG I A L.'T‘
X
p . \J o
& [ -7 O
7 28 N
61
S - B

Hivh 14
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Ta c6 (hd xac dinh nhitng tng sufit trén bing véng tron tng snat vé trén

cic hinh 12¢, 13b, 14b.
B6 thi vé trén hinh 14, ¢ la tdng hop cic vong tron da ve. Ung suit ti€p

cuc tri bin
] i g = L (o — 03)/2,
1 = + {6 ~a3)/2, (27)

13 = = (o1 — o3)/2.

Nhitng tng sufit li€p nay o trén nhirng miit tao v&i nhitng phwong chinh 45°:
1 trén hai mit vuéng goc voi nhau va song song véi phwong I (hinh 15, a); 73
trén hai mit vuodng goc voi nhau va song song voi phuong II (hinh 15, b), T2
trén hai mit vuoéng géc v&i nhau va song song voi phwong IIT (binh 15, c), =2
1a ng sufl ti€p lon nhit vé gia tri.

Ung sufit phap bat dién oo, wng sudt ti€p bat dién =, va ing suil toan phin
bat dién p,, tire 12 nhitng ng sufit & (rén mil xién goc biing nhau d&i voi ba
phuong chinh (hinh 16) tinh theo cédc cong thue sau day:

oo=%-(cl+az+ca) .

1
To =g \/(01 - cz';;)2 + (a3 — a3)? + (o3 — 0)* (28)

po= 5@ +ai+ad |
Bién dang chinh ¢, e, e (bi€n dang ti d&i theo cic phwong chinh) béng:
(o1 — (o2 + 93]
[o2 — p(o5 + c1)] (29)

g3 == = o3 — p(o) -+ 02)]
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Hinh 15 Hinh 16



v T —2
A e b o= (o oz o) (30)
v E
Bai lwong 3 (1 — 2u)/E == goi la hé & bign ddi thé tich cha vat ligu.
Nghich ddo ctia dai lugng nay A = gz.lj-z_o_jgoi la moédun dan hoi thé tich.
—2p

The nﬁnff bi€n dang dan hoi riéng.
u :“"“ (015 1+G""2+°'3-’)'~— 1 {f'l + o3 'f““a %u(asor + o203 +ason)] (31)

l"hé ndng bi¢n doi hinh d*mo riéng,

14
Upg = Bl‘ {(r‘l — 52)? 4 (52 — 53) + (o5 — 0;)?] (32)
The& ning bién doi the tich riéng
e = = + 02 )’ (33)

Tt c& nhitng cong thite tinh d8i voi trang thai ung sufit kh§i déu co the dp
dung d&i véi trang théi tng sufit phing néu cho mot trong cic {ng sufit chinh
biing khong va dm vol trang thii ung sudl dwong ndu cho hai trong cic trng sufit
chinh bing khéng,

3

Thi du 10. Cho lrang thii wng sudit v& lrén hinh 17, Tinh 1,55 6" v =
- trén miit song song véi phuong I voi 8 == 30° biing phuong phap giai tich va phuong
phip do iln, 57 v ¢ trén o
nmiii song song vui phuong 11

T

vz == 600, 577 va ' trén ;—:———Q—E—w
mit song song voi phuong ! G"
- ]
III viv 2= 3°; p,, o, 7' P ~
¢y.2,95 AVIV . 1, tina v . Cho \k
S == 2. 108kGiem?, p=03. . T O b

T
Ty
g
~
T
N
(%)
®
S
™~
K
=
Ts

kG o - M 0 G
/ e
BRG] ugpus et dtk g’ 4/ d
v rdn
{,?ﬂﬂks,kmf 63 G &
Hinh 17 B Hinh 18
Bai gidi: Voi cic wng sufit chinh 6, = 200kG/cm?, ¢, = — 400kG/cm? v
o3 = — 80kG[cm?, theo cong thirc (27) nhitng tng sufit Li€p cuwc tri bing:
., — 400 4 800 200 -
T = = .)+ = - 200kG/em?®, v = i-——m—-%—gq-{-)m = -+ 500kG/cm?®
33
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200 4+ 400

Ty == j:wmw-2~——~ == -}~ 300k (1 jcm?
Theo cong thite (26), trén mil song song vei phiong I va B = 30°
o’ = — 400c0s230° ~ 800sin?30° = - 500kG/em? ;

o= 200+ 800 o6 173KG/em?

Theo cong thite (25), trén mit song song voi phuwong II, va « = 60°.
o = 200c08260° — 800sin260° == — 50k G/cm?,
- 200 - 800

r—

sin120° ~ 433kG/cm?

Theo cong thirc (24), trén mét song song vé&i phuwong III va & = 30°,
¢ = 200c05*30° — 400sint30° == 50kG/cm?
o= ..i"i%fi’iﬂﬁ@" ~ 260kG/cm?

T4t ci nhitng wng sufit & trén dén dwoc x4c dinh bing phuong phap do
thi trén vong tron wng suft (hinh 18).
Theo cong thire (28) ta xac dinh dwoc cdc wng sulit bat dién.

p, =100 it lg . 64 & 5329k G/em?
o, = 200 — 420 —800 333KG cm?

5, = 3%0—1./9 F 14100 ~ 354kGjcm?

Theo cong thie (29) ta tim dwoc cac bi€n dang chinh.

100 |
m 2 0,3.1,2 :2,8.10"‘4
= @t )
100
o= —4403.6)= —1,1. 104
%= s (T80 0
100
— — 8 0,3.2 :—~3, . 10-4
&= (T8t ) 7.10

Theo cong thite (30), ta rut ra do bign ddi thé tich 1 dsi.
AVIV = 10-4(2,8 — 1,1 —3,7) = —2.10-4.
The ning bi€n dang dan hoi riéng va th€ nidng bi€n dbi thd tich riéng,

o 100.10—4( 2‘;=8 4.4 91'1 + 8'23’7 ) = 19.8. 10-kG.cm/cm®
1—08 \
= —— 98 10802 _ 4.~ 8% v 3.3. 10~2kGem/cm?

= 6.2.10°
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The niing bi€n doi hinh dang riéng.
Ung == Il — Uy = (19,8 — 3, 1072 =16,5. 10-*kGem/cm?.
Bai t§p 108 — 122. Xdic dinh biing gidi tich vi bing d6 thi:
1. U"ng sufit Li€p cye tr oy, T2, T35
2. Ung sufit phap o, va trng sudit liép ta:

108 108

110

400k G jem’* b

4 1200kG /cm"
]

120066 /cm’
T

006 fem?

1200KG fem™
L

112 113

S00KG ferm®

114
800k Gfem? '

1000k G fem?
e

115
%.’ﬂwiG/:m?

auaw/cm?
[

40 kG fem?

1000k Gferm”
e -

2004Gfem®

‘-71 +00Kk G/:mz
e s
/

Fowo
V

17
4 200G fem?

" | 400kG femr?
-
Ao ]

121

116 118 119

SO0k GEn? FOORGem?

nC-——] 1 800kG fen?

b ]

Lf_’z%g/

580%G jem?®

1 1 1000kt fen’
Zim
}

5J0k5 jEm*

120 122

50MN/m?
50HN[m?
T,

70 Ml’f’/ﬂ?‘?

i 2
Jg_ﬂﬂ/m

B0 MN/m?
BOKN/m?

e

A7
3

Kz a7

! 4

a) trén mil song song voi phuong I, va mit dé co phip tuyén tao voi
phuong II goe p=30°;

b) trén mit song song vé&i phuwong II, vi mit dé co phap tuyén lao voi
phuong I goc a = 60°;

c) trén mit song song v&i phwong I1I, va mit do c6 phip tuy€n tao voi
phuong I géec « == 30°;

3. Ciéc wng sufit bat dign: trng sufil todn phin p,. Ung sult phap o, rng suit
tigp T

Bai tap 108’ — 122’, Tinh bién dang tuy&n tinh chinh ¢, e, €35 46 bi€n ddi
t1 ddi vé thd tich AV/V; theé niing bién dang dan hoi u, the ning bién ddi the tich
uy, vd hinh dang mwe clia céc trang thai rng sulit & bai 1ap 108 — 122. Cho
108kG/cm?, w == 0,3. Trong cac bai 120, 121, 122 1dy E = 2. 105MN/m?.
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§9. Mhing Iy thuyét ben va ng suds trong dueng

Trong cic gid thuy€t vé dé bén, nguoi ta 48 ra cae tidu chudn xéc dinh do
bén ctia phén 1§ vat ligu trong trang thai ung sull khéi. Twong wng véi mbi tiéu
chuin nguoi la lap mot tng sul twong dwong, do IA t'ng suét kéo mot phuong
cta phin t§ vat lidu c6 do bén twong dwong voi chinh phan 8 4y khi no & trang
thai irng suli phirc tap. Mot cach tdng quat, didu kién k§ (huat va dé ben cia mat
pbén t8 vat lién trong trang thai itng sudlt bt ky co dang:

o1 < {ok] (34)

Khi & trong trang thai irng sufit khai, trng suft twong duong co gia tri
sau day:
theo gia thuy8t wng sufil phap cue dai

_ owul == a; khie; > 0, (35)
theo gid thuy€t bign dang dai cyc dai
Sy == 61 = ({0 -} o3) (36)
theo gia thuy€l rng suit ti€p cuc dai
GidfIl == 03 — O3 (37)

theo gid thuy€t th€ ndng bin ddi hinh dang riéng

i 2
aery = V5 (o1 — 027 + (@2 — 0312 + (53— e} (38)
theo gia thi€f trang thai trng sudl gi¢i han cia Mo
CrdV == g7 ~— VO (39)
trong do v = [ok]/[on] (40)

Boi khi trong thyc t€ n&€u {o;] > oy hi viéc tinh dé ben theo gia thuyét
thir nh#t tinh theo cang thric:

o o1 < [ou), 05| < [
/] Thi du 1L C6 frang thai ing sudl (binh 19) vovi
G G
] i + oy = 200kG/cm? ; oy == — 100kG [em?
% 65 = — 800kG/cm?
162 (trong h¢ SI: o ~ 19,6MN/m?, o, ~ — 39,2MN/m?, o3 =
~ — 78,5MN/m?) v p == 0,3.
Hinh 19

Tinh trng suéit iwong duong theo ccely thuyét vé do bén.
Khi linh ng sudt lwong dwong theo gid (huy8t trang thai tng sust gitri
han, 18y v ==0,25
Bai gidi: 6.1 =200kG/cm?, o1qy; == 200 4 0,3(400 4 800) == 560kG/cm2, oy =
== 200 4 800 = 1000kG{cm?

Gy = 100 V“..}“ (24 4)? + (— 4+ 8)? 4+ (— 8 —2)2] =~ 872kG/cm?

oy == 200 4 0,25, 800 = 400kG/cm?
Trong hé SI:
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ouy = 19,6MNm?, iy = 19,6 + 0,3(39,2 + 78,5) ~ 54,9MN/m?, s = 19,6 +
4 78,5 = 98,IMN/m?.

sy = 10 \/—.‘1-)— [(1,96 4 3,92)2 4 (— 3,92 + 7,85)2 + (— 7,85 — 1,96)?] =

~ 83,4MN/m2
cuv = 19,6 4 0,25. 78,5 == 39,2MN/m?2

~ Bai tap 108~ —122". Tinh gid W {rng suill lwong diwrong theo cic gid thuy€t
v&do bén clia cac trang thai ing suiil cda bii tap 108 — 122, Lay p==0,3. B8i voi
gia (huygt thir 5 — gid thuy@l trang thai wng suil gi¢i han — Hy v =0,5.

Bai t9p 123 ~ 127. Tinh cdc dai lwong ghi trén mdi bai

Ky hiéu: % — he s§ bi€n ddi the lich cla vl liéu, K — modun dan hoi the
lich, p - cudng do téi trong phan b Irén b8 mil, Trong cic bai tap b6 qua ma
sil. Trong bai 123 18y d6i véi thép E =2. 10kG/em?, p = 0,28, ddi voi déng
E=1.10°%G]cm?, p == 0,34, d8i v&i nhom E = 0,7 . 10°G/cm?, @ == 0,33,

123 124 125
I 7
o g o fb“_"""""“cf
« S5 AARARRA
9—-3:» -"E"g i ‘ s ‘.\\\\ Qi ’ '
A 114 i : |
s I IXYRY
N i
Z*)déi'; S Efb"""I'm—-CF
& nhém 2ia b o My £ :? Iy
K=?; K=7? 01,2357 80=7; ah=? %z i ,4
£ B 50 g v
Gr=2:(6)73)r77 V)E: ?
126 p 127
i |
\“\_/’J
ds
Fed
- %
J[f-:"""::?\ ) a
P IR,
7
Z .
7
“
7 74
gia; & un
Trong thanh On73%7 40=7
G=?: 6,=7) 637 U=?
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Il — BiNMH CHUA MONG

§10.Tinh binh chira méng

Khi tinh nhiing binh chira c6 dang tron xoay, thanh mdng v khong co
nhiing chd chuydn iép va duéng gly dot ngot, chiu lic dung clda 4p luc ddixing,
truc trize giao véi thanh binh, ta co thé 4p dung Iy thuy& pbi momen (ly thuyfit
mang). Theo 1y thuy&t nay, tir dicu
kién cAn biing cla phan t8 cit ra O
lan can diém dang xét bing cdc mit
phing kinh tuy&n va mit phing vudng
géc voi phan 18 sat nhau (hinh 20a), ta
rit ra phweng trinh (phuong trinh Lap-
lax) & xac dinh trng suit phap vong o
va irng sudt phap kinh tuyén om.

Sple b (41)
Pt Pm 3

Trong do pr vd pp l& ban kinb

Hinh 20

cong ctia mit cil vong (hinh vanh khin) va m#t cit kinh tuyén cda binh & didm
dang xét; p la do 1on 4p sudt trong, ham cda toa dé =z, va § 14 bé day thanh binh
Tir diéu kién cin bing clia phin binh cdt ra bing mit vuéng goc véi kinh
tuyn & vi tri diém dang xét (hinh 20, b) ta dwge phuong trinb thir bai
CmdTCOSa == 2. (42}
trong do « la goc gilta truc z va ti€p tuy€n voi kinh tuyén (ai diém dang xét, .
12 ban kinh vong {ron cda mit ciit vanh khin eling & diém do, va

z
ij. pr,dzi. (43)
Q

2nZ 1a tdng hinh chi€u trén true z clia phitng lze tic dung vao phin binh cit ra,
& day x; 1a ban kioh chay cla vong tron mil cit vanh khén cida bioh.

Nghiém ecta cdc phuong trinh (41) va (42) cho gia Lri cia cac rng suft
ay va Om 3

Per Z
=T Spucosta )
" 3p.cosla )
Cac treong hop dic bist:
1. pm == o, pr == p (binh c6 duéng sinh thing):

or == ppd i (45)
om = Zf8p . cOs2a

2. pr == pm == p (binh hinh ciu)
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pe Z
3 Spcosta
P (46)
T Bpcosta

Tm

a) p = const (dp suéit khi ho#ic hoi nudc):

2
Z == P; = —é—-—ppzcosza (47)
T ( o ) (48)
Om == PP:/28
Khi Pm = o va Pt == p, Oy == 26‘m == pp]S {49)
Khi Pt = pm == p, Oy == Om == Pp[28 (50)

b) p==T(# — z) (ap sull chlt long, hinh 21), trong d6 v: trong luong riéng
chidt 10ng, fi: chidu cao chiit 16ng trong binh, z: tung dd chay.

y P
2= (Wh“;"s z_ Zi) (51)
DBai lrong : |
X
A I rxdz (52)
) .

Tinh dirgec mot cach dé dang néu ta bi€t phwong trinh dwdng sinh clia binh
= z(x).

Trén mét trong cia thanh binh c6 tng sudt chinh tht ba 6r = — p. Trong
h#u hét cac trirong hop, rng suit nay bé so véi oy v o, do dé trong tinh todn vé
do bén co thE bd qua.

Néu thanh binh co dwong gy dot ngot (hinh 22,a) thi & mit cit chuyén
ti€p phatsinh noi luc bién. Noi Iuwc nay 1on cé theé [am ting trng sult ma ly thuygt
phi mémen khong xét d€n. D& gidm bt Anh hwdng cla ing suit ndy, thuong & chd
chuyén tiép nguéri ta ting cwdrng bing vanh dai.

z
= ;
SEEEE 2
- - r
-l \ﬁn\ oc,,k %
"1 Gy Sinesy
Hinhk 21 Hinh 22



Néu ting sufit kinh tuy€n & chd chuy?n tifp o = o, (binh 22b) thi hye phén
bg tac dung vao vanh dai.

Jy = UDSSI‘HCCQ (53)
Dién tich céin thi€t cia vanh dai ban kinh r ¢6 the tinh theo céng thire:
F = q,r|[s) = (a.3rsina)/[o] (54)
Thi du 12, Cho 7= 1,2G/cm?, by = 4m, r = 1m, « = 60°, [¢] = 1000kG/cm?
hinh 23).
Tinh 8, F.
z
- E
N == o =
I e = =
e — =P 8—-——_ B
P ¥ A L.
Hinh 23

Bdi giai. Bai voi phin hinh non cua binh (0 < 2 << Ay)
P T 00, pp == p o= x/cos:z; Pugi— .’L'col‘gm;
p=7(h — z) = y(h — xzcolga).

Theo cong thire (52)

X x3
Z1 = colga J. ridy = --é-—cotgac.
0

Theo cong thire (51) tronug hrong ctfia chdt 16ng chita trong phiin binh cit
ra (da chia cho 2x).

. hx? a3 h T
A T( 5 snmam ‘-“g“-COtga) o ‘]’3‘;2 (.‘)_ P, ?CO’QQ)

-

Theo cong thire (45) ng sudt phip vong o, va ing suil phép kinh tuyén
om tai cdc difm trén phin binh hinh nén xdc dinh theo toa 46 r bing:

o = v(h — xcolga)x _ 1T ( h _ =z )
3cosa 3 coSa sina
of B T
T ('f_)""”"é'mtg“) vz R -
m = Sxcosa - ?( 9cosx  3sin )
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Vi

h= It 4 reotge v hicose == (hijcosz) + (rjsina)
Do do:

S, =0, c == {); o m‘{[’( h r ):_.1[;.}.1..;_‘..

. COSa sina 8CoSx

r h r
r:‘mr frusens w:'rm- + — )
25\ cosa 3sine .

Thay céc gid lri bing sg .

1.2.10-3 102, 1, 10%. 2

2 a6
txm-Trz 3 e 3 kGlcm

1,2, 10-3, 102 ¢ 401.10%.2 10° .2 50,3
Mmr = : =) ~ 222 yGjem?
L2 ( 1 + 3V3 ) 3 /
D&i vori phin binh hinh tru (A,

NI A pn=co,p=p=r, p="y(h—2);
«==0 v& z bing z cda phin hinh nén.

h

b}

Rhi =r, tiela Z = Zyey = yr? ( - méi cotgcz)
Theo cong thirc (43) trng sufit phap vong o, va Urng sufit phap kinh luy€n
om trén phin binh hinh tru bana
gy = L (h - 7) o
YT e vl r
T e —— h —_——— I e = —— (]
T 05 ( 3 rcotgx) ‘)‘6 ( ) o5 (fu + 3 (,Ofga)

r — —
!Z'_'h') i —'é“"" .hi, Gt?,:h — 0. Om = const,

Thay gia tri bi ang sf:
S eh, = 1,2.10-3. 107 . 4. 10%8 = 48/3kG/cm?

tz=hsy
1,2.10-3,10? 102 . 95,9
oy = 2 4,102 0,577 :
2% ( T3 )m 3

Bitu d6 trng suft o vi o V& trén hinh 23, a. Mt ct nguy hidm & ché cao
nhit cua phan hinh non, & diy o, = 96/5 va om = 90,3/3.

Ap dung gid thuy&t v& d6 bén thir ba, ta xic dinh dwoc bé day 8 cua thanh
binh. Coi oy == 0, ta ¢6 phwong irinh ot = 96/8 = [q]

T do it ra.

8 == 06/[c] = 96/1000 = 0,096cm = 0,96mm.
Ta 13y 8 = lmm.

& mit cit chuydn ti€p tir phin hinh nén sang phin hinh tru (hink 23, b)
O == 0 == D03kG/cm?.

Viao == « == 60°, nén di¢n tich mit ciit dai tinh theo cong thirc (52) bing:
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F=1503.0.1.10%. 0,87/10° = 4,4cm?.
Trong thyc t€ cdc kich thuéc 8 va F tim duge & trén con phii duoc xét
thém vé miit c¢8u taoc va dn dinh cda dai.
Bai tap 128 — 133. Tinh cac dai lwong ghi trén hinh vé. Ky higu: p — ap suét

khi bén trong, v — trong lirgng riéng cia chit long, 8§ — bé& day thanh binh (3ux
_ tinh theo Iy thuy&t thir ba, 8v linh theo ly thuy&t thr tu), Fq — dién tich miit

128 129 130
A
y by o)
RIEREY
I & T
i s, p=at
= LI NE R
A p=élat e
E=2110%6/em?; p= 0.3 37
Gy = #iTygy= 58l =2 [6]= 2000k6jem?; 8 =7 6]ida=2; K=1

[6]=1200k6 fem?; =2 Fy= 7

d=2em; n=50
c .
6,'2'.3; ?: 6;‘_:2'32 ?'! Gb‘-“ ?

cit ngang vanh dai, d -- dudng kinh mét dinh buloéng, n — s§ dinh buldng, of,2,3 —
irng sufit chinh tai di#m nguy hiém cta phiin binh hinh clu, ol,3,3 — nhur trén
clia phiin binh hinh tru.

Tinh theo Iy thuy&t phi mémen, O bii tap 133, nghién ctru va v& bitu dd
bi€n thién cla &ng sufit kinh tuy€n (oa) va ng sudl vudng goéc v&i nod (o), Ung
suft twong dwong tinh theo 1y thuyé’t thir ba ewarr theo toa do z. Viét diéu kién vé
40 bén.

IV — TRUQT
§1i. Ung suli? va bisn dang truot
Trang thai wng sult trong 46 & cédc mit bén cla phin 8 cit ra chi co ing

sudt ti€p lac dung goi la sw trugt thudn ldy. Khi bi trirgt thudn Wiy hai mit d&i
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di¢n ciia phin t§ c6 chuyén vi duong twong dgi. Bo lén

~LS — ctia chuygn vi dudng Ay (hinh 24) goi la do truot tuyél
.,_’_\“ s £ dgl &
wrlte \ ‘i T © Ti s8 cua do Lrwot tuyét ddi s voi khoang cach !
SERL Y gifra hai mit ddi di¢u.
1 \‘/rf i | s/l = ig'l’ ~ Y (55)

goi la d¢ (rugt ti d5i hay bién dang gdc.

—— Cac bio dang géc vi, T2, Y3 (lou'zyng bi€n dbi cﬁ’a
- g6c vuong giita cac mit tac dung cua nhitng ng suat

tidp cyc lri doi mot hiing nhau v nguoc chiéu 11, 15, 7,) tinh theo dinh luit

Huc nhw sau:
Y1 == gg = Eq = -Vl[G

To = 61 — &5 = T/C (56)
vy == el 5 = T3/l

trong do

G=E]2(1 +p) (57}
12 modun dan hd trwot hay modun dan héi ti€p tuy€n cda vat ligu.
Bo truot ti d8i v, sinh ra duoi tdc dung ctia rng sudlt ti€p bat dién v, goi

la do trirot bat dién:

(58)

=]

9
. == ‘z_:‘_\/.z. 2 o2
Y I 3 fl‘TTz"i“{g

Trong trang thai trng sult trwot thudn tuy (hinh 25) irép mit xién géc 45°
co cic tng sufit chinh:

G == — gy == T ' (:39)
bién dang chinh:
] — — &5 == Ez—m'—l +,p. v,
E : (60)
Eg o2 0.
bién dang goc
v = Ze. (61)

Vong tron wng sufit co tam tring voi gée toa do (hinh 26). N&u ta coi trng
sufil ti€p phin bg déu trén
mit tac dung F-(hinh 27)

1hi néi Iye ti€p tuyen. b
< bY
Q = «F (62) )
EEét hop voi céc | L7
cong thic (35) va (56), J
dinh ludt Huc vé truot co . [ 6
thd viét dwdi dang sau day IR
L AN
1 =~k
s G NG
g é«
B
T g, o
rou g
smnmemmor -
T
Hinh 25 Hinh 26

13



s == QIGF
The€ ning bi€n dang dan hoi trong trwot tinh theo cong thirc:
2 2
p=-LL _ $6F _ O (64)
26F 21 2
Th€ nidng riéng trong trwot thudn tay.

(63)

2
T
uﬁ...:rl-..--

65
2 26G (%)

Thi dg 13. Tioh v;,5,5 v T, d6i voi trang (hai (tng suft vé trén hinh 28,
Cho E =2.10° MN/m? va p = 0,25.

20 MN/n?
. :
f:__’_ ~—l lmMA’/m’
i
1
) E’J'-_:';"_-. L 4&"}/,7;’
Hinhk 27 Hinh 28
Bai gidi: Nhitng trng sufit chinh cua trang thaiing suéit gom 51 = 100MN{m?,
gz == ~ 20MN/m?, g3 = — 40 MN[m?.
Theo cong thirc (27), nhiing ing sufit ti€p cuc tri
1 = M == 10MN/m?, <5 = _@-}11—0— = 70 MN/m?
9
T3 = ..1.{_)9__;.._& == 60 MN/m?
Theo cong thire (57), médun dan hoi truot.
b 5
G == -----:--'--1-9---:"— =8, 104 MN[mz
2(1 -+ 0,25)
Tir cic bitu thirc (56), ta linh dirge cdc bién dang goc
10 = 70
== e == 1,25, 1074, yp = = 8,75 . 10-*
"= 10 =g 100
60 .
== e == 7 0, 10-
T =g 108

Theo cong thire (58) do truet bat dién bing:

" =_~..§ 10-* V1252 8757 0L 7.57 ~ 7,72.10-4,
Bai tgp 134 — 140. Tinh cac dai lugng ghi trén cic hinh vé.
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Ky hiéu: ccn — gioi han chdy, neh — hé s§ an toan, (Mio)er — gid trj momen
twong Ung voi trang thai chay ciia val ligu. BO qua bitn dang udn va coi trng
suit tiép phan b8 déu trén hé diy &ng.

134 135 . 136 137
T=80 Mh/m? f 80 MKjm? 40 MNjm® 40 Myfm?

—— T

o A b f somyfm? 2 2
;1 N L L L
60 ;d S50 A0

«}
o —

= } {
O06=7i Tqy=7 6= T=Ttrénobuabec £=208410 MNm?. pi=0,3 G=8x10* MHfm ?
Tza=? M2a=? T i T

Ti3*?5 Tye?
138 139 140
[ 50y EvR0%Glerf
0 P=5T A u=0,25
b -
157:‘ 8 e c 0) —a‘\‘l U*’?
AL—%5 | gﬂ" g5
et O g ———
S PE L P E PSS IS é) ]r§ - G mks "
o ] : - F
4 A M =03
Rarserrcrrarryr 7o s i| ! 4 vy f-’-‘?"’ﬂfﬁ'ﬁ]@ﬂz
E=2110%Gnt; =33 Ji{;—-“““'_ = 25 Giyy= 26008 G jom?
- - = G 4
G=126=76 f :(ma TP fzzxfgﬁ-{,‘/tn"‘ 6., =7 GOl
F=? egr: =? qi?tﬁ&‘fa u=7 [M:f o [@J
- =1 sl = e = F

vV — TiNH CAc LIEN XKET DON GIAN NHAT cUA cAc BO PHAN cONG TRINH

§12. Khdi niém co bdn va céng thie tinh todn.

Trén cdc mdt khéc phau ciia cic loai lién k&t (bulong, chét, then, ném,
dinh tan, han, mong g5 v.v.) ¢6 hién lirgng kéo, nén, trugtva dip.,

Ne€u hién twong kéo va nén thuwérng phat sinh & dang thuin iy thi hién
tirgng trrgt thufin tuy thudmg lai khéng gip trong thuc t& Sy trirgt luon ludn di
kém hofic bi€n dang udu, hodic bin dang kéo hay nén, vi vdy trén mil phing
frrot ngodi irng sudlt ti€p con co wng sudlt phdp tic dung. Tuy nhién vi \rng sufit
phép nhd hon nhifu so véi rng suft tiép, do do trong linh toan k¥ thudl ngudi
ta chi tinh v& truret (con goi Ia cit d8i véi cén kién kim loai, va truet v d8i voi
ciu kign gé). Thudng ngwdi ta coi trng sufil tifp phan b8 ddu trén mit bi trwot
(F:). Gia thiét gin dung nay duge bl trong gid tri ctia irng suit ti€p cho phép [1].

Hién twong dap la hién trong nén cuc bo gilta cdc bo phan véi nhau. Vi
khong bigt chinh xdc quy ludt phin hé ap lyc trén miit bi dap nén lrong tinh toan
k¥ thuit nguoi ta quy woe 4p hye nay phan bé déu khong phai trén milt bi dap
ma trén hinh chiu ciia mét bi dap (Fa) [én miit phlng vuoéng géc véi phirong lure,
dap Py. Gia thiét gan dung nay ciing dwgc bit trong gid tri cla irng suft cho phép
vé dap [aal. L .



D& str dung vét liéu mot cach hop 1y, cdc litn k&t phédi linh tir didu kién
d6 ben déu cia cic bo phén trong lién k8t. Khi d6 nguoi ta st dung cdc cong

thire tinh toan sau day :
ddi voi kéo hofic nén

ddi voi cét hode Lot

dsi véi dap

F > N/lq] (66)
Fy > Qfix] (67)
Fa > Pql{sa] (68)

Dién tich vi€t trong céng thirc tinh la dign tich dung, tirc la dién tich di
trir di nhitng chd gidm yéu do cé4c 16, rénh tign... Néu ta tinh mot dién tich nao

a) .}p /E.L
|
é,

féfa a_-w,_a . J.

8 & 6;)
§ :m 3 WY
et Py

d
WO R
5 G 1:‘, el o
L
Hinh 29

46

do6 theo ca cit va dap thi ta s8 1&y dién tich
lon trong hai k&L qua thu dwoe,

Trong thuc t€ khéng bao gie 6 thé thoa
min dugc ditu kién bén déu cta cic bd phén
trong lién k&t. Vi kich thwéce lién k&t thudng
con do cac yéu cidu clu tao quyél dinh nita.
Nhiing difu nay dwoc trinh bay Lrong céc gido
trinh chi ti€t may, k& clu kim loai vi k&t
ciu go.

Thi dy 14. Cho P==4T; [¢]=1600kG/cm?;
[ 7} 2= 1200kG/c?; [o4] == 3200k G/cm?(hinh 29,a).

Tinh d, 8, g, b.

Bar giai. Buwong kinh d cla chét duge
tinh tir diu kién bén trugt (hinh 29, b):

, 7 P 2P
.2m——>w:---, d> vmﬂ[r] f—]

__vs 1‘: 11%2 =~ 1,46cm

BE day 3 cia tim dwoc xdc dinh tir’didu
kién bén dip (hinh 29c).
P
[oa]
3
s> £ A1 os6em
d[o4] 1,46 .32 . 10°
BE rong a cla l&m tinh tir didu kién
ben dirt (hinh 29, d)

84 >

a — d)8 > —— +d=
(0= 3 > 5 =54
3
= A1 446~ 2,92m.
0.86.16 . 102



Chigu dai b diu t&m tinh tir didu kién bén trwot (H. £9, d)
3

2b’8>ugm;h’x P — 4.10

[} 28[7] 2.0,86 .12, 102

=~ 1,94cm.

Tir d6 rut ra:
b=1"b - di2=194 4 0,73 = 2,67cm.
Bai tap 141 — 149. Tinh ifl ¢ cdc kich thwée cda nhivng b phan cua
lién k&t v& & cac hinh dudid.

141 142
, kb f
= s
bl |8
b ! 1 T
! 3 3 P=§T !
] o
4 g
17 ¢ o) =000KG /e
r Jrp— = e,
'L;“ uuuuu - wl=gats);
()= 1600KG/em®; [s1=0,7%61; LGy )=206] 7 o =20
143 144 15
ztfiz , | P =120k { iy
e b g
e i s o
i P=24T, D1 d (R [ }]
| | ":i " 33 \ ata i i F 0
| LSS NLR 2 % 7

L Erm % 3RS Rl {%}’
SN SR ; P =380xN F
.' : + - l a v

i

a
o=k
! oo
E
| —
2 b
148 4., 149
[ “sinf “g !
S00xN
=48 [ ; T o yi ; [
Pl T2 — (erie)e (o)
| 1 o ‘ !
l—&-—' “ln

1 B
) o e T e
i L1 — S
& e
]
I LI T RS
P } 4 e T A
=] | [ _1 | d‘
@ ! d d d
! L R
]
! .




Khi tinh coi cdc bé phén co dé bén déu. Trong cidc bai 146 — 148 I3y [o] =
== 1600kG/cm?; [v]==1200kG/cm?; [o4] = 3200kG/em?. Trong cic bai 144, 145,
149 18y [c] = 160 MN/m?; [<] = 120 MN/m?; [o4] = 320MN/m2.

Vi-— pAC TRUNG HINH HOC CUA MAT CAT NGANG

§13. Dién tich va Momen tinh cia mdt cdt ngang
Ta goi momen tinh cia m&t cit ngang ddi voi truc z va true y (h .30) la
céc tich phéan xédc dinh co dang:

5, = J‘ ydF ; S, = f =dF (69)
F F

Trong do F — dién lich mit cat; dF — phan t§ dién tich; z va y — toa 4o
cua phan (6 dién tich de.
Toa dd trong thm zc va yc ctia mit cit duge xde diph bing ti s8:
Sy

. S
; =% 0
go = (70)

Mémen tinh cua dién tich mat cit d&i vol tryc trung tam bing khong

q
B
|
dy
comset B8
i
t 2
6 z idz
b T
Hinh 30 Hinh 31

Thi du 15. Xac dinh toa do lrong tAm mit cil ¢cia hinh giéi han boi hai
doan thdng b, ¢ va duong parabol y = az® (h. 31).

Badi gidi: Ta Iy phin t§ dién tich dF = ydz = az*dz. Luc dé dién tich

miét cil:
7 pr+l b
n4 .
"= dF = a | 2dz =2 = L
n+1  n41

F 0
Moémen tinh ciadién lich F d6i véi truc y duge xic dinh theo cong thire (69):
b

.Y:I:dF:ri J‘Zn”ds — abn+2 _ bie
I ‘

n-2 n+4+2 .

o]
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P% xac dinh momen {inh clia dién tich mit cdl ddi voi true z ta 18y phén
1 dién tich
dF == (b — 2)dy = an{b — z)z""ldz.
Khi do, theo cong thuc (69)

L
dF —a2n | s3-1(b — 5)dz = atnbeet [ L 1)
B 2n 2n4-1 /-
4]
. gih2usl _ bc?

2@nt1) | 22+ 0)

Tir bidu thire (70) ¢ia toa do lrong tim mit c¢il ta dwoe cac gid tri:
S, ben41) _ n+1 b

e F (n -+ 2)be n -2

o
I
"’jq____o
o=

y__S;__ be? n+1  n1 c
CTF T @+ be 22n + 1)
Bai tap 150-155. Xic dinh vi tri trong tim ctia cic mél cél cho trén hioh v&
150 4, 181 4, 152 ,, 153
s s T B O SN T
ol \/ - .
=] | k . S
’ -','__]__J_ cg; Tl N
<20 [ : 7
#rt e
ot o
Sl L L\
a_aaq.

154 155
2y, b , 12541255 10
4y 4ze-g? N |
240020

Z

§14. Mémen qudn tinh cia mét car.
-- Cac tich phin xdc dinh dang
Iz _ yZ dF

e

(71)
IT: zzdF
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duoc goi la mdémen qgudn tinh fruc, momen qudn linh duéng hodc moémen qudn
tinh xich dao cida mit cit ddi voi true z va truc y;

F

goi 12 mémen qudn linh ly lam cla mit cit déi voi hé truc vudng géc z va y;

Ipzj'pzdeIy + 1, (73)
F

goi 12 mémen qudn tinh ddc cuc ctia mit cit d3i voi gde toa do 0,

Adr

Hinh 32 Hinh 33

Momen quan tinh d3i voi hé truc song song ma mot trong nhirng hé tryc
46 (z,0.Y,) 12 hé tryc trung tdm (h. 33) co quan hé nhir sau:
Iz e Izq -+ a*F i
Iy = Iy, -+ b2F
Ifz = I}"czo + abF \ (74)
I? :..wIP +(a? - bH)F S

Mémen quén tinh khi xoay tryc (b, 34)

IZ+I I:""'I
Io== ¥ v
2 + 2

L+, I.-1 cos2x - I5,5in2x
2 2 | (75)

Iyg = l:_g‘_{z_ sin2e - Iy,cos2«

Ie=

I ouy = I oya " ;

Truc qudn tinh chinh la bai truc vudng goc véi nhau va momen quéun tinh

ly tdm cla mit cdt d8i voi h¢ truc d6 bing khong. Vi tri cia truc dwoc xic dinh
biing bidu thirc sau:

21y

igla = ——Lee
ga Iy"""Ig

(76)
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Moémen qudn link chinh la momen qudn tinh trge déi véi truc qudn tinh

chinh. No ¢6 cic gia ] cuc tri.

min

I. 4+ 1 1
Imaz:-“"—‘“é;"'—y“i ‘:.‘Z‘V(Iz‘““[y)z”"]" 41?:

(77)

Néu Iy, << O thi truc chinh (d3i v&i truc nay momen quan tinh co gia tri
cye dai) s8 di qua goc phiin tw thir I va thir IIT

tw thie IT va th IV.

tinh chinh trung tim.

Gia tri dwong cta cac dai lwong

iy == '\/.,[E‘L Vi V.V...

VT =V
TV EFE TR

Hinh 34

goi la ban kinh quan linh ctia mdt cdt ddi voi cice truc twong tng.

Elip v& theo phuwong (rinh
22

o
[X]

-
;

i [

Goi la élip quan tinh cia mat cdt. & day cac truc
y vi z déu la truc quan tinh chinh. Thong thudng elip
quén tinh v& trén hé truc quén tinh chinh trung tim cua
mit cét. i
Truc d8i xitng clia mit cét phing la truc quan
tinh chinh ctia mit cit d6. Truc bit ky vuéng goc voi
truc d8i xirng la tryc quan tinh chinh thir hai cia mit
cht d8i voi giao difm cia ching.

Néu miit cit co it nh#t hai trge ddi xing khong
vudng goc voi nhau thi 4t cd cac truc di qua trong tam
ctia mit cit d8u i truc quan linh chinh trung thm. Mo~
men quap tinh truc cia mit cil ddi voi cac truc ndy
déu bing nhau.

=1

|

N

N&u Iy: > 0 thi tryc chinh (d3i v&i truc ndy momen
quan tinh co gid tri cyc tifu) s& di qua goc phin

Hé truc chinh di qua trong tdm clia mit cit
diroe goi la hé iruc chinh lrung tdm, con momen
quan linh d8i voi bé truc ndy goi 14 momen quan

(78)

(79)

Hinh 35

Thi du 16. Xéc dinh momen quan tinh chinh trung tdm, momen quan tinh
déc cwc va vE élip quan tinh trung thm clia hinh da gidc déun canh trén hinh 33.

Bai gidi. Goc tam chén diy cung a bing:
2w

[ A

n

Ban kinh véng trén ngoai liép da gisc R =

2sin —
2

ndi tiép r = Rcos -g-—.

@ . Bankinh vong tron



o Ta xét mot la[-n gidc c6 dinh « (h. 36a) va tim momen quéan tinh truc I,;. va
Iy va momen quén Llinh cyc Ip. Dién tich cda phéan {3 phing co do diy du 1a

dF = aqidp = —a--udu
) r

Momen quan tinh tryc cta tam' gige d8i véi true

A
I;:IvzdFm i‘-fuﬂduEﬁfi
r 4
F o

Di¢n tich cta phin (5 phing c6 d6 day du
(hinh 36b) Ia

i fa

LA szrldu:-{;(a—Qu)du.
taygd :
: Momen quan tinh truc cta tam gidc d8i voi truc
o v la |
& - a/2
3
 A—T Iy=2 LuzdF =2 L | uv’(a — 2u)du = EC
a 48
F/2 o
.. . Momen quén tinh doc cuc cia tam gide d8i voi
Hinh 36 diem O
, ar3 a’r
Ip f— If, —[— I; = 4 "I" 48
2Rsin %R"‘ cosd .f';- 8R3sins —?;— Rcos-,%—
= I , -+ 5

Rt . « o g 4 . &
= e §{ 1} — €05 — | Jc0$? — -} sin? —
2 2 2 2

-t

R .,
= —-i;-sum (2 -+ cosa).

Vi it cd cdc tam giac (dwoe chia thanh n tam gidc) d8u bing nhau va co

chung dinh O nén momen quédn Linh doc cwe clia n tam gidc d&i véi diém O la:
4 4

nk sina (cosa 4 2) == Blind st na (coso -+ 2)
12 6e

Trong da giac déu co 81 thifu hai true d3i xirng khong vuéng goéc véi nhau,
do d6 18t cd céc truc trung tAm dé&u 1a truc quan tinlk chinh vamomen quan tinh
ctia dién tich da gisc di voi céc truc d6 déu biing nhau va bing I, tir do
nR#t
24
Vi dién tich n tam giac bing:

Ip:nléx

L nRY . '
sina(cose 4 2} = T sinz (cose - 2)
&

1

o
1



nar n, .« o
= e 22810 —— €05 — ==
2 2 2 2

—r

F= R?sin.x

lol::

Cho nén ban kinh quéan tinh chinh cla da gidc biing:

, I R TR
= — T ey 2
[ V F W 14 |- cosx

Elip quan tinh 1a vong [ron c6 ban kinh nay.
Tht dg 17. V& élip quan tinh lrung tAm d8i v&i mit cit cho trén hinh 37.

Bai gidi: Ta dit mit cit dwoe vE theo i 1¢ (h. 38) vao hé tryc toa do z,
song song voi dwdong bao cla milt cit.

Pat mSi phin i mil cil (thép goe 1, thép chiF U2 va thép chir nhat 3) vao cic
tryc trung tim zj, yi song song v&i cae lrue z, y. Ta linh duge toa &) trong tdm
ciia binh chit nhit, con
toa d¢ lrong tAm thép
goe z,==2,02cm vi thép
U: z,==2,46cm 13y tir
bing s8 liéu thép can

dioh hinh.

q y *

B0x 20§

I i} §
\
\ ﬂz
§ R
\

\ ?'Gl%

Ty R &
‘\k‘.‘ ' /!
Ez'ml 70:8 z

Hinh 37 Hinh 38

Céc k&t qua tinh todn sau niy s& lap thanh bing, Nhitng dai lwong cin thi€t chia
hinh chit nhat thi phai tinh todn, con d§i vol thép goc vi thép U 18y tir bang thép
hinh. Thi du d8i v&i thép goc co kich thuwde 70 X 70 X 8mm dién tich Fy == 10,7cm?; ddi
véi thép U s8 22 F, = 28,8cm?; d3i voi thép hinh chit nhat F3 =18 (2 = 36cm?2.
Toa d¢ trong tAm ctia mdi phiin tir mit cdt trong hé truc y, = co gia tri:

— d3i voi thép goc: z1==y1 =7 — 2,02 == 4,98cm

— d6i v&ithép U: z;=1lcm, Yo =7 + 2,46 — 9,46cm

— d3i vori hinh chir nhat: z;=22 4 1 =23cm; y;==7 + 9 =16cm



1. Xde dinh toa d¢ Irong tam cla mel cdt trong hé iruc Z. y.

Dién tich | 1oado trong tam trong Momen tinb 41 voi
S& hiéu phan F; hé tryc z, y ciC truc z, ¥
tr mjt cit 2 | ¥ Szi=Fiyi Syi*'“-Fi.‘?Si
. cm? cm cm?
1 10,7 4,98 4,98 53,4 53,4
2 28,8 11 9,46 272,4 316,8
3 38 23 16 576 328
Toan by mir cit 75,5 901,8 1198,2

Toa d¢ trong tAm mit ciit

Sy 1198,2 - S 901,8 -
Tp = = -~ 13,87cm; vy = = — = 11,94cm
CTF T 755 Y= T T s

Ta d#l vao hinh hé truc Lrung tAm z,y, song song v&i hé truc zy. Bay gio
tim cac toa do trong tAm zoi Vi yo; d3i voi cdc trge x,y, clia cdc phdn ti mit cit:
-~ dgi vdi thép goc
Ze = 4,98 — 15,87 = — 10,89cm

Yo; == 4,98 — 11,84 == — 6,96¢cm
— d8i voi thép U

Zo=11— 15,87 = — 4,87cm
Yo == 9,46 — 11,04 — — 2 48cm.
-~ 381 v&i thép chit nhat:
Ty = 23 — 15,87 = 7,13cimn.
Hos == 16 — 11,04 = 4,06cm.
Tim mOmen quan tinh ca cdc phiin U mit cét d8i véi hé truc trung tam =3y,

y — Boi voi thép goc (h. 39). Tir bang thép can dinh
” ! U hinh ta cé:
1
A oty Izl = .l'y1 = 48,2cm*
Z Dung cong thirc xoay truc ta cé:
I, -1 76,4 — 20
\ — ug vl 4 I e =0 ___,_m:_ —— —
Izm = sin2(—- 43°) = 5 (-1 =
' == -— 28,2cm*
Hinh 39 e

Truc uiv; Ja truc quan tinh chinh cia thép géc
vi true uy la true 48i xirng, do do l'ulv1 =0, Tr{ s8 IlJI1 = 76,dcm* va Ivl..—z 20cm*,

cho lrong bang thép can dinh hinh., D&i véi thép ta tra dwoe Izzm—_IS’?cm‘,

Iy232330cm‘, con Izmmo vi truc z, y2 14 hé truc quan iinh chinh cla no.
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9, Xdc dinh momen quan tinh cia mdt cdl déi vdi true z,y,

.4 - - i g
S8 hidu U P I O B I
» - od = ey - = ™ - o - o

e (%) 2 3 L = b o sy
panc| < 8 | F | FIR B EF S
mat cit I, i i =
- 5 |5t

N i O
cm? cm cm? emd cm?

i 10,7 | —10,89] ~6,96 | 48,2] 48,2 —28,21 1269 518,31 8§11 | 566,5[ 1317,2 | 782,8

2 28,8 | — 4,87| —2,48 [ 187 2330 0 683 | 177,1| 317,8{ 364,1] 3013 347,8

3 36 7,13 4.06 1872 |12, 0 1830 { 593,3 {1042 |1565,3] 1842 1042
Toan bd 2496 6172 2173
mit cit

Badi v&i mil céit chir nbat.

2,182 2
— 2.18 — §7%mt; ] = 18.2 = 12cm?, | =0

z3 12 - Y3 12 z3¥3

3. Xdc dinh vi tri truc quan tinh chinh trung tam up.

Theo cong thirc (76).
2, 2.2173
1@ = P == = 1,182
I — I 6172 — 2496
Theo bang ham s hrong gléc la c6 20 = 49°46’, a == 24°53. Vi « > 0 nén
goc @ quay ncuoc chidu kim déng hd va ta vé duoc truc quin tinh chinh trung tim

uvao Vil > 0 nén truc v — truc momen quan tinh cyc dai — di qua goéc

phin i thir II va thee IV,
4, Xdc dinh yia tri momen quan linh chinh trung tdm cta mat cit.

Céin cir cong thire (77).

I, +1
fneg = Iy = B2 VT T3P F T, =
2496 + 6172
= 5 + 12— V(2496 — 6172)2 + 4.2173% == 4334 +2846cm4
Nhu vay.

Imax feey Iv = 71800}:[14 Imln e Iu == 1488(']314
5. Xac dinh ban kinh quén tinh chinh cia mat cét va vE élip quan tinh
trung lam.



Theo cong thuc (78) ban kinh quan tinh chinh co gia irj:

: o 4T, 7180 _
!mnx-——lv——v Yo -:1.“5*:‘3*~ 9,75¢m
R Y Y

Imig == Iy == v—"ﬁ* == 75";-5—'» 4,44cm

u?
it

Vi phuong {rinh &lip quin linh ¢6 dang —- + —-— =1 nén ban kinh quin
iz

tinh i, frén trge v va iy teén truc u déu 1A ban truc cia élip quan tinh. Thay cac
gia tri iy va iy di tim duoc ta v& dwoc élip quin tinh nhuw hinh 38,

Bai tap 156 — 158. Xic dinh momen quan tinh clia mit cit d3i véi cae
truc vé frén hinh. :

156 157 158 =

y U 4 & zZ,

)

‘ a 7 ~
2y f‘—‘“"'| Zr 3 é ——-—?_5

2 Sk Z Z
™ z / & 1 s
2 2a B Z 7B

’ 4 e f

Ip=? L2 ? f//
A 200 -

L=2; 1;=%; Iy=

Bai t4p 159 — 163: X4c dinb momen quan tinh chinh trung tAm.
160

NN
PR

NN

§15. Momen xoédn
Momen xo0én duge xdc dinh bing phuong phap mit cit. By 1on ctia momen
xoin Mz, tai mit ciit b&t ky cla thanh bing tdng dai s§ t4t cA cac momen ngoai
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Jire (momen tip trung M va momen phin bo
doc lheo ftruc thaph v&i cwong 4§ m) tac
dung cing niim v& moét phia cia mit cit.

Cong thirc tdng quat xic dinh o 1¢ =i Yo T
g thire ton at xdc din n n 7 m=
ong tore ‘ong qu N e ton mome feeeeet ‘1 Y, refifth
soitn tai mit cit ngang cda thanh nhu sau : AR A L’ ey \\\F
q a 1% 2a

1

Moo= Y M+ ) { mdx  (80) | AMw ,
J \l:fll ‘( E {

Tich phédn tinh trén chidu dai clia doan ”ﬂr”‘i, Mo,
thing c6 momen phin b& tac dung va tdng AR
. T - . . - b m M M
tinh voi tat ca cic doan thanh cting ndm ve friididh A [ Mzo;
mot phia clia mit cfit dang xét, Chidu cla AN N
momen xodn dwgce xem la dwong nu tir ] H z [,

ngoai nhin vio mit cit momen quay nguroc
chiu kim déng hé.

Gilra momen ngoai lgc M tinh bing
kGcem, tdc do goc n bang (vg/ph) va cong
sut N co quan hé sau:

Aty
Biéu dc #ty,

e A

A

rajag

Il

3 =71620 (81a)
n

M =97360 - (S1b) Hinh 40
n
Trong cong thirc (81a) cong sudt tinh biing mi lyc, con trong cong thire (81b)
tinh bing KW,
Trong hé don vi quic t€ SI, gitta momen M tinh bing Nm, tdc¢ do quay o
tinh biing Rad/sec va cong sufil N tinh bing Wat co quan hé sau:
N
M= (81¢)
K5
Vi momen xoin (i l¢ v&i cong suilt nén ddi voi truc quay co téc do déu
truyén edng suit cho cic may hoat déng ta c6 thé thay biu d6 momen xofin biing
cach v& bitu do cong sudt.
Thi du 18. Cho momen xofin nhw hinh 40. V& biéu d6 momen xofin nodi
hre Mzo.
Bai gidi — C4t cac miit ciit trong tirng doan thanh theo cong thire (80) c6 ké
dén diu, ta tinh dwoc:

Mxoi — T = _‘l[... x

2a
Mg, =0, Mg, =
=0 x==1
M
My, == ma = Y
M
M;c,g =ma—M= (-‘%-) — M == —5

]
~1



MOI‘ —_— mla —

2m1 :c.rm}zi---M—}- M jla:d.r

2a?
(]
M Ma:z
=3 tia
M M
Mxo4:“"“§“*' My, =—
x=0 x=2a

Bitu d6 M., vé trén hinh 40.

Bai tgp 164 — 167. V& bidu d6 momen xoin.

165

164
M M
rf P r«zw L (zw M
£ !
[ L ™ A
7 : 4
A a 2a / a a a/ 2a a/

N

f\

v 166 167
4M=ma A~ #M( e 4 }
S Ny / — C C C - C ‘
a Za

.l ..l E

§16. U'ng sudt tiep, géc xodn va thé nang bién dang dan hsi

B&i voi thanh cé miit it tron d = 2r, tng sudt ti€p T tai didm trén mil cit
cich tam mgt khoing p xdc dinh biug cong thire:

x = —ﬂi‘;ﬁ-ﬁ- (82)
' P

zrd nd4d ‘ L, . . C e s
trong do IP = 5 = T ~ 0,1d* — Momen qudn tinh déc cire ciia mat cdt tron.

Ung sudt ti8p lon nhit sy ra tai didm cich xa thm nh&t va co gia tri:

Mz,
max — 83
e = (83)
8 H
trong dé Wy == o = T':g = ﬁ;:; =~ 0,2d% — Momen chdng =zodn déc cuc
r

ctia mdil cdat tron.

D61 voi thanh mét cdt khéng tron, tng suft ti€p lén nhit dwoce xdc dinh
theo cOng thirc:

(84)

58



trong 46 Wi, —momen chdng xoiin cia mil ciit, gia trl Wy, cila cac dang mil
cil tim trong cic sb tay va cic gido trinh Stre bén vat liu.

Trén doan thanh dai [ c6 momen xofin My, khong ddi, gic xoin @ diroc séc
dinh theo dinh gt Hic nhu sau:
o iz (85)

Gly,

Trong do G — modun din hol trwot; I, — «momen quin tinh» xoin cia mit
cit ngang thanh. P&i voi thanh tron thi néd bing IP’ con d8i voi cdce dang mit
cit khic no co gia tri khac nhau va lim trong cac 80 tay, trong cac gido trinb
Sire bén vt lidu. '

Ntu thanh gom mét s¢ doan, trén cac doan M:, thay doi theo nhitng quy
luit khic nhau thi géc xofin toan phidn (géc xoay giita cic mit cit & hai ddu
thanh) dwoe xdc dinh theo bitu thirc sau:

M
— —rXe
°= ), f Gl., (86)

Tich phan tinh trén chitu dai cia cic doan thanh, con tdng tinh voi (8t ¢
cic doan. BSi viri nhitng truc truyén thi t8t nh&t nén tinh cic géc xoiin & hai bén
miit ciit 1ip banh truyén dong. Cong thnte tdng quat d€ xic dinh th€ niing bi€n dang
dan hoi tich Iy trong thanh khi xoiin co dang sau:

M2 dr
[ o= Bxottt 87
) J‘ Gl D

(r div cach 14y lich phin va 18y tdng cling li€n hanh gigug nhw Hc tinh
goc Xoiin.
Thi du 19. Cho thanh chiu xofin nhur hinh 41. Cho biét cac dai lwong M, a, d
G. V& bidu dd Mz, 9; tinh tpext,n va U
Bai gidi; Momen xoin trong doan I :
Mg =M.

Momen xofin tai miit cit bit ky {rong doan II:
2M

ﬂ'fxou = e M 2 — m(2a — x3) = M — ..mam (2a — x32)
=M (_23’.2_ — );
a
My, =— 3M; Myo, = M,
x2=0 X2=2a
. M
T Wa,

P3i v&i doan thanh ¢6 mil cit hinh vudng canh ¢: Wie = 0,208¢3. Vi

¢= mvé- nén Wio = 0,2084%(2y2 ) = 0,0736d° Do do
A@[ M
— % 13,6 ——

0,073643 ds

Tmaxl == ’



3M 3M
Tmaxfl == -W“;* -‘:'m-é:-l- 16 = 15,3 ""gfg".

¥ig
Mét cal & ngam bén (rai khong xoay cho nén goc xodn dwoe tinh L mut
trai ctia thanh tré di.
B3l voi mil cil bAl ky cia

n-4l g doan II
Nddddadi d .
TIIITI P = 22 3) de, =
1z {')Za .’lIa/ s Gl, ( a ) 2
[ Tz ' _"_.7:,}i 7] .
3a Bigy da MIO 1‘1 xz
d i i =GI- (.._..... — 3xy
ap iyl RN P
R ={)
e T CP“x2=0
Biéu dd ¢ M
Mo Ma . 1 .
22,9269,? 2?,37%,, Py e = I ({a — Ba) =
<L Y '
Ll Ly ___ 2Ma 2Ma %9
' ~ o Gl, T TGedd T
b .
~ —20,37 24
_ Gd4
- Hinh il Tim cye tri cia goc .
dKDI{ M Iz 3
X2 3 2 — 3 /=0 Xn == e~ g
dCL‘-g (-TIP a 2
o M ( Qa Qa )H 9 Ma
w5, TGl T2 )T Ty -
= 2 Ly 4 4 Glp
2
3 M e gag ME
4 Grdt Gd*
DBdi véi mit ciit bl k¥ trong doan 1,
. Mz . . ____ 2Ma  Ma
Pry, = PUlyp=0 T, Plyy=0 = Plly,=na  TIxy=a Gl Gls.
4 9
Vi o =~ 0,1404c* = 0,1404 £ ~ (,0351d4 va L 1,“ A 28,49
| i Iio 0,0351d4 d4
_ . Ma Ma
é = «— (20, 28,49 == — 48,86 —
nén (PIX1$3 (20,37 -+ ) Cdi Tdi

The ning bign dang dan héi tich liiy trong thaoh khi xodn dwoc Linh theo
céng thae (87). )
2a 9/

T . Ma M2 2z
U= Ui + U1 = YT - 5GT. I( - --—3)d.r.

O
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M?a _ 32 M
= 14,2 5,1 f e — 24 8} 1§~ 38
T [ o ( 3 +1 )] Gas

Bai t4p 168 — 173: V& bifu d6 cta momen xofin My, goc xoiin ¢ va xic
dinh Ung sufit Liép 16n nh&l tme, 1hE ning bién dang dan héi . Riéng bai tap 170
tinh trong hé SI.

168 169

M M
{

T

§17. D& b¥n va d% cing

DB§i v&i thanh c6 mit cit khong dbi khi chju xodn kich thuée mit cit duge
chon theo cdng thirc:
max¥z,

(=1,
Trong 46 maxMz. — momen xofin c6 gia tr] tuyét ddi lén nhét,
N€u bd sung thém didu ki¢n goc xoén 16n nhit g khong vwot qua goc
xoén cho phép [p] Lhi mit cit dwge chon s& con phdi kifm tra v& d¢ cirng theo
bitu thirc:

Wio > (88)

ma:{anlp
Gle]
trong do {, — do dai doan thanh ma ngudi ta cho bigl goc xodn cho phép.
Khi géc xofin cho phép cho theo ¢ trén mét [°] thi trong céng thirc (89) ta
H

180
N&u tinh cho truc truy&n céng sufit co mit cit khang dbi thi trong céc cong
thirc (88), (89) max My, dwoc tinh tir mot trong cac cong thire (81), trong dé

Ir; > (39)

phéi d8i no Lhanh radian theo [p] = [¢°]

va [ tinh bing 100cm.
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lay N la cong sudl lén nhil trong bidu d& cong sudt, BGi véi thanh mit cét tron
dic \a mit cil vanh khuyén W., = Wp va I, = I,.

Thi du 20. Cho truc chiu xofn nhyr hinh 42. Bi&t Ny = 40 m3 luc, N2 =20
ma lre, N3 = 30 mi Iye, n = 1000 véng/ph; @ = mg = 0,6

[x] = 450 "Efg' ; [¢°] = 2o/m ;
- KG
T 6=8.10—"_.Xacdinh D vad.
a | cm
Bibu &b My, Bai gidi: Theo bidu do céng suil
I “ T (h. 42) cong su#t tinh Ny = 50 m lyc. Vi
EE— momen quan {inh ddc cue ché’ng xo#n
T cha mit cit vanh khuyén
=3 d
= (1 — a*) trong 46 « ===,
Hinh 42 ° 16 ! i b
do d6 p€u chi y dén (81a), céng thirc
tinh (88) c6 dang:
3
mDY (1 gty 71620
n[z]
Tir dé:

G 716‘301\’ \/ |
V A a—a~ AV 107 & o.87 = 3,bdem

Vi goc xodn cho phép [9] cho theo m, nén cong thire (89) co dang:
m

4 71620N, . 100 . 180
P 32 ( ) > nG{e°In

Rut ra:

71620 . 100 . 180 .32N, _ V
b= V 7®2nG[9°] (1 — af) ~ 2534 nG{e°] (1 —m"')

=2 oY A
53,4 Vm*’us 1055 08 ~ S4%m
Ta ldy D= 3,64cm, d — 0,6 . 3,64 =~ 2,18um

Thi dy 2L Cho truc chiu xofin nhuw hinh 43. Bi&t d = dem, w — 80 rad
sec
G =8. 104MN/m?; [7] == 60MN/m? ; [o] =2. 10-2,ﬂ

m
Tinh cfmg suit N (EW).

Bdi gidi: Theo didu kién bdn (88) va chu v dén (811)) la co cong sudt tinh
dfrlo _m(4.1072)3, 60 . 106 . 80
Np <W =
P p[“']m 16 16

~ 60300W = 60,3kw,
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Theo diu kién cirng (89) vachi y dén (81b) ta co:
4 0 9 10-2 -2y4
Glollyo  Gleladte 8.101°.2.10-2n(4 . 102480 000 o0 ore

N T e = 3T} — ‘
P =7 521, 5

Ta liy N, = 32,2kw,
Vi tir bidu d6 cong suldl & h. 43 Np=35N = ‘%"No nén N,

< ON,=2.32,2

= 64,4k W.
by gy W M
N M M
e [ [ L
J ) T Y
. Ve
o d a 2a

Bigudo M M

il

Hinh 43 Hinb 44

i

Thi du 22. Cho thanh chju xofin nhw hinh 44, Biél ‘dmkicm, a = 40cm

G=8.10 sz , 9ac = 1°. Xac dinh <maz, gic.

cm
Bai qu:u. Ta v& bitu 45 momen xofin nhw hinh 44. Goc xoay ciia mit catl B

dgi véi mit cat € duoce xdc dinh Ui bigu thire.
7 Ma | 2Ma _ 3Ma

— ] —= frmaned
#oc =150 =G T GL. — G,

Rat ra:
b_[""" 'TCGI::O
" 3.180a
3
Vi I, ~ 0,1404d%; W, =~ 0,2084%; I -;m-‘“-":i—w = rd ~ 0, ) ~ W,nén
° ° 32 16 °

doan thanh trong d¢ M., = 3M 14 doan nguy him. Vi vay
3M _ 3G.0,1404d4.16 _ G.0,1404d .16

- W, — 3,180, and? - 180a
_8.10°.0,1404. 4. 16 00006 em?
180 . 40

Goc xoay ciia mit ¢t A d8i voi milt cit C tinh theo cong thirc:
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. e 3M . 2a.180 2l., .o o a0g
92c = 9hc +ohn = 1°+ 20180 _ jo 4250 10 4 2,86° ~ 3,86
Glym I

Bai tap 174 — 177. Xée dmh céc kich thude cin thidt cia mit cit ngang
thanh theo didu kién v& do bén va dd cirng. Trong tAt ca cac baj lodn ¢ muc nay
va cAc muc sau, trir cic bai toan gidi trong hé don vi SI, gid tri cta G di duoc
ghi trén hinh v&, cac bai déu l&y G =8. 10511(3/(:{112

Vv 174

{Fwﬁ)f

n=400vg/ph; [T ]=800kGjen®; [¢7]=2dd/m

177
f’M 200N-m J/mu-m 5%”--"'
= 7

) f

[%]=500k6 fom” (A =2 dim (T]=30MN/m? ; G=8 10 MNIT: =35 107" radjm

ford o e

Bai tgp 178 — 183. Tioh cdc kich thwoc cia mit cit ngang {hanh goc x0dn
toan phan Cac gi4 tri do dai thanh cho trong cac bai todn & day va ca nhirng bai
toan & cac muc sau déu 18y don vi mét.

Vv o178 179
# M:b'ﬂk@m/ l 1,3/ | J00N-m .S’M;( ‘ M
% T g A
::% < = Z n=t P “? T‘ '/
4 1
[ ' o d Tfm I L 04 #.__sem
[]=800k6 fom [TI=4MNfn?; G=8 10“MN/m?
180 181
45kW
jo M P WIKCD g, - 30::1}
A /rr i R S l’ ek ¢ ()
(= L X =
L, 7 4 duin B Y,
02 ; a2 82m ' d L 2m
(%] 680KG fem? n=360vg.ph ; T]=200kG fem®
fo
182 7 183
rl-—!h! ’zﬂhm.l
o s
el
' 18 S agn
P i 0= 17046

[7)= 250k s/:mr
(T): 20046 fomr®
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Bai t4p 184 — 201. Tinh céc dai hrong ghi trén hinh theo cic didu kién
di cho. Trong bai 193 thanh AB quay voitdc 4o déu trong méi trwing c6 momen
cin phin b3 déu trén chifu daj thanh.
/

J’l -
184 185
talh 8 8 5 @ & mw Sn N LW ZBY  L8W

AR L AN A N A N
WEN RSN APENNY,

(T1200KGET L o107 dE/m_souf The ? ; Trpgrg=? e ph ; (T1=200k G Ly 103 G Nog=?; T =2

\w

186 N,
H )

M=60%G-m Xy\

Wm/ R T |
=3

(2 \m

' T e
- . - -~ . ;
fLFZﬂﬂkG/m"", n Vg/pf] = ? (P»f’lz? "maf?' ?‘:ﬂz ?

d§

O bai 194, didm C nim trén bd mit bi dich chuy2n di mdt doan 0,5mm.
O bai 197 vat niing Q dich chuy®n 2em.

(' bai 198 cic thanh AB va CD ddu tuyét ddi cirng.
O bai 200 d¢ bén cha thanh déng déu,

O bai 201 didm A n¥m trén mit cit nghitng.

3-1224



194 P M & "
- ) I
r,zu o (/M M ? ‘L 'VA( ‘ ﬁ{{ {
Z
1 i P
i B i : o
Cmax=? Tmax, =mmaxr g M2_9 ﬂﬂ:?
Py B b M
! g
186 197
M T M
Ly a8 # '54
= :

\_rb
L o T
P
3
]
8.8m
u. - —Sae
[ua)
3
L
]
=
3
0.6m

198 4
"‘31! L )

[t BN R
A 1 08m / B f.8m

)
T s = S00K6 fem’; P=7; 5A=?; 57

200 . 201
M AP
L I e Mﬂfzakem,——l—7
| VIH AT
L1 M A/

Y & VA

707 6,27, T)=?

§18. Bai toan siéu tinh.

Bai toan siéu finh v& xofin cfing nhir bai toan siéu tinh v& kéo va uén, cic

phin lyc lién k&€ va ndi hyc khong thd xdc dinh dirge bing cic phwong trinh (inh
hoc. D& gidi hé nhu thé, ngwdi ta bd sung vao cac didu kién tinh dinh nhitng didu

66



kién chip cla chuyén vi duoc thiél lap trén co
s& khong cit roi cac thanh cfn tao nén he.
Nhitng didu kién chdp chuyén vi dé chinh la
gquan h¢ hinh hoc gifra chuyén vl cda céc
thanh.

Néu cac lién k€ bd sung la tuyét d&i
cirng thi bi€n dang cda chiing biing khong, con
néu la dan hoi thi chuyén vi cia chiing duwoc
z4c dinh biing bi€n dang tim theo dinh Injt Hue.

Néu 18t ca cdc thanh cta hé siéu tinh
chi chiu xoéin, chuyén vi dan héi dugc xic
dinh bing géc xoéin. NE€u lrong hé chi c6 mot s§ thanh chiu xodn, con cdc
thanh khdac chiu kéo hoiic nén thi ddi véi cac thanh chju xofn chuyén vi dwgc xac
dinh bing géc xofin, cic thanh kia xic dinh bing bign dang doc.

Tirng hé siéu tinh khéac nhau, co cdc diéu kién tinh dinh va diéu kién chip
chuyén vi kbdc nhau. Song, d&i véi mot vai dang hé nhitng didu kién nay cin
ban nhir nhau va ¢6 thé dwoc vi€t thanh nhitng phwong trinh dwéi dang co ban nhir
nhau. Vi dy, hé dwoc c8u tao boi mot sd thanh thiing, hai diu ngam chit va chi
chiu cdc nglu luc giy xoiin (h. 43), diéu ki¢n linh dinb 1a tdng dai s§ momen cia
tit cd cdc ngiu lye dd cho va nghu lyc pban Iye biing khong, Bidu kién chap chuyén
vi 1 tong dai s8 cdc goc xoin trén tAt ca cdc doan thanh, bao gdm ci miit ciit &
cic diu mut khong xoay, tdng nay ciing phai biing khang.

N&u mol trong nhilng ddu ngam ciia thaph la dan hoi thi géc xoay ctia mut
ngam khong biing khong va ti 1¢ véi do 16n chia momen phan hye. Néu cd hai din
ngim d8u 1a dan hoi thi goc xodin toan phdn phai biing hiéu goc xoay ciia hai mit
cdt ngam.

Hinh 45

Thi du 23: Cho k&t cfu chju lyc nhw hinh 46. Biét M, d, I, G. Xac dinh

Tmaz, ??&-
Gidi. Trén cac doan I, II, III, IV, momen quéin tinh doc cye cla mit cit
x0in la:
redA
Ior=Ip = w s Tour == Ipu == 161g; Ipry == 811,
o, M2 (" + M2
Con goc xoan = ; _———
806 X0AR 1= "oy, o 16610
P M4 (P M — 4M)
P = 16615 F Py = 8161,

Theo difu kién goéc xoay twong ddi gifra hai mit cil ddu mul bing khong
ta ¢co:

! 1 1
1+ o T Pt Py = _...._..._[25,1: + 2 4 M)— 4 (M’ — 3M) — +
Glo 16 16

1
M —3M) - | =
+ ( 3{)81}_ 0
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129

2351

Tir diéu kién tinh dinh M” = 3M — M’ = 2.9547M

Theo cdc tri s6 ndy ta v& dwge bidu d6 momen xofin nhir tréu hinh 46.

Rit ra M’ =

M ~ 0,0453M.

, M
M _ 4M

M Mﬂ'
; X
7 f,f rre, ﬂ Z
1L € o 1'z | 7
# {/ - : ’ £ L{a
u”l_u

i
]
Biéir d6 My, I

RN,
Bidu dé M ' mghﬂmm”ﬁ“

o
aossam [T Housm l { !

4 D
1 it

. ¢ Sz'é"z: dé o lhmﬂm]mmm
Iz 715107 1 N
N , _....nl!l"lm"m""""g"""mﬂhn. ;

. Al

Hinh 46 Hink 47

260

Vi M /M= 2,9547/0,0453 =~ 6.5 con Won/Wor = n(2d)%/=d® = 8,
nén trng sudt li€p lon nhét x3y ra & mit cit co dudng kinh 2d (doan III).
Gia tri ing sudt tiép lim theo cong thire:

Mioni _ 2,9547M M
Tmax = = . - 2 , e
= o a3 ~ 1.8 75
Goc xoay tinh theo d¢ clia mit cfit 4 xic dinh theo bidu thire sau :
o _ Mwor2l 180 _ 004533 . 20.180. 32 s09 M
AT Glp r Grdixn T GdA

Thi du 24. Cho k&t ciu chiu lwe nhw hinh 47. BiSt m— 80N.m/m
M = 400N.m, @ =0,5m; [] = 40MN/m?, G = 8. 10°MN/m?.

Xdc dinh d va v& bidu dd o.

Bai gidi: Diéu kién tinh dinh: M’ 4+ ma — M 4 M = 0

Bieu kign chuydn vi: g; 4+ oy + @ = 0.

Vi d6 cirng clia mit cit thanh khéng ddi nén phuong trinh chuyén vi duwoe
vigt dudi dang sau:

a
Ma-+4m I zdx + (M’ + ma)a ~+ (M’ + ma — M)a=10

Q
Rut ra .

2
3M'a = Ma — 2ma® — m ‘%’"’
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| 1 — :
Yit M = --%—(M — 2,5ma) = —}-3—(400 — 2,5.380.05) = 100N.m
Thay M’ vao phwong trinh tinh dinh la dwoc:

L1 i
M? = < (2 = 0,5ma) = _E. (800 — 0,5.80. 0,5) ~ 260N.mm.

Ta v€ bidu d6 momen xo0in (h. 47). Ttr bidu dé xac dinh max M__ :—_.- 260N.m
13
Theo cong thirc Wp = 0 , maxi,

— 1/ 16 max ¥ 3 0 Y T
d v o . maxi To e q e 3 AGU s
Ve T 172 ‘/ 7] ““]"’3\/ 400 . 108

Ta tim goc xofin :

, rat ra

= 3,2, 10-2m == 3,2cm,

max?

Max -

X
1
== 3’ ! . prassenst
Iy Gl, j‘ (M’ + mx)dr i
QO

_Mat(md2)  100.05+0,5.80.025

Plompm — D; Dy monn Rz l),‘)(ﬁl”h
Ix=0 Lr=a GIo 8.1010,0,1.32%. 1078 i
. (M’ + ma)
@lem?lx=a+_ Glo ! ?Hx:ozc?hma ;
Ma -+ mat - 100. 0,54 80, 0,25
o= A4 LT 0 0071 ’ 2 e
Pllx=a = Prz=a T~ VT + o0 013,28, 107
== 0,00715 - 0,00835 = 0,0155,
. ﬂ nI . O
P = g7, Vil <
Mra - 26.10%.50

~ 00,0155,

pilix=a = GIp - 8. 105 . 0’1 . 3’24
Theo céc gia tri niy la v& dwoc bifu d6 géc xodn nhur trén hinh 47,

Thi de 25, C6 mot &ng chidu dai 4a, dudvng kinh ngoai 12 D, dudng kinb
trong d, diu mut C phia dwéi bi ngam chil (h. 48). O nira trén clia dng, nguoi
A mut B
1,6
phia duwoi cha thanh gén chit voi §ng, mut E phia trén clia ng cling gu chil voi
thanh. Tai miit 4 cla thaoh tic dung ngfu lye M vi tai mit cat E cua §ng tac
dung ngéu lyc 2M.

. . . D
ta 16ng vao mét thanh trén c6 chidu dai 2a, dwong kinh d, = 5 =

Tim *maxt trong thanh va Tmasu trong dng va ¢, n€u hidt gia tri G cua vt
liéu thanh va &ng.

Bdi gidi: Trén doan AE cha thanh, momen xoén Mz e =M. Vi & C momen
phan lyc Me = 3M nén momen xoin trén doan 8ng BC 1a Mxpc=3.M
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Hé¢ siéu {inh dwge cdu lao boéi thanh va @ng trén doan BE chiu tac dung
ctia momen 3M, Theo diéu ki¢n {inh dinh M -+ M = 3M. irong d¢ M: 14 momen
truyén qua thanh, Mir IA momen truyén qua &ng.

7 }A A Theo diéu kién chap chuyén vi, cae goc x04n g, clia
S ; 224( thanh vd ¢ cla §ng trén doan BE 13 bing nbau, tirc
¥ iie M\2a)GIpr == Min2a/Glpnn. Rt ra My = M I;:: . Thay
< ] {[ | gia tri nay vao diéu kién {inh dinh ta co:
5= |8 Mi[l 4+ (Teullip)] = 3M.
S 1] 3M 3M
He hoiic M1 = - ; M1y =
1+ (Tpus/Ips) 1 - (Ipi/Ipn)
: df . Ds
Vilg = 7'32 , con Jonp == ﬂ32 1 — ot) =
167d4

- = (1~ 0,8%) = 9,45]pr

nén My = 3M/(1 + 9,45) ~ 0,287M va My ~ 2,713M.
Ung suit tiép lon nhit:

Hinh 48

M 16M

— 4381 vori aoaﬂ thanh AE: Tmaxl & WP! = .‘.:dg- R S,Gngdg
. 3IM 3IM
o dﬁi V(‘Ti d()&_ln 6ng B(,: Timaxll = 73 —— 3 s
.H-D (1 — a4) Sﬂdo 0,-8
16 1
M
5 0,636?;{1&;‘;1 == J,4 dg
Goc xoay cta mit cdt 4 d8i voi mit cat € duge xdc dinh nhu sau:
Ma M2a 3M2a
e - = 0,287 : =
Pac = PAE -} 9EB -} pB; == Glon -+ Clon -+ G995l m
—2.91 Ma_ 92.5 Ma
Glg Gd‘*

Bai tép 202 — 221 Xac dinh céc dai lwgng theo diéu kién ghi trén hinh vé.
Trong cac bai tap 216 — 221 18y E =2 . 108kG/cm?, G =8 . 105 kG/cm?. Trong bai
215 cac ong tron duoe Iong dong tAm voi nhau, gifta ching c6 khe hé va chi lién
k&t chidt & hai dau.

202 203

/‘If M gragicn| | an J/wﬁ
— By

(T); d=7; ¢%=? (T1=500k6 fom?%; d=7; ¢=7

I ) t

70



204 " 205 =
 M=Z0HG ( M o B0%80 Ay
1 ”1/ a7 N 12 /
L awm® | au gém | a4m —=tE ) 12m d 08m r
H ¥ ¥ 1
[7]=800k6/km% b=7; yf=? [Th=a0MymT; G=8-10"MNIm % M=7; = fiif=?
206 207 208
o
M ki M026m S, M M-5ORG 2
TR (42 | (3 g | i :
(A AL B A AR LAY ER
42m lgm |aem || asm aom | gom| | gud asm 1. atm
(T3= 150G em? M=2; gf=1: §=7 Tmax?i )7 Cmar=?i @)= 7
20: Rz (M M n ; oI
342 i { N & I A" I 37>
By =t PE 5 L F L//a
Eﬂm}( a i da 4 1 . 1 ™

G810 MNfm s Tax = 75 =7

(Ta)mux'_’(fb)mux P be?

(T2)max = 2006 fom?: {Tg)mge=?

212 M 213
) , ‘ m=2kG-m/m w m .
| Al 1} S| v Pt ol W ek Vol il ol B
| gf ¥ \.,s,\...\-;..r\.;\..\.—\..;
] T
L. O4m QIJ = oom azmr Zul L i
T T

[Tl=20MNim?; 6-8 10

M=120N-m

MY M=7; 9,07

['31'1253&‘6/&077; g=7% (P::?

A

214 215
m= 404 mjm f
leceerer oA =] f 3
 JASINS VL N VU M v § i
L2m / aém ‘I%;Ig?; Ig ! I‘g i 6
1
=7
[ff;]:;gMN/mz; &= fﬂ"MN/mz; d=7; g7 Xy .3 i
216 217 2
- . mn
= M =T00kG-m dp=20 ,\5‘.% =
Ju—y /] I
‘ l/( I
fm Jm

G=Ruf,; f‘mah:?; Grf? e

218

d=0cm

M=8kG-m

5.9

T

48m

..Z.':_dF = T 29 g? =7
F= 5 L=04E: Lmox=5i0rg= 104 P
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oe,=125107
4'&;:83"& ng,::?; 61”:?;
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- =7 @l =T W=7
Ty g™ ’Pg;“?’ Pl

VIl - UGN NGANG PHANG

Y
Y

§29. Ltyc c&t va momen uén.

Lyc cét v momen udn xdc dinh bing phwong phap mit cit. Gia tri luc cht

Qx taimit cit co6 toa dd x bing tdng dai s3 hinh chidu lén mot trong vhirng truc
quin tin foh trung lAm cda mit ct cia tdt cd ohirmg ngoai hyc (e tap trung

va lyc phin K)ldc dung vao phin dim & v& mot bén cia mit cit. Gia tri mo-
men udn My taimot mét cit biang 1dng dai s8 momen (d5i voi mot trong nhirng
lrge quin tiph)xhinh (rung tim cla mit cit), cla tit ci nhitng ngoai lire lic
dung vao phinjdim & mol bén mit cil. Lue cit Q va momen udn M cé gid tri
dwong hoiic dm/Muy theo chidu cda ching & hinh 49.

Néu dgdn ta% lrong phin b kétl thic trwoe mil cdl dang xét (hinh. 50) thi
tap trung co gia trf bing dién tich cia bidu d& t&i trong

phan bg v it cihdi qua trong tam cliia bidu do nay. B3i voi (4] trong
“bién ddi theo quy luit bac nhit, dién

¢ tich v& vi tri lrong tAm ciia phin

1‘ - tdi trong cdt ra xic dinh theo cac

céng Unre hioh hoc quen thude-

&
M M fp
) afim

x !

Hinh 49 _ Hinh 50

Neu &i trong bi€n ddi theo quy ludt parabén bac hai ABC (hinh a1y thi (&8t
nhdl {a nén sir dung nbiing quan b¢ sau day vdt ra tir hich hoe gidi tich. Dign



tich hinh parabén ABC == ~—§- lh, trong tam

ctia hinh nim trén dwong thing dirng BD, A U

dién tich manh parabon FBE m%_ lihy, lrong I i

1y

tam ()1 cta hinh oiy cich dwdrng thing dirng 1
FH 1a 1205 dién tich nira parabon ABD va 03

9 1 5t oY
DBC == —g- 5 h = Y {h; trong thim Oz clia cc
: . N L . . . A o I i ¢
hinh nay cach dudng thing ding BD la 7

b

L 1 : . RN . o

j— ¢ e —-—3— !; dién tich hinh tam gidc vudng

g8 2 16 ' -
gic CBG c¢o6 canh huyén Id doan parabdn BC, Hinh 51

Fz= ...L.._{. h = -}mlh, trong tAm O, cda hinh nay cach dudng thing dung CG

n_-l...a
l\)l"-
i
ool-—a

Khi linh ndi lye & mot mit cit, nén xét phiin ddm co il tai trong Lic dung
va truoe hit nén v& bitu @6 Q, sau d6 T bitu dé M.

Khi tinh cic gia tri eta @ vi M theo ciac quy tfic vé dfilu di quy dinh thi
dgi voi mot dEm co tid lrong vi lién k€ d8i xung, biéu d6 hre el s8 dii xung
aguye (phan dii xieng), con bitu d6 moren udn s€ dgi xtrng (hinh 52,a). Bai vii
diam dii xirng ngwoe tht nguoc lad pitu d6 luc cit s8 dgi xirng va higu d6 mo-
men un s¢ phan dgi ximg (hinh 32,b).

Trén bitu do hirc 0, tai vi lri twong wng voli miit ciit co dit hue tap trung.
dy mi do lgn biing gid trl Cfira lrc tap trung (hinh z“,a va hinh 32, b),

yimigt-citt co diit ngu
rih 53)\

ho tic)iing, khi VA bié
’ gmg}fac.ﬂquiﬁ hg, vi

€ nay.

co bwdes

- Trén biewdes

lye, co bude nhay ma ao- g
B&i voi nhitng dim-khongitq

46 Q va M, cling nhw khi iém”gtm
p}f:_‘:n (90) va' (81) gifta M+Q va ¢, v

g . %i—b S NS
1T lye cibs &? tang clua ‘ggﬂ_w%u‘a

- & . + * e .« ! . . . -
uén mitt cil dapg xét v lruc\x pruc 1im), va cwromg dé tai frong phén bd
g lang clia got gilta Li€p tuyén c a_\lb_i’@i dd hrg cil va truc T

ar

2. Néu 13i trong phén b bi
nio dothi_ciing trén doan &y Iu
ham cua 1ai trepg phian bs, va

30 v&ri ham ctia \lyc cat.

\

Ijibi £11eo molt hqm dai s6 trén mot doan dim
4t!bign ddi-theo ham cao hon mot bac so voi
en ugn bin dd¥ theo ham cao hon mél bac

Tm—



3. O mit cit ma lyc ciit ¢o gi1a tri biing khong thi momen udn c6 gié tricye
" wr 1 a '3 . . 2 . ar L]
trl, & mit ciit ma hre cdit ¢6 bwoe nhly ddr dfu thi bidu do momen udn thay dbdi

do doc.
a)
g 4 JP . tﬂ
—
m’: 2 el } a 7%-
1
= [T i

U gl m Ii!!ité!mii e

| 1
H

i )

. 1‘E !
Hi I
HAN
i;E“i i

<l

M My
) a+b ‘ r" 1a+b
: f T *’

g

1 l a ¢ !
?— ! P | Bzé’u défg ;
: e @ (A 7 M
I At D ic) S ' Mg
e} ! Bi.éua‘o‘cz =2y Il T T ¢ 535
N SR e JETERE [ ! B!eu d‘a M :
NCI:;'D E iils !a i i | :
' | &eudéM e ! ;
.| ‘Q. )
=] I iR
o -
e i h
Hinh 52 | Hinh 53

4 & mit ciit ma hye il co bude nby nhwng khéng doi dfu thi bidu 4
momen udn bi giy.

5. Néu trén lodm chitu dai dim hofic chi trép mot doan, bitu 49 luc cit doi
xtrng ngwoc thi trén chiéu dai do, bidu d6 momen udn di xtrng, va ngwoc lai.

6. Trén cac doan dim, @6 bi€n dbi gia tri momen udn giita hai mit cit no
do6 béng dién tich bidn 48 Iyc ciil bao ham gifta hai mit cét Ay,
dM
dx

8. Phia 16i ¢ha biéu d6 momen udn dang cong don mili cha veclo tai trong
pbin bo.

7 Neéu lay chifu truc x tor phii sang trai thi taco Q = —

Nén chi ¥ ring & miit cdt trung voi lrge dfi xirng cta dim, Ige cit (hrc
déi xirng ngucre) bancr khéng, con & mit ciit trung voi trge ddi xirng nguoe cia
ddm, momen udn (momen ddi xttng) }).mg khong. Neu & chd o tryc d8i xirng cia
dém, co lwe tip trung tdc dung thi & mit cfit bén phii va mit cit cht bén trai
truc ddi xung, lye ciit co gid i lye tip trung.

Thi du 26: Cho M, = 2Tm, M;=12Tm, g1 =2T|m, g3 = 4T/m, P = 12T
a=3m, b=2m, ¢ =1m, d =4m (hinh 5t). V& bidu d5 Q va M.
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g T ha-b e d i
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Biéudd Q ! ! N 1{
I
g6 N
R i N
| Il T
T K § I
Bibu 43 M *; :[ % ' | z.a:am: .
& i = | % E W»_H.
S M1 = s N
E—aw E ! g ) &T-m
~ ; - .
=~ Q

Hinh 54

Bdi gidi: Tir cic difu kig¢n tinh hoc: tOng momen d8i voi g6i phai va goi
trai biing khong, ta tinh dwoc phin lyc A va B cua cae gbi:

Ala 4+ b +c 4 d) ——~q1b-(—g— + ¢ -«j—d) — My 4+ Pd — gad {j-mo.

A 10—2.2.6—12412,4—4.4 2=0; A==2T;

B(d—{—c»{-b-}-a)_qu(%--{—c«}-b+c’)+P(c+b+a)+M2—--
1 (mb;- +a)m0.

B.10—4.4.84-12.6412—-2.2.4=0; B=6T.

Pt don gidn bidu thirc cha Q va M, d8i voi cic doan dai biing a va b, ta
x6t cée tai trong & bén trai miit ciit; con di voi cdc doan dai biing ¢ va d, ta xét
cac [Ai trong & bén phai mit ciit,

0 a;

Q, =A=2T:i M =— M, + Ay = —2 4 2uy;
M =0==—2Tm; M _s=—2+2. 3 = 4Tm.

‘ e a+tb. Lo
Q. = A —q(x, —a)y=2—2(%; — 3); QXz“-—"&m3:2T

I2
Qqipms=2—2.2=—2T.
—a)?
J}Ixzm"—'ﬂji --[-A.’I'zmql --(--CE-%":;"-E)-W e --2'—*‘—2{1;2 —_ (:Cz e 3)2
Mo g=—2H+6=dTmiM__ o\ o =-—2+42.5—2=4Tm.



Vi@, = — 272 4 8 =0 kbi 2, = 4m, do d6 max Mo —=—212.4—
— 1 ==5Tm.
U -
Qx33“3+f121'3—-"‘6+4$3a Q ._0-----6T

Q gy =— 6+ 4.4=10T. .
M E—"M1+BJ:3 — Q2-2—=—-2+63’,‘3-—2$§.

I3

— . — i 2 _ T
ngm(}“‘ — 2Tm; ng.—;d=4-“2+6'4‘“2'4 == =~ 10Tm.

x3=3/2 — T 2+

Vi Q, ,=— 6+ 4@ =0 kbi d‘a:—g«m, do do max M
+6.3)2—2.9/4 =25Tm.
dr,<<d+ec
Qx4sz+q2d-Pm—u6+4.4mlQm-——?T;
Mxs = — My + Bre — qad(z, — dj2) + Pz, — d) =
= —2 +4 6x4 — 16(z, — 2) + 12(14 — 4);
== e 24 6.4 16,2 = — 10Tm.
x4md+c=5m“‘2+6*5“‘16'3+12'1"_“““STH"
Ta xdc dinh miit cit & do ﬁfxam——2+6:n3~2.r§zﬂ.
m§w3x3+1=o;m3~—319+ﬂ7¥—x=3/23_L1/"§Em1,5_+_1,118;
“zﬁl&n :t:3 =0,382m.
Dua vao nhung k&t qua & trén, la vé duoc bidu dsQ vaMo hmh 54,

Thi dy 27. Cho g, !, P == 0,2¢/ (high 53).

Mx4md=4

M

F A P
r A ¥ f 1Lp
EEXEEIXIRERREREREE;
A
4 a

——
]
—

{1 |
a\\ % i
- ! f
! -3
= Bzeudaa e
5
try
Sle Ol /
il L ! & 1 7‘q % { ’ /
=S {
i = = -
Sy ST aafqz /gg
= (= 1 |"‘~?n
i : Bzeud‘oM s
[
SRR
2|
Sy i
o T
)
(=]
g
=
o

Hinh 55
76




Xdc dinh chitu dai hop Iy nhil cta cong xon a va v& bidu do { va M.

Bai gidi: Chidu dii hop Iy nhil clia céng xon ciia ddm la chitu dai lam cho
momen udn cye dai chia dim co gia tel bé nhil, Chidu dii bep 1y nhit cda cong xon
xic dinh tir difu kién momen udn ¢ miit ciit goi (M) vi momen ufn cyc dai trong
- phip gitta hai g&i (Mmax) ¢ gid Lrf tuyét d81 biing nhau. Vi diim déi xting déi voi
mill ciil & gitta dim, nén Mmx cling & gifta ddm, vi momen udn Ug ¢ miit cit bai
g6i biing nhau.

Pidu ki¢n d8 xdc dinh chidu dai hep Iy nhit cia cong on 14 [Me| = |M sl
Ta tim nhirng momen nay. Phan hye & cic goi

—p—3p 4
d=B= P+ -1

-

qa? ! gl? [ — 2a Pl ql2

Mg= e B . T e e o

¢ 2 7T T 2 8
3 gl \ {—2a __ Pl ql? 3Pa  qla
“*"(T_E"P'*?) R S S R

TLI‘ dla‘u k.ien i}.[g’ ﬂ&x‘[mall

ga® _ Pl gl* 3Pa gla
Pat S-=TFt% 73 T2

hay:

Tir d6 ral ra:

(% ) VT ]

Ta bd d¥u trir trwde dfu céin vi i s6 o/l khong thé co gia tri 4m. Ta vé

‘/5’2“2 !~ 01620, b= I— 2a ~ (1 —

bitu 46 Q va M. Vi P/gl=0,2 nén a=

{
— 0,324) = 0,676! va A =B = «-«32-»0,2ql.-]~ L =080t
Vi trén sudt chi®u dai dim co tAi trong phan b3 deu tac dung, do do- biéu
dd Q cla cic doan d8u biac nhat, va biéu 46 M la dwing palabén Vi dim ddi
xirng nén bidu d6 ¢ doi xing nguec, con bidu d6 M d8i xung. O ddu trii cla
dim Q= —P=—02¢l.. :

-1
]



(Y diu phai clia cong xon bén trai
Q= P —ga = — (0,2 + 0,162)g! = — 1,362l

Vi co phadn luc 4, biéu d6 Q & gdi ¢6 buwde nhdy. Do d6 & diu trai cla

nhip gitia hai goi
Q = — 0,362q{ + 0,8¢l = 0,438¢.

O’ bén trai mit cit gitva dim
Q= — 0,2¢! 4 0.891 — 0,5l = 0,1ql.
Vé&i cace gia tri di tich dugce & trén, ta v& dwoc bidu dd ( trén hinh 55.
O dilu trai cha dim momen udn M = 0. &' mat ct g5i My = — 0,241.0,162/ —
— 2-(0,1621)2 = — 0,0455 g2,
& giita dim Mz = M = 0,0455¢12.

Toa do x, cta mit cdt c6 M = 0 xac dinh nhuw sau. Xét cac tam giac déng
dang & bitu do

qu - 0,1q{ L (b/2) — =z,
0,438q0 — O,1q1 R
hay
Uy, — 0,1ql 0,338 — x,
0,338 0,338
T do rut ra QX == (0,438] — x.,)q.

Sy thay dbi gif tr] ca bidu d6 M tir mil cit g6i dén mit cil c6 loa dé o,
bing dién tich hinh thang c6 chidu cao Zo ciia hitu do Q, tire la:

0,438q] — Qx,

5 x, = (,0455¢{2,
hay )
(0,438 + 0,438! — x )x_ == 0,091/2,
hay a? — 0,876z, + 0,091/2 = 0.
va

T, == 1(0,438 4 v 0,4382 -= 0,001 ) == /(0,488 +- v 0,101 )

Vi x, khong th& 16n hon b)2=0,338/, do d6 ta chi giit nghiém
x, = 10,438 — V0,101) ~ 0,122/,

Dya vao cic gid tri tim dwoc, ta v€ duwoc bitu d6 M trén hinh 55.

Thi dy 28. Cho p, a (hinh 56, a)
V& hitu dé Q va M.




Bdi glaz

Vi & miit cit B chd khop treo, momen udn bdng khong, dam cho

trivgc ¢o the phan thanh hai dim (hlnh 56, b): ddm don gian AB O bén trai va

céng xon BC & bén phax Piu B ctia ddm
AB twa vao dau ty do ciia cong xon. Co the
<ét riéng biét hai ddm (hinh 56, c). O dim
AB cac phan luc g8i A=B=F. Anh
hudng cia dim AB vao cdng xon la lye tap
trung B == P do gdi B tac duua vao dan tu
do.

Sau d‘ly la tinh riéng tirng ddm. Trén
doan trii cta dim AB, Q_.A..".._P Trén
doan gitta Q=0 va doan phal Q= —P,
Trén cong xon Q= — P. Bigu d6 vé trén
hinh 56, d

Trén nhitng doan dim mi Q ==const,
momen udn bign d6i theo quy luat bac nhit
va trén doan co Q =0, M == const. Sy bign
ddi ctia M trén céc doan co thE tinh dé dang
theo dién tich ciia bidu dd @. Bitu d6 mo-
men udn v& & hinh 56, e,

Bai tap 222 — 275,
cAt @ va momen udn M.

Trong cac bai 251; 253, 255, 256 va
260, cac bitu d6 Q va M vE voi chidu dai a
hop 1y nhil cta cong xon.

V& bitu do Ilyc

) P P
\ / g ;
¢
g @ i@ oa
o T T
A} | . I
2, e
b
C):@ i E =& I ;
! ————%
t Bi& fn A
0 E iteua‘ Q} 8 lt
|
JIEm | :
| &ér!..'d‘B‘M | [:_ -
& | } | ,
£\ -

Hinh 56

| Ba

Trong bai 252, vé biku 46 M ma khong cdn tinh phan lyc géi va hye cit Q.
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230 231

, kG-cm 232
q»1.=qsm_2%"i" mn [’"z‘ﬁr" \ M, M,
LT 0 I W . W A 3
i 3
- S 14 . . { . . g ~= & T
= i 1 i

Trudng hgp: 1) My=M, ; 2} My=M, i 3) My <M,

233 234 ;
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2)F=2fy, a=c, b=20 3) a:%L‘ b:%

80




244 2q
7 7
/
T il
. 4
= a Tyt a o
246
= Pa P
v
A,
4 2a . a
248
S s
Mo=qa g
RERRENNERY
e P=2gqa
e a 2a
250
9 Jf
{
ﬁ i
;R
Y
252 1O\ %
<1=9n N g
T
AN
ezt -
l
W oss
g F }P
¥ r
,% L|L
ol 6|6
Zz

245

a . da rrz,%n
247 .
a g?
IR R! ¢|
a a’ ﬁ
0w
N
249 . 2\\;,
2oas
2a g *ﬁza"?‘t Ei“a A P,
' R RIS
B
. L. 2t
' 2‘a a 2a |
251 M2
P

31



257

256

—gem M= 2002

F*qa Yoz

9

P=ga

YYIYEYVVTEY

T

Ix

259

X
a

1t

K

2
ptyeefig

M
-(-I
1K}
t,

4a

F=qa

a

|

261
—

11

SRR

KEEE!

ti

260

b=>¢

263

RCURARRARNY

265

o
w
o~

e
oy

MW

NN,

o

NRRRRRGN

q

268

267

E

A
REEREY
ﬁj

!
L

EXEEE)

v

269




w / &
\{v RN
%‘\
27 272 A
L3 M=275Tm
Sy 4 = p-‘-ET
N:%ﬁ il ,Mﬁ?t MR q=3t/n | fraT
SNENEEN TTTITTTR g [ hg - 27m
J e
L5m LSm :ﬁ}_ AXNEY] \
= P=!T ' Im =l Im m T
273 - 274
P=gT PEET
Moot o MoST0 iz AT M 94l
q=2lim ZQ - Me=1Tm pe
[TITILELNTL -4 PeiT
Dy } ’ =, e
Im% gy ol 2m | 2m f’mi Jm Jm 2m
275
q= 20kN/m M=J30kN m
P ey
T o
_% L
o st it
2m | - Jar Jm Zm im
P=20kN

Bai tap 276 — 285. V& bidu d6 lyc cit Q va xdc dinh cac tii trong tac dung
vio dim theo bidu dd momen udn M cho trwde.
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20. Ung sudt phép va chen mdt ¢dt ngang dam.
9 phap 9

Ung sufit phap tai mot didm bt ky trén m#t cdt ngang ddm bi udn tih
theo cong thirce:
M
o= -4 (92)
!
trong d6 M — momen udn tai mit cit dang xét, y — toa d9 clia ditm dang xét
tinh tirduwdng trung hoa, I — momen quéan tinh cda mit ciit dgi voi dwdng trung hoa.

Trén mit cit ngang, ung sufit phap kéo lon nhit va nén Ién nhit & nhitng
diém xa duong trung hoa nhit, va tinh theo cong thire:

Omay = ﬂi‘" (93)
I
COmin == ~— .‘ﬁw{?_. . (94)

trong do yi va y» 1a khodng cach tir dwong trung hoa dén cdc thé bi kéo va bi
nén xa nhét.

Dot voi nhitng d&m lam bing vat liéu c6 dé bén kéo bing d6 bén nén, tuc
13 [ov] == [oa] == [o], thi kich thwéc clin thift cla mit cit ngang didm bi ugun tinh
theo 1rng su&t phap phat sinh tai didm xa dwong trung hoa nhit. Khi do cong thire
tinh todn d& chon mit cét co dang:

7 ﬂfmax
[o]

trong d6 W == I/| Ymax | — momen ch@ng udn ciia mit cit ngang dim d&i voi dwong
trung hoa, | Ymaz | -— khodng cach tir thé xa nhit dén dudng trung hoa, Mo,y —
gid tr] tuyét d8i 16n nhit cia momen ugn: [6] —trng sufit cho phép v& udn cia
vat ligu. '

(95)

84



Béng thie (95) khong duge ding khi sai léch qua 4= 59%. Chi khi chon miit
cit thép dinh hinh méi cho phép sai hon thé nhung phai thién v& phia tang rmilc
an loan do bén.

Péi voi din [am biing vit li¢u chin kéo va nén khic nhau, céng thire chon
mit ciit lrong phép tinh v& ugn co dang:

M

Omax & ""“"""'lii"'l“‘ = {Gk] (96)
11’[3!}3

I*Tminl = ”““"“I_‘* < [Un] (97)

rong d6 My va Mz — gid tri tuyét d3i lon nh#t ciia momen udn lai mit cit nguy
hitm déi voi the kéo va tho nén, [ok] va [o4] — trng sufil cho phép cda val liéu
dim twoug trng vioi kéo va nén.
Cie cong thire (96) va (97) co thé vigt thanh:
Wi = Myf[ok]; W2 = Mz/ [oa]

trong do Wy = I/y; vd Wy ==1I[y, la momen chdng udn clia mit cit Lwong trng v&i
viéc tinh wng su@it cua the kéo vi thd nén.

Pigu kién dé dim co do bén déu tai cic thé bién clia miit cit nguy hiém la
néu dém lam biing vat ligu chiu kéo va nén gidng nhau thi mit cit ngang dim dsi
wirng qua dudng trung hoa, con ndu ddm lam bing vat ligu chin kéo va nén khac
nhau thi mit cfit ngang khong d&i xirng qua dudng trung hoa. Khi do, hop v nhit
[A tao dwoe do bén dén gilra thd kéo va thé nén, tire 1a lam thoa min déng thoi
ca hai ding thuc (96) va (97).

Ta xét ti s§ sau diy.

My M2
Wi W2

N#u momen udn M; va M, & cac mit cit nguy hidm co gia tr tuyét ddi lon

nhit bing nhau, thi ti s§ trén co dang:

== [o1] ¢ [02]

oo W1 _ 3 (8)

[Gk] W t
Pong thoi voi didu kién vé do bén cla dim, ta ciin phai thdéa min difu kién
li€t kiém. Vi do bén ctia mit ciit ngang dim dwoe xéc dinh theo momen chdng
udn W; con trong lwong lai ti 1¢ voi dién tich F clia mit cit, do do mire 0 tigt
kiém co thd danh gid biing Ui s§ £== W/F3'%; ti s§ nay gol 14 momen chéng udn
riéng cha mit cit. T s§ nay cang lén thi mit cit s dung cang tiét kiém:

Thi dy 29: Cho ¢ = 11 kG/em, P = 1T, [ = 4m, ¢ = 1m, [o,] == 1600 kG/cm?
(hibh 57). |

Trong he SI g = 10,8 kN/m?, P == 9,8 kN, [ = 4m, ¢ = 1m, [s.] =157 MN/m?®.

30



i v . w ’p k] o & N . .

Tinh kich thuéc cdn thigt cua mél cit hinh tron, hinh vuéng, hinh ¢hii nhat
va hinh c:hu; I can, U s0 trong luwgng dim lam hf‘ing cic mit cit frén, wng sual
phap lai diém 4 cha mot mat cit & c¢ho ddt Iuc P dsi voi dim chir I

. L PE. o«

q oL |t

L r a _
if1H{iuggﬁgwnuuw ,); N 3) ,,:21,,. ) A
g e I - ]

gl

i
5 tge?
1

Hiah 57

Bai gigi. Vi dim dai xirng qua mit cit gifta d&m nén momen udn cye dai
ciing & mit cit nay. Boi voi tii trong phin bd déu, bita do M la duwong parabén
v Mmazq == ¢l2[8, con doi voi cac lye lap trung, bhitu d6 M co hinh thang voi

1,1. 42
3

MmuXP = PC. Do do :”rnnx = ‘g'"é:' + P(: =z = -+- 1.1=x 3,2Tm. FIVIVONg hé ST

10,8. 42
8

Theo cong Lhire Linh todn (95) momen chng udn cin hit cta mil ¢l phai

cO gia tri:

Mypay = -+ 9,8.1= 31,4 kENm.

M rgax L 3,?... 1(35

— = 2{)(} ¢in3
[o4] 16,102

W =

Trong hé SI:
34 == 2,107 m?
157 . 103

1. Bgi vai mit ¢iit hinh tron Wy = =d3/32 =200 cm3;

) d= VW == 12,68cm, F = =d?[4 = 126.8cm3.
2, P&i voi mit cdt hinh vuéng Wa == a¥/f = 200cm3
a = y200.6 = 10,63¢m, F =¢* = 113cm?
3. D8i voi mit cit hinh chit nhit Wy= bh%6 = h%12 = 200cm®, h=
— YFI00 = 13,39cm, F == bh << h%2 = 89,6cm?,
4. P3i voi mit cit hinh chit I s3 20a W = 184em?, s6 20a W == 203 cm?

Mmux Mmax
- ax T W -
Kiem tra mit cit s§ 20, la co i (o] I00 == 3620 J00 =
[Gu] Miax
W
W= Wes20_ 149 200 — 184 100 = 8,7% (vuot ¢ A1)
b . e = 8, vyirot ung sual).
Wss 20 184 ¢ | &
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Vi do qué tai lon hon 5%, khong ding dwoc mit cit chiv 188 20

i : Cmax — |O W -— W
Kitm tra mal cil s§ 20a, la 6 — o] gy L et
[Uu] W5 20a
200 — 203 o
_ 2T 200 100 = — 1,5% (thifu wng sulil)

—_——

203

Do d6 ta 18y dim s3 20a voi dién tich F,==28,9cm?® momen quan tinh

doi voi dwong trung hoa [ = 2030 cmm? va chitu cao i ==20cm. Vi trong lurong

cfia dim Ui ¢ voi dién tich mit cdit ngang, do do ti

s6 trong lwgng cde dim bdng 1 s6 di¢n tich mit vit ; .
ngang. Ldy dién tich mit ciit hinh tron bing don vl H |k
quy ubc, la co Fi: Fp: Fy: Fy=1:0,89:0,71:0,23. ; ' 1.
- | " -
Nhu vay, {hi du nbw dim mit ciil hinh chir < B |
[, mijc diu c6 phin mit cit thira chwa lam viée hét : + z
khodng 1:‘5%, thi d& nhe hon dim mit cit hinh tron S s
gin 4,4 ldn, 2
Momen udn tai mit cdt & dudi lyc P:
ql ge?
Mo=——e———+ Pi= Hinh 58
2 2
5,9 .

Im

11,41 111
» . — L] - '1..:
2 2 i 2
Trong h¢ SI.

M 1&3;4-1 m.lmi'l 198, 1:=26kNm,

ot wand

y == k4 = dem, Ung suit phap la ¥ng

Tai ditm A ctia mit cit ndy voi
heo cong thire (92):

suiil nén (vi dim cong xugng phia dudi), va tinh 1

_ —53.10°.5 633 kGjem?
I 2. 2030
Trong hé SL

5] 3 ~ -1
...6-10 -0-0-1{) . mmﬁL;.]UﬁN/an::__ 6‘1MN/m2
2030 .10~

IIA‘ -

Thi du 30, Mot dim mit cft hinh chir U lam bing vt lign co fon] = 3[ox]-
Bi#t cac kich thuée b—=20cm va f==1c¢m, Linh chidu cao hop ly h cha mit cat,

I dwong trung hoa va khoang cach dén cac tho

Bdi gidi: Gia sir tryc z
ng hop Iy vai ligu (98) hie 1& didu kién

bién la by v hy. Theo didu kién st du
d6 bén & cac thé bién bing nhau.

hi/hz =[o¢]][ce] =1/3. Vi hy 4 hz = h, nén hy = h/4 va hy = 3h/A.
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Duong trung héa di qua trong tim mit ¢it do d6 momen linh cla mit cat
481 v&i duong trung hoa bing khong, tire la:

h h b h h?
Sz —(b—20)21 [ th(m______ o= e 36 e 1 !
( ) (4 )+ 2 4) (4 )+ 2

Ter do rit ra A — 18k 4+ 72=0 va h=04 V3 =9 4 3.

Do d¢ chiBu cao h ciia mit cfit o Lhé holic biing 12cm hodc 6cm.

Bat tgp 286 — 306. Tinh momen ché’ng uén W, (z la trge trung {4m nim
ngang) cda cic mil cit dim,

286 08# 287 288 s
57 fg'/;
A Z & \a
:Qg én.[— F 1 3
VY il
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Bai tap 307 — 313. Tinh trng suit phap & cac mal cil chia dim tai cdc difm

ghi ¢ hinh vE,

307 - 308 p=IT 0
Alm 12820 q=20046/m i
\UIHHHHHHH _EE‘H]QXIZ FTITivRbbabyivsvissy g
E.".vr:;E wm Gy ,r‘,{% % enr Zﬂ'; R
il Omax=? Brga™?
309 .
\ e UL
3 i |
- 40a 7 N Y
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mia
3H 312
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K¥ biétl omax — Ung sufit phdp 16n nhiit va bé nhil lai mitl cit nguy hiém;

min

max os — tng suft phap tai didm 4 cda mit cit nguy hiém, oamy — {rng suit phap
tai diém A4 cta mit cit mn; ¥ — lrong luwong riéng cia val liéu Jam dam.

Bai tap 314 — 329, Chon kich thuéc cln thi€t cia mit cit ngang dim,
Trong bai 319 phai xic dinh s§ lwgng dam mit cdl hinh chit nhat ¢6 kich thuéc
che trwée va duoc x€p song song. O bai 325 chon mil cit didm chit [ d&i v&i vi
{ri bat loi nhit cla tai trong di dong. Trong céc bai 327 — 328 tinh kich thirde
b va h tir difu kién dé bén d&u clia tho kéo va thé nén.
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Bai tap 330 — 342, Tinh gia tri tAi trong cho phép tac dung vao dim cé
kich thueée cho trudce.

330

J’P @P

1o

Do

q“’”’\ L %[ﬁ]dﬂﬁkb‘/cm"'

em

332 , ) &
- l fﬂ’_\g
% 8m 8m 71%77!
[6]=1007 kGjom*
334
Pl g=45Th ¥ 300
IEREREL IR AN RN I
et | Sm T ()= isookefemt
336 M P g
5
Bl
’///I , 2”7 ;
= <= [6]=10MN/m"
AN ENNRIXRLIR] 3£
LA 1 T6]=160MN/m
P=4T  P=4T

331 20cm
P q=400kG/m P R
STRFRRERNN] s
s 2 ///}//{%
nl il
' L [6]=1004G/em®
333
33 q .
sxsaxxaaxsil o % -
%7 N
__._V%Jm 4a ,%Za

AV

Y

(61=100KGfem?

335
q=200kG/m N2t
I RIEERXRY _
AN p ,% }
’lm 2m | Zm /m_
[61=1400 kG fom?
337 M
y = M s
-Zm Im “
| d =
; [6]=IEHMN/m2
339 rq G’-"!ﬁg

o

Zm

5

(6]=160mN/m*
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g=20
340 e 341

q
2 PR T AR BI:E’,
w% 156em “?‘ % "l 10 ' 10a % SN ER
f =1 4 s ’ - Zfr
(6140086 fem?, [6.]420046/cm ™ O |
342 300
2 2p ’ SN 277,
; A1 |
Im lm :E § Z ; §
[6]=480k6fem?; [67) 1200k G fem? IR

§ 21. Ung suét ti€p, tdm u8n va kiém tra dé ben cia ddm theo &ng sult tidp
Tai mot ditm bit ky {rén mit cit ngang hinh chit nhat cta dim (hinh 59),
gia tri trng sudt ti€p Linh (heo cong thire D. 1, Giurapxki:

gs
bl

T =

(99)

&g - s A Pl b
trong 46 (J — hre cit tai mit cit, § = —

4
truc {rung hoa = clia phin mit cit ndm v& mol phia cia duirng o loa d¢ y, la
dutng ma ta dang tinh tng sulit ti€p: b — b8 rong mat cil va I = A%12 — momen
quan tinh cia mat ciil doi voi Lrge z.

Ung sufit Ligp cuc dai & tai dutng trung héa. Ung sufit nay co gia tri.

2z
(m — g2 ) -~ momen inh déi vei

3 @
s == (100)
L lrong d6 F = bh — dién tich mit cit ngang ctia dim.
I Pa&i voi dim méat cit Iigang kh(')ng phéi ia hinh chir
Sf| 7|,  nbit cong thic (99) co tht dung 4 tinh gin ding thank
o Ll E phan vuéng goc véi duong trung héa cla tng sufit
Li€p, lrong cong thirc nay b la be rong cia mit cil &

ché linh wng suft ti€p. Ung suit ti€p téng hop & cac
di®m (rén chu tuyén ctia mat cit huéng theo duéng tiép
xic véi chu tuyén, con & cée didm khac (ai nghiéng so voi
mit phing tai trong.

Tim cho dung rng sufl 1i€p cla nhitng dim co hinh
dang mat cit bt ky la r&t phic tap. Dya trén co s& mot
s6 gid thuy®t tw chon v& hwéng cia irng sudt iép bén lrong mil cit ma xac dinh
ching mot cach gio dung.

Béi voi nhitng dim c6 mit cit ngang 14 mit cét thanh mong (hinh 60), irng
sudit ti€p hudng theo ti€p tuyén cia dudng trung binh cda mal cit va phan b3
déu trén be day (/). Cong thire tinh ing suft li€p trong lrwdng hop nay co dang:

e g

1

Hinh 59

92




L
= (101)
trong d¢ § 1a momen (inh d8i véi dwérng trung hoa z clia phdn mit cil & vé mot
phia clia dwong v& vudng goc voi dudng trung binh tai ditm dang xét.

Néu mit ciit cia dam khong d3i xing qua truc chinh trung tdm y (Lruc néy
vuong goc véi drang trung hoa o) thi trén mit cit s& phat sinh momen xodin. P
triét tiéu momen xoiin, Iyc ciil khong duge diit & trong
tim ma dil & difm co tén la thm udn.

Viée xac dinh vi rf tim ubn clia mit cit c6 dang
bit kv 1a mot viéc kho khiin. Bdi voi mit cit d8i sung
qua dwdng lrung hoéa z (hioh 60) tAm udn nim
trén truc z, va cach trong tim mot doan

1 S
Fr— s dF 132
e Ijtp (162)
F

trong do ¢ — canh tay don cla hre Li€p xic phin 18 «dF

Hinh 60 d3i véri lrong tAm mit ciit, F — dién tich loan bo mit c¢it.
Neu hit day ¢ ctia (hanh mit ciit kKhong doi, thi bidu thie (102) duoce don
gian hon: 1 ‘ |
e=— f SopdS (1)
5

O diy I¥ — momen quin linh cia duéng trung binh todn mil cit dii voi
truc = $* — momen linh d8i voi tryc = ctia cung S dudrng trung binh ¢ v& mit
phia ctia durng v& vuong goc voi dwong trung binh tai ditm dang xét, tich phin
tinh trén cung S.

Néu mit cit gdm nhiu phiin co chifu day ¢ khic nhan nhung la hing s3
& mdi phiin, e ¢6 the tinh biing cich cong cac bidu thire (102) tinh d&i voi tirng phin.

Do bén chia dim vé mit irng sudt
tigp dwoc kidm tra tai difm co Ung suét

ti€p cuyc dai cia mit ciit ngang, & ddy luc " y ¥
ciit co gia lr] tuyét d§i cue dai Qmax, 14 "ll - rL ,"f,a} ks

Vige kidm ira cdn phdi thye hién Ay . a%-. s
dsi voi dim ngln, dim co thanh mong :r-mgi——%——-.-" | B‘ j
vh cao, dim lam bing vAt liéu chiu cit e &
(trwot) kém, va dim co nhiéu tai trong m/v
16n tac dung & gin gdi. Cong lhirc kidm ! 3"”9”“:” | -
tra c6 dang: ' ;I -

Q S "H] 20k4-m
Tmax = e < [T] (104) 306N m
b1

trong d6 S, — momen {inh doi voi duwdng Hinh 61

trung hoa ctia phin miit cit nim & vé
mét phia ca dudng lac dung clia Tmar; bo — D& rong cla mit cit & chd Tmasx
tac dung. 53



Bdi voi dai ho phan cdc mil ¢t tmax Lic dung & duong lLrung hoa.

Ung sufit ti€p cho phép [+] thudng 14y biing 0.5 — 0.7 cva [s]. Thi du dbi
véi thép CT.OC va CT.2[v]==9200 kG/em?; doi voi thép (T.3[] = 1000 kGjem?;
dsi voi gb thong [«] = 20 kG/em?.,

Thi du 31: Cho My =40 kNm, M2 == 20kNm, My = 10kNm, a=Im, b =
== dcm, h == 12cm (hinh 61).

Tinh ca vd ©4 & mil cit mn.

My~ My 4+ Mg 40—20410

Bai gidi. Phan lue g8i A =B = 3 =10kN.
3a
Biéu d6 Q va M v& & hianh 61, & mit cAt mn
: 20 -
M= m--?{—}-—j—)}'—-j— = — 253 kN/m; { = 10 kN.

Vi ditm 4 & ving bi kéo cla mit cil, nén theo cong thite (92)
My
Tp == "_I“—
P&i voi mit cat hinh chiv nhat [ == bA%/12 =4, 128/12 = 576cm®. Tai ditm
A, y = h/4 = 3em. Do do
_25.10%. 0,03
- 576. 108
Theo cong thuc (99) ‘
60 (b2 N _ 6Q (R A%y
hh3(~1 ”)“"_hab(“; ~ 16 )
9 10. 103

= . e == 2 34 108 N2 = 2 34 MN/mi2
8 fhid, 0,12

~ 130, 108 N/m? = 130 MN/m?.

TA

TA

Thi du 32, Cho {J =8T; A == 12em, h, = 8an, b = 6em, b_ = 4cm (hinh 62).
V& biéu d6 trng sufil li€p quy woe, vuéng

quan tinh dgi voi dudng trung hoa r cua

y o goc voi dwirng lrung hoa (theo cong thire
5o : Biéu dﬁ T Giurapxki).

f/%%:é’ 3 B’di gidfj, l‘iing c'c‘mg‘ thire (?9} la' LJ'.I'}!]
ffé 7 Z gia Ir] ung suit ligp lai diem 1 trén tho bién
. . mil cit, didm 2 trén thé bién ban nim, didm
§ ;;“ ;F, z 3 xa dudng trung hoa nhit trén bin dirng, va
< %’ g ditm 4 (rén duéng trung hoa (hinh 62). Momen

an

2 .
o TR f mat cat
3/4/// o bAg
¢ =T =
o
Hinh 62 = “i'{"; (6 L1238 4, 83) == ‘(.180 cmé

Bdi voi didm 1, $1==0, do do =, == 0.

04



BéiV'Cridiémz,Sz:bmfjm“;ﬁL(h h—h

b m_&)mB.Q(GmI)mGUcms

2 2 d
Do do: 0 3
Sz 8.10°.60.3 -
— - ~ 115,4 kG/em?,
ARy 6. 2080 /
Vi b& rong ctia mit cit & diém 3 bing b — b,, nén
e Q82 b 154, = 3462 KGrem?
b — bl b— b, 5
Psi véi didm 4.
S4:SZ+(b——b°)-—%:"' 1;" =60 + 2.4.2 =76cm’
.
. a0 BPTE3 ey
(b —b)1 3. 2080

Dua vao cic k8t qua trén, la v& dwoc bicu 46 c irén hinh 62.
Thi dg 33. Cho mot miit cit thanh mong cd dang mot phin cda hinh vanh
khin tron voi goc & tam 1a 2«, ban kinh dwong trung binh r va b8 day khong dbil

(hinh 63).
Xic dinh vi tri tim udn.

Bai gidi: Trén hinh v& ta co phin 1§
cung ctia dugrng trung binh ds = rdo: dién

tich phin t§ hinli vanh khip: dF =tds = p
= rtdy; toa do lrong thm cha phin t6 ddi
v&i hé truc trung tim yO:o: 5 y

= r.s'”lq), T =Trcdip — 1,

trong dé « la khoang cach gitra truc y va
truc i’ di qua tam chinhkhuc O’ clia mét cit.

Biy gir ta xdc dinh vitritrong tim O
trén truc z. Vi truc y la truc trung thm, nén
momen tinh ciia hinh d8i v&i truc y hing
khong, brc la:

Hiph 63

= j zdF = I (rcosp — a)do = 2ri(rsine — az) =0

Tir do rul ra: @ = rsinz/a.
Canh tay don e cia néi hye li€p zuc <tds d8i voi lrong thm cia mil cét cé

gia tri:

sina
p==1I— aCosg ==1 (1 - - cos<p)
@

Momen quan tinh cung duong trung binh cla mit cit d8i voi dudng
{rung boa z



phia cita phén 18 c6 toa do o bing:

Ss' EJ‘ yds=r2
S,

&

3
% == J‘ y2ds — J. sintp ., dp = -%—(2rx — sin2a),
S 0

Momen {Inh 8% d8i véi truc = cia doan cung dudng trung hinh & v& mét

&
J‘ sing de = r¥(cosg — cosa),
C?

Theo cong lhire (103) khoang céch e lir lrong 1Am miit cit d€n tAm uén 4 béng:

<4
‘ 1 2 Sina

e = — 1§ S¥pds = 2r4 1 — cose | (cosp — cosa) do,
I e ri(2 — sin2q«) a p) (cose 52) de

S 0

hay
2r . 1 ..
€ = e | ST N = 20 COSZ - — sina coS@
20— sin2o o

Khoang cach fir 1im chinh khtc O’ clia mit ciit d€n lAm udn A

S
N

voi thép chit I s6 18, W == 143cm?,

96

; Bidy dd @ |
m, HIRERIE S RS R s

4T

Hinh 64

Bigu d6 @ v& trén hinh 64.

r 2r
a-t €= —sine 4 ———
o 20 — sin2a

. . i 1 .
pre (smcc — 2a €OSa -+ —~— sin?y cow) ==
je 4

- 4(sina - xrosx) .
2o — sindy

Tkt du 34. Cho P=4T, M =2Tm,
@ ==0.5m; [ =4Jm, [o] = 1600kG/om?, [<]=
1600 kG/em? (Hinh 64). Xdc dinb s§ hiéu mit
cal hinh chir I.

Bdi gidi. Trén hinh 64, la thfy bitu d6 M
co [hé v& mot cach d& dang khong ciin tinh todn.
Trén doan hing Q = consl = — 4T. Trong
nhip gitia hai gdi Q = const < (. Trén bitu
do M, ;?1“ co AM = 2Tm = — Q. 2. Do do

NhII Vé.y ﬂ{[max _ 2Tm, ! Q l maz == 4T.

Moz 2.105

Tir cong thite tinh lodn W = == = 125¢m?

[o] 16. 102

Trong bang thép hinh, d8i véi mil cit thép chir I s§ 16, W = 109cm®, ddi

Ta kiém tra d§i voi s 16:

cmx[;i- (] 100 = (

125
109

- 1) 100 =~ 15% (vwol ting suil)



Kitm tra d8i voisg 18:
Umnx e [G] ]25 naAr ] a
e () == (m—— 1) 100 =~ — 12,59 (thitu trng suit)
o] 143
Ta chon thép chir I s§ 18; ddi vai hinh pay
j 9 105
Muaz 2107 4 4005G/em?
W 143
Theo bang thép hinh, § = 81,4em3; I = 1290cm*; d = 0,5Icm
Do do

Smay

QuiS _ 4.10°.814 _,
maxr —— o ] 95kG [ 2
N dl 0.51. 1290 fom? <]

Nhwr vy mit ciit thép chir I s§ 18 théa mén vé do bén tinh theo ung suft
phap va ca rng suit tiép.

Bai top 343 — 351. VE bitu d6 rng suit tigp + vudng goc voi dudng trung
hoa (n¥m ngang) trén ciac mijt cit ngang cha dam, tinh theo gia Lri 16n nhat

Tmax —— TO'

[
oL
w
(0]
i+
o
W
28
K
w
Y
o2}
Pk

h=26
b
]
\\\Qigﬁ\
h=2b

-
[

Bai tap 352 — 357. Tinh &ng sufit ti€p 16n nh8t v trén cac dim. Trudc
khi d6, néu cin thidt, phai tinh kich thuéc hodic tAi trong cho phép theo trng suft
phap cho phép di cho.

352 353 P glkG
P=600k6 ~p-igokG|  q=B00kG/m l

d FTTTITT

3
S I (P e
% 4 = 7 ——
asm | asm B (6]=450 kGfer? | 2177

Ll 0,5 [6]=100kG/cm?

3
e
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|

354 355 »
g 400kG/m | P7E00KG =400 kG/m 120520
IRERRERERR I §THHHHHH
L3 F%_ g_f { 260x10
BeEARTNN _ 2
b 2m {27 (6= 10006 fom? E;JJ-‘ ;;gg*kg%??
356 357
- P=40kN 5 .
M= 4JkN. | Hya
""’“‘fﬁ 7 q=10KN/m o q=10kN/m P=10kN] L
RXRXANEXREIRIA EXRIIN: Y U=
T e B R, [ B |

el T

[61= 160 MN/m 2

Bai tap 358 — 363. Tinh khodng cich ! tir 14m udn d€n trong tAm mit cit
(gi% thié( thanh mit cit 12 mdng).

358

'..-.-.\nr.-::

o

S

P e S oL

. s B
o

§22. Gng sudt chinh va viée kidm tra toan bé 48 bén cda dam

Trén miét cit ngang dim, tai mot ditm bit ky cach duwong trung hoa z mot
k?zoc’mg cich y, ing sufl phip o va ung sullt ti€p < linh theo cac céng thire (9_‘5)
va (89). Trén hinh 65, ta thdy phan 13 liy ra & lan can didm dang xét bing cic
mal cil ngang cach nhau dz, va céc mit ciit doc song song voi lop trung hoa cach
nbau dy, & trong trang thai tng sufit phéng. Ung suit phap o. va tng suit tiép ~a
trén mil xién géc di qua didm nay (hinh 66) co gid tri:
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{

6 “i 6
2| e .
0 T /
g \
— 'Q—f -
dx
-—],,..T
Hinh 65 Hinh ¢6
6g = 6082 — 15in2a
Tq o= -fr— sin2a - 7c052a ;
Khi:
tg2a == — 2x/o

ta dwge hai mit chinh tai diém dang xét. Hai mit ndy vudng géc v&i nhau.
U'ng sufit chinh ¢; va o, linh theo bitu thirc:

1 I
si3= 5 (o0& Vo? - 447)

Ung sufit tiép cuc tri tioh theo cong thire:

Tmazx — 5 ‘VO-E '{" 412
min
T T T %
R P e R g W Cegwro T
1 v i) I
res A ST Shels
s 'l ~aSi O AL gl - LR ) D3
- —T T e T—
a) b= ¢} d)

T/ "é&\ T T "

[} A . -

Oy C Ay “w¢9ﬂfﬁ<\ y
‘&,’g /%6 t\ g1%s (T Y 6 “"‘556
R i ]

& N[~z By LR D \"%_ﬂ " G a A w
-z DN 2 /S
T A TN = ~—$
G g 5 I
&) G s e BTG N
Hinh 67

(105)

(106)

(107)

(108)

Trén hinh 67 12 cich xédc dinh b&ng a6 thi gia tri va phu-o'ng cha cac ng
sult chinh d&i voi bén trwong hop kbde nhau vé trang thai ing suft cla phéan tot
cia dim. Néu {ai mot mit cit ngang nio ¢6 momen udn va lyc cit c’ung cyc dai
ho#ic gin bing gi4 tri cwe dai, thi & mit cit &y phdj ki®m tra A6 bén cfia dim theo

cdc trng suil chinh.



Vigc kifm tra do b&n theo cdc wng sufl chinb chi thuce hién ddi voi dam
c6 mit cit thanh mong dwoce mdé rong dot ngot & gin céc thé bién, va kim tra &
phitng difm chuyén ti€p L b rdng bé sang bE réng lon, Néu dim lam bing vil
liéu déo, kidm tra theo 1y thuy8l do ben thw ba voi cong thike:

Gl = 0y — O3 == Va2 + 47?2 < [0} (109)

Néu dim lam bi¥ng vat ligu gion, kidm tra theo 1y thuy&t d¢ bén thir nhit
véi cong thire: .

a1=— (¢ + Vo? + 42%)  [e] (110)

Thi du 35 duéi day trinh bay viée tinh toan toan bo v& d6 ben cia mol
dim tinh dinb.

Thi dgy 35. Cho P=4T; ¢ = 3T/m, a ==0,8m, [ = 4m, [¢] = 1600kG/cm?
[] = 1000kG/cm? (hinh 68). X4c dinh s8 hiéu thép mit cdt hinh chit L

Bai gigi. 1. Tinh phén lyc géi.

P(a+ D +4 4.48 4 3.8

A= == = 10.8T
{ 4
q
- — Pa
B — 2 — 3.8-—~4.08 — 5,2T.
l 4
2, V& bigu d6 Q va M.
Trén phin hing 0 << &y < a:
Qxl TID e p —— 4'1" Mxl T — P‘xtl gl SN 4.’.61, ﬁfxlmg == 0,
Mymg=—14.08=—32Tm.

Trong nhip gitra cac gdi 0 K a2 < 1t
Qyy = —B 4 qz2 = —5,2 4 3225 Q= = —5.2T
Qgy=1=—352 4 3.4 = 6,8T.

sz = Bxy — -22:1:%35,21:2-—-3-&:5; My,—g =0

M. ._1--.3, 4-—-%—« 16 = 3,2 Tm.

Vi Qy, = ~ 52 + 3x; = 0, khi z; =52/3 ~ 1,73 m,

do dé: Mmax = D,... 1 76 — 3. _,,},'_?i, 4,5T . Il.

Mx225,2:82—-—§-$%$0 khi Ly == O,Z.z 33\'4713‘1

Dya vao céc s§ liéu tinh duoc, ta v8 dwec bidu 46 Q va M Irén hinh 68.
3. Chon mit cét thép hinh chit I,

100



Vi i\[mnx - '4,5Tm, néﬂ:
Muwe 45,108

W= = ~ 281 ¢cm?
[=] 16, 102
Theo bang thép hinh, ddi voi thép hinh chir I s8 22a, W = 254 ¢m?3.
Tmax — [G'J W o— Wes 35 281 ~— 254
B 1 ) [ P~ 0ER e 7 e
[o] Ws6 224 100 g51 100

= 10,6% > 5% (vuwol trng suft).
Dai vé&i thép hinh chir T 88 24, W = 289 em3,
Smar — [0] W — Weg o4 981 — 989
4 0 = 2100 = 222”2 100 ~
o] 10 Wos o L0 559 100

=~ — 2,779 (thi€u {rng suit),

Ta chon thép mit cit chir I s§ 24, B3i voi mil cdl pay, W =28%cm
I = 3460 cm®, S, == 163cm3, k= 24em, b = 11,50m, ! = 0,95 cm, d = b_ == 0,56cm
h,=h— 2t ==22,1em (hinh 69). Nhwr vay & lhé bién cha mit cil nguy hidm co
irng phap lén nhit.

Omax = M mazx/W = 4,5 . 105/289 ~ 1560kG/cm?
4. Kifm tra mit cél theo \rng suit tiép,
Vi Quex = 6,8T, do d6:
zamsx = Qmaz Sof (b, 1) = 6,8 . 103 . 163/(0,56 . 3160) ~ 570kG/em? < [7]

- 5. V& bifu d6 ung sudt phap (o), wng suil Lip(3), ing sust chinh (s1,3)
va trng suiit ti€p cuc fr] (tma:) & mit ¢t nguy hidm va xdc dinh chiu cta nhitng

4

) 4 a

min

irng sual nay,

ki 4
AT T I |
’fd |z % ”'%1{_ Bz Z

a H i - J #

AT Bigu dé Q ,',73!” , H
_HHW]M 5
2 aw
a7 | BiudoM iyrr. <] s Z

T

#

H 41

F

i H Sler 1
s

H

b1
-
, %
. %z
P - §
! t Sl ? bg’d
AZE]

|| B

32T m 6% .

Hinh 68 Hinh 69
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V& ¢rng sufit chinh mit cit b3t lgi la mit cil & hén phdi gdi trai. & 4o
== w- 3,2 T.m va Q = 6,8T.

Ung sufit phap & mol ditm bit ky cach dwéng trung hoa khodng cach y:

g == — My/l = 3,2.105/3460 ~ 92,5y. (a)
Momen tinh cia dién tich bau ciAnh d8i véi dwong trung hoa.
Se=bt 2L — 115,095 24'"’;{"9" ~ 126 cm®

Momen 1inh c¢da phin dién tich hin bung. & vé mét phia cia duong co
ton 40 y: b h? 0,56 722,12
5 :
Sy—= =L 2 y? | = _— 2 ) = 0,28 (122 — y?
b= ( y y) 5 ( 1 y) ( y%)
Momen linh c¢la phin dién tich mit cdl & vé mét phia cia dwong ob
fung do 4.

§ = 8¢ 4 Sp =126 + 0,28 (122 — y?) ~ 160 — 0,28y,
Urng sufit ti€p & cice didm trén ban canh theo céng thirc (99) bing:

R
mo(—gmw)/(ﬂ) (b
irén bin bung bing
Tz == (S/(bI). (c)
Theo céc cong thire (a), (b), (c), (108), (107), (106) ta tinh dwrgc gia tri cia o
%, Tmaxs O1es, 122, @, wz theo tung dé y & chin didm cia mit cdt, Cac gia r tinh

min

dwroc ghi & bang dudi day.

Bdng

S6 tha G ] T l ﬂ;i; ol | c3

tyucac| y, €m 1goax o] &2

ditm kG /cm?2
1 12,00 1110 0 -~ 555 | 1110 6 0,00 0°0’ 90°0°
2 11,05 1020 20 -+ 510 | 1020 0 {— 0,u392| — 197" | 88°5%
3 11,05 1020 | 440 -+ 670 | 1180 — 160 |- 0,863 |~ 20°24' | 69°36°
1 5,62 510 | 530 -+ 590 840 ~ 340 |~ 2,080 |— 33°10° 57°50°
5 0,00 0| 560 -+ 560 560 — 560 o0 45%0 45°0
6 - 552 {— 510 | 530 -4~ 540 340 —~ 840 | 2,08 32°10" | 122°10°
7 ~ 11,05 | — 1020 | 440 - 670 160 | — 1180 | 0,863 | 20724" | 110,24
8 — 11,05 | — 1020 20 -+ 510 ¢ |~ 1020 0032 1°7 91°%’
9 - 12,00 | — 1110 0 -+ 555 6 | — 1110} 0,00 0°0 90°¢’
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‘e bidu do rng suil

mil ¢dt v& & hinh 71,

OkGjem pyp

TG fem?

Cmiak G/, Uy
3

Hinh 70

GykGlem?, 8,

Trén hinh 72 trinh bay cach xac dinh gia tr] va phuwong coa cic
chinh o; va o3 tai cic diém 4,5 va 6 bing phuong phap d6 thi.

Oy
§
&
&

Hinh 71

}]
oN Z
S0 1-2
<G 7
8I\ o, / °
= VAR
9
g=51l
7 ]

G s
B[emi ¥y _
\\“’i\‘}/ &3
L7 o NS
- \\;”bé 6
e AN
) N
N
” 63“563 6;=550
Diem § N T
[=)
= i} @, G
) - "
- =]
&3 . 3
Ul
6510
Gy:840 673
Hinh 72

v& & hinh 70. Phvong tng sufil chinh & cie diém tran

ung sufil
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6. Kiém tra do bén cta ddm theo cic trng sufil chinh.

Pitin nguy hitm nh#t tén mat cit bAt lei la didm 3. O didm nay
gy == 1180 kG/cm? vA o3 = — 160kG/em?. Ta kiém tra d6 bén tai ditm lheo cong
thire ciia Iy thuyét vé d¢ bén thir ba:

o1 — a3 < [o]

Vi 1180 + 160 = 1340 <2 1600, do do mdt c¢dt di chon ciing bao ddm v& dé
bén linh theo cdc trng suil chinh.

Baitap 364 — 367. Xdc dinh bing giai tich va bing dé thi gia tri va phuong
¢lia cac ttog sufil chinh lérn nhit o1 va nho nhit o, tai cac mit cél chi trén hinh vé.

Ky higu: maxa1 va ming; — Lrng sufit chinh lérn nh3t va nho nhit tai mit
cit bil loi nbét cla dim va tai digm co sy thay ddi bé rong dot ngot, mug; va
mune; -—— cac ing sult chinh ciing tai ditm d6, nhurng tai mit cit mn.

O bai lodn 366 miit phiing tai trong chtra dwong ndi thm udn cda cdc mit
cil ngang.

364 365
i20x20 P=200k6
P=UT g057 1o q=8k6/cm -
IREIRARRRREY: . i 1N
TR 4 é. B 20cm i 20¢cm 50 I{g
AT 2 l
0,5m mag;=?% mncy=?
' max G,=?; min 6z=17
366 367 -
:M - E = EaE ’ ‘
026m | P27 Ml TempEAs: i S
¢l~ s N £ 7 m et AT
] ‘I i =
i‘: n ¥ [ % . I =
5,5."1? g:\ﬁm—ﬁ‘ - : i \. - . %‘_ RS
" 0&m ;W@“; mn6=7; mn Gy=? ‘%T” 100
i Gy= 74 mi Gz ? —t AR

Bai 18p 368 — 373. Chon mit cit diim va ti€n hanh kifm tra diy 40 do

bén clia dim,
L&y [o] = 1600 kG/cm?, [+] == 1000kG/cm? va Iy thuy&t bén (hir ba dé kiém

tra 46 ben theo cac rng sudlt chinh, Trong céac bai 372 va 373 18y [o] == 160 MN/m?;
[] = 100 MN/m2, Trong bai 368, xac dinh ti trong cho phép, sau dé kitm tra do

bén diy dd cia ddm.

] 368 369
P [2gx 20 1T 18P=8T
1

:\ﬁ%}m as& _}Bﬁﬂ xI1f % - - %ﬂl

I
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371
B=15T

&%g B=5T
| Gdm f6m

372 373
M=80kN m
> q=l00kN/m Pi=200kN g=20kpm) P =200KN
SR IEAERERRNANY. IRLINRRRARAREERY 100N
wég\.. A=30kN I J%, Py=E0kN I
C dm /m! | 2m 2m ;T
Po=100KN

IIVS26579

§23. €o 5& tinh dam theo néng lyc chiu tai.

Sy khie nhau trong tinh toan vé do hén theo phuong phip ung sufit cho
phép va p!umn phap niing lue chiu i dol voi vt ligu déo 1a & chd coi trang
thai bitn dang nguy hiém cua ddm thuoe cie gini doan khac nhau.

Khi tinh theo milng lre chiu tai, thwong ngudi ta chi d8 v ung sufil phip
via Khonyg xét déa s tai bén cua vit ligu do hign dang ded. Nhiang bitu 45 kéo
hodv nén Iv lwdng (hinh 73) dwoe ldy lim co so tinh todn.

Khi tinh theo wng sufit cho phép, ngudi ta coi trang thai nguy hitm cia
diam 14 trang thii twong irng voi no, trng suiit phap lon nhit & thé bién cua ddm
dat dén givi han chiy cla vat liéu gy (hinh 74).

6 _ Biduds o L
" Gech Bidudo &
Q
g J
2
\:ﬁ 2
b Geh
Hinh 73 Hinh 74 . Hinh 75

Theo bifu d6 s (xem hinh 74) momen udn ¢ trang thai nguy hitm cia
dém biing:
Moy == oW (111)
Pura hé s6 an toan vao, ta dwgc cong thire tinh momen udn cho phép.

Moex = [0]W (112)
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Khi tinh theo ndng lye ch:u &i ngudi la coi trang thai nguy hiém cta dim
fa trang thai irng véri no, o (8t ¢ cic didm ctia mit cit ngu3 hi®m, wrng suil phap
déu dat dén gioi han chdy cia val licu (hinh 75). Theo bidu dé o (xem hinh 73)
trang Lhdi nay lwong ng véi gid (e cia momen udn.

zu::h - 20'(:118; (] }3)
trong d6 § 14 momen 1Tnh clia mol nira di¢n tich mit cdt ngang dim déi voi duing

trung hoa z.
Vi khong th® ting thém momen udn & mit cit nay nita, do do ta néi ring

& mill ciil phat sinh «kbép déo» va dim trér thanh hé bién dang hinh hoc.
Bua hé sb an loan vaoe, ta dwoc cong thie iinh ltodn dé xédc dinh momen

udn cho phép. - 2,[ s _ (14
max == Gj.

So sdnb cic céng thire (112) va (114), ta th&y ring néu I8y bé s§ an toan
shu uhau thi momen udn cho phép M.y Linh theo ning lye chiu tdi l6n hon momen
udn cho phép Mm.: linh theo ng sull cho phép 7 I&n, trong do:

0= Miae| Mmax == 25/W. (115)
Pai lrgng 7 chi phu thuge vao dic didm hinh hoc ¢da mit ciit ngang dim

Thi dg 36. Cho cic mil ciil vé trén hinh 76. Xac dinh gia tri cia v

R Y
Ny

49 5)

ie\,
a«i\’,
Q iy
\«\\\&I
RN
N
S

&,
i

Hinh 75
Bdi gidi.
LW = nrd3jd, §==(2/3)r%, M= 4r% . 4)(3nrs) = 16/(3x) ~ 1,697.
2 W=a%86, § = a3/8, n = 3/2=1,5,
3. W= b.hzlﬁ, S = bhz/& n == 1,5
4. Vi W =2I/h, nén 5 ==25|W = (SID.h
Theo bang thép hinh, thi du d8i véi mit cit thép chir I s§ 20a.
I =2030cm?, § == 114em8, h = 20cm, 7= 114.20/2030 ~ 1,19.

s w22 a® a1 avVZ VT
120y2  6Y2  ~~ 2 3 N 1)
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_ YZat.6VZ

Ml Ba3 =12
o W__bhﬂ 3 bhr o bR 2,2 h )__bhz )3
' """'35'2}1"“21:"““24(3 3 {7 g G—V2y
b2 (2 —V2 )24 o
—_— .’::_.34
7 Bbh? A

& m = MM maz gilia cac momen udn ewrc dai
1 m ] c

Bai tap 374 — 379, Tinh ti s
hiu tdi va theo rng sull cho phép ddi voi cac

Mliax vt My, tnb theo nidng luc ¢
dang miit cit ngang dam duoi day:

374 375
!
7 i b
S // é«?
7272 %
-4 l.a.]
377 378 379
A . . -
W/m ] o
% ' o ;// ,//; «5’:
ZID 77
Z 1 S
4a a zala

Bai tap 380 — 385. Tiuh kich thuoe cin thidt ctta di3m hoiic 13i trong cho
P g

phép theo phwong phap 1rng sulit cho phép va theo phurong phap ning lyc chiu taj.

380 381
P=120 kG . P=800KkG g
\ 2%
. \ K
e oo &.fm LA Im Im et ey P d=7 o
e - 05m
[6]=1000KG/em * (6] =45akG/cm*
382 383
q = ? P p= ?
NNENRENERENNAE, 3 ‘ INZU
’ &m * |‘ 200 l 2 pim | 2m |
G, 2200kG/em®; K5 6 ={600 kG fem?

K« hi¢u: b, d, h, Pmax, qmax — Kich thude ¢in thift cda mil cil ngang dam
va tai trong cho phép tinh theo phweng phip trng sufit cho pheép, &, &, k', Pau
Jmax — nhir trén, tinh theo phwong phdp niing Iye chiu tai. I
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384 ) 385 -1 120
q:, p:? ff [
HHHHH!%! :'E”# N s e

er__ gm [Zm §; 3m é

' ‘ 10

[6]=60MN/m? (G1=140MN/m?

§ 24. chuydn vj ¢ia dam bj uén

Chuyén vi ciia miit ciit dim dwge dic trung biing hai dai lrong:

I. Chuy@n vi dai cla lrong tAm mal cil ngang theo phuong vudng goc voi
truc hinh hoc x clia dim, goi 14 d¢ vdng (fx).

2 (Jhuyen vi goc ctia miil cill ngang chung quanh true trung hoa = goi la

goc quay cua mdt cil (8,).
Do vdng [« 14 duong nfu chifu cia no tring voi chiu dwong chia lrge g

vubng goc voi true hinh hoc v cia dim. Goc quay 8, la dwong n@u chiéu quay
cia mit cit dim chung quanh dudng lrung hoa = nguoe chifu kim ddng 16,

Bo vang va goc quay cre dai (frex, Omax) Vit cue titu (fmin. fmia) tinh theo
gia tri tuyét ddi cha chung.

Vi luc citt chi co anh hudng r6 rét ddi voi bhign dang khi dim ngin,
ngudri la chi iinh [ va 6 theo momen udn. BO vényg v gov quay co thé tinh hiing
phwong phap thong s ban din, phwong phap do thi, phuong phap dd toan va cice
phuong phap khac,

Phirong phdp thong si ban ddu. Nhitng thong s6 ban ddu Ia do vang [, va
goe quay 8, clia miil ¢iit ngang dim, ma trong tAm nim & gée toa do. Hop Iy hon
cd la ldy trong tim cda mél ciit ngang ¢ d&u bén trii dim lam gge loa da.

Phuong lrinh xdce dinh [x vi 8 & mil cit bAL ky cda dim edceh gic toa do
mgl khoang x (lrong triwéng hop crdng do tai lrong phin b ¢ la ham 1iv Lhira)
¢6 dang nhw sau:

, - - e (r — um) (3: — ap)3
= E 16, — - M
Elfy = EIf, 4 EIf_ =+ E Y 4+ 2

(z — ag)? (:L‘--~~b)4 ;!:---«-a)5
“f“E?aq 4,q E Thq +Z aq"““‘mmq

T e B 5
- E lhq 5 ‘*) + . (116)

Flte = Elb, + Y of -2 =0) "'") +Yy el ¥ a,, (& — Gq)“' _

_.,.b 3 — ) —
=Lt +Zfaqw quq Er e am

trong d6 E — modun dan hoi vat liéu lam dim; I — momen quin linh miit c#t
ngang dim dgi voi tryc trung héa z; M - momen ctia ngiu hre ngoai hre; ag —

do do
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khodng cich tir géc toa do d€n mill cdt diit nghu lyc (hinh 77, a); P — hrc ngang
1ap trung (trong dé co cd phan luce); ap — khodng cich tir géc toa do dén mit cét
dit lue P (hinh 77, b), qaq, Gaq — gid tri enia hye phan bé g, va dao ham cta n6
theo = lai T == aq, tic 14 tai mdl ciil ngang bit ddu co luc phfm bé lac dung
(hinh 77, ¢); Tpg q, — gid tri cia hyc phén b3 ¢, vd dao ham cia no theo = lai
= bq, tire la tai mat cit ngang k&t thuc doan lyc phan bd, mit cdt nay & troc
miit cat dang xét (hinh 77, c).

a) &) ¢

Hinh 77

N&u gdc loa do dil tai trong tAm cfia mit cit ddu bhén phai ciia didm va truc
x huwdng tr phai sang trdi thi twong tng voi chifu cua cac tai trong v& Lrén hinh
77, trong cac cong thire (116) va (117) & cic s§ hang phin dnh anh huwdng cua
momen cia ngoai lye s8 14y diu Am; chifu quay cia mil cit dim tinh theo cong
thire (117) s& ngwoc lai véi chidu quy dinh trwde diy. Ta co thé chi nhécong thire
(118), vi 4y dac ham (116) ta dwoc céng thire (117).

Co th xic dinh dwoc hai thong s§ ban dau [. va 8, lheo cac difu kién
lién k&t ddu dim nhu sau:

1. O diu ngam, do véng va géc quay ciia mil cit bing khong.

9. & g5i khép, 46 vong bing khong.

Pgi voi nhitng dim d6i xitng, la chi cfin xét mot nira ddm sau do sir dung
cac dic ditm cta tinh d3i xitng, tirc la goc quay ctia'mit ciit Lriing véi truc 481
xtrng cia ddm thi bing khéng, hoiic do véng ctia mil cil tring voi truc d8i xirng
ngwoc cia dim thi bing khong.

Cach viét phwong trinh do véng va goc quay hop 1¥ nh#At {a chi viél mot
phuwong trinh (116) va mgt phm’rnﬂ irmh (117) cBa doan cudi cung cia dim, trong
d6 theo trinh ty viét 18t ca cdc tai trong tac dung k& bir géc toa d¢. Sau do das
viét cac phuong trinh fr va 8: cia mét doan bt ky, chi cdn git lai nhirng s§ hang
twong rng voi nhirng tai trong & trwoce doan do.

Thi du 37. Cho g, ¢, P = 1ga, M ==qa?, E, I (hinh 78)
Xac dinh [x, Or.
Bai giai, Tir diéu kién tinh hoc Z Mp==0

mqa-%a+A.2a—m4qa.a+qa2m0; A:u%-il—»«» qa
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Theo phwong trinh (116), d6i vai doan cudi cung bén phai

. 4 11 (r —a)d (1 — a)t (x-—2a)3
Elf, = EI Eloxr — 3% — dga T8
f [, + EIox i + ? g + DT qa 37

Pgi véi doan I : 0z a
Poi vl doan I : a o 2a
Bdi vai doan IH: 2a<< x < 3a

y M
N i
[FTERRER! A . F T
PN
3 I E
Hinh 78

Theo cic ditu kién lién k&t ctia ddm:

& gbi trai Eif. =EIf, + Elfya — qatj24 = 0.
& gbi phii Elfs. = Elfs + El6.3a + _%.%_ gat — -.g- gat —
81 4., 16 .,
o @t =0
tire la:
Elf, + EIf a — qa*124 = 0,
Elf, 4+ El8,3a + -2% gat = 0.
hay 8 | 3
. 1 gqa
2El8a -+ — qad =0, 8, = - -~
1T gy 9 ° 6 EI

Thé vao phwong trinh trén, ta dwoc:
1 1
Elfg— — ga4 — — ga* = 0.
fom & 0 o1 ¢

do do .
5 a
fo= 5" g
24  EI )
Phuong trinh xéc dinb fx va 0. tai mit cit bal ky clia mot doan bat ky
c6 dang:

5 1 1 11
Elfy = ~— gat — — ga3% — —- qx* 4 — galx — a)?
f o1 ¢ i Y +24q » -+
O al
1 A Z
e G — @) — —- ga(x — 2a)3;
+24 q( ) 3<;r( )

110 | 8 xs 24 | sasIn<3al



1 1 11 1
El8; = — — ga% — — gx3 4 — qa(xr — a)? — g(x — a)?
s 9 e 9 T3 ra( »? A+ 6 qx — a)
0 x<a o a|

— 2qa(r — 2a)?
20 x<3a |

Thi du, goc quay clia mil cil trén géi trai
3
0, 1 (_”m}mqasm_%_ qaa):_" qa

“Er\ e 3E]

goc quay cua mit ciit trén gdi phai

Hinh 79
g 1 2o o4 8 L\ _ 1 9@
e EI(B 6+8+6 6 EI
do vong & chd dil lyc tap trung
4 € * 4
_ga (5 2 16 11 __1__):.....,_....?_.._,9_9_“
[ = E1(24 5 24 "o T ol 24~ EI

Trén hinh 79 v& dang gin ding dwong dan héi cia dim (nét chdm) cing voi
do véng va goc quay cha cac mit cat da tinh. Chu ¥ ring & nhiing mit cii co
momen udn biing khong, trén dwéng dan héi co diém udn. Trén nhitng doan dam
¢6 momen udn duwong, dwong dan héi 161 v€ phia dudi; co momen udn am, dwdong

dan hoi 16i v& phia trén (xem hinh 79).

Bai tap 386 — 387. Trong bai 386, xac dinh dé véng [ va goc quay B cua
‘mit cit dim béing phwong phip tich phin phrong trinh vi phin ctia duwéng dan héi:

ai 292 — 2926 tinh d6 v8ng vd goc quay cia dau hr do;

-

1. O
2. O
3. O
& cac goi

a

b
' hai 228, 229, 231 tinh 4o vbng & giira nhip va goc quay & cdc goi;
b

ai 227 va 230 tioh d6 véng io'n nhit ve gia tri tuyét d6i va goc quay

Ta coi nhur da bi#t tdi trong, chidu dai va do cirng chéng udn cla dam.
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Trong bai 387, xét xem do véng O giita nhip didm tinh biing phuwong trinh
gin dung cia dwong dan hdi va do véng tinh ding biing phwong trinh cung tron
sai bao nhiéu phin trdm va sai thira bay thiéu.

387
p=2T p
‘ = IN 2
a=m 5a Lol £=2 10fkefem?

Bai tap 388 — 391. Tinh xem momen udn cue dai va do véng cla dim vé
trén caec hinh 388 — 391 1&n hon bao nhiéu phin trim so véi dim twong by cling
chiu tai trong @, nhung pbin bd déu trén toan nhip.

388 389

é ‘a M’Pmm

- {

390 . 391 Hinpsin (i song)
Larabon

AT rlllinN

T d EEN 78

Bai tap 392 — 409. Tinh do v8ng f¢ clia mit cit C va goec quay 6p cua mil
cil D. Cac dai lwong ¢, a, E va I coi nhir di biét.

392 39 2
qa"’ g qa 3 ZQ -ﬁ-qa

B | : ‘ q
URREXENRL L REINT N SNy LNy e

v s 1117

394 395 gt 2
et q02 'q ‘ q gb &QG ?-g—
N 29 T, Nzt BA MU P
3 \ il § o [REN!
B B
l._a > 2a _ 4 4 &




4
qa | 99 +2
p [TTHIE,
ATI it
7 U
[ a
ga*  ga?
w'”f'q 7
xxaxaas: 1
AD
a % a

401 a?
g = z
NI B c
2 Lba

403

qat-~ g qa
“1 a N 2a ’%a

405

; 11}
£l

407  Parabin
q

D”’"" ¢ s o
[2] a a a

T T

a

qat %q'z -

il PR i

Parabdn
%M 1™
.
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- e . ar " "~ -
Phuong phap dd todn. Ta v& biéu d6 momen udn cia didm di cho. Bitu do
nay dugce coi la tai trong phin bd gia tao cia ddm gia tao. Goc quay 6y clia mit
cél nao do6 cta dim d& cho s& 1a t] s§ cha cdc lue cdl Qg cla dim gid tao tai

mit cit 4y voi dé cing chéng ugn cua dim di cho, tic [a:
ﬁxzn-f%?i- (118)
CE]

D6 vdng fx cia mil cit ndo do cda dim di cho la ti s§ clla momen uén

Mgc clia ddm gid tao tai mit cdt &y voi dé cing chdng udn cda dam, tire la:

A!g%x
g I e 119
[ Bl (119)

BGi véi dim don gidn, cling nén chi y dén cac cong thirc sau day cha goc
quay cua duong dan héi & cac gdi 4 va B:

A B’ .
[8a)1 = -JETI- ;IGBI:JE—:}L (120)
B.A.zi-g}m;ﬁazzﬁ-—%— (121)

O day A’ va B’ 1a phén lrc gid tao & gdi. Trong cong thirc (121) ldy diu
cong hofic diu trir tlty theo phwong ciia phan luc gid tao.

8
- -h

d
SO
o

=

2

A - ey

i
:
iy
Hinh 80 Hinhk 81

Theg\lcéc cong thire (118) va (119), nhi¥ng diu kién bién dang & gdi va &
bién cua ddm da cho phai chuyén thanh nhitng dign kién cha My va (g clia dim
gia tao.
Be co dim gid tao twong trng véi dim da cho, phdi thda man cic quy tic
sau diy:
1. gdi khop & diiu dim cho (ruée vAn 12 g8i khop & diu dim gid lao;
) 2; g8i khop khong phai & diu dim cho truwée chuyn thanh khop quay cia
ddm gia lao; _
3. ddu ngam cda dim cho trude tré Lhanh diu tw do cia dam gia lao;
4. dau tu do cda dim cho trede Lré thanh din ngam clia ddm gia tao;
o- khop quay cta dim cho Lrwde chuyén thanh gsi khop cia dim gid lao.
‘ .Tr{a‘n hinh 80 va hinh 81 1a thi du ap dung cac quy tdc v& ddm gia tao: a
va b 1a dim cho trude, @’ va b’ dim gid tao tuong tng.
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Phirong phap d6 toin ding thuin ti¢n khi cin xdc dinh chuyén vi cna tirn
fod o 3 = N . by H
miit ¢it xde dinh coa ddm, ncu nhw dién tich v& lrong tim cua bieu dé momen

uén cta dim cho trwée linh dwoe
dé dang. B2 cho ddu cta do vong
v goc quay phit hop voi cdc quy
wére di co. tai trong gid tao hwong
tir durod 1én trén khi bifu d6 mo-
men udn ctia dim cho trwde co diu

p
4 8

4
ﬂ,:_,://’ "r:?'
S B R

M
Frrax |

M

L

-4
=
g i

il

M,f(‘ A :‘!15' 7

Hinh 82

|
‘_/,g_‘“\.t g ;rl ' B’fﬁ’ c;fc'f Q,ZE %
i
o . ' I RV i1
, E I

Hinh 83

dwong, vi hwéng tir trén xudng dudi khi bitu dd momen udn cua dam cho trirde

co diu im,

Thi dy 38. Cho P. [, E, I (hinh 82)

Tinh 8¢, 04, fa.

Bai gidi. Bitu d6 momen ugn cia dim cho trwée ABC la hinh tam gidc am
¢6 chitu cao biing Pl tai mil cit B. )
Ta I8y bitu d6 nay lam (ai lrong gid lao ciia ddm gid tao A’B'C. Tir tdng
momen ddi v&i khop B’ ctia cdc lye & bén phai cia khép béng khéng, ta tim duoe

phan lyc

Do do:

Vi

va

do do:

P S <

C, o= e P —
[ 2 3 6
Quic? =— O = — ..F;ln
Pz 5
' = — ——— + Pl =~ P2
Qg,tA P -+ 5
12 .
A’!gu&’ :“1-)-{'“21’ — P'[2[ = — ._g_..P[S
6(:3253.‘9-’——: _____"I;)_lf_ g QgtA’ ﬁi })ZZ
El 6El Er 8 EI
[ Mo 2 P
El 3 El
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Thi duy 39. Cho M, a, E, ] (hinh 83),
Tinh froax.

Bai gidi. Dam gid tao fa dim don gidn co tai trong gid tao phan b§ ddu
cuong do bing M tac dung trén doan thir hai. Tir ldng momen chia nhitng lyc
ddi véi cac g6i 4’ va B bing khong, 1a xic dinh duoc cde phan lye B = -f—- Ma

4]
) 4
vad'=— Ma.

3

Biu A6 Qg v& trén hink 83. & mil cit do co Qu =0, Mgy =M

glmaxe
VingtIzA“—MmefwMamﬂ'fC:U’ do dbc:-«‘_f..a_
< 2
. 9 14 .
Viy 2, =2a 4 c = <@ Ta lim duge Mgipex:
2 _ A .
Mgtmnx m""A’.’Ko—f-‘ﬂ!—(—:—:-ﬁ -—é—}]a —;i-_:"%-a —i—_.{.]_.{_....l_f_i_, a® — _. _‘,1,§_,_Ma2
2 b} 3 2 25 23
A - ﬁ{ {max 48 -Maz
B vong cuc dai fpu = 8 40
7 Vong cye dal fm El 25 EI

Baitap 410 — 421. Tigh do v
cidt D cta dim, P, g M, a, E, I &n

ng fc clia mit cit C va goc quay 8p cua miit
nhu d3 biét,

e nay cling nhu & nhitng mue sau ddu coi

410 411
Z P\ P@ % i»a- pJ
Z .D c ? _D 'C
7
1 j 7 L
i i =1 N a a
412 413
g , Py 1P
ST ot |7 ]
 20a m’ﬁ .
Za a_,| led a a a,|
414 415 oM M
P Fa ~
. 7 - r;
v Y w%sz EH
a a ] a | g . Za_
{ - U o1
416 417
g g

A D
v é% 7 U %
' a a J24 a o

s
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418 419 qaz

= 2a a o a 2a N
420 421
P , p )
D 0y ﬁcﬁ A D é:i
£ amﬂ ,,%, i
. a a a.l Ja

Bai tap 422 — 423. Tinh d véng [c cia miit cil {7 va goc quay By 05, cla
cic mil cit & bén trai va bén phbdi khop D cta dam.

422 423
g A P P
g 1 \ Yo D y¢
a a a | a | 2a f a:.al.al
424 425
Pao Py Pa

» =7

C )
T TP ‘ % 54 ; a a . a | a
2a | v g

a a | a
]

pLiAir i

Bai tap 426 — 433, Tinh dé vong cuc dai | fimax vi goc quay cuc dai |6}max
vé gid trituyét ddi cia dam. Mo td dang duong cong dan hoi.

426 427

y p| P p e

V \ , \ 2

7 i P p -~ ¥

i Ja ez |a! a Ja a.
428 429

q M=Pg p -K"-Pd M=Pg
= RN < J | ‘;\
b Aa za ) a% P 4. a a @
430 431 _
p M=3Pa mepg M Mepa
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N N p|p

¥ 1 7
G ’ =
3 “
a a a o a a a a

| H i

Bai tap 434 —443. Tinh d¢ véng [, [y, f; clia cac mit ¢t C, C,, C, chia dim
bing cich str dung gia tri d6 véng va goc quay cda cac dim don gian cho sin &
bang (xem hinh 90).

434 435
4 ga qa A
ERERRERANY \ \REREREREER!
EI 82 j Cf Cg
a a . a Za
436 2 437
q e q an
RENNERRREEERR] R aENERl]
e | 124 e
ey qa oo geva) PN iy T
__a a a & ! i 2a 2 e a,j _
438 q 439 q
F
{31;;10 EEERR gliiiilf X C
x& ;\\\5 Sé é&? I
Ja x%ggarj a _a §é§sa N
440 441
P 2p P‘ 2
4 .
e LI
a | a a/, /‘a - o | o a; 7

442 443
Pl p
aT' 2a ”?”aﬁ

£ i
2a _T o a a
Bai tap 444 — 448. Tinh d

béng mét phwong phiap tiy chon.

LR LY
ARBRAANN

AR LLALEY

0 véng 16n nhat vé gia tef tuyél dsi | [ |max ctia d2m

444

c 445 |

g=600kG/n Q60K s

? (1113 ‘c} - T
a=!m a 7%2 a | R a‘-“é%:?‘méh?/cmz

E=10% 6/ cnf '
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446 447
ki 0= 300k6 /i ¢ 12 7/m
ar s
i 139 o :%- N18(12) VAR 1L WiZa
a - g alm a 20 oo £72 10°%Gem?
448 q=150kG /m

hrZﬂcm

%Gi P a=2m§ b=15em

==t =1 E=l0%G/em*

Bai tap 449 — 453. Chon kich thwde mat ciil ngang déim thoa min cac difu
kién v& do bén va do cung

Trong mdt s& trwdng hop, bén canh ditu kién v& @0 bén con c6 thém didu
ki¢n v& d6 ctrng. Didu kién niy bitu thi biing ti 56 ctia gia tri tuyét ddi cua 4o
vong cuc dai | flmaz vOi chidu dai { cua nhip dim khong vwo!l qua mot gid tri cho
trirére 1/n, i fa:

\[!mar
l

1 ‘
<L (122)
n
Tay theo muye dich va val liéu ché tao ddm, gid tri cho phép 1/nco the khdc

nhau, thi du d&i véi dim thép ngudi ta iy 1/n == 1/200 + 1/1000.

449 450
ppopIT
g= 400kG /m o mygmom) om, EEU%GED
EREER AN RN WA N M N (s]= /600K G /e
i - [6)= 1B00KGAF L5 ar [f.]= I
e A % £l P G
5 =4 | T/ 500 ‘ !
: - § z
Pr Pa  (peapks | (O 100KGm?
l_a,?m e E=Z"’3k6/ﬁ'ﬂz P Z P b["‘{]"“l“"
[ x ][[6}#&'470&6/@2% Y 117206
TR weym — [f. =...L e2dm /%.35
37 ; p=tgTl L1 900 h=gb
453
g=80kG/m ., E=2-10° #6fem®
S T T T 1T ] [6]=100 k& ferm®
i B [_i]zuzu/
i 1=6m & 1f 400
i

_ Bai tap 454 — 457, Tinh ti s6 clia do vong clia mit cil { trong Lrudng hop
ngfu hyc M @it & bén trai hoic bén phai khép D.

454 M o 455 M M
N D["’.A a7 Y D - C
=1 et
a 20 Sl l a 2a g
1 i H ! .
456 457
' J
M -2—&' M=Fz P
o ! . i R N r lr
N 3 I N R ¢
DR N P S Za a a’
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§25. Dam cé mar cat thay d5i.

Neéu kich thwéc mit cit ngang dim bi&n ddi tron lru va khong ddng k& thi
6 thd tinh 1rng sust bing cdng thire d& lap dai voi diam miit cil khéng ddi. DAm
hop I¥ nh&t 14 dim cé &6 bén déu, tirc 1a dim
& caz the bién ciia moi mit cit ngang co tng
sufit phiap bing nhau.

Ciu tao ddm cé d6 bén déu. Khi dim
bi uén thudn tuy thi dim c6 do beén deu la
dim c6 mit ciit khong dbi.

Trong truwdng hop tdng quat, mit ciit
ngang cia dim co dé bén ddu bin ddi Lheo
phwong trinh:

| Mx |

[o]
trong 46 M- la momen ugn & mit cdt bdl ky, W, la momen chéng udn clia mit
cit dé.

Néu & mit cit ngang nao d6, momen ugn bing khong hodc rit bé, nhung
firc cdt lai khong bing khéng hoiic co gia tri 16n thi dang mit cét ciia dim co do

(123)

Hinh 84 W=

bén dBu phai tinh theo didu kién bén ciia ng sudit 1ié';; (104). Dusi day trinh bay
vai thi du c8u tao dim co 46 bén dau.

Thi dg 40. Cho P, |, i == const, [+], [v] (hinh 84) Tinh b,.

Bdi gidi. Momen udn & mit cit bat ky

Momen chdng udn cia mit cit nay.

"I — bIhZISt
Theo phwong trinh (123-.)
2[c]
Tir 46 rat ra: P
b:: = Shx xe=,, == 0; b;._—_lfg = j}.... . i
h?[s] 2 h¥o]

Vi & nhilng mil cit Irén goi, M =0, Q==P/2, do d6 khéng thé cho mat
cdl & @6 biéing khong. BE rong b, ctia mit cit phdi xéac dinh tir didu kién v& da bin
theo trng su#t tiép:

p
boh

Tray == . = [T]

3.,Q0_3
2 F 4
Tir do: '
3P
4 A7

Dang d&m ¢o do ben ddu v& 1rén hinh 84. Chidu daj x, doan dau dim o

b°>
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bé rong khong ddi b, tinh tir dicu kién:
3 P 3Px

boﬂ—g-h[] = hz[qfi,tfrdo ,
N vy
L | — “®
T = —. . |
4 ] " |
Vi [t} = (0,5~ 0,6) [¢], do d6 P A
x, =~ (0,5 - 0,42)h. . ‘
Thi du 41. Cho P, L [0, [5] e[ Béudd M
(hinh 83). BEIPEE: | . -'u“lﬂﬂ]_l_ <
Tinh d,. ]' ; ,l ": p
Bdi gidgi. M, = - Px; W, = 9 Lidal g LG
= nd3/32. b ~
Theo phwong trinh (118) nd3/32 ==
= Pzjlo]. Do dé
Hinhk 85

dy = 2V 4Px/(n[s])
dy=p = 0. dy=y = 2V4Pl/(x[0])

Vikhiz=0M=0, con Q=— P, dodé ta phai didu chinh dang ciia dim
co dd bén déu tir didu ki¢n bén theo trng sudl LEp.
4 1Q] _ _ 4P

3 F  3wdid

-
-

<[

max —

T do:
d_ >4 VP] 3=[+])
Dang ciu lao dim co do bén déu vE trén hinh 85, a.
Chidu dai =, din ddm co dwong kinh d, khong ddi tinb L diéu kien
do =1 VB/3=[e) = 2 VIPxr =[],
z, =T . 1ol . (0,33 = 0,26)d,
6 [+]
NEéu dim do bén déu ¢o dang phire lap, ngwdi ta thuong ch® lao ddm hinh
‘bac ngoai ti€p véri ddm do6 bén dsu. Khi d3 tinh dwoc d, va d, taldy nhing dudng
kinh c6 gid tri b8t ky lrong khodng nay, thi du:
do << dy << dy < dy < d.

Tir do

Sau do, ta tinh
W, =nd3/32; W;=d=}/32; W,= xd3/32; Wi = nd}/32 va M = Wl My=
foumd WI[G}; ﬂ’[g — Wg[d‘] M ﬂfIg pommne W 3[0‘].

Nhu vay cic duong kinh d,, dy, dz, dj dam bao vé do bén & cic mil cit
twong (ng. Rép cac gid tri M, My, Mz, M3 vio biéu ¢6 momen udn (hinh &5, b).
ta xac dinh dwoc chiu dai tirng bic cia ddm (hinh 83,c).

Tinh chny®n vi cia d2m mit cdt thay ddi. Chuy&n vi etta ddm miit cit thay
d5i 6 the tinh bing phwong phap gidi tich va phuong phap do toan.

Trong phuong phap gidi tich & mdi doan dim la liap dwoc mdt phuong
trinh vi phan cfia duong dén héi: o

Ty *
By = I

trong d6 Ix 12 momen quan tinh ctia mit cil dgi véi duong trung hoa

(124)
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Ya

Tich phén hai 180 ta im duge ham goc quay 6: va do vong fx:

E6, == E}r’ == f l;_fx dr 4 Cy (125)

Ef: = Ey = J' ” -—%!—‘—nd:c]d:n 4 Cyx 4 C, (126)

Cac bing s§ tich phan C; va C, xac dinh bing cac didu kién lién k6t cla
ddm, Khi dim c6 nhitu doan, ngoai nhirng didu kién lién k€t con phai st dung
diéu ki¢n géc quay bing nhau va dé véng bing nbau & hai bén ctia chd ranh gioi
cac doan. Kbhi chia doan, khong nhiing phai chia theo tii trong ma con phai chia
theo quy luét bi€n d8i mit cit ngang

Ngoai phudng trinh (124) ta ciing c6 the st dung phwong trinh cé dangsau day:

Ely" = M, i = M, (127)
x
trong d6 I, — momen quin tinh mit cit quy wérc khong thay ddi cta dim: My =
=My ;' ~ momen udn tinh dbi.
X

Thi du 42. Cho P, [, h = const (dim do bdn déu mit cit hinh chii nhat co
chiéu cao / khong dbi va b# rong b. thay ddi, xem thi du 39), £ (hinh 86).

LA SR
BN ] =i P
hhhhhhh ....\...‘--""’—-v—'w £ 6_".,
fmax
Hinh 86

Tinh Bmas, fmax-
Bai gidi: Tuong ty nhu & thi dy 40 Mx= Px/2 va I, = beh%/12 = Pha/4[o]
Do d6 phuonglrinh (124) cé dang: Ey” = M/l = 2[o)/h hodc (EA/2c))y’ =1
Tich phan hai lin phwong trinh nay, ta dwoe:
(Eh2[c])y =z + Cy
(ER/2[c])y = x2/2 -} Cyx + C,
Vi kbi ©==0, y=10 va khi z =1{/2, g =0, do d6 C, =0, C; = — l/2. Do
40 OBpax == 84 = ~— fp = (U )x=0 = 2C4[c)/Eh == - lo)JER va fpu = (P)r=1/p =
= — I2[c)/AER.

& thi du 40, ta da bist [o] = = . LL 40 44
2 ' heb
3 prz 3 pp
emaxz‘"‘—"'—“ AX T ——————
> Enip 2= 8 * "ERb

Bai t4p 458 -— 466. X4c dinh dang ciia dim dé b¥n ddu va tinh do véng
co gia tri tuyét 'dgi ion nhat

458

A
IERTERERRRRSRANNY) %
< ¢ > d

ALLR R LY
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459 460

.
Pa’ at A o
(N YO otm 7 g §
Elheconst oo Rqa qof A 5 <
jﬁ v firt b 20' g
a a a '
. Lz
461 qa? ¢ 462 g ga““
Z *n‘mk Clheconst NTELITLTTITEY A
l.a [a a | 7 b=tonst
463 4
3’ [ EEENENNERR N WA
; 2
[ i
465 466 ”
g 3
RTINS NN RN, h \::THTT:W»?# h
T By I
TS ! N b=const 1 L ~% b=const

{ Td trgnyg thea Parabén ca
dinh o' ddu ke do

Bai tap 467. Cho [=Im, b=60mm, k= Smm, n==10 ban, [s]=1600kG/cm?.
E ==2.108kG/cm? Tinh Prs, |flmax. Khong xét ma sat gifra céc ban 16 xo.

A AR W D 3 I I A Jj_-_q*

Bai tap 468 — 469. Xac dinh dang clia ddm d¢ bén déu, dnh huwdng clia
uwng sult ti€p dén dano dim, dé vdng cia diu ty do, goc quay dau dam (giai thich
k&t qua thu dwoe). ¢,! . Anex, E, Imex col nhr di biét.

468 4

w

6
y g
Hum"ffum Z 7
7 ¢ . é 'i { E

b=Const
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Bai t4p4 70 — 475, Tinh xem wng sufit phap lén nhit & tai mét cit nao va
Omars |[|mer V& |6lmax 160 hon bao nhida 1in so véi dim t

wong ty nhung miit cit
khong ddi (lom nhit). :

474 ' p 475 My
: Lo na it
: P S i *«lf = 3
—x ﬁ}:"
ey { 3 e 8 l
! ! !

Bai tap 476 — 477. Xac dinh rng sufl phdp 1on nhit ome: do trong lwong
bén than cla dim va vi tri mit cit nguy hidm Mumex vA& Woue coi nhu d3 bist.

476 477
£

I 1%\3 -
I £ ‘; ’ .

Bai tap 478 — 481. Xdc diph 46 vdng & diiu tir do do trong lrgng bn thin.
Trong hrong Q cda ddm, I, E va I coi nhwr di hét.

479

4 ‘ ;

480 481

2
Ju
ol
Y

Ay
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Dung phuong phap do fodn dé xic dinh bign dang clla dim mit cat thay
ddi, nguiri la 18y tai trong gid tao tic dung vho ddm gia tao khong phai {4 momen
uén thue M., ma momen udn tinh doi:

M = M« ;o (128)

twong 1rng véi phwong trinh (127)
Géc quay va do ving cha mit cit bit ky dwoe xdc dinh theo cac cong thue:

Q=
o (129)
ﬂ’[glx
5 . = 130
vi fo= 5 (130)

trong d6 Qgre Vit Mg — luc cit gi4 tao vA momen u@n gid tao tic dung vao dim
giz lao, EI, — d¢ cling ching uén cfia mit cft khong ddi quy wdc cia dim
cho trudec.

Bs§i v&i dim dd bén déu co
chifu cao mit cit khong d6i, n€u
Iiy I 12 momen quan tinh cia mit
cit ngang & d6 ¢ Mgax, thi mémen
udn tinh ddi M = Mpax = couast.

Thi du 43. Cho P,a, M =
= 2P, E, I {hinh 87).

Xdc dinh 84, B8, fa. fc. A%

Bai gidi. Momen udn cua céc
doan didm cho trutc cé gid iri sau
day: M =—Pr, M =M =

%1 X2 X3
= Pu, LAy I, =2I, ta linh dwoc
momen udn tinh ddi cia cidc doan: 5

&
L

M2t

—
b L]

i‘;h“ -

#
%

oy
I~
v
.

-

o
1

8

2P

M

By "}VE

2 4
— L 9Py '
tdy == J!I_‘h P .._PJ«:L Mﬁl( '

M, =M A Pa
27 Tx2 413 2

Mtdﬁ:‘”xg = Pa. Hinh 87

L4y bidn d6 momen uén linh ddi lam tdi trong gia tao cla dim gia lao

hinh 87,a). Phin dim gia tao thanh hai dim co ban (cong xom) va mot dim géc
(hinh 87,b). Vi

3 a — 2 a __ _ pge
B{:—EPU.Q—*-PQE- m.’ZPaz,ngl.— 2Pa +2Pa2 == Pa
2 4
= — By = — .} — 9Pg%q — Pa? 2% g = — Pa®
QgtB1 == — B} = — 2Pa?; MgLAJ_ —= 2Pa%a — Pa 3 a 3 Pa’;
3 3 1 1 11 3
e 2, il 2 e Pa%, — = — Pa’;
Mglci'““ 2Pa 2a+2f’aa+2- a 4a g
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Do do:

Bs =— QgtA1/2EI e PGZIQEI ; O = leBzﬁEl —_— PaszI

f..%. = MgtA1/2EI = 2P03/3El;

f(; nglcllEI = - 11Pa3/16E].

)

Hiph 88

Thi du 44. Cho g, [, E, h = consl; dim
¢6 4o bén d8u, cé mit ciit hinh chir nhat, bé
cao h khéng dbi va bE rdng br bi€n doi
(Hinh 88).

Xac dinh 64, [a.

Bai gigi: Lay I, = bh3/12, khi dé
Mg = M umox = — ql%/2

QgiAj,: - ql"?[}'Q == w— q18/2
3IgtA1 = (..... q[2/2). ([. 1/2) o — q[""/‘i.

Cac vi chuyén ciin tim béng:
3

Ba = Qg1A1 = mh?-{-——

] ElI. —  2EI,
4

[\ — Moss _
AT TEIL T AE]

Bai tap 482 — 485. Xac dinh do vong
fc cha mil cit C va géc quay Op cla mit cit
D. P, a. E, I'm: coi nhrr d3 biét,

Ty

j %
%




Bai tap 486 — 491, Xac dinh d9 véng va géc quay 1on nhil vé gia tri tuyél
45i cta dam. P, M, a, E v Imay coi nhir d& bigt,

486 487
M=2fa o 4p M=pg |P 2P
g 2 ™17 ‘ - I 21
ﬁ Z2a WEI a ﬁii—a .a aml\\\
488
g P
R | 21 v 31
‘ a a a>T
490 491
a IS~ S U ~
. Py P
- A 5?,: ‘f/’
7 ’r/

§26. Dam siéu tinh,

Dim siéu figh 1a dim khéng thé xéc dinh duwoc tAl ca cic thanh phin phén
luc & phitng ché lién k&t biing cie ditu kién tinh hoc. Bac siéu linh ctia dim biing
s6 fin s6 hia ma cac didu kién tinh hoe khoug xdc dinh dwoc.

Phwong phéap gisi dim siéu tinh.

Phuong phap théng s6 ban ddu. B8i véi mot dim siéu tinh cho triedc,
lap cac tich phin tdng quit cha cic phirong trinh Vi phin etia dwong dan héi theo
cic thong s8 ban ddu. Gic thong s8 ban ddu va cic thanh phdn phan lgc dwge
xéc dinh bing cic didu kién lién k€t va cac digu kién lTnh hoc.

Thi du 45. Cho q, 1, E, I (hinh 89)
Xace dinh A, B, Mg, [+ 6. O« Mx

Bai gidi. Vi & g6i tvdi f, =0, do do theo cac phuong trinh (116) va (117)
him do véng va ham goc quay viél dwge nhr sau:



3 3
Elf = El6z + A “"6 — =

{.120
2 4
Ele,=pIo, +4 2 _ 4 X
13 2 [ 24
t — ¢ Theo digu kién lién k&l clia dim [;=1 =0
8y £~4 mm v Op = (1, tite [4:
hhhhhh _/1 [ {}Ma 1 13 14
, - q
wmd EI yen] 5 EIGGI A — e el § Y
* fr=i + 6 120
- . I _
i hl@xmlmEleo"}“A“é—“*"E‘:i—'—O-
o
: Py u . v
. By dGM | Y Tir d6 rit ra.
V] | L Aﬁz_ﬂf_‘:i___ﬁ_{n\-aen:
u 3 30 ° 10
) S T 4K (S ' W s
T EI \ 24 20 /] 120EI
Hinh 8 Nhu vay ta co:
, g® gl 5 g x5
E[ r == b H
/ 124} T 60 l 120
va -
3 -4
EIBx:__gi__-]_nﬂ_z?mi;lm
120 20 { 2
_ 2 4
Cho 8; =0, tir phuong trinh x4 — -ﬁi—— x? 4 _.{:,,, == ()
© 5 5

ta timduge v = V5 =~ L1171, & do do vong dal dén gia tri cuye dai: [ =
[ 2 ql4
=WYv5 = 375 ° EI

Ham cua luc cét va momen udn:

me,_‘i[___i_ﬁi

10 { 2
va
sz_fl.l_m ~-9 8
10 ! 6

Cho M: =4, ta tim duge x = (V3/5 ~ 0,775/, & do dwong dan hdi c6 didm
udn. Cho x==o, ta tim duwoc z=1/{5 ~ 0,447/, & d6 momen udn dal gia tr

cuc dai:
M. =M_ V5 = ql2/(15V5);

Qx=0x gl/10 = 4;
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Qi) = — ""{;)“qf =—B;
Myzp=10;
M ey = — ql2/15 = Mg

Viri cdc s§ liéu trén, ta v& duge bidu do Q va M va dudng dan héi cia ddm.

Bai tap 492 — 495, Giai dim siéu tinh.

Trong bai 492 va 493 v& bigu d6 Iyc cit Q va bitu 46 momen udn M ; trong
bai 494 tinh goéc quay cua mil cit ¢ goi, trong bai 495 tinh dé véng fe cla
miit cidt B.

Phirong phdp so sdanh chuyén vi. Theo phwong phip nay ngudi la bd bét
cac lién k€t cva dam siéu linh cho truéc d& dwge dim tinh dinh, khéng bign dang
hinh hoc. D&m nay goi la ddm co ban.

492 493 - Alga
I ? g - 2
7 T T 3 T ; _T%Z’fﬁ%
e “”i%” e "~“”§%'o"rb’/§f
495
y ¢
E 3 z 1 ‘ E
- el —I L

Trwée h&l ngwdi ta chi dﬂt vio dim co ban nhitng t4i trong cho trwoc v
tinh chuyén vi twong ttng v&i dn s8 thira bo di & mat ¢t da gidm lién k&t (néu bd
e thira thi tinh do véng, bo momer thira thi linh goc quay . Sau d6 ciing irén
dim co bin Ay, ngwoi ta chi dit céc An s8 Lhira lam {ai trong va tinh chuyen vi o

Y
90_-__M —-—ﬂé M 9;—@
6} f; S - 6% - 52@ f)?ié%: } ‘:%:-'75% ¢ ﬁ;?;]
) S—; P , -~ﬁ.¢_,,x P
3 s + T Ve = Or
: | oy L ey A M
B L g= P : ; T TET
| [ 0T ZET | . e ..,,MZ L
R 2 p13 | I LT WIETT 18T
2) [ - t 6==uj?} X ] r ZJ
Ea: ) gi! : |r g': 8,-6,=
| ¢ eTT 5;%1:&11:;11@1%1 ‘ ”7
3) o1 e ¢f5‘=”gf[
2
i/ J 8=~ MP!
’ 5 I, ! iy
,,ﬁa‘;“*u_f‘mv_.-* P Pt
7R maT=gET
Hinh 90
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cicmitcdt di giam lien k€t nbu & trén. Gid {r cta dn s thira xdc dinh lir didu kién:
tdng chuyén vi cia dim co hdn do tii trong cho trwde tac dung va do &n s3 thira
tac dung & mat ciit da giam lién k€t bing chuydn vi ciling cia mit cél &y cha dim
siéu {inh. "

Phuong phip nay dung thnan tién Ir ong nhitng treong hop ma ngum ta co
the tinh dwge cac chuyen vI cdn thi€t clia dim co bin dwéi tac dung clia ii trong
cho trwée va tac dung ctia &n s3 thira béng ciach {ra bang. Du sao ciing nén nhé
gia trf chuydn vi cia mét vai dim don gidn nh#t (hioh 90).

Thi du 46. Cho M, [, E, I (hinh 91).
Xac dinh A, B, Ms, BA.f;,z. VE& bidu dd M va (.
Bai gidi. Ta chon &n s§ thira la phin lyc 4 & g&i dim. Dim co bin I la
mol céng xon chin tdc dung cta tai lxong cho trude la nglu hyc c6 momen
béng M. C.huyen vi (d¢ véog) cha dim co
bin & chd bd lién k€t tra (rén hinh 90
bing fA = MI2]2EI

Lung dim nay (IT) dwoi tac dung
. 48 clia 3n s§ thira la phin hre A ddt & mat

6‘;7\r I/ E)Ms cit bd lién k&t c¢o chuvdn vi bing

fAz: —Al313E] (xem dam 2 hinh 90).

Vi tai géi A cba dam siéu (inh cho

)
— R
I f}‘*'f? ~~~~~~ Lo ;; trude, fa =0, do dé so sianh chuyén vi
’_U T F cia dim I va ddm II v&i dam cho trwée
L b ! taco [, =/, +/, =0hbayM2El —
r 1 ok T e g M
e — APPBEl = 0. Tir d6: 4 = —
P Biuddq ' ! __ 2
‘%‘f ENNENNECHERNTEN] Vi & méat cit bt k3 nao cua dam
t PR B ho trirée cling ¢6 luc cit Q= 4, do do
Bitudg M o ¢ho T ng co luc ea L
T :«_ﬂ“‘rgi]%g' bigu dd lwc cét 12 mét hinh chir nhat co
! t M
N W’ L chiéu cao % -—ﬂf— Phan lye ¢ ngam
e —— !
I
gj r :;é : : 5 B = - 4.
a § 1 ' . .
} > TG T M Bidn d6 momen udn v& bing cach
4 cong hai bitu d6 momen udn cia dim co
ban, bidu d6 thir nhit do tai trong cho
trwde, bidu dd thir hai do An s8 ihira.
| Bitu do il nhit id hinb chir nbit duong
Hioh 91 ¢ chi®u cao M. Bitu d6 thir hai 1a hinh

tam giac Am co gia tr] biing khéng & diu ly do va bing --§- M & ngam. Céng hai

hidu d6 nay ta dwoc bigu d6 momen udn cda dim cho tm-crc Momen phan hre o

ngim wg—w--g’-mM-pMm__m-“fgm.

r
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- B¢ linh chuyén vi cia didm, ta dung pbwrong phap dé ledn. Dim gid lao va
tai trong gia tao vé & hinh vé 91,a.

Vi:
gtay 9 6 3 = ""‘”"""4
Mt ¢! l M l l 2
M lx...._{“:_(_._,,,._m)Jri_ LMl
gt 12 \ 2 9 4 12 18 32
do do:
va
fijo= Mo Bl = — MI32EL.

Dim gi4 tao chi tra lén g8i & diu bén trdi va cn bing dudi tac dung cia
thi trong, nhr vay momen cia tai trong gii tao dgi voi diu trai cda dim gil tao
phai bing khong.

Ngoai nhitng thanh phin phan hrc & chd cic lién két, con co thé chon lam
in s3 thira noi hye Q va M & cic mit cdl ngang ndo ma vige tinh cé the dua vé
viée cac dang ddm c6 sin trong bang linh.

Thi du 47. Cho ¢, ¢ (hinh 92)

Xic dinh 4, B, Ma, Ma.

A ‘
HHHHSH{H . MHH

-
e i o e =

Hinh 62

Bdi gidi. Ta bd céc lién két cia dAm bic hai siéu tinh cho trudc nay bing
cach tach thanh hai dam I va 11 & chd miit cil ngang C va }8y luc cil Q. vA mo-
men udn M. & mit cit pay lam an s thira.

Didu kién so sanh chuyén vi cla hai ddm I va IT tré thanh hé hai phuong
trinh sau day:

0., = 0,

fclﬁfcz
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Theo dam 1 va 2 vé & hinh 99, ta co ddi voi ddm I:

6 — M.a _ Qe.a?
‘T Rl 2EI
a
Y _ Ma? 0.a3

fo,= 2FI 3EI

Theo dim 1, 2 v2 3 v& & hinh 90, d6i vé&i didm IT ta c6:
M2a Q420 | q(2a)?

f., = —

€2 EI 9E] BEI
va
2 2F[ 3EI 8EI

Thé cac k&t qua trén vao cac phwong trinh so sinh chuyén vi, la dwoc:
3M. + 1,5 Qut = ..‘::.. ga?, |
1,5M: + 3Q.a = 2qa?.
Tir do rit ra Qe == g- ga, M. :—;%mqaz. Cac phan luc & diu A:4 =

-

== (e == ig—qa, My=0wt — M. = -§- ga?. Cic phén lycd dduB :B = 2qa — Q.=

-

3? qa,ﬂfn--Qc2a—~ 1f:~—2qa3m—2~— gaz.

Phuong phiap so sanh chuyén vi conc6 theé 4p dyng @& tinh hé hén hop
dam thanh (fre 14 hé gom c¢é dim va lhanh dan hoi lién k&L khép vaéi nhau) va
hé khung (tirc 12 hé thanh co ti€p diém cirng, goc gitta cic thanh khong hi bi&n d5i).
Ehi tinh hé khung thudng ngudi la khéng xél dén bi€n dang kéo hay nén

etia cac bho phan.

v o,
o q
| [T s
O A e T 3 g
i AT ) T TTde
ST T, 4
e —d o e * 2oy )
h Bidu db M i : l, o~
: { A
T 3 f)um,mmmf;a
‘‘‘‘‘‘‘ LS 7
£
Hinh 93 Hink 94



Thi dy 48. Cho mot congxon AB chiu (& trong phin b8 déu voi edc dir
kien g. {, E;. Iy va thanh dan hoi AC véi cie dir kién [y, E,, F, (hinh 93),

Nice dinh lye doe .V trong thanh.

Bai gidi. Ta lich hé hon hyp dim, thanh cho trude tai khop A thanh dim
AR va thanh dan hét AC. Didm chju tii trong phin bd déu ¢ va fwe chua bidt N.
Thanh chi bj kéo b&ri Iye V. Ap dung didu hien so sinh chuyén vi & diu A cla

didm v lbanh ta ¢o:
|f;\] i —_— All

Theo ddm tinh sdn 2 va 3 & hinh 90
|f% | == QH/SE ) — (NG[3E L.
Theo dinb ludl Hac
L&Ig == n\ﬂiglﬁzljzu
Thay f\t va Al, vao difu kién so sinh chuyén vi, ta duge:
(QUAIBE L) — (NI} 3E,T)) = NLJE,F,.

Tu do rut ra:

_ 3 !

N = 3 gli B,

1 s—-
N

Ta linh cde lrwdng hop dic biét (hinh 94):

L oy = N = 3({[;/8,

2 ""‘"‘.ﬂ.‘F'.Z =10 N=1U

Nhu vav, tiy theo do cirng cta thanh dan hoi néi luc N co6 thé bin thiép

trong gioi han 0 <K N <{ - g1, vad momen udén Ms ¢ ngam cua ddm lrong
LY
gioi han : .
qIL[8 < Mu < ql3f2.

Trén hinh 93 v& bitu d6 meomen udn

cua ddm (rng voi gid tei Mp 18y tay v lrong |—- s e
. e O oa S - g

khoang bitn doi ¢ha no. A ] |8
Thi dg 49. Cho mdl khung chir nhat 4 Hitt H it &

vo canh 14 ¢ va b, do cirng chéng uén cua — =z

mal cél El. chiu 4p hwe phin b déu ¢ phan o 24 ! ]

hé & phia trong va vuong goc voi thanh - ]

khung (hinh 95). r;THHHjéHHr

Xic dinh sy bién ddi khoang cach 8§
gitra cic mit cit & gira khung E — E.

Bdi gidi. Tach khung thanh cac dim
lhiing biing cic mit cit & tigp difm. Vi
khung ddi xing. do d6 chi cin xét hai dim
4B va BC. Do khéng tinh d&n bién dang
keo edc thanh cda khung, nén co the coi cic
dim tya trén g8i & hai diu, chiu tii trong
bhin b déu ¢ vd momen chira bigt M dit
vdo mil cit & gdi, do ti€p dim cirng gy ra.
Vi goc khung vAn gift vuong goc, nén didu
ki¢n so sinh chuy®n vi c6 thé viét thanh:

,,,,, HEI
A./Smmrm mm
A,

Hinh 95
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On, = Yg,
Theo cac dim 4 va 5 tinh sin ¢ hinh 90:
3 : 4
6, = ga® M.:a va B, = Myb qb
Bt o4FT 2EI 2 9FI 24E1
Theo didu kién so sinh chuyén vi
ad® b3
q‘ + q
12 12

= M (a -+ b)

Tir do, rul ra:
M, = "i%' (a2 — ab -+ b?).

Ciing theo cic dim tinh sin & trén, ta linh dwoc sy bi€n dbi khodng cich
trung diém cda hai canh:
2 b] M, a? qa?
§ == —— —— gat — —= am 2 4 fab — 4b®
El ( 388 ! 16 ) to2E )
Bai tap 496 — 499. Giai dim siéu tinh va v& hidu 46 M va (.

496 M 497

y \

2
e . @ a a |
498 499

q
‘[ a. a @ §; 4 L\%a

Baij tap 500 — 5035. Gidi diim siéu tinh va tinh gia tr{ tii trong cho phép. BG
voi cde dim déu 18y chidu dai bing 3m, [¢] == 1600 kG/cm?2. Trong cac bai 500, 501,
mit ciit ddm hinh tron (d = 10 ecm); trong cac bai 502, 503 mit cit dim hinh vash
kbin (D =12cm, d=8cm); lrong cac bai 504, 503 mit cit dim hinh
vaudng (10X 10cm).

500 M M 501y M
-

[~ \ \
= e e

izt
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502 503

P
3 <y |
3 § AF R
}
04
5 p 505 /? )
E Hﬂfﬁ' 2 E ivgvyisy b
ﬁ_‘a a AG é é a » a g

Bat tap 506 — 509. Chon s3 hiéu mil cit hinh chir T cia dim. Cho P == 2T
g=2T/m, M =3Tm. [ = 2m. [o] == 1600 kG/cm?.

506 M
p q 507 i M_
i -
FE  F Telib T
508 509
M M .
" " | i }7 F
‘Z%, L T%* / 7% 145 %%‘3 ¢,
Bai tap 510 — 513. Tinh momen uén 1on nh&t W
-‘:310 o M 511 ;p
% :‘“ 2a LQF ”%%Zay%a-! 2a __'E
512 513
» q
|

I

gnnunnunu%
s YT

Bai tap 514 — 51 9. Tinh do ha thidp y ctia khop hodc ngam tlrrpt.

514 515
4 g

s ' ¥
’ 2a 7?’& a’ ! Zqﬂ%a‘la”%ad%




Za |a
¥ 1 {

"
TeT

ﬁ

HHHHHHH2

.

0

517

LIRS

An
%yﬂ Za %aa?f;

T

Bai tap 520 — 525, Tioh Iyc doc N trong cac thanh treo.

520 521 -
a a
i Z, I
e - E=210%G/om? &=30°
- e F=lem? o,
I I Ay
'\ 1 7 Ez !D5k6/cm2 v, X £,
4 r
2 o] 7% -
Pt ! 4 r/;%}unq+ NHH’%
p=1T L 2 |
522 523
3’/4////{!; -
d=5mm |T £,= 10%Gfom? d,=5mm %w
& ! 20 2fem
E=210%6Am? | = $0%30cm ARS I [=
N A 3 ; !
e S
p=9T P—fT
Ey=2-10%k6/m? s E,=10%6 fom?
524 525
. a
=905
< . M 22—;—:[. G210 ¢
1
j ¥ 30x3fem
“ o 5 a %
Pt | x4 , I E
EL=E,1 2. '
= 247 8 s |r Epby Ef]ﬂ“‘MN/ﬂi’
; I I o °0 4
., % ,
g‘ I Z % W%',zm,m . a ,/%,
hetl 2 . Voo aow
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Bai tap 526 — 529, Tinh & trong cdc bo phan clia hé hén hop dim — thanh:
1. Ung suit do nhigt do (bai tap 526 va 529),
2. Ung suit do lip rap (bii tap 527 va 528).
Trong bai 527 tinh ndi lyc trong thanh ireo.

£,=210%N/m *

F=lem?
Ey= 10%MNn?
at,=-50°C 30cm x 30cm
o, =12,5-10°%
528 529
20cry x 20cm
A e A R o A ‘/J z/////// L] H /a
I H I T ﬂ=/m;’;%! a
B 1 20cmx
= cmx20em 4 03mm I I &
a J m
]m _ f /ﬂ? { RIS e e
5 . ', E;=Z'lﬂﬁk6ﬁm3; ﬁ=2cm2
E,=Ez=2‘iﬁ TN/H? :2F,=Fz=!£m E=10%G fem?; at,=-50°C:
E;“"”] MN/m OCﬁIZ,ji’ﬂ”&

Bai tép 530 — 537. Giai h¢ khung siéu tinh v linh gid tri momen udn cyedai
M max. Khong xzél bi€n dang kéo va nén cac thanh. Coi dé cirng chdng udn mit ciit

cic thanh cla khung déu bing nhau,
Trong bai 534, 535 co xét dén bitn dang kéo hofic nén cic thanh.

530 53('1'§_ Ja EE q ‘ P
N e 1T ;.
| ToririrtE \‘?
A ‘ ‘A
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532 ol p 533

lela|a

Za
[4§

J; A gL
e WAL
AT g

534
2a
d2=d3=[\¢ﬂm
i
el dy=2cm 5
peigks| ;oo B
~i—— ) 7 <K
E;""E?:Es P
536

537

1 1

E1y=Ey 121

Bai tap 538 — 543. Tinh phin lyc gdi va noi tye N trén cdc thanh kéo cia
h¢ khung phét sinh khi 1ap rap (538 -~ 539) hodic do nhiét dé thay ddi (540 — 543).
L8y E,=2.10%kG/cm?, Es == 106kG/cm?, a;=12.10-%; 4 = 16.10-5,

538

4 839
I njb Ir
— a N A
1
I
® El =61,
A< (] Ja
S -
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541

540 fCr.f/C'r
. <
- a
, At<l
Qi |- Thep
"z '
§ ﬂpng i

542 Vi 543

Vid
A8

E L lET
Cﬂ, - ‘Iz’d

7

hf//ﬁfz[fﬂ
a’:]’dz-"-'cz

Phuong phdp phieang trinh ba momen, Phuong phap niy thuan tién de tinh
dim lién tue nhitu nhip toe 1a diim 180 khong vo khop vugl qua nhidu nhip. Gia
du tinh dam lién tue o nhip, mid ¢iit co do cung ET khong doi, cace got diéu eing
cao do. Bae siéu 1Tnh cia diim bitng 1~ 1. Nt chon ddm v ban biing cich cit

a)
M; M;
(M"' AITIERER ~ r Mie
t" ~~~~~~~~~~~~~ - I - ! \ " u ""--,..____ ,—"”
ae R A T P+l
i ! |
P L;.q | 1 {; ]
E ! | i
: | 1 !
| .
o) g | |
et e ——
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- "+ s . . ] wr . " ~.
béri nhiimg mdl cit o goi, ta dwoe n d&Am don gidin, Khi @6 in s§ Lhia 14 nhit ny

momen udn @ cic mil ¢At & yoi.

Dol voi hai mdl el thuoe hai diim [an can co chitu daj nhip 1a fi_, va{;,
ta 1gp duwye didu kién tiép xiic Lron tru clia haj duenyg dan hai, tie 14 sy bing
’ . w YA hd H Lad . “ - + Hi Kl : . .
nhau gitt]a goc quay cia hai ddu dim & tai goi the i (9: = 8"). Cudi cung la
duwge hé n— | phueong trinh ba momen ¢6 dang chinh tic nhu sau:

Miclio 4 205l 4 6) + Migili = — GEI{(BY" + tPh), (131)

O day. Mi . Mivic Mo, 14 ba momen chua bidl & cic mal ¢l trén yi;
P10 va i 413 B v 602 1a goe quay mit cit Lrén goi thir i cia diiin & hén trai
vit bén phai goi 8y, va chi do [&i lrong gy ra (hinh 97.h).

s . . . A . 2 . s . ” " )
Gia tri 6" va 62" co thé tinh biing mot phuwong phip Lhich hop hodic néu o
thé, tra & hinh v&.

Thay cdc s§ 2. 3, 4... nvio ¢chi 56 i cia phuong trinh (131) ta duoc he
nn — 1 phwong trinh, gidi hé phuong trinh nay {a duoc cdc momen uén thira chira
hit! lai cac mil il & trén @4 cia dim
lién tuc.
Trong thye 1€ khi st dung phuong
(TIITTITITL phap phuong trinh ha momen ta nén chit
i

aj p

M
L] ¥ nhi sau: )

I 2 [ Gac goe quay 0FF va #2 dwra vao
phuong trinh co diiu duong khi mit et
6) cia dam don gidn quay (heo chitu vé Lrén

LTI ITTTT . . -
7a) hinh 47, h.
r 4 A hS L -

b M=- o~ 2 2. Néu dam lién tye co diu hing
(hinh 98, a) thi khang coi d#iu bdng nhu
maot nhip, ma thay hiing mot ngiu lye ¢o
momen hiing momcn ciia cac tai lrong dit
vao dau hling ddi voi gdi ddu dim va voi
ddu twong irng (binh 98, b). Hop Iy nhit

c

Hinh 98

aj § 171717 _ 1a dira momen nay vdo v& hén lrdi cia
y7 ~p-2 phirong trinh ha momen.
b)L <0 4 3. Néu dau dim lién tuc la ngam
g~ . 5 . * ar &
- (hinh 99, a) thi goc quay & day bing
- ! ERERERE - khong (61 = 0). Pitu kign nay 6 thé bidu

thi cy thé bing mit phuong trinh ba
momen, bing cach thay diu ngam bing
mot nhip gid tao dai {, = 0 (hinh 99, b).
Xét hai mit c8l canh nhau ctia nhip /, va
I3, theo phwong trinh ba momen, disu kién 6, = 0 ¢6 dang:

Hinhk §9

2Mly - Mol == — 6ETEE" (132)
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4, Néu cé nghu lrc tap trung dit & mit cit & trén goi trung gian ctia dim lién
tuc (hinh 100, a) thi nén gop né cung voi tai trong tac dungvao chc dim don gian-
Co th gop vao nhip bén trai (hinh 100, b)

hoiic nhip bén phai (hinh 100, ¢) hofic mot phin ) g r;‘:’ —

vao nhip bén trai, mot phiin viio nhip bén phai R a

chia theo mot ti 1¢ tuy y (hinh 100, d). Tat j-

nhit nén gop vao moét nhip n€u nhip nay cb 5 ; I—"M

it tai trong. A j.

e

Sau khi d& tim dwoc momen udn & céc 9 ,! - L

mil cit trén gdi cha ddm lién tuc bing cac A D

phuong trinh ba momen, ta tinh riéng biét I-*’ T

tirng dim don gian chiu tac dung cla tai trong ~

dit trwc tip lén nhip va cac momen dit & j- |

Mﬂ'
din. Thi du, phin luc cia gdi thir i cda dim E’LH
lién tuc bing ldng cdc phén lre & goi thir i A

clia hai dim don gidn lan can. Phan lyc cia -
mdi dim nay lai tinh bing cac difu kién tinh
hoc. Cong thirc tdng quat tinh phan hye gdi Hinh 100
thir i co dang sau day:

|

?-h-q
i
I

J-Lli —_ ‘;:-{— ﬁ,Ii—j haaid ﬁlli ..i-.. ﬂlIi“"I - .B‘.Ii , (133)

lioy l;

trong d6 A? — tdng phin lire & gdi thir i cha hai dim Ian cin, do li lrong dit 1én

. 1}['-’ i ;}I' " > A .. r Y
nhip: _._..!.,l!,..mm.’;, — phan hyc & gdi thir i cda didm bén trai do cidc momep Mi-y
i1
N }I' b ]‘Ii ” - o a4 2 .
va My; 0 725 ohan hre & g8i thiv i cda ddm bén pbai do cic momen M,
va M. l

Khi xdc dinh phin hrc & ngam, ta khong ciin xét dén nhip gi# lao co chitu
dai bing khong. :

Rhi xéc dinh phin lyc efia gdi & ti€p gidp diu hang, cin coéng thém vio
k& qua gia tri cta cac ngoai lyc tac dung vao phin hing.

Bidu dd hrc cit v momen ubn cla dim lién tuc cé theé dyng dwoe bing cach
vé riéng biét cho tirng nhip, coi nhw dim don gian chiu cac lyc cho trudgc va

momen & g8i. Ciing c6 thé dung béng phwong phéap cong biéu d8 do momen & gdi
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Hinh 10!

sinh ra voi bidu 46 do (ai trong sinh ra déi
véi méi nhip.

Goc quay va do vong tai mit cdt bat ky
cla dim lién (yc tinh 151 nhjt bing cach xét
riéng tirng nhip nhu mo! dim don gidn chiu
tac dung ciia tdi trong hoe truée va momen &
g6i. Khi do ta co the 4p dung bat ky phuong
phip tinh ddm tinb dinb nao di co.

Thi du 50. Cho P=2T. M = 4T.m,
q¢=6T/m, ¢=1m, § = 3m, I, = 2m. [c]=
= 1600kG/em? ; E = 2.108kG/cm? (h.101, a)

Xac dinh s§ hién dim thép c6 mit cit
chii I va [

Bdi gidi. Phin dim cho truwéce thanh baj
d&m don gidn co nhip biing /; va I, (hinh 101,b).
Ta dit vao mit ciit g8i trai cia dim 6 nhip
!t nglu lyc M1 do luc P tac dung vao diu hang
gay ra, dat vao mit cét géi phii ngiu lyc M
vA momen udn &n M. Con trén dim co nhip
[ ngoai (Ai trong phin b8 deu ¢ la dit vao
mat ciit gbi trai momen udn &n M, va'gsi phai
momen udn 4n M;. Thay cho diu ngam ta dit
thém nhip gia tao c6 nhip /5= 0.

Péi voi dim siéu tinh hai nhip di cho,
c6 thém nhip gid tao. hai phwang trinh ba
momen co dang nhu sau:

Muly 4 2M (I + 1) ++ Msly = — BEI(B)" 4 8Ib), }
Maly - 2Ml, = — BEIB)™.
Vi My=— Pt =—2.1=—2Tm, va {it cdc k&t qud d3 tinh sin cla cac

d@m 4 va 5 trén hinh 90, co chi ¥ thém quy uée v& d&u, la co:
EI6)" = M1,/3 = 4.3/3 = 4Tm?,
EISFR = EIB) = ql3/24 — 6.23/24 — 9Tm?.

Cac phuong trinh ba momen & trén tré thanh:
10M; + 2M; = — 30,
M, + 2M, = — 6.

T do rut ra:
M= —8/3~ —2,667Tm; M;= —5/3 ~ — 1,667Tm.
Str dung cong thire (133), ta linh dwoe cac phin luc 4,, 4, va 4, & cac

ché tya: .
| —— 9
Mg - M M My — M ] 4 3
i } .

!
=28/9 =~ 3,111T;
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M, — ) M, — M, i M 2 —_
4y = g+ M2 + {3 — M, — U + qlz + My — M, + My — M _
[1 1'2 4] Iz
1 1 8 1 97
N SOVI SN B NN RUURE. A BPINE I (A )ﬂ_.zsssqr
3 + 3( T 3)+2( 3+3 18
.‘I — 1"[ [2 11'{2 — J[ 1 8 5 ]1 -

A — Ao 2 3 . 9 ERY S T it m—)m—-—:a,ﬁT.
> = A5+ s T T3 ( 373 2

Bing tdng hinh chitu lén phwong thing ding ta kifm tra cic k&t qua vira
tim dugce & trén:
A+ A =P —qgh=0 ~—l—~ (56 4+ 97 + 99) — 2 — 12 =10.

Ta v& biéu dé huc ciif trén hinh 101c. Bitu dé momen uén vé& bing cach cong
bidu d6. Bi%u d6 momen do tii trong dal trong nhip ghy nén ddi voi dam bén lrai
{2 hinh tam giac, con déi véi ddm hén phdi 12 hinh parabon (hinh 101, d).

Do cic momen My, M, va M; bidu d6 12 mot dudng giy kbiic va vE bing
nél chim irén hinh 10le. Bitu d6 momen udn hioh tam gidc do lyc P lac dung
vao din hAng dwoc vE ghép vao hinh nay. Sau do ta ddt vao duérng nét chBm tung
do cua céc bidu dé dim don gidn. Chu ¥ d&n dfu clia bieu 46 do momen va biéu
do do tai trong ta duwrge biéu 46 momen udn tong hop.

Ta tim toa do x tén ddm bén phai & do cd Hmarp

2 ==0Q/g = 117}(18.6) ~ 1,08m.

Viaye 22 _ U7 LB o500 g0 g0
2 18 2
-JIIDZIKP: 3,51 — 8/3 = 0,8";. Tnl.
Trén biéu d6 ta thiy:
M max = 8]3 Tm.
Theo cong thue tinh lodn
W = Mpax/[o) = 8. 105/(3. 16. 102) == 167 cm?.
Theo béng thép hinh, ddi voi mit cat chit I s6 18a
\N — ]5_9Cm3 Yé Omazx — [O‘L 1009/ — 167 ":" 159 100% — 418%
[s] 159
(virot trng sudl it hon 5%, do do co thé chlp nhéan).
Chon mit cit chir I s§ 18a, ta co:
Gmax = M max/W == 8. 105/(3. 159) = 1677 kG/cm?;
[ = 1430 cm*. ”
Pé tinh d6 vong [« la ding phwong phap céng tac dung va ding kel qua
nhirng d¢ vong tinh sdn cua ddm 5 va 4 hinh 90.
fo = — 5 gl Myl3 Ml _
384  EI 16E]  1BEI

10° 5 3 5] - .
— — .6.16 —_— — =z (), =
16.2.10°. 1,43 10° ( 2 tgdt g 4) ),058cm = 038mm
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Bai tip 544 — 549. Gidi diim siéu tinh (bai tip 544, 545), chon kich thudc
mit cit ngang cin thigt clia dim (baj tap 546 — 549). O bai 549 tinh thém d¢ vong
ctia mit ciat C.

544 545 i}
P oyR=2T P P q=,51 M=Pa
7%2 a G%G EW% %a a %a %aﬁ%
a=Im I
546 q Meqa? 547 p P
2 I IT% % L %h
, EX
' a a__ e G‘Q [6] i 2a 4 a 2a ' o [6]
548 - 549

|

) p=57 9§
¥ 3
EEEr LaFitdd
Tz"rd__a(a['#m_j a--Zm?? a a
[6]= 1600kGfm? ' ‘ ‘ -

E=210%G/em?; (8= 1600k 6 fom

PR -
haly .

Bai tap 550 — 555, Tinh gia tri tai trong cho phép tic dung vao dam, Trong
bai 551 -~ 553 ldy [o] = 1600kG/cm?. Trong bai 554 v 555 18y [¢] = 160 MN/m?2.

550 551
) [ a=20om g
f]m g Y» g F |
e a=lm . I | - l[g]:mgkg/gma __.f']m,_ .- S 4
552 M 553
) - r 4 q
Ima i | Ims
el ﬁ“ ’ a=3m v% a ?
1 I i Za : Ja I ' I
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554

oM «ﬁ 555 p- qa 7
i rv z INH; é y 1 ,wi
% o o o8 b o8 4 Z . a,/% p@v :
? as=2m a
a_ .| a=/m a

Bai tap 556 — 557. Tinh do véng & mal A efia dim hinh bac.
556 557

P P

v I I LiF v I -ZI-

Ll
o ﬂ"{' !_% %

a Za 7%%Za 7%& %2 2 l

Bai tap 558. Tinh gia tri M, a, b d& cho dam mat cit thay ddi la ddm do&
bén déu.

558 p

M
iz

Bai tap 559. Tinh momen udn cyc dai ctia dim néu cac gdi & trong lin mot
doan A = lmm (E = 2.106 kG/cm?).

A~y

I

o

559 .

AREERRTERR GHHHH
A N2
FAN ‘ﬂ a

@ylﬂm WT 4 5 ! % -
= ; .

1

8
1

ot

™ fremad

I\;

Bai tap 560 — 561. Tinh d6 hé A d& cho trng sut phap cye dai clia ddm c6
do cieng EI 6 gia tri bé nhat,
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560 561

g V »
Py EERXEXSTRENRRRRERY . / I

Co s& tinh ddm siéu linh theo phirong phdp ndng luc chiu tai. Ta coi vat
li¢u ché tao dim sién tinh la vat liéu déo co bibu dd kéo, nén Iy lwéng. Vimot
vhip dim hét ning lyc chin 14i khi trén dim phal sinh ba khop déo (mdt khép
trong nhip va hai khop & g8i) do d6 ta co thd xét riéng biél cac nhip mot cach déc
1ap. D& tinh dim, (8t nht nén ding phwong phap san bing momen udn

Néu diim cé miit cit khéong d6i, thi gia trf momen udn cho phép ciing khong
ddi va tinh theo cong thirc (114): Miax =2[0]S. trong d6 § 14 momen tinh cfia
nira dién tich mit cit ngang d&i voi truc trung tAm clia hinh.

Ta v& biéu d6 momen udn cudi cung cba ddm (bitu d6 san bing) d& cho &
m6i nhip tung d¢ & géi ciing nhu & trong nhip déu bing M. Sau do dea vao
hinh v& ta l4p dwoc quan h¢ Mmax v&i 14i trong & mdi nhip, tir d6 tim dugc tai
trong cho phép lon nhEl & mbi nhip.

Hinh 102

Néu ddu dim 1a géi khép thi khi nhip ngoai ciing & trang lhai bi€n dang
hinh hoc chi cin thanh hinh haj khép déo (mot khép & trong nhip va mét khép &
gdi pbia trong). Khi 46 momen udn & diu dim bing khéng coén & trong nhip va
& trén gdi phia trong, momen ugn bing M2 .. "

Trén hinh 102 trinh bay cach v& bidu @5 momen udp san bing cla dim lién
tuc. Béi voi dim hinh bic ¢6 clo trudce cae gia tr{ § thi bi€n d5 momen udn san
bing dirgc v€ & mdi doan theo gid trj My.. lwong tng. Sau do viée tinh todn van
thye hign nhwr d8i véi dim mit cit khong asi.

Néu cho trwée tai trong va clin chon kich thuée mal cht ngang thi tai moi
mot uhip, & cdc mit c#t s& phat sinh khép déo, ta viEl momen udn cho phép
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M s theo tai trong cho trude, W do chon gia tri lén nh#t dé tinhS (SﬂM'mu[E [e1)
va kich thude mit cit ngang.

Trong trudng hop tinh dim mit ciit thay ddi thi cling tinh lwong ty nhu
{rén ohung turong trng voi tirng nbip.

;p i .
N
i :
&%
I -"ZH %l "Z" 1 2 !
Bidu &5 Mgy |
b : VA ‘.h;, !
Cod 19 ‘ 1 Mmgy "
E”%T_L’} :I,'-... | 5! 1; R EE l ! ? a{qmaxla
— ,%’Hmm” -~~__}_h~‘ i. ‘i#{&m
Hich 103
Thi du 51. Cho S, Iy, 5, [o] (hinh 103).
Tinh P;nax; q:-nax-
Bai gidi. Ta v& bidu d6 momen udn cho phép san bing Miax = 2(s] 5.

“Frén bitu d6 ta co Pm*‘!“ b -% Ml =31[6) S va qhax 138 = 2} v, =4 [a] S,

do do6 ta tinh dwegce tai trong cho phép cuc dai & cac nhip:
Plrax =12 [6] Sily, qhax = 32[c]S/L5.
Bai tap 562 — 567. Tinh gia tri luc cho phép dél vao ddm va hé trén hinh

v&. Trong cic bai 564 — 567 coi nhw d& bit [s], a, W va 1 =28|W.

562 563
10cm
P P £ p P

% ! ‘ E S y.. Trzea
alm)|, @ a_.j "a-Sm‘a-’%a az%-

[61=100 kG fen” [oJ; Iﬁa;kG/m’

1]

640 P o ' a 565 M
| S
{ a 1 a4
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Bai tap 568 — 571, Tinh kich thwéce mit cit ngang cda ddm va hé trén hinh
vE. Mit cit ngang clia dim la hinh chir nhat (b = 2h), con val liéu lam dim va
thanh treo nhwr nhau.

568 . 569
P=1T
y 1 baky
e T T
’ - , L 7 o= m,
6]~ 100k G e {6 ]=100k Gl
I
- 2
of | fi=lem Fr=2em?
! I
1 I /
/; 4
3 P 23'2 T T L =2 T g
[61= 1600kG/em? (61=1800k6 /fom?

Bai tap 572 — 575. Tinh hé s§ an toan n.
b (theo tdi trong) cda dim va hé.
Gioi han chdy cda vat litu oep == 2400k G/cin?, & !

572
P=3T fl b

’Q’za' .zﬁaj»lm 7%{:% 7% ’%mz

Paimy S
Q
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a=/!m
— /ﬁ{
L.

[H

o

3

§27. Thé ndng blén dang dan hdi trong bién dgng uén
Luyng thé ning hign dang dan héi tich luy vao dim bi uén ngang phing
tinh theo cong thuc

M3dx 0*dx
/= : k 134
M I 134
trong doé
= F S Y dF (135)
t (br)
F

12 hé s6 khong ¢o thir nguyén dac trung cho tinh chdt phin b8 khéng déu cla ung
sufil Lidp lrén mil ciit ngang va phy thudc hinkh dang
4 3 mil il

i Trong cong tmrc (134) phép lich phin tink
5 o 7R trén chidu dai cic doan dim va idng voi 1At cd cic
NN 7 doan. Trong cong thire (1353) phép tich phin tinh
B /},{ /‘ o o ! phel p
<k {/} 7’ 2 trén dién tich F cia mil ciit ngang, cic ky hiéu §,
// / b vi I nhir & cong thire (99) tinh trng suit tiép, E
,(, _ ( an b din ;
Z vi G 1a modun ditn héi va modun dan hoi trirgt clia
7 7 *
%/ﬁ///% vat ligw.
;,, Thi du 52, Cho @, ., &, A, (hinh 104).
S \?
Tinh k=F J (‘"5—‘) dr.
Hinh 104 d I

Bai yidi. Dién tich mit cit di cho: F = akh — o Momen quén tinh cla

mit ¢at d8i voi truc z:
I = L (ah® — a_h3).
12 °
P3i vioi ban dé:
S, = 4 .fl_f_ — 92); dF, =ady,b=ua
L3 2 4 l
Péi voi ban bung:
" ah® — a h? —_
Sy = 3 e ‘)ao yéidl’ﬂzz(a““ao)dgzibﬂa"“o‘

‘)
k::fﬂ[ (_§_L)2 dF, + Sz )2dF2]z
I? a (0 — s
Fy Fg

He s0 k:
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h/2 hf2

’ h? 2 " ah? — a.h? s _
mm{'_..?aj(T-—yf).dm_}—(amna)J[wu—yz dyzf_q
Fary W oBS P h5 — B®
. 5 B
e (o[ (e ey ey
2]2 16 \ 2 2 2 13.8 3.8 5.32
ah* —ah® h, ah? — ah? K3 h3 ](

+(“"‘a°)[ 16(a — a ) R 2(a — a,) 3.8 * 5. 32

Sau khi thay gid tri ctia F v ] vdo, va sau phép bign ddi, ta duwoe:

ah,
(wh

’ a a.h3\? X
1 - (1-_ )
( « ) ahs

a 1 h A3 h3 a, h®
- 21~ L (158 39 72 4 gl Mt f
X} a[ 8(11 h3+h5+ah5)]
Nhirng truwomg hop déc biet:
1. a, =0, k=06/5
2. M==h vi u, = h,_,
14 Lo
s . 2 4 5
k=g - 51”’ A [1"-4--- “e (15~ 30— 4 7° % Tg“f?)“
a 8§ a a? at a

— Ry
i (1 + (14) _
Thi du, néu a, = a/9 thi i = 3877250 = 1,548.

3. Mat cdt dam thép chiv I s8 20.

Theo béng thép hinh ¢ = b = 10cin, h = 20cm, @ — o= d = 0,52cm, o, =

= 948cm, h,=h — 2 =20 —2. 0,84 = 18,32¢m.

Vi aofa = 0,948 h /h = 0,916

ash fah + 0,868; h3/h® =~ 0,769; a_h3jah® = 0,729

h3/hS = 0,645 va a hbjaks ~ 0,611,
Do do:
6 1 — 4,868

5 1 —0.948) (0 — 0730 <
% ;1 — 0,948 [ 1 — é— (15. 0,916 — 30. 0,769 + 7 . 0,645 -+ 8 0,61])“ ~ 2,51

K =

BGi voi mit cit thép can chir T he s8 & 6 the tinls gin dung theo cong thire:
e 1 — (a.hi jah)
1 — (aja)
trong d6 F — dién lich mit cit; F, — dign tich ban bung cac bing A, toc la
Fe = hd.
Ding cong thirc nay d8i véi mil cit chir I s3 20, ta tim dwge F = 96,8cm?;

*

Fe=20. 0,52 = 10,dcm?: k= 26,8/10,4 ~ 2,38,

== F|F.
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Thi dy 53. Cho P == 60kN: q = 30kN/m; a=12m, E=2. 10°MN/m?; G =
8 . 104MN/m?; [o] =160MN/m? (hinb 103).
Chon s8 biéu mat cit dim thép chiv I va tinh U.
7 q . ax, kB
1 o
o IRERXERXIIRIELR! l
2a

§m

A x

1
=S

S, B, N

%Qg kNm 100kN

il

Hinh 105

Bar gidi: Tir didu ki¢n linh hoc, (2 tinh dwoc cac phan luc goi:
A = (2P + 2qa)!3 = B0kN
=P -+ 2ga — 4 = L00kN.
Ta lap cic phwong tunh Qva M

Qr =A = 80 KNG My = dry = 80z05 M o= 0, 3 __, = IB0kNm
Qx, = —B +qu= -100+3I)a:1,me0._—z-——10€)kN
Oy mgn = — 100+ 30 . 4 = 20 kN,

fo == Bry — qx§}2 = 100.ry — 303/2; i‘vf =0 = 0.
M _, =100, 4 — (30.16/2) = 160 kNm

Xz a8

Ta tinh Mmag. Tir diéu kién sz — — 100 4 30z =V, xz == 10)3m. Do do:
. -
M =100, 2220 102 _ 200 kN,
x2=10/3 3 29 3

 Theo cong thirc tinh todn.
/== Mmax|[o] == 500. 10%/(3. 160, 10%) = 1042, 107 6m? == 1042cm?.
Tra bang thép hinh, ta chon duoc hinh chit I s6 43 véi cac ddc lrwng sau

. day:
- W == 1220 cmd; [ = 27450 c#*; F = 83,0 cm?, h = 45em

d = 0,86 cm vk = FIF,=83/(45.0.86) ~ 2,14
Thé niing bign dang dan hoi clia dim biing tong thé ndng do momen udn
{Un) v thé néng do lyc cat (Up).
Theo cong thire (134)

i P
Mzdr .
Un=) j JEI 2FI ( j‘w":“'xﬂ‘ If‘*’fz drz) =
o '

4]
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a 2

Q (4
108 64 300 72
— — 8+ ——.8-12016 + L=, 32} ~ 769,4i;
2.2.1011.27459.10'8( 3 T 3 + 5 ) 78941

2u
. [ Q¥ &
Up=) 4 IQGF - 2GF( %la_",[gizdx"*) ) =
y S

s:3
k. 1087 ar \2 k.18 . a3
= [b4a+ (— 10 4 3x,) d.rz]—x.- o (64 + 2000 — 12047 + 24a) =
O

2G

_ 2,14. 108
T 2.8.10'0.83,0. 10—+
U= Un+ Uy =7694 4 38,7 — 808,1J.
Vi d3i véi nhitng ddm Lhong thuéng thé ning do e cit rl bé so voi the
ning do momen ugn, do d6 thudng ¢6 thé bd qua.
Uy 38,7 -
100 = 100 » 5Y.
Un 7694 7
B8i voi ddm ngin, thé ning do hyc it ¢6 gid tri kha I6n do do khong bo
qua duoec.
_ Bai tap 576 — 581. Tinh (he ning bién dang dan hoi I/ do momen udn. Dai
v6i bai 576, ddm vE & bai 222 — 231, P3i véi cac dim nay coi nhurda bist i trong,
chitu dai [ va do cirng chéng usn EI.

(128 4 400 — 480 + 192) ~ 38,7j;

Trong vi du nay

577 578
lMT p ; ]
1
Vtﬂﬁﬂ‘ 2a a.]
E=10%G/m?
579 g=10%; 580 n} 26x2b
% OO | e — | @b
£
( 13m L5m V’%a - azﬁl
E=2-10%G foerm? '
581




Bai tap 582. Xac dinh xem tian k&t cia dAm chiu hye tap trung dil gilra
p fnh bwirng déo thé niing do momen ugn nhu thé nao khi:
b3 Iy . . .
a) dim tra lren hai goi khop.
b) dim mol diu ngam, mo! diiu twa trén gol;
¢} dim hai ddu ngan.

nhi

Bai tap 583. Tinh xem the ning bién dang dan hoi d o momen ugn cta dim
mil cdt hinh chit nhit tra trén Lai gdi va chiu lye I dit tai giGra nhlp bién ddi

\h# nao néu Lhay doi ddm ndy biing diim co do ben ddu va chidu cao khong doi.

Bai tap 584, Tinh hé s6 hinh dang & ctia milt cat:

1) Hinh chit nhat, 2) hinh tron, 3) hinh tam giac ditu, 4) hinh vanh khiin
5) hinh vuong rong, 6) binh chir [ s4 60. Trong vi du trén, ta di chirng minh hé
o6 k d3i voi mit cit binh chit I co thd 18y biing ti 58 dién lich mit cit véi dién

tich bin bung co chidu cao biing chitu cao mit cat,
Bai tap 585. Tinh th€ vdng do Iy cil cua cac dam irong bai tap 377, 578,
va 579. Tinh anh huong theo phiin tram cha hre cit ddi voi th& ndng bifn dang dan

Loi cna ddm,
X — sUC ¢HIU PHUC TAP cUA DAM THANG €O DO CUNG LON

§28. U&n xién.

Khi ditm bi udn xién (su k&t hop clia hai udn ngang phiing), irng sudt phip
5 tai mot diém bt ky lpén mit cit hgang c6 toa GG Y va I {hinh 106) tinh theo
cong thue:

My My
S - Iy
-V ( gc?sa +':sma ) (136)
‘ . .

lrong do Iy va [; —momen quin
tiph chinh trung tam miit cit
ngang ddm: My va M — momen
udn dgi voi tryc y va g thanh
phin clia momen uén téng hop
Valz + M2, ti
M =YMy 4+ M?%, tac dung trong
miit phiing zp xién goc ddi vor
mit phiing quan tinh chinh = :
. pu g 4 . 4 Hinh 106
¢ua dam. .
(& diy ciing nhu vé sau ta coi My va M. la duong néu nhirng momen nay
{ao ra trng sull kéo & nhivng didm nim trong goc phiin tr thir nhat cha mit cat.
Phwong trinh duong trung hoa nn co dang phu sau:
1.M I
je= — —b = ZX o zlge = — zIgB (137)
T I, |
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trong doé:
— ;3‘; = 11 ™ (138)
yaba ¥

la tang ctia goe xién gitta duwdng trung hoa nn véi truc =

Pudng trung hoa nn bao gio cling xién goc B voi tryc z theo chifu ma
dwong tai trong pp (vBt clia mit phing tai trong lrén mit cdt ngang) xién goc «
ddi véi true y.

Ung sudit phap cuc dai va cyc tidu tinh theo cong thire (136), Lrong do cac
toa do dwoc thay biing toa do cic diém ti€p xtic véi chu tuyén mit ¢dit cia nhiing
dworng thiing song song voi dudng trung hoa (yi, 21 va gz, z2).

N&u trng sufit phap cwe dai va cuc tifn phat sinh & di®m xa nh&t ddi voi
¢d hai truc chinh trung tAm cla mil cét thi:

| My] 1Mz
Gmax == W, -} ) (139)
va
_ My [M:|
Omip == ( ; + \V ), (l 40)

trong 40 Wy va W, 1a momen chdng udn cia mit cit d6i voi truc y va truc z.

Trong udn xién, ngudi ta chonkich thwde mit cdt ngang theo rng suit phap
bing cach thir din. Pau tién co thé chon thit bing cach tinh udn phing do thanh
phiin momen udn doi hoi kich thudc Ion. B8L voi nhitng mit ¢t noi tip trong
binh chi nhat, diu tién c6 the tinh theo céng thire

M cM,
W > mw?—"i—m (151)
=3
trong dé ¢ = W,/W,.

Ddi voi binh chit nhat co chiéu cao h va bhé rong b thi ¢ = hjb, ddi voi
thép can hinh chit I c6 the 18y ¢ ==8 va hinh chit U ¢ =6.

Bo véng [ va goc quay O ciia mit cit ndo d6 cda ddm bi uén xién biing
tdnghinh hoc dd vdng va géc quay do cac thanh phin momen udn lac dung trong
cdc mit phing quan tinh chinh cfa dim, e la:

[=V[E+[? va b= y8] + 02
trong do fy va [ — 46 vong theo phwong truc y va truc z; 8, va 8; — goc quay
ctia mit citl chung quanh truc y va truc 2.

Goc quay tdng hop cla mit cil 14 géc ma mit ¢t quay chang quanh dwong
irung hoéa, con.d¢ véng idng hop thi ndm trong mit phing vuéng goc voi dwong
trung hoa,

Néu dam bj udn xién do hai hé ngoai hrc khic nhau nim lrong hai mill quan
tinh chinh thi vi {ri cda dwdng trung hoa trén mil ciit ngang phii tinh theo
¢bng thire:

Iz i‘[
tgp = Lz My
®=T
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va vitri do véng xéc dinh theocong thirc 1gB’ == f+/fy, Vi géc B’ gilra phuong cua 4o
vong tdng hop voi truc y khae gac 8 giita duong trung hoéa voi truc z, Khi do
durong dan hoi cia dim la duwong cong khong gian.

Trong trirong hop tdi trong thc dung vao dim nim tréo phidu mil phing
di qua trge hinh hoc cfia ddm thi sau khi chi®u cac ai lrong lén cdc mil phing
quan tinh chinh, ta lai tré v& trwong hop trén.

Thi da 54. Cho P, g, I, b, h, E, a (hinh 70).

Xic dinh vi lri dwong trung hoa; oga:i frmaz.

min

Bgi gidi. Ta phin luc P vd thi trong phin b3 déu g thanh nhitng thanh
phiin trén cac tryc chinh trung tam y
va £ cua milt cit ngang:

py = Pcosa; qy == qeosz;

P, = Psina; q; = gsina,

(ac thanh phin momen udn cyc
dai lai mit cat giira nhip:

Pl qyl?
1wzmn: - - —_.
: 178
= £--(F’ -+ ﬂ«-{")cosz;
4 *
Moymee = 2L B o
’ 4 3
{ gl .
= T (I’ + .._%_) sina, Hinh 107

Do momen ugn M, nim trong mit phing quan tinh chinh zz cia ddm
nhitng ther & bén trai truc y bi kéo, nhitng tho & bén phai bi nén (hinh 107,a).
Do momen udn M, nitm lrong mil phing quan linh chinh yz, nhitng tho & dwdi
tryc = bi kéo, nhitng th & trén bi nén. Do do, tai diém A clia mit cdl gitta nhip
c6 ing sufit kéo 1én nhil Omar, con lai didm B c6 wrng sudl nén 14n nhit gmia
Nhiing tng suéit nay hing:

M M ymax 3! gl coSa sina
max = amax y ymar ) o P4
‘n i( W, - Wy ) - bk ( + 2 )( h + b )

Vi lri dwong trung hoa nn xac dinh tor phuong trinh.

I, h?
LB = —r—-tgz = “[-).?tga

¥
Ta thdy i s& h/b cang lon thi goc § cang ién hoo goe «.
Thi du, néu duong tai trong px trung voi mot dworng chéo ciia mal citt
ngang, thi lgz = b/h vi tgf = htb, tire 1a dwong wung hoa tring voi dwdng chéo

-
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thir hai. 0" day trén hinh 107.b A > b, do do B> a.

Trén hinh nay cii G vE
1 “ v cling ¢6 vi
bicu d¢6 wrng suit o, g

Theo cic din tinh sin 5 va § cila hinh
N, La do dirge do véng do M,.
5,1t P.I3

SBAET, - HSEL

fzmu —

RS TR
1ERs \ g ¢t )“’”“'

do véng do M.

5 gyt Py3
384 El 18!,

3 -
e { (3—?— ql + P) cosa.

rymar _

4ER%H \ 8
Bo véng téng hop & gifra nhip:
fmux - V[Emu ’+‘ f:gmu:

__ (5q1/8) + P 13-\/3.1'112« n cnsia .
4Ehb b hé
Phuong clia d6 vang vétrén hinh 107.b,
Thi dy 55, Cho P =240kG, ¢==400kG)m, | = 2m, « =30°; E=2. 108kG/cm?
[6] = 1600k G/em?® (hinh 108), Xac dinh s§ hiéu miit ciit ddm thép hinh chiv 7, v{
tri dwérng trung hoa, fmax?

Hinh 108

Bdi gidi. Momen udn cuc dai & ngam

M ymax == Plsine == 240 2 .-~ = 240kGm.

i\;iv—-a

400, 4

£

4 240.2.0,865 = 1216 kGm

2
M:mn: = "g;f—'“" "‘I" Pleosy, = -

Thir lin thir nhit, ta [y ¢ =8,
Theo céng thire (141).

M, 4 cM; 1216 4 8. 240
6] 1600

Ta chon mit cil dim thép chit I s& 20 co gia tr] momen chdng udn nhd
hon va gin nhil.

W, = 100 == 196¢m?

W, = 184cm3, W, =231 cm3
Tai difm A vd B & mil ciit ngln ta co 6mix = — Omin, do 4o

M max Mymaz 121600 24000
w. T W, 181 T 231




Vi |
Smpx — (0] ) 1700 — 1600
o] 1600

100 =~ 6,29 > 59%,

do d6 La liy mit il 56 20a voriW, = 203cm?3, W= 28 2em® khi do:

121600 |, 21000 I
Gmax — 500 ‘+‘ 28‘2 —-l—laf}k(m,m

f}"ng suil nho hon
LGOH — 1430

1600

160 = 9.49;,.

B3I voi mil cil 8 20a, I, = 1535em#, I, =2030cm?, do do & mil cit ngam
108 = (IsM o)/ Uy Mmar) == 2030 , 240/(155 . 1216) ~ 2,38. va § = 68°50"
Trén hinh 108,a co vé duong trung hoa nn va bidu d6 trng suft phip ¢ cla
mid cil ngam,
Bo vBng cyc dai ciia cong xon la & dau ty do. Theo dim tinh sin 2 va 3
etid hinh 90

1 gt Pleosa 1 4.16.108
max == == +
Iy El, ( s TS ) 9., 105 . 2030 ( 8

= 4),33cm;

D40, 8. 105, 1,868

3

= PPsins/3EL, = 2408, 106, 0.5/(3.2.108.155) ~ 1,03cm.
Y

a e * . .
Bo véng tong hop cyc dai

[ = V[ Zmax + [nox = V3,332 - 1,032 ~ 1,08cm.

P ving nay xién goc 8’ d6i véi truc y va (g8 = femaelf ymax == 1.03/0,33 =
3,12, tic la: B ==T72°14"

Bai tap 386 — 595. Tinh gid tri tuyét ddi lén nhit cda (rog sudt phdp va
vi tri dwong trung hoa tai mat cit nguy hidm. Ngoai ra, trong bai 587 Llinh chuyén
vi thing dirng fa va nim ngang [x ctia mit cit & chd diit hye voi E == 2. 105kG/em?;
trong bai 593 tinh gid trj va phuong cha do vong [ & ché dit lye pp, voi
E = 104MN/m?.

586 ' 587
P2k 1P
'|

N 8(8)
i 2
a=05m 2a a | &P - [=4m

P=IT

M




588 589

& P2k T
/ o § P_,_--ZT"
Y. = - ‘ 7wl
7 o’ 05 /
2a 1 a=yam B=1T %’.
&=30"
&  0=30° .
590 s T Y
L AYA 391 T
, Peh ] . PiST 20 P » Z o
h=1lem yoll: iy
L % 20
a %' g lo=im o a=2m| a a %2
, ; 3R | pezg ‘ N
| ' w120
592 P p “:300 “ 593
P =600kE 0 p ) Py 4kN
’ I 15 ! : ashém a2 04 &
- 7% - T l A 20em
magmi’%’m 20| da Jd|, | 20m], W v% ;@/z
P,=§kﬂ 12em
554 595
g q,=5kN/m ’Qf % g, 9,
\ : ’ il N B
B 5 1p EREN X | t20cm

_a=2m a TP 150m)
I

Bai t4p 596 —60L. Tinh gia tri hyc P cho phép va vi tri duong trung héa
o mit ciit nguy hidm clia dim. Ngoai ra tinh gia tri va phwong eda do vong :

— 0" d3u ty do véi E = 105k(yem? (bai 596)

-— O gifra nhip bén tréi voi E = 104 MN/m? (bai 599)

596
- 59
[6]=100kG fom? 7 L 5o
\; P g p foJ =1600 k G/cmz P p!
.r’! \ 7] P _ 1 F"r":p Z “xz
v { /x\ Iﬁfm ‘ é ]80 ég §
(L] ,!77 [43 %@4(__ la:Zm za a% i

S
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598

g
4

a=0im

[6]=150 MN/HIZ
p P
vy 2

2a !a

600

RO
=]

p o
30

[6]= 10MN/m?

x=50°

R Al

2o %m

o ’% ;&

)

R

U Jcm

fem |

4se

SIS

v

a@z Za%""
i 1

Bai tap 602 — 605, Xac dinh kich thuoc mat cit ngang va vi tri dudng
trung hoa & mdt cil nguy hifm cta dim. Ngodira & bai tap 604, tinh gia tri va
phuong d¢ véng cia diu ty do; F == 105kG/em?.

602 603

[6]= 100G fem 2

(6]=1400KG fem ? ~
lq:ZUUkG/m ’q ! o7 ?Pq Pq
i b Ty ’% 1 rb" rau»
//i/ 23 a:/m Zg g 2o Vorker,
604

[6]= 100k G/ en®
P=180kG

-
%(ﬁfﬂ? Za
=

- Bai tap 606. Chirng minh riing khi a < 1/2 v g2 << ¢) thi oma: khong phu
thudc a vit ga.
Bai tap 607. Chirng minh ring khi ¢ a vA 2 q1 thl omax khéng phu
thuoc g, 7‘

2F

606 g .

1 2
EXRSEEEAIN
’Q .

L b ol

&

T2

607

i 7
el /%
EEAEERIIERE ¥




Bai tap 608: Cho Pr =163 P, E, @, h = 2b. Tinh gia tri va phuang

Cﬁa fmux-
Bai tap 609, Cho P, 1. a, «a = arcty 0,5, Tioh omax.

608 609

P
{[p

k-Zb ~a
2 &

!l P

hY
ta
£
'—'}$x LY
R

a=arctg 0,5

Bai tﬁp()lO. ChG q, 1, a, Tinh Gmaxe
Bai tap 611 Cho P, a, b, E. Xic dinh fn.: va goc gifra duong d6 vong va
dwirng tai trong.

610 g g 611

TTTTLLCD
4]
Q
o 4 | Lo i
B 3
[ eﬂj [}
7 - - >

2b

g
N

(=]

1

1

1
b

gt

§29. Kéo (nén) va u8n ddng thai.

Trong trirérng hop tong quat cia bi€n dang kéo (nén) va udn ddng thoi,

trén mit cit ngang bit ky cla thanh hinh ling tru not lue c6 thd thu gon Ehanh

lwe doc N: hwdong theo true hinh hoc x cha

y thanh, momen udn My va M, trong cac mil

phing quén tinh chinh trung tdm zz va xy, va

hre cit Qy va Q. huéng lheo cac truc y va z
(hink 109).

Ung suft phap trén mit cit ngang thanh
x4c dinh bing phuong trinh mit phing khéng
qua gdc toa do sau day:

_N: M, M,
Hinh 109 g = —F-"" '+ I_y z + Ix y.
Ny Mz M.y .
= —={1 . 142) -
- F ( + N,i? T N, it ) . (142)

trong d¢ F — dién tich mit cit ngang;
Iy, I. — momen quén tinh chinh trung tam cia mit cit ngang;
iy, iz — ban kinh quan tinh chinh;

Yy, z —1loa do cla ditm tinh irng suft.
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Phuong trinh dudng lrung hoa cé dang:

My My
g e 3
l\x[‘v J.\‘xlz
Urng suft phap co gia i cye dai va cye tiBu lai nhitng didm ti€p xic cia
chu tuy®n mit ciil véi cac duong thing song song voi dudng trung hoa. _
Ung sudt tiép tdng hop 6 (hd tinh gén dung biing (ong hivh hoc cua cic
wng sudl tiép do Qy va Q.. Ung sudit nay thiwdng rit bé, do do co thé khong xél
dén trong tinh toan thyc (€.

=) (143)

Kich thude mit ciil ngang tinh theo ting sufit phap
bing cach thit din. Lin thir nh&t o (hé chi tinh udn
phiing do thanh phin momen udn ¢ yéu ciiu kich thwée
1on nhit. Mt ciit dwoe chon cudi cung phii kifm tra
v&i ¢d thanh phin momen udn thi hai va luc doc. Vai
mit cdt di chon ung suft khong dwroc vuol qua 5%.

Thi dg¢ 56. Cho g = 200kG/m. P, = 24T;
Py = 16T; P = 100kG; b = 12cm, h = 16cm, | = 2m.
(hinh 110).

Tioh cmax, omia v xdc dinh vitri duong trung hoa.

Bdi gidi. Mat ciit nguy hifm & diu nghm. Tai do
Ny == — P, — Py = — 24.10% — 16.10° = — 40.103kG;

!

M, = Py —f’)—+ P, —=16.10°.6 4 4.10% 102 =

= 136. 1(3kGem.
2 2.4 4
J¥I;ﬁﬂpl-{1mu_g_{um:*_18-1€)3.8w -"LGIU —
2 92 9
= — 168. 13k Gem.,

D3u clia trng sufit tai cdc dim trén mil cit nguy
hidm do Ne, M, va M. v& trén hinh 110a.

Do do: Hinh 110

x ‘6/-{ Mz . 3 . 3. . 3-
= e My M 4000 186.10°.6 , 168.10°6
min  F w, — W. 12.16 16.122 12, 16°

o 475k G/cm?
min — 891k G/cm?

Trong cong thire (143), ta d3 18y N > 0 va My, M. & goc phdn lr thir nhét
nén ldy s > 0. Trong bai loan nay
Ne<<0, M;>0, M.<<0
va
1%. = b¥12 =12 cm?;

i2=h*/12 =~ 21,3 cm?
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Do do cdc doan chén Irén truc r va lrge y béi duirng trung hoda co gia
tri bing:
zo == — N %M, == (40.10%/136. 10°) 12 »~ 3,53¢m.
Y, = — NuiZ{M. == (— 40, 10%/168 , 10%)21,3 ~ — 5,07 cmn.

Trén hinh 110,a dwong trung hoa dwoc v& di qua diu cdc doan chiin va b
dudng lrung hoa do véE dwoe bidu dd irng sull phap,

Thi du 57. Cho ¢ = 6kN/m; L =
== 6m; @ = 30°; [g] = 140 MN/m? (hinh
111). Chon s8 hié¢u miit ciit dim thép chit .

Bdi gidi. Hinh chigu cda & lrong
g 1én lrge x va true y (hinh 111,a).

Gz == gsine; (¢ == gCcosa

Thanh phén g, phan bd deu trén
chifu dai / lao ra Dbi€n dang nén. Thanh
phin ¢, lam dam bi uén ngang. Momen
udn cre dai & mil ciit gifta nhip ddm

J’[mux == q\r[zls = qI.le(SCOSCC)u
Ta I8y gia tri nay d€ Lhir chon mil cét IAn thir nhit, Khi do
.ﬁfmax Q-L2 6006 . 36

W, == = = == 2,23 . 10743 = 223em3
[s1 - 8[ojcosa 8.14.107.0,866 '

Hinhk 111

Mit ciit chit T s6 22 ¢6 momen ch@ng uén len hon va gin nhit voi gia tr
nay: W:==232cm3; F = 30,6cm?.

O mit ¢il ¢o Mnex tae dung lye nén doc bing:
A‘r qxl QL

FEATPE— TF e lge
Xl ) 5 g

Ta kidm tra mil cil d3 chon & (rén khi c6 36l Lhém lye doe s

IN:] 4 Moex 6000. 6 + 6000 . 36 .
F W, 2.306.10-4v3 ' 8.232.10-6.0.866
= 137,8. 108N/m? = 137,8 MN/m2.

Ung sufit ohd hon

[0’1 b Iﬂ'mgxl 2,2

100 = ———100 =~ 1,69
[=] 140 7

Thire ra wng suiit 16n nh8t & tai mit ci! bén trai mit cit gitta nhip mot
doan kha b¢ do do &nh Liuéng khéng ding k&. That vay, d§i voi mot mit cit hit
ky ta co:

Omay ==

.2 —
jomax =-—v—1~v—~ (_f]ég?__ €oSe — q:” cosz)-{-— _Q_O'_MFQ_ sina.

Vi @) 6 |max — gl COSE —— = COREL g Sine == (),
dx 2W F
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qén mit cil aguy hidm & cich goi trai mot doan hiing:
! W 6.2 232, 1)-6 .
== 3,420,

— el =

o T F 973 306.10-4V3

e o—

tire 1a mit ciil gifta nhip ta fdem.
O mit ciit niy (x = 3,420m)

1 ( 6000.6 o 6000 5 op0 V3

232,108 2 2

6000 . 3,508
)+ 30,6.10-4.2

lo]max ==
" 2 9 2

— 137,85 . 108N/m? == 137,85 MN/m?

yire 1a 16 hon ng sudt & mil cit gita nhip gin 0,05%.

Thi du 58. Gho P; =4T (trong miil phing zy), P,==1T; Py =08T;
M =9Tm, | =2m; a=15° B =30°,]c] — 1600 kG/em? (hinh 112).
Chon mat ciit ¢hiv U. Tinh y,. Z
pZ
e ;
[~
I
F
Hinh 112

Bai giai. O mit cil nguy hiém (ngam)
N. = Pcosa -+ Pscos8=14.0,966 4- 0 8. 0,866 ~ 4.557T;
M, = — pyl[2sinp = — 0,8.0,5 .100 = — 40Tcm.
M, = Pilsine 4 Pl + M =4.200. 0,259 - 1.200 + 200 = 607,2Tcm
Thir 1in thir nhit ta chon miit cit (heo momen uon M
W, = Ma/[c] =607,2 . 10%/16 . 103 ~ 380cm”.

Mil cit thép chir U s§ 22 ¢c6 momen chdng udn 1&'n hon va gin nhat voi
gia trl pdy: Wi== 199em®. Vi milt cit ghép bai thép chit U W, ==384cm?.
Ta chi ¥ la ngoti momen udn M. trén dim cén ¢6 momen udn My ciing
kha lon va lye doc Ne, do d6 d@ dim bao v& d¢ béo la chon mit ciit thép chir U
6 24 voi W — 942cm?. Khi d6: .
W, = 9. 249 = 484cm3; F = 2F =2.30,6= 61,2 cm?
I =20y 387 2 = TTAdem?, Wy=T/b=T7744/9,0 =86,0cw.
Ta kidm tra do bén cla mit cdt thép chit U s624 lai ditm A & ngim la didm
¢ tng sudl lon nhit: '
N My | M, 4557  40.10° 607,2 . 10° 1761k Gjom?
F W,  W. 61,2 8.0 484

Tmax —
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Vi tng sutt lirn qua

Smer o] yop = 29 _jo19

do do mil cit thép chir U s§ 24 la khong dam béo.

Trong lan thir thir hai la chon mil cit thép chir U s6 24a véi W = 265¢m3.
Kki do: }

W, == 2. 265 = 530cm3, = 2, 32,9 = 65,8cm2.
Iy =21, =2.488,5 = 977cm*, W, = 977/9,6 = 102,8cm®.

Ung suft lon nhil tai difm A cla mit cit nay:
4357 40,10%  607,2.108
T T =
65,8 102,8 530

Ung sull [&n qua 4/1600 = 0,25%, didu nay co thd cho phép, do do ta chon
mit cit sd 24a.

Bay gi¢ ta xac dinh vi tri dwéng trung héa tai mil cil nguy hidm. B3i voi
mil cit s8 24a, ta co iz = 9,84um, ii = 9,842 ~ 96,8cm?; i2 = [JF = 9771658
= 14,8cm?.

Theo cong thire (143) cac doan chin cia dudng trung hoa trén truc y va
truc z bing: ‘

~ 1604kG/em?

Omax ==

4,557 |
c=— 22 968 m . (.73 ¢
J 607 2 = em
4,557 ,
2y = — 148 ~ 1,69m

Trén hinb 112 ta thdy sau khi ngi diu céc doan chin bing mot dudrng
thdng, ta dwge dudng trung hoa nn. (ir do ta va dwge bigu do trng sudit phap.

Tai trong dat lech tam. Trong truong hop 1dng qual cda i trong léch
tdm, thanh hinh ldng try dong thei hi kéo hofic nén va ugn xién thulin tiv. Noi
lye trén mit cit ngang ihanh thu gon thanh lue
doc Nx=Pva momen ugn M y==Pzp, Ma=Pyptrong
hai mit phing quin tinh chinh trung tim x:z va
xy cta thanh. O' day luc kéo (hay nén) P khong
ddl dung lrong 1Am mit cit din thanh ma dit tai
diém c6 loa dé ye va zp (hinh 113).

Ung sugt phiap trén mdt cht ngang thanh
x4c dinh biing mét phuong trinh mét phing khéng
qua gic toa do:

— .ATI .ﬁ.{‘vz ﬁIzy —
¢ == 7 -+ ‘,y + 1 —
=L (1 + 22y m!”.’:"’) (144)
F iy it

trong d6 F — dién lich mat cil ngang, I, va

Iz — momen quin tinl chinb trung tim, i, va

Iz — bin kivh quan tinh chinh, y va z —toa
Hinh 113 d6 diém bt ky lrén mit cil.
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Phuong trinh dwéng trung hoa nn co dang:

Izp yye z y &
1 . —{) ha : =1, 14
+ 7 + 2 y.__.{;[zp +____i3/yp (145)
trong do:
— i%zp; — iZlye (146)

)a nhitng doan chin clia dudrng trung hoa trén cic truc quén tinh chinh z va y
ctia mit cdt ngang.

Tai cdc didm trén dudng song song voi dwdng trung hoa va di qua trong
tam miit ct, (rng suft phip ¢ = P/F. Ung suit phap cuc dai va cyc tiu phat sinh
{ai cic didm ti€p xic ctia chu tuyén mit cit véi cdc duong

song song voi dudng trung hoa. D8} voi cac mit cit dii p. 4
xirng, ¢6 nhitng di®m xa ph&t d&i voi ci hai truc quin
linh chinh trung tam, thi wog sudll cyc dai phat sioh & Y b
phirng ditm nay. Do do, 43i voi cic mit cdt ay Zg {|"13p 2
I
1 yp Ip 1' 2, NP
]Gl max — P ——— “{"‘ '*' e— (147) ~, “‘ | yﬂ
F W Wy RS
N&u didm dit lyc di chuy®n theo dudng thdng pp E\‘Tfff{‘::
di qua trong taim O ciia miit c&t thi dwdng trung hoa tinh N
tign (khong quay) d€n gin holic ra xa trong tam luy theo Hich 114
inh 1

didm dit lyc di chuydn ra xa hofic dén gin lrong tam.
Trén hinh 113 v& vi tri cde duong trung hoa (mny, npny va nsng; n.n, di ra xa
- v0 ciing) va bidu d6 o twong trng khi lgc kéo P dit tai céc didm 0, 1, 2, 3 trén
dwdng thing pp.

Néu didm dat lue di chuygn trén duong thing pp (hish 114) khong di qua
trong tAm mil ciit thi dwong trung hoa quay chung quanh mot diém c8 dinh K co
toa 4o:

bo =it 70= = B,

Ngwoc lai n€u dwdng Lrung hoa quay chung quanb mot ditm ¢ dinh co toa
a6 y, va z, thi didm dit lyc di chuy@n trén dudng thing pp khong qua trong lAm
mal cél va co phwong lrinh nhi sau.

o 4 22—,
—ily, =i,

N#u didm dil lye nim trén mot trong céc truc quin tinb chinh trung tim
ctia mit ¢fit thi thanh dong théri bi kéo hodc nén doc truc va udn phing thuin luy,
Trong triwong hop @6 cic cong thirc lrén vin dung, nhung cin cho zp == 0 (nfu
didm dit lyc nim trén Leae g), hodc yp == 0 (n€u didm dit lye nim trén trge o).

D& bio dam do bén cho nhitng thanh lam biing vt liéu don chiu keéo dirt
kém, ta cin phii dit lyc léch tAm thé nao 4@ trén mit cfit ngang khong co 1rng
sufil kéo.

Phin mit pbiing ciia mit cAt ngang co chira trong lim va gidi han béi mot
chu tuyén kin d& khi dat e vao trong d6 tng suft tai moi didm clia mal ciit chi
co mot dfu, goi 1a (8 ctta m(l cdt. Chu tuy8n cha 18i 12 qu¥ tich nhiing ditm dit
lge léch tam, twong rng véi cic didm nay, diwong trung hoa ti€p xdec véi chu
tuy&n mit cit va khong cit mil cit & ché no. ‘
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Thi dg 59. Cho P=64T; b=4em, h=—8cm, yp=2cm, zp=Icm
(hinh 115).

a) 14 5)

.l’lkﬁmin

Hinh 115

T.inh Tmaxr Tmins yo‘ o .
Bai gidi, Trén mit cit ngang c6 cic nodi lue

Ne=—P=—~84T; M')-x:-——P:p:*—ﬁ,‘i.lmwﬁ,‘chm-
zx-«P;;,,:-— 6,4.2 = — 12,8 Tem.

Vi & goc phin tir thir nht cdc noi lyc déu gay ra ng sufit nén, do d6 omix
& goc trén bén phai mil cit, con omax & goc dudi bén trai (hinh 115.a).

N M, M
Khi do max == :
11 cmin 3 ".T “.z
Voi
F=1>bh=4.8=232cm?; Wy= hb?/6 =8.16/6 = 64]3¢m3
W= bh?]6 = 4. 64/6 = 1283cm?3, ta dworc:
Omax = — (6,4 . 103/32) - (6,4. 10 . 3/64) 4- (12,8. 103 . 3/128)

min

hay | Omax == 400kG/cm?;

Tmin == ™ SOOkG‘/sz.

Theo céng thirc (146) ta xdc dinh duoc cic doan chin ciia dudug trung hoa
nn trén cde truc quén tinh chinb trung tAm y va z cda mit cit:

Y, == = f%/gp = — h¥12yp == — G4/(12.2) == — 8/3 = - 2,67cm
Z, == — i5)zp == — b¥12z7p == — 16/(12. 1) = ~— 4/3 ~ — 1,33cm.
Vi tri dwéng trung hoa va bitu dS 1rng sufit phip o v& trén hinh 115 a, b.

Thi du 60. Cho mét mil cil b&t ky c¢d hai truc déi xitng, néi tiép trong
hinh chir nhit ABCD ¢6 canh b << h (hinh 116) ban kinh quin tinh chinh trung
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tam 1, <C f, va vi lri lrong tam xac dinh béi toa do z,.

V& 181 mit citl.
Bai gidi. Néu dwong trung hoa tigp xuc voi canh ¥ P
bé AB va CD ciia hinh chir nhdt thi cic didm dat luoc A 8
lrong tmg (didm k va [ trén chu tuyén 151) phai nim trén f L
truc y va c6 toa dd ) =

yy = F 203/ ;

Néu dworng Lrung héa tip xiic véi canh 16m BC va

D4 ciia hinh chit nhat thi nhiing diém dft lyc lch tim w

twong trng (diém m va n lrén chu tuyén 151) phai ndm
trén truc z vi co hoanh dé:

e v e e

=]
=~
(=]
L]

£y == — i3(b — z,)5 2}’ = iz,
Vi duomg (rung hoa bir vi lri nim ngang chuyén sang
vi lri thing dirng (v& nguoc lai) b#ng céch quay chung
quanh mot didm cg djoh la dinh clia chi nhat, do d6 twong ting véi sir quay nay
dism dit e di déng lrén cac doan thing. Trén co s lap ludn niy, ndi cic didm
k., m, I, n biing nhitng doan thing, ta dwoc 151 cia miit cit (trén hinh 116 16i dwoe
vach chéo). "
Nhiing truwéng hop déc biét:
a) Mit ciil chtr nhat co canh b va N (hinh 117). D&i v&i hinh chii nbit
2= h?12, i = D312, z, = b2,
Do do ' yi#:}:hiﬁ;z’i2$ b6
b) Mt cit thép hinh chi I (s§ 20a, hinh 118). Theo béng thép hinh, déi
voi mil ciit chiv I s6 20a, tla co i, ==8,37cm; iy == 2,32cm, h =20cm; b =1llcm
I, = bi2. Do do
yr=TF2.8,372/20 ~ F 7,0lcm; z1=="F2.2,32¥11 ~ + 0,979cm
_ ¢) Mil c&t hinh chir U (s§ 22a, hinh 118). Theo bang thép hinh, d8i vorimit
cfitehir U s322a, taco i, = 8,99cm; iy= 2 55cm, h = 22cm. b =28,7cm, z, ==2,46cm.
Do d6 y; = T 2.8,99%/22 ~ F 7.35cm, {= — 9,552/(8,7 — 2,46) ~ — 1,04cm.
zy =2,55%/2,46 ~ 2,64dcm.

Hinh 116

;Y
Z ZN
y! T !/----’
5 ¥
A 1
< ] = 2 = :
1 Pt B \
% yllih M—
AN
)
Hinh 117 Hinh 118 Hinh 119
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Bai tap 612 — 620, Tinh ung suft phép cuc dai ome: v2 cuc tidu opi, va vi
tridudng trung hoa & mit cit nguy bidm cda cic thanh thing:

612 o, 613 614 p=g7] _, M
A
v r=2, gem
g W 7
2em by, S| P o207 P
(S
i 24em /
f&(‘é\-g. 0.6m
@Hﬂm ‘g
) A
615  P=12T 616 617 F8T
V 18em o P i ﬁﬂy
/ Pt g i ;’
A b4 P e n&ﬁé\ e
‘L‘LG‘“ / / | A/ 2 ] ’/ ‘
P -
h2em - 0em! = o= 20056
o] &
- Y] =
|| 5
§ "
._/ A [ L
618 619 620 F=2LEkN

18cm

g o 5:0=3,mw Y3 4p HLLELG 7 o g

’_h-ib
i E ! zb < A
] = H7 A U B
\ < \
- & A-8
-l dd F ! d 5 | - Bem
g cm
i 'g‘ qla x:\ma\i\w 3
i 1 \H
u u l“'"‘!;
¥ b | ) ﬁfrﬂ“
4q

Bai tap 621 — 623. Tinh ¢ngsuft phip 1én nhit ome va xdc dinh vi tri
dwréng trung hoa tai mét cit nguy hi€m ctia thanh.
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621 622 623
Omin™~580kG/ern’? Gri=~50KG fom? Bmin=~G00kG fom?
2d AP d=20cm Y
B oy ] /
L
A 7z 7 I Z Z
. ) /‘: {S __/ 1
I
d boed P - §
3 . 7k ] J] I,Eﬂcw ?4_
2 .
| |
p S Zi : ! %@
d p | \l_/ ”
P

Bai tap 624 — 629. Tinh tng sufit phdp cyc daiomx va UDg sult phap cyc
ti®u omia tai it cdl nguy him cla thanh hodc bo phan cta hé chiu luc phue tap.

624 625
5 P=B800kG
&j’_@. Y
i ‘l n’m&é%cg ?m
e ) &
_,q=250k5/m
BIEIRARANRARTITRAE!
-‘?- b

627
A% ]
i
':s { ! 0,4m
e L2
i
|
il
§ i
] E
AaS
&

Bai tap 630 — 635, Tinh kich thuéc ciin thigt ciia mat cit ngang thanh, dim
hodc bd phan cia he.
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630 ) 631 . 632 g
P P=l6T -—-€?~m
H | O
' 7 ' /'J P=2T
— § '
0,
\_______ a
2m‘
5
s ! (6]=1600 kG/erm?
i S ﬁ ﬂﬂl B
Etaltlonl  [5] =T00KG fem%;  [6,] =1200K6 fem® m

633 634 635
p= p
op 47747 S
P2 -
R (ol-mmieren? o |1 ' g

E S R
am | 3
G

Bai tap 636. Xac dinh kich thwoc t; dé cho trng sufit phap cye dai & tAm
co bin va t2m ndi ghép bing nbau.

Bai t4p 637. Cot co irong lwong don vi thé tich v == 25T/m3 va ap sudt

{rén mit cit xuyén tam p = 90kG/em?.
Tinh dwong kinh d eia m3l cll ngang d& ¢t khong ¢ tng suit kéo.

hi Zin
i

637
F.
636
/—1/ ‘ qu p ’
P ¥y 3
<ef =T == &8

[ A

XL

Bai tap 638 — 647. Tinh tdi trong an toan lon shit P,



638 639 ..., 640 g‘” (61800 kG fem?
|
: ¥ f#cm
e
3
3
i
a |
{F |
[61=1600KG/em 2 S e
E
dem .[ Bem| EF
(6= 16006 jem? =
641 g fem 642 643
2em v/ gy
A lem [
] 1
. !
/Zé‘m y"«v l; | g 1 g P
I ] -
Zem | T M:L -
L €T,
ng Zlem 7a Ja
wem
U8l ae12mis] = 00kG/m?
P 74 {6.] =120kG/om?
[6,) = 400kGhm"; 161 -1000kG & (6121004 em?
644 645 646 647
Jem 4 : o B
g 1 l/.b{ P § 4flem
ﬁ/ 3 17
\\K\}W
5%"@ § L;clm § § 8lem 12p
{8em | “5 [
| WA
~ ; , N S .
/ @_ =k ‘c: }.,.HNZZG
‘6] L[61=1600k6fm ?

il 1

"~ [6)=500k64m ?

(6]=1600kG fem 2

Bai tap 648. Tinh gid rj lye Py d& & miit cit th&p nhit cta thanh khong

co ing sudl kéo,

Bai tap 649. Tinh gia tri lwe Py va omin Ur difu kién tng sufll omex cla

thanh bing khong.
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648 p=1pmn : 649

Ji
A N
T
i
\‘3& =~
20cm AR
3 I
N - i g
Sl
- |
~ |
3 o e N
G~
Th

fia
Bai tap 650 — 655. V& 151 cla mil cét.
650 651 ° 652
i \H
, 2% 7
9 As Zaz 7
% /c\h 5 %3// - ///%///,/%,i
TEARIE sa 51315
653 p
~p
2
77
/2%// N
algla
J J [ J

- $30. Kéo (nén) va xodn ding thei.

Nén do tdc dung ctia ngoai lye trén mit cit ngang thanh phat sinh lye doc
N: va momen xoéin Mx,, la néi lhanh bi kéo (nén) va xofin ddng thei. Truc = la
truc hinh hoc cda thanh, con truc y vd truc z la nhitng truc quéan tinh chinh
trung tam cla mit cfit ngang.

Tai ditm nguy hidm (y, z) ciia miit cit dang xét c6 trng sufit phap do hyc
d(_)c Nz

G#le’p,
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trong do Fla dién tich mit cl ngang, va {rng sufit ti€p do momen xodn M,
T —= A’[:o/\VIu

trong d6 Wy, |12 momen chéng xoin ctia miit cit.
['ng sufit chinh tai di®m nay tinh theo cong thire (107):

! JETIE
ﬂ';m‘é“‘("i a? 4 41%)

Dya vio cac 1y thuy&t vé d6é bén, ta Linh doé bén cha lhanh.
D3&i véi vat lidu déo, la ding ly thuy8t Lhir ba hodic thir tw theo cac cong thirc
sau diy:

G = o1 — o3 = V 6% - 42 < [o]; (148)
curv = Vof -+ 6% = aja3 = V6% -+ 312 < [a] (149)

B3i véi vatl ligu co do bén kéo va nén khac nhau, [ox]/[on]==v la diing ly
thuy€t thir ndm theo cong thire:

1— I — _
T == 0 = Yoy = = s -+ j Vo? + de? < [ox] (150)

N&u mat cit ngang thanh 14 hinh trén dwong kinh o thi:
F==d?4 vi Wy, = Wp = xd3/16.
Thi du 61. Cho P=2T, ¥ —=4Tcm, d = dem, [ox] = 350kG/cm?, {oa] =
== 1400kG/cm? (hinh 120). Tinh xem lhanh c6 dui d¢ bén khong?
Bai gidi. Yuc doc Ny=— P= —2.,10%kG; momen xoin M, =M = -
= 4. 10%kGem.

Hinh 120 Hinh 121

Ung suél phap tai cac didm cla mil cit ngang
¢ == Ne/F == — 2,108, 4/(x. 42) ~ — 159 kG/cm2.
Ung sufil 1i8p cyc dai trén chu luy8n mit cit
. Tmer = Meo/ Wp = 4. 108, 16/ (. 4%) ~ 318kG/cm?.
O:
v = [ox}/{on] = 350/1400 = 0,25
nén ung sult trong dwong theo cong thire (150) co gia iri bing

1 - 0,25 - 1 + 0:25
=159 - ———— {1562 £ 4. 3182 ~ 350kG/em? == [oi]

C1dy == -
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Nhw vay, thanh du do bén. -

Thi dy 62. Cho P = 160kN: M = 4kNm; h =8cm; b = 4dcm: 6o = J60MN|m?
(hinb 121).

Xic dinh hé s an loan fep.

Bai gifi. Vi Ny==P =16.104N; My, — M =4.103Nm va hi/b = 8[4 =2,
nén tai cic difm trén mdt ciit ngang o = N«/F = 16.104/(0,04.0,08) = 50.108N/m? =
= 50MN m?, va ung sufil tiép lon nhit do xofin tai Liung didm canh dai ciia mal ciit
hinh chi nhat trén doan thanh bén tradi

toax == Mg Wso == Mxo/BD% = 4.10%. 106/(0,493 . 64) ~ 127. 108 N/m? =

== 127 MN/m?.

Tai didm nguy bidm cia thanh ing suéit tvong dwong tinh theo Iy thuy#!l

thir ba (cong tre 148) co gia tri:
oy = V302 4 4. 1272 ~ 259 MN/m?2.
Heé s6 an toAn Nen = oen/orant == 360/259 ~ 1,39.

§ 31. Xoén v& uén ddng thei.

Khi bi xofn va ugdn déng thoi, néi lye trén mal c¢il ngang thanh gom cd nam
thanh phin: momen xoin Mx = Mx, tic dyng quanhb truc hinh hoc ctia thanh, mo-
men ugn cia M, va M. ddi voi cée lryc quin tinh chinh trung thm y va z cha mil
ciit, va lue ciit Q,, Qv huong theo cac tryc do.

Neu mit cit thanh hinh tron, dwong kinh d, thi ing suil tigp do {y va s
co gid trj v&t be; khi tish todn thudng khong xét dén. (Fng sufit tiép do momen
xoin dal gia tri cue dai

Hinh 122 ' Hinh 123
Trsx — -"{xa/Wp = 16Mx°/ﬂ:d3
tai 14t cA cac diém trén chu tuy€n (hinh 123). I'}‘ng suél phap cuc dai do momen
udn M, va M, & tai diém 4 va B trén chu {uyén, do la hai diém d&u dwing kinh
yuong goc voi veclo momen udn tdng hop M = 1/M§ -+ M2,
o= 4+ M/W = - 32M/=d5.
Tai céc didm nguy him A va B, ing sufit chinh o1 va o3 tinh theo cong thic
(107) va dieu ki¢n v& d3 bén viél theo cic ding thire (148), (149) va (150). So sinh
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gia ir] cta o va r, déng thoi chi v ring Wp =2W, cong thirc tinh toan dé bén
thanh tron bi xofin va udn dong thai c6 dang: ,
W > Miaf{o] (151}
trong do M,s 12 momen udn trong dwrong (tinh todn).
Theo |y thuyél thir ba: )

_ Mt =V M2 + M2, (152)
Theo Iy thuy&l thiv lw : 4
Mgy = VY M* 4+ 0,752, (153)
Theo ly thuy€t thir ndm:
1—v Ty e .
Mgy = —o— M + —5—V M? + Mi, (154)

trong do:
v == {ok|/|ox]

N#u thanh mit ciit khéng tron bi xoéin va udn ddng thei thi diém nguy hi#m
ciing & trén chu tuygn mjl ciit: Tuy nhién, vi didm co trng suit U€p lon nhil do
xofin ¢¢ Lb& khong tring voi didm 6 tng sufit phap lén nhét do udn, cho nén digm
nguy hiém co (b€ 1a diém c6 ung sul 1igp lon nhil, hofic didm co wng sult phap
16n nhil, hodc mot didm trung gian ndo do (rén chu tuyén. Ditm nguy hiém (g, 2)
1a di¥m ma wng sufil lrong dwong & dity theo mot 1y thuy&t v¢ do bén di chon, ¢o
gia ri lon nhil

Pt viét ung sufll tuong duong, o va T phii tinh theo cic cong thue sau diy:

My M, Mo

== TSRy ova T
=TT Y Y T NN
trong do v la hu s8 phy thude vao hinh dang, kich thwie mal cil v toa do (9, 2)
chia ditm dang xct {rén chu tuy@n.

Pe viée tinh toan chinh xdc hon co (he xét thém c ung sudt Ligp do udn
Ty "0, Khi do trng sudl ti¥p loan pbin phai linh theo 15ng hinh hoc ctia =, Oy
VAT -

Thy du 63. Cho duwong kinh cac banh dai I’ = 2Ucm, D" == 60cm, trong
lwgng banh dai P, = 200kG; P&’ == 400kG, Iyc cang dai chuyén P; = 800kG; Py =
400kG; P; = 1000kG, P} = 60UKG, chidu dai truc { = 2m, géc nghiéng cla dai
chuyén & banh thir hai ddi voi true 2 a = 450, rng sufit cho phép ciia vt ligu true
[a] = 1000kG/ecm? (hinh 124). '

Tinh dwirng kinh d cua truc.

 Bai gidi. Dua lyc cdng dai chuyén & cdc bénh dai vé lam mdl cit lrue, la
tim dwoc momen d8i voi truc © & mal cht dgt banh thir nhit va banh lhir hai:
M= (P, — P)D2=400.10=4. 103kGem,
Myt = (P} — Py)D"j2=400. 30 = 12. 103%kGem.
Ghigu cae lwe lac dung lrép mit phing cta méi banh dai xudng lruc y va
{ruc z, ta dwoc luc ngang theo phwong cua cac truc nay :
Py=(P;+ Py + Po= 1200 - 200 == 1400kG,

| Q.
z - ’



P == (P 4 PPycosdd® = Py~ 1600 . 0,707 -+ 400 = 1530k(,
Py = (P} + Py)sin 45° ~ 1600 . 0,707 = 1130kG.
Do cac momen M: v M7 truc co bign dang xoin. Bifu d8 momen xo04n
Mo vE trén hinh 124, a. Cac hwc P} va Py lam tryc bj udn trong mit phing xy
theo so' d6 diim co dAu hing (hinh 124, b). Bing phuong phap cong tdc dung, la
v& duoc bitu 46 momen ugn M, chung quanh truc z (hinh 124, c). Lyc Py udo
truc trong mit phing xz theo so d6 v& lrén hinh 124, d. Bidu dd momen ugn M,

chung quanh truc y v& trén hinh 124, e.
Mét cil nguy him cia truc la mél cét c6 gin banh dai thu hai. Tinh do

;
z [
A
ik &
Bl K 1iiHEl:f-strh€EuI| m S
g 5
o Ty A
o8 L BE iy, L 357
5 N 2 e i
== L Rz = L E T
| 3 i |
NURENC
i
R T T 8
[ f
!

Hinh 124
bén theo Iy Lhuy&t thir ba ta dwoe momen udn twong dirong theo cong Lhire (152)
M = VM? F M2, = VMZ + M2+ MZ, = y56,57 - 4157 7 167 = 71.9T.cm.
Theo coéng thirc linh toan (181) W == =d?3/32 ~ 0,143 > Muam/[s] =
= 71900/1000.
Budng kioh trge:

d > /719 ~ 8,96cm.
Thi dy 64. Cho P, a, h = 2b, [s] (hinh 123). Tinh b va A,
Bai gidi. Bidu d5 momen udn M. va bitu 3 momen xodn M, vé trén
hinh 125, a, b.
Tai diém A trén mit cit nguy hidm & ngam (hinh 123, ¢)
M 36Pa ——gﬁ.

T i, m———
_ —

W bh? b3
M 9P Pa
EZY il 0,795 e = 3,23 —
B b yrere 5
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Theo ly thuy®&l thir ha v& do bin:

s == Vol - bo? = e VETF AL TO ~ 1,07 — < [o]
tir do rul ra:
b > Y1LU7Pul(a] ~ 2,23 /P[]
Tai difra /8 trén mit cit nguy higm, do momen uén s == ), do mormen X0in
Tmay == xl[xm"VV xo — _P(I/U 49%1)
Theo ly thuy&t thn ba:
Tmay == 2Pa[l},493b3 & [0‘}}'2, I
tir do ril ra: |
b > Y&T1Paje] ~ 2,09 YPa/[s]
So sinh la thily difm A4 1a diém nguy s /e
hiem hon, do do la ldy:
b~ 2,23V Pajle] va h ~ 4,46V Paj[s]
Véi cac kich thuwde vira nhian duoc, la a)
kidm tra d6 bén lai diém B, co xél d&n trng '
sufit ti€p do udn. O miit cit nguy hidm lyc cét
Q = {P, do do tai diém B ¢6 {ng sufl tigp:
l’) ()
R T 3 m.,},?_
- hh h‘ ¢
Cfng suilt laep tdng hop lai ditm B

Y & 2 Pa
T = T Tmaxy — - el
o + bt ),493b3

]
mf—'i-(ws-,asf—) /
b3 a

=
izl

NER &
.

Theo 1v thuy®t Ut ha, ta phii thoa
" 5 - u Hinh 125
mian diu kién sau diy:

2

rﬂ-fg- 4,06 3-{)— Q[G]
he It}
do do ,
Palb® < [6]/2(4,06 + 3bja).
Khi tinh & diém A, 1a ¢o:
Parb® < o)) 11,07,
Nhw viy, ta nhan dwoc kich thwde 1én khi tinh do bén lai diém B. Trudng

hop nay s8 xdy ra khi
[6]72(4,08 + 3bja) < [a}/1L,07

hay 4,06 + 3bja > 5,51
hay bja > 1,483 ~ 0,493
K&l qua trén cho biét difm B s& cbi nguy hidm hon digm A khi chidu dai

cac doan thanh qui hé:
a < 00,493 ~ 2b.



Thi dg 65. Bén thanh hinh ldng tru dai/, truc hink hoc déu nim trén mot
mét phing, mot diu ngam, mot diu cung gin vao mgt t&m tuvér ddi cung
(hinh 126, a). Tinh goc quay ciia t8m khi ¢6 momen M, tac dung trong mit phing
cia no. Bi€t khodng cich gifta cic truc thanh a, b, ¢; dd cirng chéng xodin cac
thanh Cy, Gy, G5, C4 v4 A0 cing chdng usn By, B,, B,, B, ‘

Hinh 126

Coi tdm luon tuon git vi tri thding dirng va dwong thing nim ngang noi
trong tam cdc mit cit ddu thanh trimg voi mot truc quan tinh chinh trung tim
moi thanh.

Bdi gidi. Vi dwgc coi nhw cirng luyét ddi, nén (Em quay trong mit phing
cia né chung quanh mot didm O nao do mol goc ¢ (hinh 126, b). Géc nay ciing
14 goc xofin clla mbi thanh. hie la:

Vi P1 T P =Py =Py = @ (a)
1:
P1 = }’Ixoilci » P2 = Mxo;a/Cz; P3 == Mx03/63 » Py == Mxo,;fc“ (b)

trong d6 Mxoi 14 momen xo0dn ctia mdi thaunh (do cing C; = Gilxoifl), do do (a)
€0 dang:
Myo1lCr = My 1Cs = Mo 4G =M /0 =9 (¢)
Chit y d@n tinh chit cia cic ti 1¢ thire, 1a co:
Mxol + ‘Wxnz + Mxo; -+~ -Mxo4 = (C1 4 C,+ s + C4)‘?- (d)

B véng diiu cic thanh phii ndm trong mit phing ctia tim ctrng va biing
(hink 126, b).
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1 3
e N = e [Py — —— My
f2==(c—)p B, ( 2 Y ,)
] (e)

1 3
= (¢ b e)p == —| P3g —— M
[z ==(u+ e)p B, ( 3 Y 3)

1 3
e ta bt —e)p = [Py — = M
[ = (a4 b+ c—ek 34(“ s 4)

trong 4o Py, Py, P3, Py v My, My, My, My T Iyc va momen do lam crng tae
dung vao ddu cac thanh. P cung chdng udn cac thanh RB; = 3E:Li/B.

Vi tium gitr vi tri thing dimg, nan goc quay diu che thanh do uén hilng

khong, thc fa:

elu_m—l—»(ipimiﬁh)ﬂo
B\ 2 2
b o (B Py My ) =0
5\ 2 0
1 /3 3y (&
B s e et — ] :U
’ 1;3(21 Ps= 3)
1 /3 3
b b [ Py e Ma) =0
Sy (21 YT 4)
Tir do rut ra:
M, = Pil}2; RIPR= Pal)2; M3 = Psl['_).; M= P4”2. (h)

Thay cae gia tri niy vao (e) va gidi theo Py ta dugc:

Py = 4 Bieg: )

P, =4 By (e — )9; ! _
Py=—=4 Bs(a+b —e)p; . (i)
Py=4Bs(a+b+c— €.

Tir ditu kién cin bing tinh hoc:

P 4+ Pa=PFPs+ P, (&)
hay
Bieo +Bz(<'—~a)92f>’3(fi+bmﬁ)?+34(a +b4c—ew (M
ta dwoc : '
__ Baa By (a + b)Y 4 By (a+ b4 0) ()

=

Br + Bz + Bs 4+ B
Viél phuong trinh tong momen dei voi diém 0

Mgt 4+ Mxen + M+ Myod -+ Pie 4 Pa(e — a) + Pj (a+b—e)y+
+P4(a+b+c—-.e)"‘_—:;"10 ) _ (n)
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So sanh (d) va (m), phwong lrinh trén vigt Lhaph:

9 (C1 + Co + Cy + C4) + 4o Bye? + 4oB; (e — a)? +
+doBy(a+b—e) + doBs(u+ b c—e)2 = M, (o)
T do rit ra:

M, |
P CiA CoF Cs o Cat 41Bre £ Bole—a)? + Dol 4 b—e)i+ Ba(at b+ o—ey?]
Biét e va g, la tinh dwoe My theo (¢), Pi theo (i) va M; theo (h).
(' mdi diu thanh momen udn 1 16n nhit:
maxM; = Psl/2.
Po bén cua mdi thanh tinh theo xoéin va udn dong Lhoi.

Truirng hop ddc biél. Tit ca cac thanh déu co mil ¢l tron va co:
dlmdzzdgﬂd‘;md; A= b=c=d; | =10d.
Eiv=E,=E,=FE;=FE; G = G;==065:== G, =G =2EJ5.

Khi do I-“T::ID/Q, C1m62zc3:C4261pﬂ,
: 3EI 15 Gl
Bl“BZ-*B3-—'-B4~—B--—T _— —4—- . —}3—-——-
Thay vao cdc cong thuc (o) (m), (¢) v (i), ta tim duoec:
- e = 3d/2. ﬂ
‘ M, M 1 4 MU
=60 Gl, 79 1 .1 9\ GI 2 19 GI
AT (4+4+4+4) e
Moy == Mygs = Mgy = Mgy = —— ¥ ;
19
. 5 (‘I Y . ] d .
Pp=Py— . ML 13 P 3, 00 Md 9 M,
19 ° Gl 4 B2 19 2 19°
3 M
Py—P, = — | 2
A T R
Momen udn 1oum nhél trén cac thanh:
max M, == max M4 = _§§- M, max M, = max M; = 3. M,

Vige kifm tra d¢ b&n phéi tinh déi véi thanh [ vi 4
M
38W

Bai 1ap 656 — 664. V& bidu do momen xofin M, bitu d5 momen udn
My v tinh trng sugt twong dwong theo ly thuy&t thir ba v& do bén.

o Mo
VE T 61~ 0,317 fW < [o]
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656
§/ a ‘/._.7_L 40 / &
t\p
o
L '
P
657  15m 658 ~ J
D v ¢
ap e 5 5
S| P=500kG
ht\} !Iq -
#—_@Z& %
S [
L~
660
5
H“agma © &:':}
VF"! ) [am]
P i
lwu'j_ a_fmz wm__| 5m !
=360 e
661 662 d =P
P 2= g
] | -
\ N
] =
7 2d
3 664 ’
°¢ 5 P S 20 v, &
3l %6\ 1F
P % p=160ks| AT T ”I“
a |  Za a,| _dm Jm | hm | i Im”g,zgm
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Bai tap-ﬁ 65 P==60k(z, dy=2cm, d, = Tem, a =8cm, = 20cm; E=>5G/2==

= 2 108k(i/em?; tAm AD tuy¢t dai eing va

ludn tdn gite vi tri thing dung. Tinh ung sufit

chinh are dai viv are (iU gmae O thanh T va
mizn

thanh IT va chuyén vi thing dirag 8, tai ditm

dat lyc P. '

Bai tap 666 — 680. Tinh kich thude
miil edit ngang cic thanh theo 1y thuy@ thir ba
vé do bhen )

Bai t4p 681 — 688. V& hicu d6 momen
xofin, bitu d6 momen ugn vi linh (A1 trong
cho phép theo [y thuy@t thir ba vé do Dbén.
Trong bai 688 tdm AB cung luyét dgi va chi
chuyén vi thing dirng.

666 ,, 667 668 n+ .
(2
L - &20%5 e n&?/ﬁ 1006
= _ )

S| &

(o]
M
669 P=2,4kN 670 p=E00KE 4P
M 20em ; Zlicm |
2F o s i % L L %g
. 4 |
Q‘;’“‘ ﬂ,ﬁmrr Im Tﬂ,ﬁm ™! 20cm j r:lm im ' Im =
[6]= 160 MN/m? [6] = 1800k 6/cm 2
R
P A
v
671 30em__y p 672 P
‘ ¥ P
1 P il
\ M/
§/ ] 3
-5 (6]
& P
b ‘:'g vd r
& p
[a1=750k6/em? ||} o]
- 2a <3
e _‘F.I b




i ;” (6]
} S,

= \“$
#/ } M=pr

2b
{ 20cm gf;i LS N
g n =300 vj/ph
‘ [6]= 10006/ cm?

676 677
My ~
' e ! il 1=,l'. fond
= 7 y T \
i SO igmw 7t
L R Yficm 4lcm | Allcm
Im 'l;ﬂcm e | p = 6000g/ph | l

L L [a]= : N=40mi n=400vi/ph
Ap lyt huiongtam=$ Vmgm 1000%6/cm mm} - 750KG /gmf 2

6] P ! 679

9¢
78 -
° = ™1
P Ll B i
N A VA
3k | "/N

e
|
V4 !
77 P=920KG i
g z \“ £=46=2 10°%G/ e’
(61= 1800 kG Jem?
5

681 P 682
:/ 24 v 2& 0' = 4
§ v 7 (%) [ IRRNEEXXRARER 4| 2b

g
HHH'}’HHHH , 6]

L2

m
i

d
S—
!El
f
[
}

a .a
mu:'%
&

ha‘nﬂ
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683 684

o :’ gy , 20cm 4lem .
a = o - [63=160MN/m*
# S
d=0,80; 6] 4
685 686

1 Im |

g
”é_ ] [61
2P ). o [6]= 1600k 6 fem®
7 s -@« ST

688 E=$6 =205 G/er?
[61=1600k6£m?

§32. S&c chju phire tap trong trudng hop t5ng quat.

Trong lrudng bop tong qual kbi h¢ lye khong glan tic dung trén thanh
lang try, noi luc trén miit ciil ngang co sau thanh phin: luc doc true N;, momen
x0dn Mo, luc ciit @y, Qz va momen uén My, M. (hinh 127). Néu Lye r 1 truc
hinh hoc cta thanh va tryc y vi trae z 12 nhitng true quan tinh chinh trung tam

Smit ¢t ngang, trong lam tring voi tAm udn, thi y va M. lao ra hign dang udn
phing trong mit phing zy, ¢, vA M; lao ra bién dang ubn phing trong mit
phéng 2z, Nhu véy thanh ddng thoi bi kéo ho#ic nén, xofin vi udn ngang phiing
& hai miit chinh.

Tai m¢t diem bELkY (y, z) trén mit ciit ngang wng sufit phéap tioh theo céng
thite (142) va tng sufit ti€p ong hop tinh bing tdng binh hoc cla cic ung sufit
ti€p do xoiin vi uén,

Phwong trinh dudng-tremg hoéa xic dinh theo hitu thie (143).

Vi thuirng la khéng the xdc dinh ngay duoe vi tri ditm nguy hifm nhat do
do c¢in phai so sainh mire d¢ nguy hidm cia nhitu di¢m [réo chu tuyén mit cit.
Pi¢m nguy hiém nhat Ja dim trén chu tuyn mat ciil co ung suiit tuong duong
tinh theo Iy thuyCt do bén di chon, co gid tri lon andl, So sinh wng sulil piy voi
irng sufit cho phép, ta co theé link duwee holie kich thuoe miit it ngang thanh.
hodc kifm Lra do bén cta thaph khi dA co kich thuoe mill citt,
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Thidg 66. Cho P,=—=A0T; Py =8T: Pz =4T; Py =2T; l = 1m, & = 24cm;

{ = 8em: (5] = 1400kG/em? (hinh 128).

T N - o .
Kiem lra do bhén cua col.

4. . . ’ . = ':', o - & N . N » ..
Bdi gidi. Tai mil ciil nguy hiém & chan cot ndi luc co edc gid irf sau diy:

"\‘MZ

0
0 Z

\-

Hinh 128

Hinh 127
No= P, + P, =40 + 8==48T;
M, = P\ -‘];—-»{«~ P,i=8.12 }+ 4. 100 = 496 Tem.

Jﬂ:Pr%+PV%x£nb+LW:ﬂ%%m

Jﬂam:Py%}mzz.12=zz4Tmn.

Q, = I, = 4T.
Qz == P3 prumre 2’1‘-
Trén hinh 129 v@ hidu 46 ing sudit phip va ung sudit ti€p trong tng voi
¢ic noi hre dit tinh duoe & trén. Tal ditm A & goc mat cdt chan cot (hinh 128)
irng suiit phip co gia tri lon nhit:
GA = Omax = 6 + ¢ + 0" == 250 + 1346 -+ 516 = 1412 kGyem?.
Tai ditm B & gifra canh dai bén phai mil ciit wrng sult phap va Ung suit
ti€p ¢o gid tri saw day:
g =g ¢ =260 4 516 = 766kG/cin?.

T T Tromax
Ung suit twong dwong theo Iy thuyét do bén thur ba:
oup == Voo + 4e? = V7602 + 1.282 ~ 768kG/cm?,

Tai ditm C & gifra canh ngiin mit cit chin edt
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?

Hinh 129
tng sufdl phip vaing sufit LEp co gid r] sau day:
6 =g -} " ==250 4 (46 = BI6kG/cm?
T == Thg b T2 == 44 16 == 60kG/em?
Ung sufit twong duong theo I thuyét @ bén thir ba:
oac = V8962 + A4.60Z ~ 904kG/em?

So sinh rng sull trong duong & cde ditm 4, B. € (a hily didm nguy hitm

nhiit 1a digm A
Vi 04 ==1412kG/em? 10n hon [5] cdea dén 1%, de do thanh coi nhw dd do bon.

—

Thi du 67: Cho P, = 200kG; Py= 100kG; P; == 240k {; = S0cm; 1
= {0cm; {3 = 60cm; 14 = 80cm; [o] = 1000kG/em? (hinhk 130). Tinh a, h, b, d, do.

Bai gidi. 1. Ta linh c¢ic (hanh phin cda phin lye & ngim theo sau ditu kién

1Tnh boc (hinh 131).
EX =4z — Py =0; 4, = P, == 200k ;

LY = d, — Py =0; Ay==Pj=100kG;
hA mmA,-{-PBr.O; Az = Py = 240kG;

EM); == A/IAI = P313 = U; ‘1‘[.&: == pg!s x?‘l{}. 0,6 — ]44’1{(}“1:

IMy=M, + Pili— Psls = 0:
M, =P, — Pil; =240.0.8 - 200. 0,3 = 132kGm,

EM: = M, — Pils 4 Po(ls — Ip) == 0;
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M, == Pyly — Py(ly — L) =200.0,6 — 100(0,8 — 0,4) = 80k Gm.

9. Tinh lye doc N, mémen xoin Hxo va cac momen ugn My, My, Mz,

ot ELh
211 !
D@g 7
7 3 ! EZzZib
h=Th
3 ' T

Hich 131

Hinb 130

Pogn 1. (z =0 tai E, z =13 lai D). Ubn trong mit phing xz:
M, =Piz; Mvz =0 M == Py = 200. 0,3 == 60kGm.

o

}"z==11
Poan 2. (x=0taiD x =1 tai C). Kéo va ubn trong mit phiing =z va xy:

N =Py = 200kG; M, = PIT=2001,3 = 60kGm.
M == Pyx; uh:;—‘ O, M __, = Pol, = 100.0,4 =40kGm.
Boan 3. (y =0 tai C. y =1 tai B). Nen, xodn va ugn trong mit phing y:
N == — Py =" 100KG) My, = Pfy = 200.0,3 = 60EGm: Mx=Psy;
Mxvﬂo = {. .w:;;:__:;-ﬂ Pg[; = 240, U,ﬁ —= 1441{6111, .ﬂ’.[z e Pglg "l"‘ P;y.
Mzmu = P,y = 100. 0,4 = 40kGm; M, = Pyly + Pyly =

=100 0,4 4 200. 0,6 == 160kGm.
Boan 4. (z =10 tai 4, x =1[4 tai B). Nén, xofin va udn trong cac miil phing

Tz vaATY:
’ N T — Ax D e 9001{61; I"Ixu - AIA: fruan 144]&&1’1}-

My=M, — Az M = M, = 132%kGm.
— M, — Addg= 132 — 240.0,8 = — 60kGm.
H\"!ﬂ".t Ay
Mo=M, +Am; M, _ =M, = 80kGm.
M =M, 4 Agls =8 + 100.0,8 = 160kGm.

Zy=sld

i\"

3. V& bisi o N, My, My, M, va M. tréo cic doan.
Voi cac gia tri cia N, Mo, My, My va M. da linh dwoc trén cac doan cla hé,
irén hinh 132, a, b, ¢, d, e vé bitu d& theo cac gia tri do.

4, Chon mil cft ngang & méi doan.

Pogn 1. Mit cil nguy hiém & tai D (hioh

Tioh theo udn ngang phing ta chon dwoe mit A

W, = a%6 > M./{s]; a== Y6M, /o) = Vb. 6.103/10% = 3,3 cm 87

132, va hinh 130), M, = 60kGm.




al

Bréu db N

L]

8
M}gg Bifi ¥ My

”I

74

Hinh 132

Bogn 2. Mit cit nguy hifm & tai C (hinh 132, b va hinh 130). N = 200kG
My = 60kGm; M, = 40kGm.

Tinh theo ugn xién ta chon dwoc mit cit:
Wy == 0A%/6 == h3/12; W.=h0?/6 = h3/24; ¢ = W/ Wy oz 2,
Wy > (My 4+ cM2)/[o]

R8/12 > (6.108 42.4.10%)/10° = 14; & > VIZ. 11 ~ 5,52cm.

Lay h==56cm, b = h/2 = 2,8¢cm, ta kitm tra mit cit cé xét ci lye doc:
Fe==bh=28.56~ 157cm?.
Wy == h%/12 ~ 14,6cm3, W, == h%/24 ~ 7,3cms3,

o J}\: N %fy LM 200 6.10° | 4.108

— = 972 k(3 2
W, 137 " 16 T 93 fem

Ung sufit thira ra:

(e} -~

Dogn 3. Mit cit nguy hidm & tai B (hinh 139 va hinh 130). N = 100kG:
M:‘.u —_ SOka: ﬂfx —_— I-Lika; 11' P IGORGm-

Tinh xodn va ugn déng thei ta s8 chon dwge mit ¢

: 41, Momen udn tuong
~ duong tinh theo ly thuyé dé bén thir ha -
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Moy = VMZ, - M2 + M? = V602 + 1442 4 1602 ~ 223kG m;

. 99 2 A
W~ 0,1d% > M 228107 . Y355 - 6,1em
(o) 103
Ta kifm tra miit cit c6 xét cd lyc doc:
W = nd¥32 = =6,13/32 ~ 22,3cm®, W, — OW == 44,6cm>.

F = rd?/4 = =6.12/4 ~ 29,2cm?,

Momen udn M = VMZ + M2 = V1442 4 1602 ~ 215kG m.

] f.’/ﬁf\\ ?" 3] . i

N Mo _2000, 28 107 g eme
7 w1202y 223

e e _ N Gég. 12 5V
Ung sudt ti€p © == Mao/ Wy =60, 102/44,6 ~ 135kG/em?.

Ung sufit phap o ==

Ung sufit trong dwong tinh theo ly thuy@t do bén thir ba:

st = Vo - 4% == V3672 L 4.135° ~ 1004kGJem?.

Ung sufit vwot qua 0,49, difu nay hoan toan co theé cho phép.

Doan 4. Mit cit nguy hidm & tai difm B (hinh 132, k vd hinh 130)
N o= O00kG; My = 144kGm, My = 60kGm; V. = 160k Gm.

Tinh.xoér; va ubn dong théi, ta chon dwov duwong kinh mit ciit. Momen
twong dwong tinh theo 1y thuy®t do bén thu ba:

M = Y M2, + ME L M2 = Y1448 4 602 + 1607 ~ 223kGm.

Dua vao ket qud tinh doan 3, 1a 18y d, =6,1cm va kiém (ra mat ciit c6 xét

cd lre doc:
W = 22,3cm®; W, = 44 6cm®; F = 29,2cm?

Momen uén M = VM?: 4 M2 = V60% 4- 160* = 171kGm.

2
N oM 20 171.10°  eme,

F W 292 22.3

Ij’ng suéit phap ¢ =

Ung sudit tidp == Mco/ Wy — 144 . 102/44,6 ~ 323kG/cm?.

Ung sufit lwong dwong theo 1y thuyét do bén thir ba:

= V7742 1L 4.323% ~ 1008kG/cm>.

G a1l
Vi irng sudt virgt chira qua 19, do d6 ¢o thé lay d, == 6,lecm.-
Bai tap 689 — 692, Tinh tng sufit twong dwong theo Iy thuyét do bén
thir ba:
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‘/’ 690 M=FokG 6391

_ g=2kG/um
PIEEREREERREREETENNNR ¥ LSy
C‘ £ i s
Prib0kG S E ;
Jolem Jg,ﬁ; : %('\\\
D)
692 Zp 5 3{_717" .." =
> l’ 7 ,-pﬁ’?’ S
ez v /-"— ) b ‘&‘A A
ez ;
5 ATV N A ',
| # ” Jlcm ,
4 Y
f S 10d Sd F=bfifkim

Bai tap 693 — 695, Kifm tra d6 bén cta thanh theo Iy thuy€l d6 bén thir ba.

693 694 25 695
82 2P P
p (N >4 P=400k6
el o7
L3 o .
‘ s s R
| -
8b P . ‘_-;L_ ’ ‘1“ L0em | 40cm '
TR [G]= 1600kG fem?

Bai 1ap 696 — 698. Dung Iy thuyét d6 bén lht ba, linh kich thuoc cn
ti&l cia mit cit ngang thanh,

696 ey 697 698
q=4kG/em o P=200kG .
I o o o _gP=3kN
: Y4 ¥y a=0,4m
§ P= 100k G b %
S| tol=mmken? S .
=1 = [00kG % - M
o,
k] i !
P
-
S 61= 160MN/m?
e il B
-
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§33. L6 xo xodn hinh try chju kéo hodic nén

Mot thanh hinh ling trg dwov quin thanh hioh try tron goi la 10 xo xodn
hinh tru (hinh 133). Ta xél mét 6 xo quiin Ur thanh mit ciit lron dwong kinh d.
Puong kinh trung binh cGa hinh
tru 1a D, s6 vong quin n. Budce
cha+ 1o xo xic dinh bing géc
nghiéng « gitta mitl phing soi 10
xo .z vor mil phiing nim ngang.
True x titp xuc voi duong trung
hinh clia 16 xo va true y vudng goc
voi mit phiing zz.

Néu hai ddu thanh dwoc dwa
vé lim cfia véong 16 xo va chiu hre

Flintt 133 Hiah 134

k6o P doc theo tryc 16 xo thi trén mil ¢dt ngang thanh cac ndi lye gom co lgc
kéo khong ddi Ny = Psing, luc cél ngang Q, == Pcosz, momen x0An Myo == PRCOSx
va momen udn My = PRsinxz (hinh 134).

Pidm nguy hifm trén mit cit la didm 4 & phia trong cia 16 xo, Tai ditm nay:

. d
¢ = f;? n IK’V - 1f;D (1 +~_Z-.D—)sinm (155)
: 0y , Me. _ 8PD d .
va T = I + W, = —% (1 -}-»Ebm) €oSa (156)

Theo 1y thuy&t d6 bén thir ba, ditu kién linh toan co dang sau day:
e 16PD - d \2 d \? - }
Vo2 42 = WV(l +_IIT) sine +(1 +"j‘ﬁ') costa < [o] (157)

N&u budce lo x0 bhé (x <! 14°) va Dfd > 10, thi co thd chi tinh xodn theo
cong thire: .

8PD/=d® < (<] (158)
Khi soi o xo ¢6 4o cong lon (Did < 10) thi anh hwdng ctia dd cong va clia
cdc y&u 13 lyc dwoe xét béng hé s5:
—0.25 5
— (Dld) — 0,20 0,615 | (159)

(D/d)y — 1 i
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hé s6 nay dwge dua vao digu kién do bén:

Bidu thire tdng quat d& tivh chuy&n vi doc cla diu tw do cfia 16 x0 c6 dang
sau day : apps . 2
n Sii-a cos‘a
~ “dtcosa ] 1 —— 161
IO o S ()] o

trong do E va G la cdc modun dan héi cta vit liéu lam 16 xo.

Poi v&i lo xo0 bude ngan, chuyén vi cé th& chi linh theo bi&n dang xoiin
ciing du bao ddm chinh xac

3 == 8PD*nGd* (162)

Thi du 68. Cho D == 80mm, d = 20mm; « ==15°; n = 10 vong E =
=2, 108kG/em?; G =8 . 105kG/em®, [o] = 6000kG[cm? (hinh 135).

Tinh P va 8.

Bai gidi. Vi « > 14°, do do ta dung cong thue (157), va dwoc gia tri cla

hre cho phép
= 23, 6000

16.8V{T + (2/4 . 8)]20,067 & [1 + (/2. 8)]20.933

Chuyén vi doc & clia diiu ty do tinh theo céng thuc (161), Thay vao cong
thire nay céc gia tri bing s8, ta dwoc:

_8.1050.8%. 10 [ (1 n 92 ) 0,067 i (1 . 92 ) 0,93'3: J - 3.54emm
24, 0,966 1.82) 2,108 2,8%) 8,103
Néu tinh lheo cong thuc gin dung (162) thi:
3 == (8.1030.83.10)/(8.105.24) ~ 3,36cm.
Gid trj nay bé hon gid tri dung khodng 59.

= 1050kG,

P <

Thi du 69. Hai 16 xo0 xofin hinh trg bwée ngén dat ddng truc véi nhau
(hinh 136). Lyc doc truc P = 430kG nén hai 16 x0. Lo x0 1 & ngoai co Dy = 160mm
dy; = 16mm, n; = 8§ vong L6 x02 & trong co D, = 80mm, d, = 12mm, n, = 12 véng
Modun dan hoi trugt cla vat liéu 16 xo G == 8 . 105kG/cm?.

Tinh @6 Iin 8 cia 16 x0 va cic tng sufit tiép lon nhit v,y Tmaxa"

Bai giai. Néu @it cac luc tac dung vao 16 xo la P, va P, thi {a co6 difu
kién cin bing P - P2 = P. Bi#u kién chap chuy&n vi 13: d6 lin 8, cta Ié xo thir
nhit bing do Iin §, cta 1o xo thir hai, tte la:

8y = 3,

Vi 16 xo buéc ngéin, 48 tinh do lun ta ding céng thire (162). Do do diing

thire rén co dang:
SPID?nI - SPzIZ)fgrz;a

Gdt¢ — Gd}
Tir dé 1141 va:
D3n.d4 163.8, 1,24 27
Pyme L2722 002 p 2 p
Dimat ' =g et T 16
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Do do, :
16 \ 27 .

Bo Ilun cua cic 10 xo
5 =8P, D} n,|Gd} = 8P,DF ny/Gd} = (8. 160. 163.8)/(8.105. 1,6') = gem,
Vi 16 xo ngodi bude ngdn va co Dy/di = 10, do dd theo cong thirc (158) ~—
ta co: '
8.160.18

- o
max
t = 1,63

~ 1590 kG/em?.

Hinh 135 Hinh 136

.0 xo trong budc ngdn, nhung co Dy/d, = 81,2 =~ 6,67 < 10 do do vy .y,

tinh lheo cdng thire (160),
6,67 — 0,25 0,615 1.99

V&i he s hién chinh K = ~ 1,224
' <1 e 667 —1 " 667
ta dwoc:
tmary = 1224 22108 5900k Gyem?
w.1,23

Bai isp 699, Mot 10 xo0 duge nén cho d€n khi cdc vong sat vao nhau, Tinhk
gia tri hre P clin thi€t va ng suft phat sinh tmex, bi€t D= 50mm, bwée cia cac
vong t==15mm, n=10, canh ctia mit cit s¢i 16 xo hinh vuéng a = 5mm,
G = 8. 104MN/m?.

Bai tap 700, Hai 16 xo duwgc nén bing cung mét lrc P (16 xo thir nh&t mét
cdt tron, 16 xo thir hai mit cit hinh vuéng canh bing a).
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Tinh ti 86 Tax,/Tmax, V& 31/82, bigt ring:
-Di ﬁDgi Iy == Nga; Rd%l‘i :-az; (;1 == G’z.

Bai tap 701, Cho Dy = D, = 200mm, dy = 2d, = 20mm. ny = 8; n; = 3;
G; = G2 =8, 105 kG/ecm?.
Tinh maxrty, maxis, 8 — 81 + 82-

701 702 2,

rajo

RN

=i

DR

2 v4F~[:%:Ig?& 2l 27N
I

P=50kG

Bai toap 702. Mot van an toan phai gili 4p su@t hoi nwéc p = Salm. Tinh
Tmexs R VA 3 cla 10 xo0, bi€l D, =—=80mm, D = 60mm, d = 10mm, { = 18mm;
G = 8.10°kG/cm?; dé lin ciia 16 xo dé cho cic vong cham nhau la 40mm. Gia
thi€t khi van mé cao nh#t (Ap suiit ting lrong qua frinh van bj md&) phai con
20mm du trif,

Bai tap 708. Tiuh ung sufit lip rap & 10 xo, hi€l A= Smm, D, = 60mm;
dy = 10mm; ny = 10; D, = 50mm; dy = 8mm; 0, = 8; G, = G, = 8. 105 kG/em®.

Bii t4p 704, Tinh [uc cho phép P dét vao hé gom thanh ABC (! = 300mm,
b =750mm, d==30mm; [o]=1600kGem?) va 16 x0 (D =50mm; d = 10mm;
R=10;G=8.105kG/em?; E = 2.105kG[em?; [ <] = 1000kGfcm?)theo thuyit bén
thir ba.

703

% i

Bai tap 705. Cho D =50mm, d=10mm, n=2; G=28,10°kG|cm?
d; =50mm; b = 500mm; P = 100kG.

Thanh BE cirng. Tinh zem 16 xo da lam gidm trng suft & truc AD duoc hao
phiéu phin trdm? |

i
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Bai tap 706, Cho P = 1,kN, D=~60mm, d==12mm, n=135;
G = 8. 10°MN/m?: [ = 500mm; b = 50mm: K = 2. 10°MN/m?,

Tinh lyc cin nén trwde 16 xo d& sau khi dat 16 xo vao khung, ung sulil ciia
khung giam di hai lin,

705 706
b 3 21
-, ": i _ ‘ bxy -”j
|l P
b.d PoA B

Bai tap 707. Cho P = 105kG: D = 100mm; I = 182mm; [o] = 4800kG/em?;
E==92.105%G/cm?: G =8.10°kG[em?: 49 hin cho phép

[8] == llcm. 709
Tinh d va n. St dung thuy€l bén thu tu.
Bai tap 708, Cho D= I10Umm: a= 10cem, ! = 182mm ,fﬂg
(7] = 180N kGJem* (a la canh hinh vuang mit cit 1o xo). Ld
Tinh £ biing cdch st dung thuyEt hén thix ba: 7 % \
Bai tap 709. Tinh lyc dec [’ trong cac 10" xo sau khi

ip rap hift riing A= 60mm, 10 xo thi nhdt co bude dai,
Dy = 100mm: d; = Iimm; = 41 f==182mm; 16 xo thi hal buoc ngfm
D, = $0mm; dz = 8mm; n = 6; Iy == F, = 2. 108kGlem?; Gy = G, = 8. 10%G/em

X — UON DOC

§ 34. Lye t&i han va ong sult 16 hen
Khi nén doc truc thanh ling try trong gi&i han dan héi, tri s6 cua lyc tod
han dwoc xic dinh theo céng thire Ule:

2
Py = L (163)

trong do E — modun dian hdi doc clia val ligu thanh;
] — momen quén linh nhd phit ¢ha dién tich nguyén cla mit citt
ngang thanh;
lia = pl — chidu dai tinh d3i (ty do) cla thanh (voi chién dai dé thanh co
lien k&l khep & hai diu &n diob tuong dwong véi thanh co cic
lién k€t di cho);
[ — chidu dai thwye cua thanh ;

1



- hé s6 chieu dai, phy thuée vao phwong phap lién k&L vi cach dat
tai cia thanh,
Trén hinh 137 gioi thiéu cic trirong hop don gign cia thanh chiu nén va gia
tri cia hé s§ u twong trng.
Ung sudl téi han dwge xac dinh theo cOng thire,

P th

\ - jod
—
b 1Y le
b)
Hinh 157
ch 1'52E
Oth == == S 164
th r 2 (164)
trong do A== L_d ~- d% méinh cla thanh (dai lwrong dic trung cho xu hwéng udn
i
doc cia thanh).
== _{,_ ~ ban kinh qudn tinh nhd nh&t cta dién tich F cda mit cit

ngang thanh.
Vi trng suBit L6 han ow khong duoe vurgl qué gigi han Ly 18 ou cua vat liéu
thanh, nén co thE 4p dung cong thirc (63) va (164) khi do manh » thdoa man bat
déng thire

r>x 1/.E (165)

T

Thi dy, voi thép (T.3 x > 100; voi thép CT.5 » > 85 voi gang a > 84;
voi g8 A >70 v.v...

Néu ubn doc chi xufit hién khi thanh lam viéc ngoai gic‘ri ban ¥ ¢ clia
val li¢u thi trng sufit t&i han tinh theo cong thire thire nghiém cla Iaxinxky ;

Oth = @ — DA -} €22 (166)
trong do a, b, ¢ — hé s§ thi nghiém phu thude vao vat liéu va co thir nguyén
ctta trng sufil.

Véi thép CT.3: a =3100kGlcm?; b = 11,4 kG/em?; ¢ = 0;

Voi thép CT.5: g = 4640 k(/em?; b = 36,17 kG/em?; ¢ = 0;

Véi gang 1@ ==7760kG/cm?; b =120 kG/em?; ¢ = 0,53kGlem?;

Voi gb :a =293 kG/em®; b = 1,94 kG/em?; ¢ — 0.

. b - a » _‘- “
Lo the 4p dung cong thire (166) n&u a\n nhd hon e cho vat liéu déo va nhd
hon b cho vat lién don. '
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Thi dy 70. Cho v{tt lién thanh la dura;
E = 1,71 . 105MN/m?; o == 180MN/m?
D = dem; d :3(.:11 (hinh 138).

Xac dinh Py, o,

Bai gidi. Momen guin tinh cla mit cét

1.2m;

l

kinh vanh khin

I

Fﬁ._’fn(nz — d?) m{_-(w — 9= %‘—cmz.

™ ™
— e (DY — dY) = — (256 —8l) =
T y=17 & ) p éép
175 4 \—j@ -

ﬁ_._——-‘]'rbm -

Dién tich miit ¢dt ngang thanh -

Bin kinh quan tinh ciia mit et o
7
T7om. 4 5 o fe
‘“‘V F=VEa= =1 v1.8 |1
Véi cach lién kit & hai ddu thanh nhr g
da cho. ‘hé 50 c‘hat‘n C}f\i wo=1,7. Hinh 138 Hink 139
Vi dé manh coa thanh
ol - 07,120, v 4, 71 105
S — ~ 62,
2 I z : 672 > = = 3,14 %5
nén 6 the xac dinh hye 4¢i han theo cong lhu'q Ole:
<2 2 5 106 175 -8
2B]  ©f.0,71.105. 107 . 1757 . 10° 85.3 . 109N = 85,3kN.

P;h T N .
(mt)2 60,7 - 1,2)?

Ung suit toi han
Plh — 85,3. 103 . 4 R 10" e 155 . lOGN/mz — 155MN/m2

F 7= ' '

Thi du 71. Cho thanh gang, ! = 1,6m, @ == Bem, { = lem (hinh 139).
Xéc dinh P, othe '

Bdi gidi. Momen quin linh cla mét cit chir Lbap
(@a—nf 1.6 5.1 221

12 12 12 + 12 12

1k —

cm#,

]l =

Di¢n tich mat cit ngang thanh
F = at 4 (a-«t)i“mﬁ-i—:)-- 1lem?.
Ban kinh quan tinh cia mét cit

i ._.v 2')“1 w 1,294cm.

Véi cach lien k&t & hai diu thanh nhw da cho y = 0,5




~ 61,8 < &) nén co tht tinh

Yi dé manh ctia thanh A= y..( -~ 160
i 2.1,294

rng sufit t&i han theo cong thire thire nghiém
ap == 7760 ~— 120A 40,5302 = 7760 — 120, 61,8 4 0,53 . 61,82 =~ 2370kG/cm?,
Luc toi han _
Py == onF =2370. 11 == 26100k G.
Bai 19p 710 — 715. X4c dinh trj s§ fyc 161 han P va Gng sufl téi han
ow cho cic thanh pén.
Gia tr] ciia modun dan héi doc E va giti han tV 18 oy cla cac loai vat
liéu {8y trén theo bing sau

710 m 712
P p p
¥
! a) l=24em
&) 1= 10em
§ = 3 d=5 ~ e J
N I _ :
3 8 N Sem T
\’ LY
s as ) Cri
714 715
[ IEY: Y p
? | N
& = Gang ¥ m-n é
T — . E
- ] E g . NN
i’”; ~ _ Ndedem ~ (thong) ST {
80 Puara _g.i:?'ifium_‘_
al L=Im - y ' '
T b) L""I,5ﬂl w\w fBatsnn
vat lidu Thép CT. 3] Thép CT.5} Gang Bura |G (thong)
EtkGlem?) 2. 10° 2.106 | 1.2.10% | 0,7. 108 1.10%
ou(kGlem?) 2000 2400 1800 1700 200

diéu kién bn dinh.
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§35. Tinh 3n djnh thanh chju nén

Khi tinh todn thanh nén. ngoai ditu kién hen con clin phii dim bio ch

< Plh
[n5q]

(167)




IJ
hay =S < loaal (167"

trong dé Pu — hre i han phu thude vao do manh vd dwge xdc dinh theo
cong thire Ole (163) hay cong thire faxinxky (186), te la theo bigu the
Ph=anF = (a— br +cat)F:

[o,q] — trng sufit cho phép vé on dinh:

[n, sa) — B¢ s§ an toan cho phép v€ dn dinh. Hé 56 nay luén ludn lom hon
hé s8 an toan co bin vi doé ben mol chit, vi khi tinh tedn vé dn dinh cua thanh
nén ding tim co xél thém d&n tinh trang khong tht tranh duoc lrong thye t&
(sw léch tim cilia Iye nén, do cong ban diu va vit lidu khong dong nhat cua
thanh) gop phin gay ra uén doc.

Bo cong va do léch tam ban ddu. néu lon thi dugc tinh riéng biél, néu
nho khong tinh dwge thi ty thuge vao do manh cua thanh ma ding dén hé s&
an toan hd sung, trc 14 lam ting hé s8 an toan vé on dinh.

B31 voi thép ldy [, ] =18 + 3, voi gang [n ] =5 + 5.5, voi gd [n, )=
:2,8 - ,2.

ce e 1T0d)

Ty s8 = o duwge goi 1a hé 8 gidm itnyg sudl cho phép khi uin doc

T ]

hay h¢ s uén doc.
S phy thude etta 2 vao r déi viri cac loai val ligu khac nhau cho dudi
dang durémg cong liéu chudn holic dudi dang ‘bang {phu iue 3).

Tinh toan vé 8n dinh ¢6 thé ti€n hinh lbeo hai phwrong an (bhai cach):

1. Khi dii cho trude hé si an toan vé on dinh [nsq)

2, St dung biang hé s& giam ¢(}).
Cach thir phit thiSu chinh xie, vi phy thude vio d¢ méanh cda thanh nén
h¢ s6 an loan vé én dinh khong Ilhé cho dung trude duge. Cach nay sir dung khi

tinh toan kitm lra so ho hay khi thitu bang va do thi o(x) (vi du trong trudng
hop val ligu méi, hoiic thanh ¢ do méanh vurrot ra ngodi dé thi hay bang).

Cach ihir hai dwoc st dung & kbip moi ché, 1a plurong phap co ban de
tinh lodn thanl v& mit 6n dinh. Tmnﬂ trrrng  hop nady tich lodn xu#l phat L

phurong trinh
o o= %( olmal, (167)

va ¢hi sir dung bing hé s3 @, Ehong cin ap dung cd cong thirc Ule lin cong
thire thue nghiém Iaxinxky. ' '
X4aec dinh lwe cho pheép

Néu d8i voi (hanh dang xél 43 bi¢l chidu dai [, phwong phéap lién k&t cac
diu (p), hinh dang, kich thwae mal it ngang (F, I, iy va vat lieu (E, [ao]) thi
viée xac dinh hyc nén cho phép [P] dwge titn hanh theo mol Lrong cac phurong

phap sau day.
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Phuong phdp thit nhat (khi di cho [nrgq]): 1. Xéc dinh do manh cda thanh

[ "o '
?‘m'%-‘“ : 2. Xdc dich lye 6 han Puw(Puw =owF) Lheo cong thirc Ole (163), hay
cong thire Iaxinxky (166), n€u diéu kién (165) khéng duge thoa mén; 3. Tinh
Irc cho phép theo cong thirc (167) [Peyl = L
[na)

N&u khong cho [naq] thi co thé chon gin ding tiy theo vat liéu thanh, céng
dung ctia va tri 83 cia né do ménh A
Phuong phdp thit hai (cé bang o(2)): 1. Xac dinh & = -&-l— ; 2. Theo dworng
i
cong lién chuldn hay bing xdc ¢(r) dinh hé s udn doc ¢; 3. Tinh lyc nén cho
phép [P] == [o0d]F =o[aa] F.

Kitm tra dn dinh caathanh
Tién hanh theo hai ciach twong ty nhu trén (tirc 14 twong ty nhwr xac dinh
Ixc cho phép) xudl phal Lir cdc phwong trinh (167°) va (1677).

Chon mit cdt ngang

Né&u ddi vai thanh tinh toan di cho trwée Iyc nén P, chiéu dai {; phu'cmg
phép lién k&t & céc dau (). val liéu (E, [os]) va dang mil cal thi didu kién dn
dinh (1677) 12 khong xac dinh vi thiu kich thuéc mil cdt d& tim 2 va do vy
thiéu . Cling khong the (khi cho hé so an todn [nya]) sir dung dwrge phurong trinh
(167) vi khong bi€t cdn phai xac dinh P theo Long thire (163) hay (166). Viéc chon
mil cil ti#n hanh theo cach chon thir va san do kiém tra (biing mét trong ba céch).

Cach thit nhdt (véi [nagq] d& cho) réit il khi ding vi thi€u chinh xic do vige
dinh truoc gid trj clia [naq) khong lién quan dén gid trf cia & (chwa bigt), r&l khong
dang lin cay. Trong lrudng hop nay tinh toan dwge bil diu tr vige gia dinh pha
hop véi cong thire Ole (163).

Triede hél lim momen quan tinh I, sau do dén F, i, A, Néu & Ién hon i,
thi tinh toan da hoin thanh, con néu nhd hon 2, thi chuyén sang ding cong thirc
Iaxinxky (1606).

Cdach thit hai ¢6 sir dung bang va d6 thj ¢(3), ti€n hanh theo trinh Ly nhw sau:

1. Cho hé s8 @ == 0,6 — 0,8; '

¢
2. Tinh [o,4], F = f , chon kich thwéc mit cét hay s§ hiéu thép hinh

[Gé\d]
(n€u thanh lam Bing thép cin);
3, Tim I, va x:
4. Tinh gia tri méi ;. Néu ) khac nhiéu voi ¢ thi trong lan thir thir hai

18y 9y = -—‘%—(cp -+ @1) va tinh lai;

Ngurdri la coi mit cit chon la lhda min néu o vA [oagq] khac nhau khoéng
ié6n hon 59%.
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PSi vai thép dinh hinh sy thigu trng sufit co thé lom hon 59,

Cdch thit ba (hén hep). Tinh thir ln ddu la quy woc tinh theo cong thirc
Ole va tir cho hé s3 nggq. con ldn chon sau cung la dua trén co sé didu kién &n
dinh (167").

Theo cach tinh nay trinh tr tinh todn nhr sau:

1. Cho hé s8 nggq twrong trng voi val lién thanh (v&i thép nyg = 2, véigang
Nyg = 3, V&l g0 npg = 3);

2. Theo cong thirc (163) tim momen quén linh nhd nhit cia mat cii ngang;

3. Chon kich thwée mil cél hay s8 hiéu mit cit (voi thép dinh hinh), xac
dinh F, i, »;

4. Xac dinh hé 36 ¢ va [oagls

5. Thanh lap diéu kién dn dinh (1677).

. Néu difu kién (167") khoéng thdéa min thi ti8p tuc chon biing cach hoidc
la lha» ddi hé s8 ¢ (xem cach tinh thir hai), hodc la thay ddi kich thuéc mét cit
(s6 hidu mail ciit dgi voi thép cén).

Khi tinh toan thuc t& v& &n dish khong cin phii ldy thanh c6 dé méinh
vuwot qua do ménh lon nhit co trong quy pham déi voi hé s6 . Song néu cin

phaz xac dinh luc cho phép hay chon mat cit voi do manh
ctia thanh 1&n hon dé manh c6 trong quy pham thi khi tinh a)

N , > L 6
toan cdn st dung cong thire Ole, déng thoi lwa chon hé 86 P )p
an todn v& On. d!nh o s

Thi dg 72. Cho vat ligu thanh la gd th(’mﬂ (doc thé),
(6] = 100kG/cm?, { =2m, p =1, d = 10cm (hinh 140a).
Xac dinh luc P. - -
Bdi gidgi. V&l mit cal tron
d 10,
[ == = —— ==2 5cm.
4 4 A
Po manh cta thanh 7
9
ho== —l-- = 200
i 2.5
V&i @0 khi A =80, theo bang c¢6 ¢ = 0,48
Vi [c‘od] =ofo] = 0,48 . 100 = 48kG/em? nén lrc

== 8,

cho phép Hinh 140
» 2 &
P = oy ) ¥ = 48. =E — 3770k6.
Ta tinh xem c6t s& lam viéc voi hé s6 an toan ndo.
Vi A = 80 > 70, nén theo cong thic (164)
10.1.108 . ouh 156
e UV § 2 . . — a9
th 207 156kG/cm? va n,g = [%ﬁ] = 13 _.3,.23.



Thi dy 73. Cho c6t lam hing thép chit I, [o] = 1600 kG/cm?, P = 40T,
{ = 2m (hinh 140b).

Xic dinh s8 hiéu Llhép.

Bai gidi. Cho ¢ = 0,6

Kbi 40 [o4g] = 9lo] = 0,6. 1600 = 960 kG/cm®
P 490.10°

va F = = . = 41,7cm?2.
[o84] 960
Vé&i loai thép chir T s§ 27 gin nhiit ¢6 F = 40,2cm? va [y = 2,54cm.
Do manh cla cot A== }fl =-1:200 = 78,7.
: iy 2,:)4

Theo hang dgi voi thép CT3: »=70; ¢ = 0,81; A=80; @ = 0,75, vi (hé
46 voi A == 78,7 thi g1 = 0,75 -+ 0,006. 1,3 == 0,758.

Ta lay
?+o9 0,640,758
2 T p)

g = == (),679.
Khi do
e ng . ... 40,108 .
[eaa] == 0.679. 1600 = 1086 kG/cm? va F ==~ _ 36,8cm?.
10806
Voi loai thép chit I 6 24 gin nh&l ¢6 F = 34,8cm? v iy = 2,37cm.
PO manb cia cot A :MZ_(_)_!_)_ ~ 84,5
2,37

Theo bing d8i voi thép CT.3: % =80, o=075, % = 90; o = 0,69, Ve&i
A =845 thi ¢ = 0,69 - 0,006. 5,5 — (,723.
Uhg suiit cho phép
[66q] = 0.723 . 1600 = 1157 kG/cm?

Ung sudl thye € trong cét

3
o = 2010 50 KG/em?
34.8
Ung su#! it hon:
o —looal g0 — 7100 _ oo

[oaal
Hé s§ an toan v& &n dinh cta cot:
Vi % == 84,5 <C 100 nén theo cong Lhirc (166)
op == 3100 — 11,4, 84,5 == 2137 kG/em?

Nt
64 = "1150

~ 1,86

Thi du 74. Cho c{t ghép bing 2 thép chit U véi bin n61 biing cach han,
P =33T, | = bm, [s] = 1600 kG/cm? (hinh 141).

Hay sac dfuh s§ higu thép U, B va l.
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Bai gidi. Khi tang khodng ¢ach a gitra ciac thanh chir U, momen quan tinh
I ciia mitt citt edt ddi vai true ¥ vuong g{)(. vori mill phﬁnd ¢ét ting tén. Con momen:
qudn tinh [ ciia mil ¢iil eot dgi voi true = khong thay dbi
va biing I, = 21}, trong d6 I, la momen quén linh cia miit
cfit mot phianh cia cot d8i vod trye trung tdm 2’ cia thép
chir U, truc pay tring voi trye z. Vi viy cdn phdi Hy I,
}am momen quan linh nhd nhit cha mil ciit ngang cél.

Cho ngg = 2. Tir ¢ong thire Ole

Pllngg  35.10%.36, 104.2

o — - = (30cm?
I ol T 2.10,2.108

Theo bang Lhép cin ¢o thép chir U gdn nhil s5 14a

I} == 543cm#, i} = 5.66cm, I == [Tem?

P6 manh cia cit 2 z
. FA
A o= ....{., == ?0” = 106
i 3,66 Zo
Theo bang voi thép GT.3: A = 100, ¢ = 0,6, % = 110, bopetlet
P == ,52.
Vi »o= 1068 §,ﬂiﬂ1§
o =052 + 0,008, + = 0,552 —
*ng sufit cho phép ‘
[60q] == 0.552 . 1600 = 883 kG/cm®, LL
Irng sufil lam vige o
a5 1()3
o = r — 39, ]U———- S ]U?.ng/CHIZ. g
2F 2,17 ~|
Ung sudt virgt qua d
99 . 88: b lal |8
1029 — 889 029883 883 . 1009 == 16,59 > 59, diéu nay khong cho phép ""m" H—l
' -rB-.-t
Ta chon thép chir U sg 16 co I, = 747cm?, i} = 6,42cm
F = 18,1cm?, I} = 63,3cm4, {, = 1,87cm, b = b.dem, I =

= 0,84cm, z, = 1,80cm.
Pé manh clia cot ) ﬁ

6,42 Hinh 14t

Theo bang véi thép CT.3: A =90, ¢ = 0,69, A = 100, ¢ = 0,60,
Voéi A =935

o = 0,60 4 0,009, 6,5 == 0,658,
Ung sufl cho phép
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[s6d] = 0,658 . 1600 == 1051 kG/cm?2.

Ung sudl lam viée .
, -
o= b = 30107 _ 967 kG/em?
2F 2.18,1

Ung sudl thién
1651 — 967
1031
Ta dirng lai & cac thép chiv U s5 16
Vida=93.5 < 100 nén
o = 3100 — 11,4.93,5 ~ 2034 kG/cm?
va ¢t lam viéc voi hé s§ an tohdn

. 1009 = 7,999%

o 2034
84 ™ Toh7
Khoang cach hop ¥ a gita cdc nhanh dwoc thi€l lap tir didu kién bn dinh

déu cia cdt trong cac mil phing quan linh chinh 1y va zz,

= 2,1,

Vi céc nhanh cia cot dwoce lién k€t khong tuyét d8i cirng nén coé thd Idy

!) N + (,” .-.%... . 2 P‘
1,1 lz ]? \ o .

aﬁg(vwh ) mg(vl'lﬁ' 747 — 63,3 180} =966~ 10cm
F 18,1

va chiéu dai phai tim clia bin
B=a42b=1042.6,4=228cm.

bBé bao dam &n dinh cia tirng nhanh viéag trong ‘mit phing cé dé cirng bé
nhit cia né xz’ theo Iy thuygt cic ban ndi cin phdi cich nhau /. d& dé manh ciia
toan cot bing d6 manh clia doan nhanh giita cac ban giing, tirc 1a d&
L e

— T

i. i .
Tir di€u kién d6 ta co chi®u dai ly thuy€t ca doan nhanh

e = iy = i; = 93,5. 1,87 = 175cm,

iz

Thire (€ triree diy ngudi ta ldy [, = (-—l)— -5—-1§- ) .

Theo tiéu chuln méi (xem Tiéu chula va quy pham xiy dung, chuong 3,
phin B, tap 2, ban hanh ndm 1962 & Lién X6) d¢ manh cda ciac ohidnh riéng As
trong doan gilta cac bin gidng khong lon hon 40, Wire la [, < 40i}. Trong truwdng
hop nay

l,=40,1,87 == 74,8cm.
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Ta 14y !, = 75cm. Khi dé chidu dai cot / dwee chia thanh 6 doan bing nhau
b&i cic bin giing, con lai 24cm d& lién ket
Theo yéu ciu cfu tao c6 theé 13y

H=@06-+-08)B,1, —~H=(3-+4)H valy =(08 1)t
Vé&i trirong hop nay ta c6:
H=088=08.228= _ISCrn va
t, ==t = 0,8cm
Thuérng ngudi ta kidm tra ¢ot co ban gidng theo do manh tinh todn
A= VAL AZ
cho cat ghép bing hai thép chit U hay hai thép chir I;

)\tm-\lx‘i‘{—?\n? +;\u§
cho col ghép tir bdn thép goc, lrong d6 X — d¢ manh cia cot d8i voi truc vudng
goc voi mil phing cic ban: Aay» Ang = 46 manh clla cdc nhanh d8i v&i trye trung
tam ctia m6i nhanh va vudng goc voi mit phéng cac ban.
Ta thuc hién viéc kiém tra nay.
Poi voi toan el

=14 z '-‘—14‘2—--\/1872 1.8 +%)2 =~ 7,05¢
T WFM"“"(‘-O”{"’Q b ' + (1, +‘) = {,/ocm

re =2 851
k15
Poi véi nhanh
lo 75
P e
g 1,87
Vi vay A=V 85,1* + 402 ~ 94,1,

Theo bang, d8i v&ri thép CT.3, A = 94,1; sau khi noi suy ta c6
o = 0,80 - 0,009 . 4,1 = 0,637.

Ung sul cho phép '

| [6aq] = 0,637 . 1600 = 1019kG/cm?.
Ung suft thidu :

1019 — 967
1019

Vay cot dn dinh ddi voi truc chinb vudng goc voi mil phéng bin giling.
Co th& noi ring khi thda man didu ki¢n Iy =1,21; v A =40 thi A va)

luén fudn rit gin nhau.

Bai t9p 716 — 717. X4c dinh hé 33 an toan v€bn dinh nyg cho céc thaph
chiu nén Lrong cac hé. .

L 100% = 5,1%
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‘ : Ii=Ip=6,28-10%m
Ey=Eg=2-10%G fem? Er=Eg=Eg=2,0710%G fem

Bai 19p 718 — 720. Xac dinh xem cac hé¢ mél én dinh vai chidn dail la
bao nhién ?

Coi nhu v tdi trong va kich thude midt cét ngang di cho bién dang xéy
ra trong giéi han t¥ 1é, Trong bai 720 khéng tinh bién dang ciia-thavh nén II khi
gidi hé nén siéu tiph.

718 720
o ! { _/gr 7

g:* 3' | a I J' a g

)2 3

oo
—ed]_
£ hefert 7
EI""“EH':E %}L

Bai 14p 721, Xic dinh chi®u dai ! d& cat chiu nén biing thép CT.3, mit cit
iron dudng kinh d véi cac lién ket khép & ddu mét dn dinh.

Lﬁy E=2.10G/cm?, m--1900kG/cm2, oeh = 2400kG/cm2.

a) d=lem, P = 1T, b} d = Icm, P""-:IST

Bai tap 722 — 724, Xic dinh xem céc thanh nén clia hé s& mdt dn dinh
khi tdng nhiel dd (AtGC) ién bao nhiéu?
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2 105k Gjem?, @ = 12,5 . 105, ou = 2000kG/em?. Béng: E =

I.:iy H Thép E —
10-8. 5y = 1000kG/cm?.

108k G/em?. a = 16,5 .

722

%

S 2
B
Ry

725 — 728 Chon mil c#l ngang cia cic thanh nén trong cac hé
% dn dinh di cho. T&L cd cdc thanh nén déu bing thép
Trong bai 726 xem vi tri d& vé

Bal ap

theo hé s§ an toan Rgq ¥
CT. 3 vi co E =2 . 10%kG/an?, ou = 2000k [cm?.

ctia thanh truvén la nguy hitm nbAt.

725 726

=) P=10T

* P y200 Y,

727 728
o) wsga P=12,25T
[LMO "”;1&?5

Bai 13p 729 — 733. Ki#m tra &n dinh cac thanh nén va xdc dinh ung sult
cha chiing virgt hay thiu bao nhiéu phédn trim. & day va ca nhirng bii sau lrong
tinh toan khong tinh bién dang xoan cé the xiy ra cia thanh nén.

729 4 pgst 730 o5t 31 ot
ke " “
Nlda 3
T =
..t:‘ X 100
1= 150 MNm? 6o
Y [o]=N00KC/cr? (6= 1500K6/c?
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2y
R ‘ N
‘% 7 § ‘
“ LA XTI ITI n
s < s , I; ) Z 1
T [6]=2000 k& /em? =<

Bai tap 734 — 736, Xac dinh sirc chiu tai cua cac cot, Vat liéu cot la thép
CT.3 ¢6 (o] = 1600kG/cm?.

734 735 736 4p

\lP p ,

_\ \ 7

N 30
160x100x10 " .
O i
o rv"i
N 20a

10m

£ 2y
{

é llﬂﬂﬁﬁﬂxlﬁ

Lirie A A G

Bai 1ap 737 - 739. X4c dinh kich thude b cia mit cit cot theo didu kién
6n dinh déu d8i v&i truc z va y cla ching.

737 738 s 739 |°
Ahdptru % Khipeiy

v

[
sy 4
LS S

Bai top 740 — 744 Chon kich thwée mit cét ngang clia cot va cac thanh
nén cua hé.

Léy: voi thép CT.3 {o] = 1600kG/om?, voi g5 [o] = 100kGlom?.




740 gt (- 742
%gjgg " S
-1, s A 4 E’ ":7 -‘:\?l
S 2R
| S I s
G 3 Thénd cé
Then J
eyt
744
A

T -

T
o
L=

3

Bai tap 745 — 748. V&i cac cot ghép hiy xac dinh:

1. $& higu miit ¢dl cua nhanh col;

2. Bé rong mit cit cft B3
3. Khoang LaLh [, gitra cic ban gidng.

B3i viri val liéu ctia nhanh cot 18y E =92, 108 kG/em?, [o] = 1600kGjem?.

745
ép=zsr

N

S e
4

§)

{=6m
lm bl




§ 36. USn ngang va uén doc dang thei.

Nguéi ta linh gin diing cdc thanh can bhiing dwoi tac dung cua cdc momen,
cac lire doc va ngang xulit phat tr vige xem dIrO‘ng dan héi ctia thanh gdn véri hinh
sin. P3i voi dim cé diu khop (hinh 142a) vé co ban dwoe xéL & muce nay, hinh sin
phir da néu duoc méd & bing phwong irinb sau:

i fof b
A B s S 7 F LS S Y
s ' ,\ SRIEEE]
=L | fd T -
{ | 7
Hinh 142
fx ﬂI'an-L;U" (]68)

Tinh nhir viy (cd trong bai gidi ctia cic bai toan v& sau cling linh thé) kél
qua thu dwroc s& chinh xac hon d&i véi thanh co ddu khép chiu tai trong ngang
theo mél phitong va ddi xtrng déi vai diém gitra eiia thanh. Véi nhitng thanh nhw
thé duéng dan héi do udn ngang khong cé difm ugn, tirc 1a 46 cong ¢6 mot déu
va vi vy c6 thé !a nia song hinh sin (168). Trong lruong hop nay diem giira
chiéu dai thanh ¢6 do véng lon nhit

fmetx (168a)
] — P
b
ole

Momen udn lén nhét

Mo =M, + P[ =M, + 5 (169)
1 — —
P
ole
Ung su#t nén lon phit
P M e P M Pf
max! b = m 2 . 170
W1l — ——o
I)
C

2
trong d6 P — hyc nén doc true. P, = — fI

ole -— Iire Qle, Iye nay tinh voi dé

méanh bat ky ciia thanh theo mémen (uédn tinh chinh trung tim I coa dién tich
miit cit ngang F d6i voi true \fuéng goc veri mit phdng tac dung cua lai trong
ngang; W — Momen chdng udn ciia mit cil ngang d8i voi truc di néu: f, va
My —d6 véng va momen udn & gifta chifu dai ! do 1ai trong ngang sinh ra.

Tir cong thirc (170) ta nhan thdy rding & day khong ap dung duge nguyén
iy doc lap tdc dung clia cac hre va irng sufit ting kbi ngoai lyc ling, rog sudt
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ting nhanh hon dang k& so voi ngoal lurc. Bifu dé dél hoi phdi chuyén tir kiem
lra do bEn theo ting sufit cho phép sang Linh toin theo tai trong cho phép.

Ta xem nhtr he diim dwoc xét lam viée voi h¢ s6 an lodo n, néu khi Ling
{5l ci cac ngoai Juc l1én n 1An @% dim dat téi trang thai nguy hiem. tire trang thai
ma dgi vei vt ligu déo, moi didm cing déng thoi dal dén trng suftt phéap lom nhit
(vé gia tri tuyel dai) 1 giéi ban chay men, lue 14

max|s| = (;;fa) n (niiu) n (rzP)(“l;:?) == eh (171)
W (1 — )
Pule

Khi cin béing n voi hé s6 an loan cho phép vé dd bén ta dwoc cong thire
yinh toan do bén

(aP | (M (WP}, _
maxle| = i -+ [ = -4 " (1 ~ (n]P ) == en (17 1a)
PUle

Ta Iy hé s§ an toan v& do bén [a] khi tinh theo phwong phap tai trong
cho phép tuong trng véi hé 56 an toan quy dinh d3i voi Ung sulit cho phép theo
giti han chay, lre la

[Il] == [l¢h,

trong do Pop == —on

]
Khi do tir cong thie (171, a) ta thu duge cong thire tinh todn co dang whu sau

P M,y Pf
Pl <) (1713)
W (, — w[_’}..l_,)
{)
ale

Viri sai s6 hol lon, cic cong thire (168 — 171) ¢o thé ip dung cho ca 141 lrong
ngang khong doi xurng, ntu suw khong dii xtmg 8y c¢on khic xa viri triwong hop
phan d&i xirng. _

Tinh toan udn doc v udn ngang déng thai cho cac thanh ¢6 dang lién ket
gdi khae dwge suy ra hing cich twong by, song phuwong (rinh (168) trong timng
trirong hop riéng ciin phii thay dai. Thi dy ddi vori dim mot ddu ngam (hinh 142b)

Sm

dudny dan héi dwoe mo 12 gin ding biing ham s
. TE
f———/max (1 - 0§ —“"2[ ).

Tuy nhién cac cong thire tinh todn (169-—171) van con hi¢cu hye néu tinh dén
gia tri cia lre Ole thay ddi phu thuge vao dang lign k&l cua thanh theo cong
thire (168).

Ntu thi trong ngang tac dyng trong mil phing co do cing lon ohfit cia
thanh thi con phai kidm tra dn dinh trong mat phing c6 d¢ cirng bé nhit.

Thi du 75. Cho P =800kG: Py = 100kG: [ =2m, b=2um; h=4cm;
E = 2. 108G fem?; gen = 2400kGfem? (hinb 143).
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Xac dinh [, omax, n, Ny

. b3 2.4 32
Bai giai. Vi | = o = emé
9 2 12 3 "
nén d6 véng ¢ giita dim do lue P; sinh ra

Py 100.8.108.3 25

= = = = (),78] ¢
=R T mearm e s e
P &
’?’/
. _ A /
N T/ b
£ o -1
Hinh 143
JFare (Fle , o a5 2
P —_ TL‘EI — IO---IO .3—- —_ 16 lﬂakG
ole 12 4.104.3 3
TV sb
P 800.3 3 . P 3 17
= e = valmp = o S
P 16108 20 N 20 20
Theo cong thirc (168) do véng phai tim
i)" £
[-——w:em--:-gmmogl%m
32 17
. .. v g 17 Ve 0
Nhur vay fv sovoif Ia -%m.l(){l% = 85%
Vi ) ,
M,= Pl — 100 200 ==5 . 108 kG,cm

4 4
Mumax = 5. 10% + 800 . 0,919 = 5735kGem,
F = bh = 8 cm?.
bh? 2.16 16 3

W frmed p—-1 vt cm”,
6 6 3
nén theo cong thire (170).
Tmer = 800 -+ 5735 .3 = 1175 kG/cm?,
.8 16
Khéng tinh uén do hre doc
P M, 5. 108
== = 100 + ~-Zo 3 == 1038 kG/cm?
F A + 16
N6 SO V&I omax 1A 1038 1009, = 839%
1175
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Dim lam viée voi hé 88 an toan n (d8i véri gioi han chay), hé s nay xic
dinh tir cong thire (171)

n. 80N n.15.10%.3 n.800.3.n.0,781
. ' — ]
8 + 16 + n.800.3 =400
15(1 —_ ___.....m....)
16. 103

n* — 35,90 -+ 61,6

1 — 0,150 i

(riai phwong trinh ndy dwoc hai gi Lri cha n:ny = 1,85 vt iz = 34,05. Gia tri
f1p == 34,05 khong thd la nghi¢gm cGa bai loan vi ngay kbi n= 6,67 (Pun = nP =

== (.

tor do

= 5320kG), max | ¢ | == e, b&i vi nbj thirc 1 — i = (1 — 0,15) tr& thanhkhong.
ale
Ta kidm tra dn djoh ctia dim trong mit phing cd do cirng be nhit. Vi
pz . —
i§:“1-6~ = __;_15_ m"}—(}mz vah = %-l- =200 Y3, nén ltheo cong thirc (164)
2 9 108
wE 102100 67 kGyom?,

Tth _—

a2 3.4.104

Urng sudt nén do lyc P, o= §[—é—q— = 100kGJcm?, Hé s8 an toan vé 6n dinh

cua dam
om _ 167 ) g7,

G 100
Bai tap 749 — 751. Xac dinh d¢ vong lon nh&t [ varng sudt nén lon nhit

max ] 6 | cho céc dam.

Nag =

749 750
M=250kG/m M | = 20k 2o
P=2Tr zé/? L} P=500k&a Tt \@\
7/%1 (=bm T Nz %"cﬁzm Za a %ﬁ
.@J— . 5 e o [ N 5 2 X
£=72-10%6/em ? 751 E=10°6/em
P=1400kG 3=50¢G/n
- } )
118 mmmE .
{=2m ! a = fem

E=10%G/em
Bai 18p 752 — 753. Xac dinh [, max | o, | hé 86 an loan vé do bén n va hé
85 an toan v& On dinh ngg cla cac dam. -

752 753
_. g-1F 6 |n | A0k
”;”'I#mmmm&;%’lm PeuT  § h
j % I=25m ’1 * 7%?:”” B 2 a’%&baqm
E=2-10° k6fm? f = el

E=210%G/cm? C
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Bai 14p 754 — 755. Chon cac kich thudce clia midl ¢iit ngang dim.

200 kG/m

754 755 . M=05Tm

P=8T "'l r P‘—‘Bﬁﬂkg
%’é {=dm W%” [=4’”} : ¢
T

7 E g 1% Gem?
‘ ' [61=1600KG om?
(=16

Gs=350kGAmY;  E=10%G jom ?
[n1=3,§

Xl — THANM CONG PHANG

§ 37. Lyc doc, lye céat va momen uén

Thanh coog 1a thanh khi trge hinh hoc clia no la duong cong.

Ta s& xét cac thanh cong ¢6: truc hinh hoc la dwdng cong phiing; mit phing
<da d9 cong la mit phing di xtirng; cdc hye tac dung nim trong mit phing dsi
xirng, vt ligu tuén theo dfnb luat Huc; d6 ciang dd oo d& 4p dung dwoc nguyén
ly déc [ap tac dung cda cace hic.

Noi lye trén mit cil ngang ctia thanh cong dwoce xic dinh biing phuong phap
mit cit. Noi lue gdm lye doc N, lyc cit Q va momen udn M. Ta sem la dwong khi
Iye doc N la Iyc kéo, lirc clt  c6 huéng trung voi hudng clia lue kéo N khi quay
N 90° theo chifu kim ddng b8 momen udn M lam tiing do cong ciia thanh (hinh 144).

Trén bidu do cac gia tr] dwong cha N, (0 va M quy woce dit vuong goéc vai
truc hinh hoc cia thanh va di khdi tAm cong cla né, con cic gia tri &m hudng
to1 thm cong.Voi cde thanh gdm céc doan cong va thing thi biéu d6 duong va
am trén doan thing dfl v& phia cda trgc hinh hoc cling nhu trén cac doan cong,

Ngoai sy phu thuge vido dang clia thanh cong, cac gia tri «da N, Q vd M

trén mil cit ngang xac dinh béi cac toa do x, y va goc 8 = arctg (-2—-3-) duwou
x

thiét lap cling bdng phwong phip &y.

Mo .
V‘\ N
. ~
A

Hinh 144 Hinh 145

~ Ta xét trudng hop cée tai trong khae nhau dit vé mot phia cia mil cil
1. Ngiu lgc tip trung (hinh 145). '
' ' C  N=0;0Q=0; M=M..
2. Lyc tap trung (hinh 146a)
Tharh phin cla lye P thee cac truc  va y (hinh 146b).
' Py = Pcosx; Py = Psina
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Hinh 146 Hinh 147

Do thanh phan P, (hinh 116¢):

N = PcoszcosB, (' = Pcosasing, M’ = — Pycos«
Do thanh phin P, (hinh 146d):
N = Psinasing; (" = — Psinacosf; M = Pxsina

Noi hre tong hop do lye P sinh ra:
N = P (cosucosp -+ sinasinB) = Pcos{e — §);
( = P (cosasinB — sinacosB) = — Psin(e — B);
M = P(asinx — ycosz).
3. TAi trong phin Db§ déu theo dwdng thing AB va wvuéng goc voi no
{hinh 147a). _
Cie thanb phén lai trong ¢ theo cac truc = vay (twong by nhur truong hop

trurde): .
x = Qrosa; ¢y == gsina

Do thavh phin gr (hinh 147b):
N' = grcosacosp; ' = queosasind; M’ = — qrycosa.

Do thanh phin g, (hinh 147¢):
2

N = qusinasinf; Q" = — qxsinacosf; M’ =q 5 sine

N¢i hue téng hop do tai trong ¢ sinh ra:
N == qu(cosucosP + sinasing) == qrcos(az — B);
Q = g (cosasinB — sinacosp) = — qxsin (x -— B):

M= qx (wg- sifle — yco.m).

4. TAi trong ngang phin b8 d8u theo truc hinh hoc ciia thanh (hinh 148a).
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Do tac dung cila hinh chiu phin téi
trong bi cil lén true y (hinh 148h, ¢):

2
N =qursinf ;  =—qreosg; M = q ‘_z:)_m .

Do tic dung cda hinh chifu phin taj
trong bi cdtl lén tryc & (hinh 148d):

N" = — qyeosf; Q" = — qusing;

2
M7 = q-%—

—

Do téc dung déng théi chia g, va g, :
N == q(xsin@ — ycos3); Q == — g(xcosB + ysinB);

M= g_—~ (x2 4 )

5. Tai trong soug song phitn b3 déu theo
truc hinh boc cta thaoh (hinh 149a).

Hionh 149

Lyc phan t§ & mit c&t co toa do sy tac dung lén phan t§ ds trén truc
pinh hoc cla thanh (hinh 149h)

Hioh chigu clia_lyc dP 1én céc truc z va y:
dPx = dPsina == qdssina; dPy = dPcose = qdscosa.

Noi Iyc phén t8 & mit cit co toa 46 T, y va goc B do lue dPx (hinh 149h):
AN’ = — dP;cosB == — qgsinacospds;



Hinh 150

dQ == —~ dPsind = — gsinasinfds;
dM’ = dP; (y — y1) = g {y — y1) sinads.

Nbi hre phan t3 ciing & chinh mit ¢t Ay do tyc dPy (hinh 149¢)

dN" = dP,sind = gcosusinpds;
dQ” = — dP,cosp = — gcosacospds ;
dM” = dP, (x — 1) = q (T — x1) cOSads.

Noi lue phdn t8 & mit cit xét do tic dung dong thoi cida lye dP. va dPy.
dN = — g (sinucosd — cosxsinB)ds = — ¢sin (x — Bids: S
dQ = — q (sinusinB + cosacosB) ds = — qcos (a — B)ds;

dM = q [(y — y1) sinx + (x — 1) cosa] ds,
Noi Iy tng hop & milt cit dang xét ct cung ¢ cua tryc thanh :
5
N = — gsin (x — 8) | ds = — gssin (x — B);
o
:

Q = — qgeos (@ — B) | ds == — gscos (@ — B);

(]
5 3 . s 5
M= q[.s'ina (y J‘ds -J.. yids ) + cosu (:r Id.s' _ I T1ds )] —
(o] Q (&) o]

== q [sinx(ys — Sx) + cosa (Ts — Sp)] =
= qs [{y — Yo)sinz 4 (T — Te) COSa],

5 5
= -“ yids va §; = Ix;ds — momen tinh ctia cung s d3i véi trucx vay;

trong d6 S:
[ n
Sz, Sy . ”
Yo == ~—— VA Te== —— — l0a d6 trong tam cua cung s.
. s 5 0



6. Tai trong phan ho déu theo truc thanh va Li€p tuyén véi no (hinh 150a),
Lirc phiin 18 & mil cit ngang co toa do xyy, va goc By (hinh 150 b) tic dung
theo phuong Li€p tuyén voi trye thanh lén phan 18 cong ds:
dP = qds.
Noi lye phin 18 & miil cil ngang co toa dd a, y va goc B do lac dung cla
Iyc dP (hioh 150 b):
dN = — dPcos(p; — B} = — qcos(B; - B)ds;
dQ == dPsin(B; — B) == gsin(B; -— B)ds;
dM == — dP[(x — xy)sinB;, — (y — y;) cosP;] =
= ¢{(y — Y;) c0sBy — (T -— 2;) sinP;]ds.
N¢i lyc toan phan & mit cét xét ciit cung s cia truc thanh:

8 s
N=~gq J‘ cos(By — B)ds; qu'J‘ sin(By — BYds

[¢]
5 S
M=q [ -f (y — y,) cosp,ds — J (r — x)sinB,ds ].

Thi dy 76. Cho P. p (hinh 151 a).
Hay v& cac bitu dd N, ¢ va M.
Bai gidi. Ta xac dinh N, @ va M trén cic doan thanh (hinh 151 b)

Cho doan thtr nhil : < oy < —
Ng, == Pcosgs: Qp, = P.‘?fﬂtpl? Mg, = Pp(1 —cosgy);
Nojmo="F3 Ng oy =0707P5 N _ =0
Qom0 =13 Oy oy = 0TVTP Qg = Py
Mo —g==05 M, __, =0,203P; My iy =Pe.
Cho doan tht hai 0< Py ..?5. ;
E Ny, == — 2Psing;; Q= 2Pcosps; M, = Po(1 + 2singy)
| Nppeo=0; Ny _1i=—1414P; N __?t/,, —2p;
Qpy=p = 2P3 Q _ryy = 1A14P; Qg =mpy =
M?zmo =Ppi My, _ )y ~2.414P; M == 3Pp.

Cac biu d6 N, Q va M v& trén hinh 1:)1 ¢, d, e.

Thi du 77. Cho P, a, phirong trinh dwirng truc clia nhanh trén va dwdi la

parabon y= - x (1_.._ z ),(hinh 152 a).
a

V& cic biéu A6 N, Q va M.

Bm Jlal Vi hé dai xtrng d8i voi hai truc vuong goc voi nhau nén ta chi xét
mol nira clia mot nkanh (hinh 152 h). 0O mat ciit bt k¥ cdch diu trai mot khodng a:
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Hinh 152

Hinh 151
dy a—2 .
tgﬁ: dx — a ]
NP S R
sinf = 71+ g8 T V2a? — 2ax + x?
1 ol
RSV Vi 2
Vi vay: p P(a — x)
N = — sinf ==
2 2V2a — 20T + 2*
; Pa

I
e e e COSB T e o ’
Q= 5 = NI — 2ax + x
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M = —:[;——:E;

V2 _ %
Nx:ﬁ:-umti P = (),354P; Nxt:a/2 P~ (0,224P: N = 0:
. '2—"
=g
quu =0; Mx-—*a/.‘am 0,25Pa; Mx__;a = 0,0Pa“

Céc bidu d6 N, Q, M v& trén hinh 152¢, d, e.
Thi du 78. Cho g, a, b, vong udn theo dudng elipy = -—l-?m- Y2axr — 22 va bt
a
cit & gdc toa Ao (hinh 153 a). Xac dinh N, Q va M.

Bai gidi. Vi thanh d8i xtrng d3i v&i truc = nén ta chi xét nita trén cua né.

Khi sir dung ngayén Iy cong tac dung noi Iire do cac hinh chifu cfa tai
trong ¢z va ¢, (binh 133 b) trén mit cit ngang cbd toa do zx, y va goc B
(hink 133 ¢, d):

. ) N = qycosp — qasinB; (Q = gqrcosp -+ qysing;

C

: M= m-—.q)-(:cz -+ y2).

= é< % Vi

3 - d b

, R y a—zx
. . OB = s e D
a nen

é) .Yinﬁ: = a mi e

d — V& ez — %) + (a — 2

% N
I q or—————
XERARET TVzam-—mZ
a

o v “P‘?‘:’ ’ Vmgz— (2ax — zt) + (@ — x)?

d = i

% L qax )
gz s, vaN = ;
z V& 20z %)+ a— 2y
a ; R —
[wx +--(a — :c)] V2ax — m2
Q ——— __m__.m_u_mm S .

v '3 (Rar — x?) 4+ (a — :.c)'~’

M=-1 [fl-.(za-.c — 22) +x2].
2 | a®

Thi du, néu a=b thi N=gqr; Q=
=qVY2ar — % ; M = — qaz. Céc bitu 4 N, Q,
M v& trén hinh 154 a, b, c.

Hinh 153
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Thi du 79. Cho g, p, lai trong thdng dirng ¢6 cudng dé ¢ pban b3 déu theo
cung mot phiin tw dweng tron ban kinh p (hinh 155 a),

Bibu db N Biéudb Q By db m
al 10 ]
05 T -10
7 = /2 05 =1, 5
\\ { /f ; A '_/
“ \ ; ! A /
| \ 1 I, i

UL IV A 20
% f%T"/z 9%

Hinh 154
¢)
L571gp
&) biéy do Q
05Mgpt
Hinh 155 Hinh 156



V& cac bitu dS N, Q va M.
Bai giGi. Noi luc trén mit cét ngang hop voi phwong thing dimg mét goc
¢ do hyc nguyén 18 dP = qds == gpda (hinh 155 b) sinh ra 1a:

dN = — dPsine == qpsing . dp;

dQ == dPcosg = qpcospdyp;

dM = dPp(sing -~ sina) == ¢ . p*(sinp — '\'mcx)da
Noi hre do tdi trong tdc dung trén phan bi céit cda thanh

¢ :
N = — (psing j’ do == — qpopsing;

o
¢

Q == gopcosg j da == Jppcose;

0

M = qg? j. (sing — sina)de = gp?(psing -+ cose — 1};

Q

Npoo=0i Noryy = — o %;-0,707 ~ — 0,555gp
Ncpmn/.? = e qp.g... = — 1,571qp;
Qp=q = 0 Qw.ﬂl‘i ~ 0,555¢p3 Uy rpy = 0
Moog =03 Moy = a¢° (%0,707 4 0,707 — 1) ~ 0,262qp%;

Cic bidn d3 N, Q va M vé trén hinh 155¢,d, e
Thi dg 80. Cho g, p. lai trong co mm'ng d5 g phan b8 d8u theo cung nira
duéng tron ban kinh o va co phwong ti€p tuyén vai true thanh (hinh 156 a)
V& cac bién as N, O va M.
Bai gidi. Lyc phin 8 & mét cdt hgp véi phirong ndm ngang mot géc «
dP = qds = gp . de.
Noi lue phin 18 & mit cit ngang thanh hop véi phwong nidm ngang mol goc
¢ do lye dP (hinh 156 b) sinh ra:
dN = — dPcos(gp — &) == — qpcos(p — a)da;
dQ = dPsin(¢ — a) = gosin(p — a)da;
dM = — dP[p — pcos(e — «)] ==~ gp*[1 — cos(p —ac)]drz
Noi lge toan phidn do lAi trong lac dung & phin bi cit cia thanh
P

N=—qgp ." cos(p — a)da == — qp Sing;

Q
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P
Q= qp j sin(p — a)da == ge(l — cosg);

o}
P ¢
M = — gp? [ I da j’ cos(p ~ a)da ] == qp? (siRp —- 9);
: : :
Nq""’m"'o =0; N mim - (},7“7(]{). N &Ez - gp; N min:‘; {],7U7qp,
’P“‘4 = 2 PET
Nq;m:rt = 0;
Qp0=0:0Q = 0,293go; @ . =0e: @ g =~ 1707¢p;
Y p= p=—n
4 2 4
Qo= = 200
Mcp«-:o =0, M m= 0,078gp2: M KR —0.571q0%;
¢ =7 =%
M, =-—164990%; Mcpmwc = — 3,142qp%.
=3
Cic bidu @d N, O vi M v& trén hinh 156¢,d,e.
Bai tap 736 — 765. Vi cac bitu d6 luc doc V, hue ciit Q va momen
uon M.
756 /1 757
759 qat
q et
KENA
o
= 2a s
g P=qa
761




Lyt phén bi déu theo
h{'nh chiéy ndm ngang

Luc phan b dtéu theo
t1&p tuyén cung trin

1 < \ . r
Dutrng zodn oc Acsimét

§38. Ung suét

Ta xac dinh cac rng sual phz’tp on, oM Go lirc doc N v momen udn M, trng
suit ti€p « do lre cit Q sinh ra & cac digm cta mit cdt ngang thanh.

Ung sufit o~ phian bd déu trén dién tich mit cit ngang F, con tng sult ox
phan b3 lheo luat hyperbén va duge tinh theo céc cong thirc sau:

N
_ N ” 172
ox = — (172)
owm=t Y (173)
S r+4y

trong do: § —-imomen tinh cfa dién tich F ddi voilrge Lrung hoa = khong di qua
trong thm mit cil O,
r — ban kinh cong ctia dudrng trung hoa nn;
y — toa d6 cla diém tinh trng sut d6i voi lrue z (binh 13/)
BPuong trung hoa nn cach truc thanh vé phia lam cong cha no doan
e ==p - r, trong 4o p — ban kinh cong cua true thanh
Ban kinh cong cla dudng trung hoa d8i voi mbi dang mit cit ngang tinh

theo biéu thirc

) y (=4
E
£ . ":
FRY h Qaf =y_ _.‘z_‘.’
i) ué“j g‘m I 4
G
Hinh 157

224



F

I‘#—“*mmm—’?;‘;.‘““"".
f (p + u)
F

(174)

lrong dé u — toa do cua didm xél ddi vol true trung tam z, (hinh 157).

Pgi voi mat cit chiv nhat
" h
== =
in—=>

[P+\/

ddi voi mit cit tron

s~ (2]

con voi mat cit hinh thang

r ==

It

(bu + r...ﬁ_"i_"l-) (n T2 (b —ba)

trong d6 rn, rt, by va b, — ban kinh cong vd b& rong tuong twng voi thé ngoal va

thé trong clia mil cit,

Péi voi cac dang khdc clia mit cAt ngang gia iri s cho trong cic sd tay va

trong gido trinh sire bén val liéu.
- oz h .
Vi cic thanh do cong khong lon ldm (__)._ > 3)

c6 b lim e theo cong thire gan dung

i'«.’
irong d6 i = V

e = —, (175)
2
ngang thanh ddi v&i truc trung hoa z..
Cong thire (175) cho k&t qua gin véi 1oi gidi chinh
xac nhil khi thanh cé mit cdt ngang d&i xung doi voi
truc z..

— ban kiph quan tioh cta mél cét

Vi S=Fe~ L, y

¢

l

u+e:u(l+-—5—)

v r—{-ymp+ump(1mﬁ-),
e

trong d6 u — khodng cach i diém xét ciia mal cdt dén
truc trung héa z, nén cong lhirc (173) dwoc viEl lai
nhir sau:

14+ —
on = ““f“ . g "";“ « (176)
u
1 o
+ P
K
14—
& day « = ol (177)
) 14
1 — .
+ P

8-1224

Béu a8 M
470780 0,707Pp

a)




la ham s6 ctia toa 49 u, no dic trung cho quy luat phi fuy€n ctia sy phin bd on
trén mit cit vad phu thuoc vao dang cong ban diu va cudi cha thanh. Néu

A < L thi « xfip xI don vi va ¢6 thd tinh ou theo cong thue di vai dim thing

P

g =

Mu

et

Urng sufit phap lon nh#t va nhd nhdl & cic the ngoal cing cla dam khi
u=—h, va = — h.

Cac trng suft nay bing:
M

#___.w a‘t (178)
t

trong d6 W — momen chdng uén twong dwong ctia mit cit, khi linh tng sufl &

s or ens 1
tho ngodi Wy = vii & tho trong W, == . con

n t
i2
14— |
phn
Gn == o = = fa = t (179)
t fin
14
P

Gi& Iri ciia hé 86 z, 451 véri mot vai dang miit ¢l cho trong bang clia phu luc 4.
t > a g e *
Ung sudt phap tdng hop & didm bal ki (rén mil ciit ngang ctia lhanh cong
x#c dinh theo céng thue

am——+(]"}“ )a, (180)

tw Pa s cac truong hop ox khong tén so vol an
| Ung sufit tiép = xac dinh theo Iyc cdt Q, ¢ gia trf (hir y€u va trong linb
toin thwong bd qua.
Co thd tinh gin dring = lheo cong thirc (99) nhw d&i voi Ihanh thing
_ QS’
2
Thidp 81. Cho P = 1T; p=50cm; M = Pp: a==10cm (hinh 158a).

o=

Xac dinh maxeco, ming,, Tmax, €
Bai gidi. Theo cic bidu d8 N, Qva M (hinh 158 b, ¢, d) trng sufit phap lon nhil
& mit cil da cho clia thanh, & d6 N == —P = —1T vA M == 2Pp = 2.1.50=100T cm.

con trng sudt tidp lon nhil & mit cdt tai ddu ty do cda thanh, & do Q=P =1IT.
Poi véi mét cit hinh vudng
S 8

We= W= W= ....,__..._.:ﬂ.._cms;
6 6

F = g% = 10%cm?.
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- 6p I+ 4350 (0,939

Ly == et 2
1 a 10 1,674,
tEg  lEgm
Vi vay
Fl ; 5- 3 -
maxoy = Moy o N 1056 g 939 10 | 563 — 10 = 553 kGjem?
W F 103 ST ,
M N 1056 . 10?
MINGE == --—-:-———-—-«-——1,074-————--——2"“644——102
e =T F 10° 107
= — 634kGjem?;
: 3
=L = 2 8 5kGpem?:
2 F 2 102
12 2 2
eﬂ_f._. =L = 1l)~ :::--i- ~ 0,167 em = 1,67mm.
& 120 12.50 6

Bai tap 766 — 769. Xac dinb tng sufit kéo 16n nhil omar, Uny sudt nén lom
nhAl omi V2 ng suil phip ca tai didm A di cho trén mit cit nguy hiém.

766 .ﬂuzﬂ 767
I~

a0\ \ !l '

g\ |

P = 200kG M=300N-m

RN
(1%

EESER

ry=80mm

§ 3¢. Tinh todan dé ban
P& xic dinh gia tri cia tai trong an todn tdc dung lén thanh cong hay dé
kifm ira do b&n ctia thanh ta st dung cong thirc

max [Gt] — -%VL [+ 4] + -g—- < [O’]- (181)
t
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Chon kich thude cin thi€t cda mil c¢it ngang bing cich chon sau do kitm

tra. LAn chon lhir nht ¢ the xem nhu thanh thing va tinh theo bl ding thire
max | W]

——— e 182

ST ] (182)

Kidm tra d6 bén cla mit ciit, co tinh & do cong ciia thanh v hre doe
theo cong thirc (181). Ung suiit vwrot 1&i khong dwoc Ion hon 5%.

N&u vat li¢u thanh c6 dé bén kéo va nén khic nhau thi & mil cit nguy hidm
ci thé trong va tho ngoai déu phdi thda mén diéu kién bén twong trng voi céc
trng sufit cho phép [ok] va {aal].

Thi dg 82. Cho [o] = 4000 kG/em?2, a = 20cm; d = Iem; phuong trinh Lrye
thanh g == — a sin — z (hinh 159). Hiy xac dinh hre P.

a

Bdi gidi. Mit ciit & dinh cla bioh sin 12 mit ciit nguy hitm & d6 M = Pa =

== 20 P kGcm, N = — P kG v& béan kinh cong cta lruc thanh
32
1 4 n2cos® — x
LET iy isirad
P f—— . :_?'.._ o] ) --..:.!.'... =
X=""?."‘ g x o E—-S(ﬂ *-E.'B = 2
a a
=2 o 0,la = 2em.
el

B&i vei mil cit tron dudng kinh d

4 Iz ¥
Wo =W =W =~0,1d° =0,]cm?; F == "E"I'" m—z ~ 0,785cm?
Qe = j = = 1,2,
1 — e ———
2o 2.2
d Al g
4 ] X31XX
o
P ] Z
‘ P
" o
Za
Hinh 159 Hinh 160
Theo ditu kién bén (181):
M N  20pP . .
max TS e @y o e T e, 1,25 — = 250P < 4000.
ol === 7 =737 578 <



Luc cho phép

0
P< -‘i.)-;io(-]-mlﬁkﬁ.

Thi du 83. GhoP-—:{SEN;qml2kN/m;pmiﬁ.W*Zm;b:%h; [6] =

— 200MN/m? (hinh 160). |
Xac dinh A va b cla mil cit ngang thanh.
Bal gidi. O’ mit cit nguy hidm (lai ngdm) cla lhach:
M= Pp+ -g—qu =6.10%,16,10-% 4 %- 12,103,187 . 10-* == 142INm;

et

NP e gp=— 6.10° =12 . 107,16 . 10-? = 7920N.
Cac kich thude chon clia mil c¢it thanh xédc dinh theo tinh todn nhu ddi voi

thanh thing.
W b B M 3

> = ~7,1.10-8m? = 7,1 cm®,
6 8~ [o] 200.108

e do
h> Y7.1.8 = 3,8%cm.
Khi linh d&n d6 cong ciia thanh va co cd hye doc & mil cdt nguy bidm ta
Ay h ==dcm, b == 3cm. Voi cac kich thude nay

W z..‘.s..i..l.gn:t’;um"; F=23.4=12cm?,
b A
a; = i“ - b '4”’ ~ 1,093,

% T
Theo cong thire (181) trng suflt tinh todn & thé trong ctia thanh
M N 1421 - 7920
max o} = ’"\?—5}_“‘ -+ '"'I'; :———WS ETEE 1,095 - <—1-§-. T0-4
~ 201,1. 10% N/m? = 201,1 MN/m2,
Vi trng sufit vwol tii la 0,559 nén co thé xem sy lya chon mdt cit nhur trén
la duoc.,
Bai tap 770 — 771. Xéc dinh gia tr] cac tai trong cho phép cia P va M.

771 ) N

p &z
\ ;

r}-LJU ‘
2a

N u)%
ry=14l fM

a=§0cm; b=20cm Fre=fy=Fg=Fy=12,0cm?
(6] = 500kG/em?; [} = 1200KG fem? [6]= 1000kG /cm?

R
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Bai tip 772 — 773. Kifm fra d¢ hen cla thanh cong. Biél ting suit phap
cho pheép [o] = 1600 kG/em?.

Xl — TINH HE DAN HOI BANG PHUONG PHAP NANG LUONG

§40. Xac dinh chuy&n vi dan hsl suy réng

PHUUNG PHAP LUC SUY RONG GIA BANG KHONG

Bitu thire xéc dinh thé ndng bién dang dan hdi U tich Ifiy trong val thd hay
h¢ duréi tae dung {Tnh cla cic e ¢6 theé 1a bam thuiin nhil, bic-hai cia lwe suy
rong Pi, hodic chuyfn ~vi suy rong 8;, nfu giiia P; va 8 tdn tai su phu thuse
tuyén linh.

Luc suy rong Pi la nhiing lye tac dung déng bat k¥ (luc, momen, nhom e,
nhém momen vi v.v..), ching duoge lach ra mé! cach thudn tién dé tinh todn
ning lwong.

Chuyén vi suy rong 8, la dai lvong xac dinh chuvén vj ma lrén chuvén vi
46 céc lye suy rong sinh ra cong (thi dy, lre tap trung twong ung vai chuvén v
dai, momen luwong tng véi chuyén vi géc, v.v...).

Co the xic dinh chuydn vi dan hdi suy rong 3 trong vatl th& hay {rong h¢ do
anh hwdng clia lye suy rong theo cong thire Castilians:

U, ,
5 _.( P )Ig__ 0, (183)
trong d6 Py — luc suy rong gia lwong ing voi chuydn vi suy réng phai tim, Luyc
Day dit vao vit thE hay hé & chd xac dinb chuydn vi; U’y — th& nidng bign dang
dan hdi cha vat thd hay h¢ dwoe bidu thi b&i ham thudin nbéit bac hai do (8t ci
cac lye suy rang o that Ps va chc fe suy rong gid P, gay nén. '

Néu & ché xac dinh chuygn vi suy réng cé luc suy rgng P da cho twong trng

V&1 chuydn vi phii tim thi viée dat Pg khong con y nghfa va khi do

aly )
o (184)
, al ol
Néu : 0 (hay — i chidu cfia chuydn vi s
( o, )Pgmo > 0 (hay 3P > 0) tbi chitu cia chuy®n vi suy réng &

trung véi chidu cta Py (hay P),
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. d 2 . is -
Nou (...._Q.S_) < 0 (hay -»—g— <7 0) thi chifu cha chuyén vi suy rong 8
3pg [ Py=0 ap T
ngroe voi chidu coa Py (hay P).
Chuy&n vi dai tim dwge heo cong thire Castiliand 1a hinh chigu etia chuyén
vi didm dit hre twong ung lén dudng lic dung cha no.

PHUONG PHAP LUC SUY RONG GIA BANG PON V]

Trong trireng bop chung hé dan héi gom cde thanh thdng chju tac dung cua
cite hre co chuy@n vi suy rong xic dinh theo cong thire Macxuen — Mo:

5 EZ J‘ .\:N do -+ E J‘ M?J{, dx +E J‘ My ]wv dz -+
Ely
+ Ej ”;:I:"ixe dz + Y &y J’ 0,0y dv4 Y & J Q:Q= yr,  (185)

trong d6 N. Ma, My, Mo, Qy va Q: — noi lyc long iing & mit cill ngang bat ky
cla méi doan trong hé do tac dung cna L&t ca cac lire suy rong lén hé;

.M., Jy, Vzo, Q,, va Q — ¢fing & ndi lye nhw vay nhung do tac dung
Ién hé chz mol hye suy rong gid biing don vi khong thir nguyén va twong ung voi
chuvén vi phai lim;
I va G — modun dan hoi doc v trirol cia vil liéu trong doan thanh:
F — dién tich mil citt ngang & chd xac d;nh noi ‘liﬁrc.::
J.vi I, — momen quéan ligh chinh trung lam cda dié¢n tich F:
I:» — momen quan tinh khi xodin ctia di¢n tich F;
kyvak, — h¢ s hinh dang miit ciil diic Lrirng cho sy phin bé khong ddu cua
trng sudil li€p khi udn:
dr — phin t§ (rén Lryc doan thanh,
Tich phan 18y theo chifu dai ciia mdi doan, con tdng diwge ldy theo tat ca
cac doan. i
Péi voi hé phing co cac thanh 0di khép chiu cde hye dil & nil
3 = NN (186)
EF
trong do ! — chifu dai doan.
Psi véri hé chi gdm cic doan chju xoin

U iT-
8= xe x0 dux, 187
r J e (87)
B&i viri hé khung kidu dim c6 cac ndi lye N va @ dnh hidng it dén bién dang
MM
§ = . 183
Z ET 4= (188)

Béi voi hé gom cac thanh e¢6 d§ cong nhd
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— MM 189
b= s (5

lrong d6 ds — phin b8 trén truc doan cong.
Khi tinb toan chinh xdc¢ hon -

SHZJ‘ EF”'i"EJ‘“E“f‘“ds. (190)

Thi dy 84. Cho P, q, I, E, I (hioh 161 a), Xdc dinh dwong tén cia d6 vong f.

;—‘- 1/2 px ! p%_‘J‘
a) i , W‘J*HC Y 7;";
Ay '
[ | |
E—&j e b6 ' @ &;
b e
E x] ixz I !
b e ‘
'@, I Al
Hinh 161

Bai gidi. Ta xac dinh do v3ng i nhit [ & giita dim theo cong thirc (188),
cong thire pay eo thé viet nhir sau:

.‘ 1 -
f = =7 Z‘ f MM dx

Momen udn & cic mat ¢l ngang bt ky ¢lia dim:
Do tic dung c¢na lye P di cho
My = Px1; My = Pa:
do lac dung cta lyc gid biing don vi pg =1 (hinh 161b)

qu—*—:%i—; E:Aat% :
Gia tr{ cia do véng phai tim
L i
fm:e—;;g-;[jwfdw « [ t@tandu]=Lo (35 -9).
o 4]

Ta xic dinh &nh hwéng cia lye cit dén d¢ véng

k .
fo= "gp—z fQQda:.

Vi lrén céc doan dim lrce cit do tai trong gia di cho twong trng biing



nén fo =2k ‘)Pa1 o=k EE‘—- vit —’-c-_gm: 24k Ellz =
G GE GFa? ( 53— — 4)
ala
=2k L 2 ,
G g (3 e 4)
a-
, . I
trong do %=
F
Ta nhan th3y riing d6i voi vat lieu ding huong Ly 8 »gm ndm trong gidh
¥ .
han 2 < < << 3, Ly sO ..,'3‘2%“ 8€ c6 gid tri bién nhw sau:
¥
2
fo . (48« 72) jf,‘z
! a? ( 3— — 4)
a-
Néu @ — 1) thi _[,.&_, (16 -+ 24)k }
néu a :_,{_. thi —L_?—-m(%w%)k v :1,5(-!-9— )
2 )‘ 12 [ a0

e

. T { ¢y 4 - .
Truéng hop thir hai (a xx‘—)-) lyc cit gay ra cho d6 véng Anh bwdng lom
nhil, ta xét dim cé mit cit hinh chit phat va hinh trén.

Vi hinh chit nhal chifu cao h va hinh tron dudng kinh twong tng cé

. : . d? . 2 C e M cr gy ns

(% = 2 va == —, k== .§. va k= 32 nén ddi véi dim mit cat hinb
12 16 5 27

chiv ohét

fo 4. zg 2
fm(" T

va mit cit hinh trén

gt
Jo _ (J:.‘i = BN 778 = 2.667)
o  3) r

Tir d6 rd rang ring [o co the bing 59% cua [ va lon hon khi

[:g( 24 *‘V 5.6 )hm(7-:——8)h

0,05 0,05



= (fz Bmi-w'-i
\(Vg 0,05 \/3 004) (6 5-17)4

tirc 1a déi voi ddm khong qué ngin.

. P N o . E .
Thi du ddm chik T s8 20a bing ihép can thi— =2.5; i =8,37cm: k==2,78 va

oy

g 2 AR,
fo 94 978 25 5370 _ 584

T or2 iz
Vay fo la 5% cia [ khi

=1/ 2820 < 341em > 174,
0,05

L

Thi du 85. Cho: P, a, b, ¢, F, I, I, E, G (hinh 162a) xdc dinh chuydn vi

'n v
thdng ding 8 cia di€m dit lyc P khi ¢¢ tinh L8 cd ciac binh Unie bifn dang
ctiia thanh.

Hinh 162 Hinh 163

Bdi gidi. Ta x4c dinh chuyén vi phéi tim 8 theo cong thire (183).

Chi co6 doan & chiu kéo. Luc doc do lye P va Pgy==1 giv ra (hinh 162b):

N —_— N ‘M _
T#t ca cdc doan clia thanh déu chiu uén. Momen udn va hre ciit & mil cit
ngang bi

t k¥ cda cédc doan thanb do tac dung cta Iyc P va Py =1 brong t’rx;g fa:
My=Px; Mo==x: My=Pa: My=a; Mc==Px; Mc=x;
Qa:m_-'lP; —Q_a-"—_'ul: QbZO:"thO; Qc:P: écm’;

Chi c6 doan ¢ chiu xodn. Momen xoé4n do tac dung ctia lue P va Py=1 ]a
Mo = Pa; My, = a.

Thay cac néi lye tim dwoe vao cong thire (183) la dwroc gia iri cha chuyén
vi phai tim nhuw sau-:
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H] c
Pb ] . y kP Paz¢
Sxm-——-— S— xidx 12h r2dy i, y —
+ (J-1d:c+a +I~a 1)+ o7 @O+ =

{}
I b 1 a® c3
o P} o e = [ —— 4 2% A — e | e (U .
rlF T (E e 5 ) g [Feror 2]
Thi du 86. Clio P, g, E, I, thanh cong ¢6 d¢ cong nhd (hinh 163a).

Xac dinh chuy®n vi thding ding 8. clha mit cit C.

Bai gidi. P& khong [am mil dang déi xirng cta hé déi voi truc théing dung
di qua ditm F ta dit Pn =1 & cac miit cit C va D (hinh 163b) va chl xél mét

ntra hé.
Momen uin & cic mit ciit ngang bAt ky xic dinh bdi géc @1 v g2 co gia
tri nhwr sau:

—do e £:
My = — Pp(i —— f.'OSQ.‘;I); 1"[” o — PP;

— do lue Py = 1.
Mi= — o(1 — coso1); Mu= —¢.

Theo cong thire (189) ta c6 chuy@n vi phii tim:

79 /2
P — —
e = dn =—F}' (Jq J[u”ydr;:l+ J. J[u.}[ud@z )m
o o
. /e _ CRf
S f;; [J (1 — cosp)? doy 4 J‘ d@z]ﬂ
) o
:(._‘l ;;__:2) Fe’ g B
4 FEl El

Thi du 87. Cho ¢ 12 cuong do cla tai lrong phin bd déu theo phuong nim
ngang, ¢, P = 2qp, I, I (hinh 164a).
Xac dink chuyén vj 8 clda gdi di dong.
Bai gitii : Tir diéu ki¢n tinh hoc cia hé di cho fa co:
Br=4qp; Ay = 1qp; By = 2qp.
Motmen ugn trén cée doan ciia hé do lyc d& cho sinh ra la:
My = Py =2qex: My =~ Pp(l + sing) — Ayp(1 — coso) +

2 2
-+ —q%- (1—cosp)? == ~%-~ (coste 4+ Bcosg — dsing — 11};

I}IIII — Bxa: m‘iqp&'.
Tir diBu kién tinh hgc cho hé bd sung (hinh 164Db) ta co:
T

B;ml;A;’;z—; ;B,m—é—n
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Momen ugn irén cac doan ctia hé bo sung:

— . 1
My=x: My =~ p(1 4 sing) -~ — p(l — cosg) =

|o

= ~— (cusp — 2sine — 3); Mm = <.

[

A

b

Theo cong thirc (189) chuyén vi 8 thu dwoc bing:

F ™
- 4
3 == E‘Ef[ 2qp j. xide + quw J. (costp + 6cosp — 4sing — 11)(cosp —
O

8]
)

4
— 2sing — 3)de + 4gp I wids | = [t (5 00—

0

2

4 32 ge* 77 - g’
—— o dn 438} o | =AE 07 4. LD 7,24 42
g To r)'Fs] EI( *8“)0

Thi du 88. Cho P, P, s — chiéu dai trge, thanh cong theo dudrng cong
bat ky, E, I (hinh 165a).

Xac dinh goc xoay 8, chuyén

- vi ngang 8 va chuyén v ding §,

cia cdc mit cil dit lye P: va P

9 ! Bdi gidi. G mil cit ngang

. ._ hat ky co toa do trong tim x, y

3
‘py - =it
. Z
by o
¢) QMH:’ ,
)
/N E ’
P, =1 .

SN

Hinh 164 ' Hinh 165

d




va goc nghiéng cla ti€p tuv€n voi true x la B, momen udn va hye doc c6 gia L
nhuw sau:
do tac dung cta ciac lye cho P. vi Py (hinh 165 a):
M= Py + Pyx: N =— Pycosp + P, sing;
do tic dung ciia Mg =1 (hinh 165 b), M = 1; N =0;
do tac dang cua Pgx =1 (hinh 165 ¢}, M =y; N = — cosB;

do tac dung cta Py, =1 (hinh 185 d), } = 23 N = sing.

Theo cong thirc (189) ta co:
5

s
i l +
ﬂﬁ—-—é}“(?:jvyd.‘f*l-l"yfﬂ:ds)ﬂﬁ—(Pr‘SX_i’"PYSY)'

3] o]
5

4
trong da Sz == I yds va S, = j‘ zds — momen tinh clia cung s ddi voi truc
0

o
]

5 ]
By = -—é—r (lﬂ’, J‘ y*ds + Py fxyds ) -{—-—Elﬁ—(Px Jncoszﬁds — Py jsin {acosﬁds) =
[¢) o]

o 4]
8

8
_ Wéf (Pls + PyTe) + “glﬁ“ ( P, '{ cos?pds __,é_ P, J sfnggads),
4] 0
35 8
trong do Iy == I yids va Iy = jﬂ zyds — momen quan tinh va momen quan tinh
0 ]

ly thm ctia cung s ddi voi truc @ va hé truc zy;
3 L

3
8y == L (Px j yxds + P, I :rzds)—lw T
El ”
T |
0 L+ S S Ao O O...
1 J g 1P
+ P (— P: Jv cosBsinpds + | N ‘
O . Il a it
] 1 A
P sin?Bds | == s { Pyl F,I
+5 .ﬂ‘ e s) El (Pely - Bl o+ Hih 166

0

8 )

1 Px - :

+ = (- j' sin2Bds + Py j' smzpds),
_—

O



trong do J, = J‘:r'zds — momen quan tinh lryc cla cung s déi voi truc y.

4]
— 1t
Ta xé! thanh ¢é d9 cong nho, truc lhanh cong theo parabon y = ?;

P; = 0; Py = P (hinh 166),
Vi
d @ T
y s e == yd d§ = e VY @% 4 22,
a a
nén

a

1 P 1 1 PR IF : a? P
2 — 1 2 23| =-—— 2y2 — 1}:
_-aj:m/az_i_:r dm_al3V(a +atp 3 2V )

a
1 1
Ixyﬂm%“i“j SV(I‘:-—i—.‘L‘zdI-_«-— TaE V(a2+.r?-)5
0
at EESHSSUNIS—— 3 V—
R, 2 2338 = ——
V@ F=7 | = 15 (V4.

v =

1 I VI Fatdr — .;; ZVEFT - g V@ T+

(13

+ a*ln (x + Var + z¢ :52)] = (d\/._ 1 T — \/;“,_1 )

Thay céc gid tri lim dugce vao cong thuce 8, 3y, 8, la duoc:

PS8, 242 —~1 Pd Pa?

El, 541 Pd® . Pa®
Ry B I/ B Ly -/
5 Pl 1 o 1 ) Pa® i Pa®
T EJT _H-SM( Ve +in ¥Y2 1 Er “ET

Bat t4p 774 — 787. Xac dinh cac chuyén vi suy réng ghi trong hinh vé.
Trong t&t cA cic bai tip & dhy va vé sau khi tinh chuydn vi suy rgng ta
sem nhwr di biét d¢ cirng ciia mit ¢t thanh. Néu khong co chi dan thém thi gid
dinh modun dan héi cia val lién va cac dic lrung hinh hoc cla cac thanh trong
hé va cla cac doan trong thanh bing nhau. Trong bai tip 782, 783 khi tinh d¢

vong cé xét dén lyc cit.
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775

M M
A )
C g B %‘Pf?
A i
Ja / 2a ,(ﬂ‘
4M
78 et 779 .
1~ :Eﬁr'«‘r“ﬁ‘ ] g} RIREN!
- LJ__LL“ ¢ 7 97 4 a a
a 2a #] a £,=7 8A=?
ga?
780 g M= 781 .
. /
”@, f;‘)j 79” 74;4»’(&’((1 7@?
Al IA
! 7 i
L a ’: a< g ! N b B
T 1 =9 =?
fr=?  Gy=? fa %
782 783
P=2 M=4D}
7 1 ép -~
VAN EEEXZEERRIL! Y D
o W% ?p A N
al 4 la|] L8 = g e
f=1 | |
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Bai tap 788 — 790, Xdc dinh su thay dbi khodng cach 3,8 gifa cac mit
cat A va B.

788, 789 790
= = o A, P
g H —
g H = 5 el
= N = ord +
. a. j.a,  _1” N
Bai tap 791—793. Xac dinh chuy®n vi thing dumg 3 ca mit cit A
791 792 793
P - By’
Y P
%
/# a r/,A
HT i e iy

Bai 1a4p 794 — 796. X4c dinh chuydn vi dai 3 cda mit cdt 4 theo phwong
cia hye P dit tai miat cit do.

794 795 p
w@% ) b A ;
&,
o ‘%
6 .
b !
a Zy S 2b
st b o
¢ P Za N
6=
d= ’ L
/ e
“F

d=b; 0=££

Bai tap 797 — 805. Xic dinh chuyén vi thing dirng 34, chuydn vi nfim ngang
3. va goc xoay 8 ciia mit cét C.
Trong bai tap 801 xac dinh goc xoay clia mit cil bén trai khop,

797
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Bai tap 806 — 811. Xac dinh chuy®n vi 8 cha g&i di dong v chuydn vi

thing dirng 81 cda mit cit C.
Trong bai 811 chi xac dinh 3,

806

809 810 B g gl

| e
S A

et . :;A;///«//J
Luc phdn b déu theo tiéh
fuyéh cung trin

Ly phan b6 déy theo
hinh chidu dirng

Bai t4p 812 — 816. Xéac dinh chuyEn vi thing dimg 3 cla mit cat A.
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Baj tap 817 — 819, Xac dinh hrong bién ddi khodng cach S4p gifra cac
mit cit 4 va B.

Bai t9p 820 — 821, Xac dinh géc « khi mil cit C chi chuyén dich theo
phtrong thing ding.

820 821

CLLLLLLLL

12
E
4—£—>l

f5a

PHUONG PHAP NHAN BIEU PO — QUY TAC VERESAGHIN.

Néu d¢ cirng ctia mit cil ngang thanh trong doan khoéng ddi thi moi tich
phan clia cong tinrc Macxuen-Mo (183) co thé linh biing tich gifra dién tich « clia
bidu a8 ndi e do cac lrc di cho (hinh 167) v&i toa d6 & cha bitu dd néi hre
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do lye suy rong gid bing don vi (nhal Lhitl phai la duong thing) trong ung voi
frong tam ciia bitu do thie nhit

Trong thye € quy . tic Vérésaghin duye ap dung d& xdc dinh chuydn vi
dai va chuvén vi goc ctia hé khung kitu dam do lic dung ciia momen udn. Cong

thire xdc dinh chuyén vl c6 dang: }
w?
=y =, (191)
El
trong do tdng linh cho il ca cie doan cia thanh.

(.6 th# phan bigt cdac doan khang chi theo tai trong mi. ca theo dfu cia
bitu d6 M hay M vi theo sy khong thay déi cia mil cil ngang. BSi voi hieu
46 M vi M cung dBu, lich & > 0, con d8i vai bitu d6 khic din o < 0.

Trén doan, vi lri cic bitn d6 M va M d8i voi dwong chudn o 1hé bil ky.

. . o v " . " . ('Y
nhirng khi cing d8u ching & v& mél phia cia duong chudn,

Co thd phin biéu d6 M phirc tap thanh phifu phin, xic dinh cic dién tich
@y, o ... {hinh 188) va trong tam cdc hinh do. Do cidc tung 46 &y &2, Zi. ...
duéri lrong tam ndi phdn. Khi do

of == w:»’ix + w252 + fﬂ"_s‘z'a 4 e

Trong trwing hep khi trén doan nio d6 cda thanh bidu 46 M la dwing
thing (hinh 169), c¢o Lh® phin dién lich o cla bitu d6 M véi tpa d6 Lrong ung
- o -1 - X7
§ cua bhieu do M.

Trong tam

]
f
[

Hinh 187 Hinh . 168 Hinh 16%
Néu trén chidu dai doan thanh mit cit ngang thay ddi thi tinh dién tich o
phéi 1 clia hitu d6 momen udn tinh ddi chir khong phai momen udn that.

I‘Itd ——‘-.1'[ ]0

trong do 7/, — momen quan tinh cda mit cil khong doi quy woe cua doan: [ —
momen quan linh ¢tia mil cit thay dol.

Thi dy 89. Cho P, a, E, I (hinh 170a).
Xac dinh chuyén vi ndm ngang 81 cta mil cial 4.
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a) b .
o !
] A g Sf:
fy
_ég 1 pg=)' -] H i
) i AT gl ¥ i
i Kidu do M i
LW z 8) ’ e i
1 o 1o ;
g P &y &y B !
i 2 d) a } “ "\ a 7 . I SAE L I. i Iy l
__ p Biéu d6 # (khi #y-1) E
. [ 1
& * G ; & S 448 ; :
R ,:v W - . jt
) Gy Bﬂe}uddwkbz 2=l E‘:u i
’ %L fs & '
a ¢t
Hinh 170 Hinh 171

Bdi gidi. Cac bidu d6 momen uén v& (rén hinb 170¢, d, bidu dd co gach
gach 1a do cdc lyc di cho, con bidu d6 khong gach pach la do hre gid Pg=
dit & mit cit A huwing sang phai theo phuong nim ngang (hinh 170b). Vi o =

a? Pa Pa?r Pa? a?

;w2 == P 2= oy = - 183 =05 wa = T
F 2 3 ' 8 2

J1t

4 =<

-
et

2 «?
= e PA 0 = —

F
D! =

li

5 %-Fa; nén khi chi y d€n quy tdc dBu theo cong thie

(181) chuyén vi phai tim la:
._ 7 Pgd
34 :—ELI_ (w1Z1 + w35y — wilz 4 wels — wg8s) = -1-1;2- E(; .
Thi dg 90, Cho P, q, E, I (hinh 171 a).

Xac diph 64 va fc

Bai gidi. Bigdu a6 M do cac hyc dd cho vé trén hinh 171 b.

Trén hinh 171 ¢ la bitu 46 M do momen gid My =1 dit tai mjt cit A theo
chidu kim ddng hé, con trén hinb 1714 12 bidu 46 M do lyc gid Pg=1 diL &
mit cil C theo phwong thing dung va chiéu di xudng.

Vi

"~ Pa? £ 5 ., a Pa® 5 £ = 3 a
Oy Tm o ) £ Tm e | D mme——, (I3 T e ) g TS e T
4 6 '3 9 "8 4
Pu® 7 ., 5 1 ., 2
y == 4 * Eim 12 t ;33”6—‘1- m“-——-PaZ,g“_.——»_:_....'E m"é"a

nén (n€u tinh dén sir khac nhau clia mémen quan tinh & cdc mit cit trén doan)
theo cong thirc (191) chuydn vi phdi tim la:
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I - "
By 2%[0}%51 + "i;”(toziz + w3tz -+ m4;4)] =
_ 2 pe o e
48 R —Z 5
1 . .1 9, r . — : 1
fc= I [wxil +—-2— (wziz -+ 01353 + °’454)] = b _ lﬂ g
17 Pdd g Yo ,
4 El ¢ it =
Thit du 91. Cho !, E, [s], dim c6 d¢ bén déu ) ‘; ; g
voi chiu cao h khong doi (hinh 172a). ~
Xdc dinh 84 va [a.

Bai gidi. Theo didu kién ciiu tao cia dim cé

dd bén déu Hinh 172
VVx = Ix jouar=s 1”: .
A o]
. 2
(' mil cat nguy hidm
W’v — -)'1 fyjmaz
h ¢}

Néu quy vé dim co mit cdt nguy hidém khong thay doi thi /o = I va momen
udn tinh doi

Io

i"[td - J‘I: I jur=— m[mnx == ¢onst,

X

Bitu d6 momen tinh ddi (hinh 172b) la hinh chir nhal co chiéu cao

M max mfﬂﬂ .

h

Trén hinh 172¢, d v& céac bidu d6 M do My ==1 va Py =1 dit & mat cit 4,
M, =1 co chidu nguoc chitu kim déng ho, Py = 1 huwdng thing ding xudng dudi.

Vi o= Mo = 21}561 [; E=1vag :-%-_nén cac chuydn vi phai tim:
Q)E .x'}'fmnxl 2[0‘][
8:‘; ey e st ;

El El Eh

C'JE, *'wnmx[z — [5][2

fa= =981 = "En

Bai 1ap 822 — 826. X4ac dinh do véng [ vA goc xoay 6 chia mit cat C.

o
g
o



822 823 ? 824

Z2a

*D* -
o
[~y
i)
sl
A §>
o
b [

Bai t4p 827 — 830. Xac dinh chuyén vi ding 84 va chuyén vi ngang 3, ciia
mait cit dit hoe P,

827 828 829 830

- ‘a‘wrp l{ff“ ptf’
GL, il |

Bai t4p 831 — 833,
Xac dinh chuyén vi 3 ciia gdi khop di dong.

831 832 833
p 2P 2a P 2a

3 1 Z _

L& 1y T
A3

NGUYEN LY CONG cuc Tiku.

Co the gidi he dan hdi siéu (Tnh theo nguyén Iv cong cyc tidu. Theo nguyén
Iy nay cac in lyc suy rong thira c6 gia tri sao cho véi gia tr] do hre suy rong Lic
dung lén hé thyc hién mot cong cuc lidu.

Cach gidi bai todn duwoc lién haoh theo so d5 chung nhu sau:
Dua hé siéu 1inh vé hé (Inh dinh b&l bi€n hinh va goi bé moi nay la hé
co bdn. ' ' i

DE bé di cho twomg duong voi hé co ban, trén hé co ban phai dit 181 ¢a
cac luc tac dung Pi va 18t ci cac dn luc suy rong thia X

, Xdc dinh th€ ndng bi€n dang dan héi cia hé co bin nhw la mét ham bac .
hai cia P; va X,. .

i

2a

§ 41. Giai h¢ siéu tinh
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Vi chuyen vi suy rong twong Ung voi cdc dn hre suy rong thira b?ing khong
nén ta ¢o phwong trinh:
ali . : :
— = {i=1, 2, 8,...) 192
aNi ' (152)
Tal ¢d cac dn lye suy réng thira X; duoc xa(, dinh tir phuong trinh nay.
Cac phwong trinh (192) la-ham s6 ctia céc An hre suy rong thira va la digu

kién th€ ning bi€n dang din hoi cye tigu
Poi viri hé thanh phuong Lrinh cia nguyén Iy cong cyc tiéu c6 Lhé biéu thi

theo Lénd thirc Macxuen-Mo.
gu hé gdm cac thanh thing chiu kéo, nén, ugn phiing va xodn Lhi moi

phuwong trinh (192) dwoc viét nhw sau:

):JN\ 11+Z‘j M d.L-I—ELjQQ dx +}:I Medlxy dz =0 (193)

trong do N, M, Q va M, — noi lye Lwong trng & mijt cél ngang bﬁl ky clia moi
doan trén hé co ban do il ¢d cac lue di cho P va t&t c& cac An lye suy rong
thira X3

N, 3,0 va M, — cling 14 néi lyc uhwr viy trén hé co ban nhwng chi do
méot Xi=1 trong cic dn lye suy rong thira.

Vi viy dé giai bai todn siéu linh bic n cin phai xéthé ¢ (a + 1) trang thai:
frong dd mot lrang Lhai cor ban twong dwong co lic dung ctia tit cd cie lye Py,
X; va n lrang thai LO sung, moi trang thai chi ¢6 mot hre X;==1 tic dung.

Vi hé Lhanh ndi khop phiing chiu cde e ddt & nut, phweng trinh {193)

co thé rut gon nhu sau:

¥ fﬂ;ﬁuff.n:t) (194)
Vi he khung kitu dim phing trong a) /\ o (\

do lge doc N vd luc cit @ nho o th
diung phuong trinh rit gon:

MM -
2 j 7 dr = U. (199) |} L 4 |}

Voihé gém cac thanh chi chjuxodn:

Z‘ j MeMao g . (196)
Gl

V&i hé thanh siéu tinh phing o6 b
dd cong nho: b 3}( &) ﬂx
- . 7 1
MM g5 — .

RE= (197)
El o S
Khi tinh toin chinh xac hon la
diing phuong trinh ¢é xét dén Iyc doc K 4
z\\ uw ] ]
NE L ds = 0. (198)

Gidi hé siéu tinh cdn phéi {i€n hanh
sao cho hé co ban thu dwoe don gidn va
- b Jedon 5 Hinh 173. Hinh 174

tinh todn thuan lgi nbit. 247



V& miit hinh hoc. hé doi xieng d6i voi mot trye  va tai rong déi xirng
(hinh 173a) bay pi]iql!tlﬁ(";l xung (hinh 174a) cil bé theo mill phiing doi xtrng la hop
1v. No lam giam s0 dn fye suy rong thira phii tim va cho phép chi phai xét mgt
phin bi ¢t cia hé (hinh 173b va 174D).

Trén mill catl trung voi mdt phing d6i xing, khi 14 lrong ddi xtng trgc thi
cic néi hre phan dgi xirng Q va M., biing khong, con khi tai lrong phdn déi xirng
thi cdc noi Iy d8i xirng N va M bing khong

(hinh 175).

0 Dai voi he thanh thdng co thd tinh cac
tich phén trong phwrong trinh (193) béing céch
nhén biéu dd momen.

NN Khi gidi hé siéu tinh ta co th® xac dinh
chuyén v suy rong etia mil cit nao dé biing
cach xél h¢ dil cho hofic hé co bin fwong

g | dwong bit ky. Hop Iy nhit 1a chon hé sao cho

vige xdc dinh ndi lyc do luc suy rong gid bing

don vi sinh ra don giin nhélt.

M
™

Hinh 175

Thi dg 92. Cho P=28T, a=1m; B1 =30°; Bz == 600 E; = F = Eiq =
== E = 2.10%kG/cm?; Fy = Fiy == Fpy==2cm? (hinh 176.a). Xac dinh oy, 64y, oyyp va 84,

Badi gidi. Vi céc thanh ciia hé d3 cho c6 do cing mat cil nhr nhau va cbi
chiu kéo v&i ndi luc khong ddi trén sudt chidu dai nén d& gidi he siéu tinh ta st
dung cong thire rit gon (194)

Y NN =0 (a)

Hé ¢o ban chon nhu trén binh 176b. T didu kign tTnh hoc d&i vai he nay

ta co: P x .
N{= p—A i ;f\?llm-—:b—w-:.\’;N”]mX.
2cos8 V3 2cosp,
Tir difu kién tink hoc d&i véi h¢ bd sung (hinh 176¢) ta thu dwoc:
_ L L o _ 1 ., §o—1
Ni= 2cosft VY3 U 2c0sp, Bt
Ta nhan thiy Ly = N 2m, ;= g = ?"_ n,
. ‘ sinpy sinfs; V3
{1 = a(coigPy — cotgBs) = y3 — V%—-ﬁ —{/%_-um, d& xac dinh cac Ain lue thira,

phwong trinh (a) ¢o dang:
* %3 Y 7AT P ‘_A’ 1 ‘ - 2 » 2
= {},

V3

o]

v
= %[-— %P + (2 + 31/3);\’]
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g

va

Tir de

9
X=Vin=Nu= m——-:-i—]-m-_—— = 0,278F
2L 3V3
. S
5] [ Y .
Ni= - i— 3V3 e 8P, e = (0,417 .
, V3 2+ 3Y3
Ung sudl phap trén céc mitcil ngang thanh cia hé:
. 3
a1l =GI:1:—‘—X-‘=:~. 0,278.8.10 = 1112 kG. ;
F 2 cm?
a) 17
r—z—’“'(i .
b 4E
RV
. I ]
I
— ~N
I

=
R B
=

2
"

Hiph 177

Hinh 176




1\ T . ) N 13 (3
o) = ‘1 m 6,417 .8 .1 ::1663«M1
F 2 cm?
BE xac dinh chuyén vi thing ding 84 clia mit 4 ta ding hé tinh dinh Lrén
hinh 176d.

3P

Vi & hé nay Ny== —— _—  coudo lregid Py =1 ddl & niit A theo hud
PR Fegi e ne
thiing dirng xudng dwéi
M=t = qen chuyén vi phai tim
2c05p3: V3 :
2 - 2 : 2 2.0,417.8.103,.2 107

34 = ———NiNtl] = — . 3P — . a . 0.417.8.10 10 =~ 0,19m.

EF EF  243V3 ~ 3 2.108,2.1,732

Thi dy 93. Cho ¢, E, ] (hinh 177a), Xac dinh [a.

Bai gidi. Vi do cirng mil ciit ngang ctia cac doan thing dirng va niim ngang
ciia nira khung nhrr nhau nén dé giii hé siéu t7nh ta ding phuong lunh rul gon (195)

2 I M.Mdy =0, (h)

Momen udn M1 vd My trong cac doan ctia hé co ban terong dirong (hinh
177b) va My, Mi trong cic doan ctia hé bd sung (hinh 177¢, d) tuong uwng bing

Mi=Xur q‘) My = X2 4 Xox — 21 — qa?s

M=z, My=2l,
Hl ooy ﬂ, Jm; e L
Ta vi€t hai phuwong trinh (b):
21

l
2
J‘ (Xlzr - q.; ):cd;c e 2f f (312 + Xox — 2917 — qa?)dr =0,

Lt}

J’ (X2l + Xox — 2912 — gzlyrdx =0,

Sau khi ldy tich phin cic phwong trinh nay co dang:
20X1 + 3X, —20q! = 0,
]2X1 + 4Xg —— ]5q1 == {J,

itr do
, - 35 15
Xy — {: X, = —
' 44 1 7 z 11 gt

B2 xac dinhdé véng f4 cda mit cit A ta lim M cho hé co ban twong duong

va M cho he bd sung (hink 177e) & mit cil nim bén phii mit cil A véi khodng
cich x:
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,1f=x1*zt+_yz(_ém+,.) -;q;,wq( +$)

q .2 e 2
= — A (dd? — 16y — %),
1 ( )

;sz .
Theo cong thire {188) ta-co do vong [ phai tim
£ | Sql4
R T L e
fa HET f ( v B 112K

Thi du 94, Cho P, p, E, Iy == 2]y, thanh c6 dj cong nho (hinh 178a).

Hiy xdc dinh chuyén vi ngang 3, chuydn vi ding 8y ciia khop A va vé bitu
46 momen udn.

—uasapp

J’J’JBPp L138Pp
=hLiPp
@%0,847&0
0let—-20

Hinh 178

Bai gidai. Vi cac thanh cé do cong nho vi modiin dan hoi doc ctia vat ligu
thanh nhw nhau nén d& gidi hé siéu (inh ta si dung cong thire vt gon (157)

1 v
L u¥ds =0 : :
ET J i | ©



Ta 1Ay phin fye ngang X chia gdi khop lam dn lge thira. Ding cac [)hl!n’nc:
trinh tinb hoc, khi trén hé ¢6 khop treo 4 ta linh duge cic phdn Iuc O ngam ey
h¢ co bin twong duong (hinh 178h) theo lyc dd cho P vivdn lyc thra X. Treg
hé bo sung (hinh 178¢) co lyc X == I nén & ngiun chi xu@l hién phin lure ndim ngang

Momen udn trén cic doan I v A II clia h¢ co bin vd hé bd sung thu dwoe
twong Ung bing:

My == 4Pp ~— 2Pp (1 — cosp) — X2psing = 2Pp(1 4 coso) — 2Xpsing;
My = Xpsing; M= — 2p8ing va M= psine,
Vi cic phan t3 trac thanb co gia L.
dsy = 2pdo; ds;y = ode; Iu = 21,
nén phrong trinh (c) ¢é dang:

r17 ™
8 jxsm — P(1 + cosp)lsing . dp + *‘é X f sinZopde = 0,
o] O
Sau khi tinh tich phan la dwoc:
_%Z... X — 16P =0,
T d6
X=-9%_ p.108p
™

P& xdc dinb chuy®n v{ ngang 8: va chuydn vi ding 8, cia khop A ta ding
cdc hé bd sung trén hinh 1784 va 178e.

Vi trén doan II ciia céc hé nay khong cé nél lwe nén la chi xél doan I. Cac
momen udn lrong doan: do hre dit cho
My = 2Pp (1 + coso) — 2Xpsing = 2P (1 + cosp —

Pgﬁ}!

xinf_p), do Irce ngang

=

My = 2psino
va do lyc ding Py = 1.
M = 4p — 2p(1 — cosg) = 2o(1 + cosp).
Vay chuyén vi pbai tim;

T w
2 — 3P°8 64 . .
8;-—"—“--&“ M Mid ______E__ 1 COSQ mam sin )sm do ==
El J. rH1de ElL ( -+ cose 7 Sne pdo
0
=15 Pl ~ 0041 202
17 El EII
3 T
8P 64
8, == —n e P 1 S — sin )
Y El Elr I("i‘co? n_“PX
4]
3 128 \ Pp® - Pp?
1 cosg)d —“-b(wvc---—m—-) 18,5 .
X + 2 9 7= ) Bl El

Cac bidu do momen udn M; vi My vé trén hinh 178g



PHUONG PHAP LUC

Pé gidi hé dan hoi siéu tinh bing phuwong phap luc ngudi la lap va giai
cac phuong trinh chinh tic dang:
Su Xy 4 812X 4+ 813Ny + oo + 3 XNa F Sip =10
321X! + 822Xz 4 83Xy 4 ol - Bpadn A Sz =1,
831‘\73 —{'- 852.\.’2 + 833 4\:3 + . "‘["’ S3nxn + S:IE’ =),

- . - " . n - . - - - - . - - - . .

(199)

» - 3 . . [ - L - L] " - - - L - - +

SnIX[ + 853X2 + 8,,3;\:; '+---. + Snan + Snp — U_

M&i phwong trinh trong hé nay bidu th mot difu kién (192) — chuyén visuy
rong trong hé siéu tinh lvong trng voi méi an lue suy rong Xi. Ko X5 ., Xa
bing khong.

Cac s8 hang tir do cuia phwong Lrinh 8;p va (At ca cidc hé 58 3, & S fa cac
chuydn vi suy réng trong hé co bdn’ theo phu(}'nﬂ i (chi 58 thir nh&t) cha An lue
suy vong Xj; 8 Bip ~ do tac dung clia 8t cd@ cic luc suy rong P d3i cho, con 3iiva
;. — do mbi An lwe suy rong bing don vi Xi=1 hay ‘\k——l néu trong chi s&
thtt hal.

THt cA cac chuyén vi suy rong nity co the xdc dinh bing mot phuong phap
bil ky di biét bay co the dwoe thi I&y theo bang.

Cac chuy®n vi 8ip co thd 1on bon, bé hon hay biing khong, no phu thuge vao
cac hye di cho, dang hinh hoc cta hé vi viéc chon hé co ban.

Cac chuyén vi i va 3;x khong phu thude vao ItrC dd cho ma hoan toan duoc
<ic dinh b&i dang hinh hoc ctia hé va viéc chon cac dn lue thira; cac hé s chinb
8i: co gid tri khac khoung vi luon ludn duong, cdc hé 50 phu 8 = Swico thé lon
hon, bé hon hay biing khong.

Khi chon hé co bia cin phai ¢8 ging sao cho co nhiéu h¢ s8 phu bing khong.
Cich gidi hop Iy cdc hé déi xirng xem chi dan & trang 248,

(in pha1 xét hé siéu tinh bdc n qua n -1 [rang thii: mét trang !h&i co
bin do LiL ca cdc lue suy rong d& cho van trang thii bd sung cho tirng n luc
thira suy rong hiing don vi.

Néu hé siéu tinh chi chiu sir thay déi nhiét do thi s§ hang tu do cua cac
phwong trinh chinb tic 8 1a 3i,, d6 la chuyén v} suy réng twong tng voi in e
thira suy rong thir i trén hé co bn do sy thay ddi nhiét do. Khi trén hé co tac
dung dong thii tai trong va sy thay ddi nhiét do thi s3 hang tu de trong cac
phuong trinh chinh tice 12 tdng 3ip + 31

Xét anh hmmg clia sy khong chinh xac trong che tao cic bd phan cia hé
khi lip rap, sd hang tu do cua ciac phwong trinh chmh t4c la 81, bidu thi chuyen
vi suy rong hrong ng véi An hyc thira suy rong thi i trong hé co ban do do
thigu chinh x4c A lro ng ché tao cic bd phin gay ra.

Céc gia tr] 8y va 8y, dwong hay 4m phu thuéc vao viéc cde chuyg&n vi nay
cting chidu hay nguwoc chiéu v&i chiéu cia Xi.
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Vé&i hé siéu 1inh bic mol, phuong trinh chinh tdc cda phuwong phap luc
co dang:
Sudi + 31p =10,
viy dn lirc thira suy rong co6 gia tri
Xi= - Ot® (200)
31
N&u he¢ siéu tinh bac mél dwoe xét 1a hé khung phing kiBu dim hay hé gom
cac thanh cong ¢6 do6 cong nho, trong dé vai
tré coa hye doc va lre cdt nho thi

MT M?
ip S1p = EJ‘ d ds, Silﬂzj-frds
@ | MM
S EJ-
§ma T Xy = — e
| £ = ZJ i}!
b | }
Ry T * { i IRERE! ; trong 46 ds — phin t§ dai ciia doan truc.
§. - i Tht du 95. Cho P, ¢, a (hinh 179a).
| pre—!
. % Gidi hé siéu (inh, néu khi tinh bién dang
'y cdc doan chi xét raomen udn, “
d L XK=t Bai gidi. Ta chon phan lye ygi di dong

iam &n hre thita Xy, Vi c¢hi trén doan c,hwu

dai 2a, MM =0 va M2 =t ) va trén doan

Hiﬂh ]79 . “ » 4 N -~ . N
ndy cta bé co ban (hinh 179b) va hé

x?
bd sung (hinh 179¢) M = — P (a + ) — .M =z, nén theo céng thuc (201)
2a 2a
2 - qxz
MMdzx P(la 4+ x)+ 5 zdx
v o _
= 2a o 2a o
o~
M2dzx szdm
o o
%Pa-‘» + 2qa? ;
: = w0 (77 -+ 3ga).
8 4
— 3
3

Tht du 96. Cho g, q, E, ] (hinh 180a). Hdy v€ bitu dd momen ugn.

Bai gidi. B gidi hé siéu tinh la cil kbung bing mit cil gita thanh ngang
(hinh 180b).

Hé co ban dwoc vé trén hinh 180c, con hé bd sung cling v&i bidu dé momen
ufn do Xy=1, Xy ==1 vi X; == 1 v& trén hinh 1804, e, g.
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Vi bitu 46 M do X1=1 va X; =1 la cac bidu d6 ddi xung, con bitu ds M
do X, = 1 phan ddi xirng. nén cic hé s8 phu 85 == 8, = 0, 83 == 83, = va phuong
trinh chinh tdc ctia phwong phap lwe co dang:

811«\:1 + 8134\’3 4 3yp = 0,
822Xz 4 3pp =0,
) 85, Xy 4 83345 + 3p = 0.
Ta tim cA¢ hé 88 8y, 8s0, 835 VA 835 = 33 bang phuong phap nhin bidu do:

El8;; = 2.3a ~— a — 3a == 18a3
273

a 2 20
“ — ) s A . - = 3:
hISzzw_(ag.:ju-{—a.‘%a.a) 3(:
E!S}g"—mz(l.a.l+1.3(I-1):8(1;
E1813ml-31831:‘2..1.3a.%—.3a=9az

—

Ta xac dinh cac s& hang Ly do theo tich phian Mo.
Ja

. x3 )
El§pp = — I ady = — — gat;
18a 10
0
3a
3
. g.r
El8p == / adr = — -—-,--qad'
18a
0
&)
a) 2o a . xp=1 LT
¥y ‘ :_‘... i i\‘
E r‘-}xlml i N a
B | i
L L
g g ==
!

q RGRERY

]

i, S

4
P iy = =
- da B = Ja

Hinb 180
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3a 3 9
Els,p = — j' ‘]7‘8"{1 dv=—= qa*
4]
Thay cac gid tri tim dwgce vao phwong trinh chinh tic va bign d@di ta 6:
20aX; 4 10X; = 3qa?,
160X, = 27qa,}
72aX; + 64X, = 9gaz.

Tir dé
l3qa210[
9qa® 64 192 — 90 ]
Y= Ta0a10] T 1280 — 720 99~ 0.1821qa;
72a64
27
Ap == ~u ga ~ 0,1688¢qa;
2= 60 ¢ 7
] 20a 3qa?
< 2 —
X, — 72a9qa _ ]8{)” 216 ga? ~ - 0,0643qa>.
560a 560

Dung phirong phép cong ta dwoc bifu dd momen udn M trén t#t ci cée
doan khung (hinh 180h):

O mit cdt A M =0,1688qa. a — 0,0643ga? . 1 = 0,1045qa?;

(F miit c&t B MW = — 0,1688qa. a — 0,0643qa2. 1 = ~- 0,2331¢qa?;

O mit cdt C M =0,1821qa. 3a — 0,1688ga. « — 0,0643ga? = 0,3132ga?,

O mit cit D M =0,1821ga.3a + 0,1688ga .a — 0,0643ga? —

— T 97¢% = — 0,8492gaz ;
. 18a
O''mit cit E M = 0,1821¢a.1,5¢ 4 0,1688¢a. a — 0,0643qa? —

g . 2

18u 8
Thi du 97. Cho «, b, ¢, d, E, G, [0}, 2, At° > 0 (hinh 181a). Hiy viét didn
kién bén cta hé trén doan c.
Bdi gidi. H¢ co ban cing véi sy thay dbi hinh dang cda né khi téng nhiét
do lén Af® vE trén hinh 181b, con hé bd sung trén hinh 181c.
Vi

a® = 0,1902q .

a

C
8}_1 TR e CZbAt, con 8-;:1 — —-F:t;"}'—:- +“éT (I .I:advl: + aZb + J Izdl:) +
Le]

e}

Gl — EF ' EI \'3 GI,
le___ 811 — OﬁbAt
o b 1 fad ey By ak
F TR \T P ) G,
4
trong do F = “:2,1: ’;‘f’, To = "3‘: .
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O mil ciit ngam nguy hiém cda doan, momen uin

M = X;c, momen xoin M, = Xi1a.
Diéu kién hén

VI £ (M X Ve T (qd)?

3

i - < fol

trong dé6 W = ETlE n==1 theo Iy thuy&t bén thir ba hay n = V0,75 theo ly
thuy€t bén thir tu.

Thi du 98. Cho P, p, Ev. I1, Ey;, Fy, thanh cong ¢6 d6 cong nho (hinh 182a).
Hily zac dinh chuyén vi & cta géi di dong.

Béi gidi. Ta gidi hé bing cach cdl céc thanh I va II & goi di dong
(hinh 182b). Hé co ban va hé bd sung la cdc hé v& trén hinh 182c va d.
vi

B
/2 @ T '
Slpzmw—}m -}:—p (1 — cosp) X
Eily 2 _ I ¢
o .
Pg3
. .' . Ao == —— :
K p.stnp . pdo SEilL
/2
2 2sinto gdtp——[—
Sy D
w=grn ) e
- 9
20 _ wp3 + 2p '
EuFu  2EJ, EunFu
a)
—
b
a
)]

T
A"

)

X1

Hinh 181 Hinh 182
257

51224



nén

. Sip Pe 1
A[ o m— _ " . 3 5 peg
8_11 2.{11]1 ~p __i_ “p
2FE: I EuFn
__ P i
I !4 _ff_. _EL
T3 e*Eufun

Clluyen vi phédi tim § dwoc xac dinh nhu dé din dai luyét ddi cua thanh
kéo II, tace ia
X2 2P 1
YaFuy aEuFy 1 + A Bl
n  p?EnFy
Néu khoug co thanh kéo II (tire 1a EnFy = (1) thi
Pp3
2E
Neéu cd hai gdi dfu ¢§ dinh Wic 1A EnFiy = ) thi

Xi=0 vi § =

X;:fmvélb‘zﬂ.
w

Voi truang hop thir nh#l (Ey Fi; = 0) momen udn & mil cil bat ki
M= - mg-p (] o COSq:‘).
Bitu d& ¥ nhu trén hinh 182,
Vai trwdrng hop thir hai (Eufir = «) momen udn & mat cit bil ky
I‘ 0.
;U':::Pp( sing 1 4 COsgp )
T 2 2
Biu dé momen nhu trén hinh 182¢g.

§ 42. Tinh vanh méng phéng

Hé thanh dan héi phing khép kin ¢6 chidu dai cic doan lém hon dang ke
50 v&i kich thwée miit ciil ngang dum, xem [A vanh mdng phdng.

Do 1a hé sién tinh bac ba. An luc thira 1A momen udn X1, lye doc X, va
Ire cét Xs, tire la cic nédi lue & mil cit ngang bit ky ctia vanh (hinh 183). Vi vay
h¢ cirng khép kin Ja hé siéu tinh trong.

Co (hé gidi vanh siéu (inh hojc 1 theo
nguyén Iy c¢ong crre tidu, hodc 1a (thuan lén
hon) theo phirong trivh chinh tic cda phirong
phap lyc. Véivanh mong khi lap phuong trinh
d& gidi hé siéu |inh chi tinh bién dang do
momen udn.

véu vanh d§i xirng va chiu tai trong doi
xtrng ddi voi mot true (hinh 184a) thi & mit
cil ngang tring v&i lrge ddi xirng lyc ciit biing
Hinh 183 khong. Viy & mil cit nay An lye hira chi co
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momen udn (X1 hay Xy) v tue doc (Xz hay Xj3). Béng thoi o Lhé chi xé1 mél nira
d&i xtirng cta vanh (hinh 184a, b).

Néu vanh dii xirng vi 1a Lrong ddi xumg veéri hai truc (hinh 183a) thi & cac
mil cfit qua lrue ddi ximg hye céit bing khéng, con co thé xdc dinh lyce doc Lir
ditu kién tinh hoc xem nhir tdng hinh chi€u cia cic lyc va ndi hye dit & mot nira
vanh lén lruc di xirng lwong tUng. Trong trwdng hop nay an hre thira chi con
momen udn (X; hoiic X}). Luon luén co the ¢hi xé! mot phin Lr vanh ndim gitia
hai tryc d&i xirng (hinh 185b hay ¢).

S I T L
o) . y » P //l—/—% Pz
, \L%?,m %%
- |

)

i
\

{5’
” f%q

X\‘j e
2 o) p
Y A f .
C) ! , A‘R
U _\
z X Pl
T \_&, AR z
, i R

Hinh 184

b 4

=

PilindZA

1

Hinh 135

Néu vanh cé nhitu hon hai true di xitng thi cé thit xét mot phin vanh nidm
giira cac mit cdt tring vod cdc truc d3i xing ké bén nhau.

O cac miit cil ngang nay lyc ciit bing khéng, hre doc tim dwogce tir difu kién
tinh hoc, con momen udn la dn hre thiva.

Thi du 99. Cho q, o, £, I, vanh méng vi dsi xirng doi voi cae truc X va Y
hinh 186a). .

Hiy xdc dinh doan dich gin 3 ctia cic dim giita & cic doan thing ctia vanh.

Bai gidi. Ta zét m¢t phin r vanh (hinh 186b) & mil ciil trung voi trge v
luc cit bing khong, lyc doc bing ge, con momen udén Xy 1a dn hye suy rong thira.

Momen udn & mit ciit bt ky cia doan I va Il ena hé co ban (hinh 186¢)
va hé hd sung (hinh 186d):

M; = — qp¥(l — cos9).
gz’

Mu=—qplp + T)+ 5
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S [ /2
Vi Elsw = J MiMds + J MuMyde = -wc}p?’f (I — cosgydp —
Q Q

4]

P
2y Yy = — ¥ [ L
wqj[p(p+w) 5 ]d-t-—— q9(2+3)
o]
Y g S 1
a) T E13n:J‘M?ds +- J- Midr =
{ A 0 o
£ j f2 P _
4 HéUq =chi¢-+fdmm (?4—1),
6) I o o
H ]
fa T nén momen udn X1 cd gia tri
o s > B 4 2
e84 Xz SIP == gp? — i ~— =~ 0,742
1Y) z] F i (= -+ 2)
f £ z Sau khi gidi ta cé: -
9
i M= — qp® [1 “m,3n+.- —- COSg | =~
Q- ' 3(x -+ 2)
X—f}/ 3 &z ~ — qp2(0,26 — cose);
3 2 x?
Bidudim ~0,76 qp*-0, 26 qp? Myz=— ¢ [,2 L e i
— ..__, 545 gpt Hft s 5
K z I +2 o2
- §a 7% gpt — ﬁ p-:\ ~ — (0,262 + px — 0,522),
vi thé
. - 2. Arin2
Hinh 186 MI?$G~I},74qp ; MIcp=n:/4 0,45¢p%;
SO 2. ~ = 126002 *
Mlcpm:/z 0,26qgp% ; Mllxmo 1,26q0% ;
o — 2. J: = - ) 6qo? ;
My _ops = = 08400 M ey 76qp

Bitu dé momen udn v& trén hinh 186c.
Pt xac dinh doan dich gin ciia didm giita cac doan thing clia vanh, ta dét
o mil cit tic dung gp lue gid Pg =1 huong thing ding lén trén. Do lyc nay
momen uén & mil ciit ngang bat ky I va IT clia doan mot phiin tu vanh bing:
My== — p(1 — cosp) vi Mu=— (p - ).
Vay chuyén vi phai tim



p
3 e _...‘?.I_... ( J MM ds + }‘ Muﬁndiﬂ) =

0 o

7/2 e
2(1'04 Ly ¥id ?'q £y 2
= EI (0,26 — cose)(1 — cosp)dp + Nia (0,262 4+ px — 0,5°) X
0 " i

o]
4
1+ oxyde ~ 17208,
X (e + x)dz =~ 1,7 7]

Thi du 100. Cho P, a(lrong dbd 2a m.,;?‘f_), o, E, I, F (hinh 187a). Xic
n

dinh App, Ago [a sir thay doi cdc ban kinh vanh theo duwdng tic dung cta lyc va
ditm & gilva cac lye.

Bai gidi. Ta xét phin vanh tich ra b&i cac mit clt ngang qua difm giira
cdc hre (hinh 187b).

Lyc cit & cac mil cdt ngang bdng khong, con lve doc N, dwge xdc dinh tir

tdng hinh chiu cta cdc Iye va noi lue 1én true thing ding N, = :
2sina

” N » " <% " N & " L3 .
Momen udn va lyc doc & miit cat ngang bt ky cia hé co ban (hinh 187¢)
va hé bd sung (hinh 187d) twong trng biing.

I_DP (1 — cosp): 1Y ==-——ui
2sina 2sing

FPcosg T =1 . K=o

M =

Yi

[+ [+ 4
— Po?
— | M¥dp=——2 | (1 — do —
=g ,[ P SElsing ) T cose)de
0 0

[+ 4
811:_ j‘ l".!quJ :‘D ;l T
]
nén moinen
Xi— b _ Pe ( 1 _,,._1_)
811 2 sinz [r 4
Momen udn & mit cit bt ky cta vanh
M = Pp ( 1 cose 1 +_L __:_fi (_1__mcos<p )
2 Sina sina Sina > 2 « sina
Pé xzac dinh Ag, ta dit hrc Py =1 cling véi lye P.
Khi do
W= ..9.....(..!_.__ D), N= ot
2 \« sina 2sing
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va App = J 2"{: NNdo =
63 4]
Pg3 P, F
el 1 cosg ) p
= — d —— 0520 . de.
2KI f(a sing v+ 2EFsin?y J.m“? ¢
o o
Cudi cung
Pp3 7 cotga a 1
A f— E — — col
YT ( 2 Winte | o )+ 4AEF (” 9o+ )

Hink 187 Hinh 188



P% xac dinh Ap,, ta dit Iyc huong 1am Pp=1 & mit cil hop vii dudng
thing dimg mol goc « (hinh 187e). Khi do

M = — psina, N ==sing
va
« [+4
C(qu: Pe .
Ao == — sing . d e | COSSENQd
' ‘)F J. sino ) ¢.de 91, sing jA pinede
0 (3]

Cudi cung

-

Po3 T sina 1 Pp .
Apo 2w | e s (€08 = ] sine,
ST [ o T o )]+ IEF

Thi du 101, Cho P, a, b, I, I vanh mong va d&i xirng doi voi cie lroe ©
va g (hinh 138a).

Hiy xdc dinh Aa va Ab.

Bdi gidi. Ta xét mot phéin tw vaoh (hinh 188b).

w ] ‘ ) T - s &
Mit ciit trung voi triue @ lu‘c ¢t bing khong, con Iyce doc bing .

Momen udn & mil ciit ngang bal k¥ co toa do lrong lim x va y cia hé co
ban (hinh 188¢) va ctia h¢ bd sung (hinh 188d) twong tlng bing:

P
M——;(a——'z) va M =1

Vi E]S[pm J‘M”d\ = J'(awa:)ds— Jlds -——J. :rda

= ugu(usmS_v)zi $ (a ——--§l):-§—s (a ——-:1,;),

2 5 2

-

trong do s — chifu dai cung trén tryc cha mot phin lw vanh;
s

S, _.-:j zds — momen linh clia cung s 461 voi true y:

Q

Sy

8

— hoanh dé trong 1im cung s, con

Ig =2,

s
El81i = -‘d'ﬁflds ::st = s, nén momen udn & mit cil A:

3 P
X —m“—ﬁzm(zc-—a)
3n

Momen uén & mil cit bdl ky cia vanh

M = *:I;-(amw)+~§-(wcwa)—”~~§~(x=mm);

wd

P -
M i —‘T(xc ~a), néu ¢ >z tht M__ <0

X=a
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. F ‘
J[xﬂXc = {}; ‘Mx=(l = —‘z- e > ().
Trén hinh 188e v& bidu d6 mémen udn cho truwdng hop ¢ — e << Ze.
Pt xac dinh sy thay ddi kich thudc a & mél ¢t 4 cda mdt phdn trr vanh
ta @it lye ndm ngang Pp =1 hudéng vao thm O,

Do luc gia co M =y. vay

sty o= = (o o f )
o)

o
P
Te Sy — Ixy) = !
—F ( edx — lay) = " 9R[ XoY¥o
s
’ L kd ~a r
trong 6 Sz == | yds — momen tigh cda cung s ddi voi truc z;
o
O
38
F ki &l 2+ »
Iry = | xyds — momen quéan tinh ly tim cua cung s d3i véi cae trye x, y;
J )
o
Iipso = Izy — XSz = Izy -~ TcYeS — momen quan tinh trung tim cila cung

sdéi voi true 1y, di qua trong tAm vanh va song song véi cac truc ay

(hinh 188e}.
P& xac dinh sy thay dbi kich thwée b, & miit ciit 5 ciia phdn Gr vanh ta dit

lre thing dirng hwong xudng dudi Py = 1.

Do Iirc nay M =a — x. Vay
s

§ 3
P . nds — £ o :
5E] j(:cc —~ z)(a — z)ds = S5E] (cu:c Idsw a J..zds —

o 0 o]

Ab =

L3 3
— T f:x:ds - ‘[:czds ) == 221 (axes — aSy — x.S; 4 I;) =

]

ZoSy) == ___I
2EI Yo

T

-

35
trongdo I, = [.rzds —- momen quan tinh trygc cia cung s d3i véi truc g ;

4]
I,- z= [y = TSy =], — ris — momen quan tinh tryc ciia cung s ddi voi
true g,.
Trudng hop déc biél.
A. Khung vuéng chiu kéo ltheo dudng chéo (hinh 189a). Vi (hinh 189b) z. =

a
= Yo == nén,

—
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M= f_.(_ﬁ-_-a: );M U R i
2\ 2 x=0 } x=a 4
Biu d6 momen udn v& lrén hinh 189 O cac truc trung tim x.y,:
T, = —y,ds =dr. V2 =dy, V2,
vi the
af2 .
o —— T 24 V2 3 4
Ixa '""'Iyo = /3 f:nca’ao — mﬁ_'a va
—af2
[ af2
_— 2y o= o V2 3
Io¥o - V? xndxc = ——1—2'—" as,
g f2
a 4
AP
)
i [} a) p
T
4/‘ \\\
I\ < ? A
Z i b
.
| R
i - A
ala

Hinh 189 Hinh 130

Theo cong thire cfia thi du 109 4¢ co ngén theo pbwong ndm ngang va d¢
din dai theo phwong thing dung cla nita duong chéo khung c6 tri s§ béng nhau
e PoVT % P
A= opr TR © T 3 EL
B. Vanh gém hai cung iron ban kinh p, géc & tim la 2z (hinh 120a).
Vi (hinh 190b)

ds == pdo, § ==pa, ad= p(l — cosa), b = Psing,



T == p(CUSQ ~ OS2 ) VA I == pSinz, nén

5 x
S, = Ia‘ds = p* I('t“c’)s:pmc-.osa)dga = p*{sing -~ acnsa);
o 0
Sy .
Lo == ke = £ (sina — xcosa);
8 o
s &
S; = Igdb‘ == p* J.Sintpdq; = p?(1 — cosgp):
0 [+]

x

38
' 3
Toy== I.’L‘gds = p* J‘(comp — cosz)singde == -Pr (1 — 2cosx 4 cosia):

(o] o

5 o
3
I, = ja:zds == g8 J‘(co:@ — cosa )t dg m—l—(?a -+ dacos?a — 3sin2a):
a el

Theo cong thire ctia thi du 101

P
| == e (X — @) == —— ($iNa — &),
2 Ja
‘ I Pg ¢ sine .
H=Flme—n =5 ( « w"’“")’
> oS/ si sin2a | cos?
Aam b (S, — 1) = L2 ( Mla ARz |, e _,3...),
2 2E] 3 2a 2 2
P Pod /& sinfe sin2e
Abzz e (], = 2e8,) = =i [ 2
2E1 V=52 = )

Thi d¢ 102. Cho g, b, E, /, g — 4p lirc rong Lic dyng lén thanh c¢na vanh

d6i xirng d81 v&i cac true x va gy (hinh 191a). Xac dinh Aa va Ab.

Bai gidi. Ta xél mot phdn lur vanh (hinh 191b). O mit cil lrang voi truc

z Iye cit biing khéng, con lue doc bing qo.

Momen udn & mil cil ngang bat ky cé loa do rong Aim x va y cla hé co

ban (hinh 191c) va hé b6 sung (hinh 191d) twong ng biing:

M=qaa—2)~L@—wp—Ly=Tio—@+y)=L2 e,

9

-

trong dd p = Vx2 + y? — khodng chch tir mit clt xét té&i gdc toa do va M = 1.

S s 5 8
Vi EIS;p-_mJﬂ;ijfds =“g“ f{az — pz)ds = %( a ‘fds e f p*ds )z.g)- (as -~ 1p)
4] ) O [} o]

irong d6 s —- chiéu dai cung lrén tryc eda mot phin tw vanh,
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3

Io =fpﬂd.s'—-momen quan tinh cuc cua cung s d&i voi gde toa do,

[v]
5 5
con tri s¢ Eld; = j WM2ds e tls = s, nén mo- a)
Y18
0 o
men udn & mil cit A - 7
A
; 3 { I
A:m-—-mi—”-:_’m - Y ¥
81[ 2 b} |
Momen udn & mit ciit ngang bat ky ctia vanh e
b) 9.z

= 4 (q? —p2 _‘Liem__z__
=1 @ p)+2(s n)__ -

-
q Io » ) >
= o | et s A
2 S o v Y
i IS
z, Vo949
V, o = 9 (_{___ — (13): Y4 _— c) a2
i 9 < sz
i £
L3 . q =
=1 “{.i —_ b2, SR
2 5 VA
Aot Wyqa
Néu ¢ ting lién tye tor a dén b>a fhi d) s o=¢
M. >0 T
kY 'Ja X=’¥
T 4z
: -
Mpﬂb << 0 va Mpﬁ -5 0, —e) 7 a\/
s N
4 A v ) - e
Bitu 46 momen udn cho trwong hop b > a v 5 ¥

trén hinh 181e. 3 :
P? xdc dinh sy thay doi kich thwéc a & mit = g’

cit 4 ctia mét phin tw vanh ta dal lyc ngang

P, =1 hwong vao tAm O. E

g
Homa= (24

Do lhre gid nay M =y. Viy

5

Hinh 19t



]

L4 A b d * . » a S
trong do Sr = fyds — moémen linh ctia cung s d6i voi lrge @3 ye = 5 — tung
s

S
Iy = Ipzyds.
G

BE xdc dinh sy thay ddi kich thudc b & mil cit A ciia mol phin Lir vanh
ta dit hye thing dirng Py = 1 huwong xudng duéi.

Q
dé lrong tim cung s va

Do Iyc gid nay M =a — z. Vay

)

S 38
g I W -9 (1 - 25 —
A =g I(s "")(“ Db = (T ds—a | ¢'ds

o 0 0

8 S
IP 2. — _9 Ip Io —
[4)

0

_ 9 -
=SR] (Iy — xelp),

8 h]
trong do I, == p¥rds, Sy = | xds — momen {inh cfia cung s d&i véi truc y;
5 y
G

8]
Te == Sy hoanh 46 trong tim cung s.
s
Truong hop diic biét. Vanh gdm hai nira dworng tron bin kinh a va hai
doan thing dai 2a (hinh 192a),

© s 24 n .
Vi (binh 192b) 5 = S A = a; Yi=y; ds; = dy; Tz= acose;

yz = a(l 4 sing), ds; = ade; p? == a? 4 y2; o} = 2a? (1 + sing),

nén
T 7
. wa ———
a 2 3 2 34
Sy = j yidsi +J: Yzds2 -—“’“—I ydy - a? J- (1 + sing)dp = —-— — a?;
0 o} Q O
k] T
a—g —_
a 2 a 2
Sy = I rids; Jﬂ zads == a I dy + a? I cosp dp == 2a%;
o] o] o 0 ..
Te = Sy == 4a v Yo == S = S+ = a;
\ $ 24 = 5 2-Fx



i !‘;I

M-t*.
12 ’

y3ds, = I ydy +a3f (I + sing)? cfm;

,ﬂfy,
HY

a a 2
Iy zj:rfdsg+.r :n§dszma3f dy - 3 j cos?p dp = 4':“ a3;

=

"‘»-..
=
+
“ R e

0 0 Qo
]pxh_}_}y:mﬂffﬁ_’iaﬂ;

l‘:_ 7T
a 2 _:‘2-
J‘ pinds, + I paYads, = J‘ (a* + y%) ydy + 2a* f (1 + sinp)?dp ==

a
. 19-—[-—61 e
.,...m—-m-——--4 ;

3 1

—_ -

3

©
Q Q

I, = J‘ edayds; + J‘ pazads, ==« Jl («? 4 y?)dy + 2a4 [ {1+ sing) cospdp ==
o

B8i voi doan thdng.

2 3 2 2 2
M, =L (,{.E__p§)_—_.- qq (14"”3“‘ _ Y )z _qa*. (1,519_..9..._);
2 6 + 3= a? 2 a?

; — M ~ 0,759 qa? ;
lyet ™ 6(2 + n:)

ga® = 0,259 ga?,

Mlym 3(') + ®)
s 2 i
Béi véri'doan cong

R 4
ﬂ'[ i _...q_. g 2 | = a2 P .Y ~ 2 980 . si i
2 ( " e ) q ( 6 1 3 qua) qa?(0,259 — sing) ;

= — az ~ 0,259 ga;
2g==g 322 4+ =) 1 aa

M = 2H3T g2 0741 ga?
2 _m = 3EER

=

Bitu dé momen udn cho m¢t phin tw vanh vE trén hinh 102¢



Su thay déi kfch thude a

q 6 — 175 — fn2  ga* , qat
Aa==—T_ (yle—1)= A o 0,864
ogr el =l M@+ Kl
Su thay doi kich thuée b
§ q n— 14 ga* qat
Al = I~ xdp) = . = — 0,160 .
T A A S T sty El

Thi du 103. Cho g, g, £, 1, vanh mdng chiu 14 trong ddi xirng véi truc y
(binh 193a).

O

!
mumy

3]

-2
IRERIEEER!

4

b)

Hinh 192 Hinhk 193
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Xac dinb su thay ddichiéu dai 8 clia dwéng kinh thing dirng.
Bai gidgi. Ta xél mot ntra vanh (hinh 193b). O mat ciit trling voi trye y hee
ciit bing khong, con momen udn X, va lre doc X, la 4n lre suy rong thira,

Phwong trinh chinh tdc cia phirong phap lyc et dang
Xy - 3122 + Sip =0,
Sa1X1 + 822X5 - Sup =10,
Ta tim momen udn & mit cit ngang bat ky, xdc dinh bing goc ¢, do lii
trong di cho q (binh 193c) sinh ra.
Vi lye tac dung 1én phin 18 cung ds clia trge vaoh dp == gds = gpda, nén
do hre niy momen udn & miit ciit co gée dinh vi g
dM = dpo(sing — sina) = qp*(sing — sina}da.
Momen udn & mil cit do L&t cd cdc hre tac dung trén cung c6 goc & lAm ¢

thu duge bing
P

M = qp? J‘ (sing — sina)da = gp*{psing -+ cosp — 1),
(4]
D&i véri cdc hé bd sung (hinh 183d, €) momen udn & mit cit niy co gia tr]
My=1: M;=o(l — cosp). Vi

™

R

3
El3y :J’ Wil ds = q§3 J (gsing - cosp — 1)dop =10;

(8] 0

8
El3yp = I M_Iﬁzds = gp* j (gsing 4 cosg — 1) (I — cosp)de = — -%- qet:

0
Hd

8
El§; = fﬁf%dszp j. do == np;

4]

3
Elsg = f Mids = o3 jﬂ (1 -—co.s'tp)zd@=3—;“p“ v

0

. 3
EI3, =~:'~= El%;, = J‘Mlﬂzds = ot I (1 — cosq)dyp = we?,
o
nén phuong trinh chinh tie cda phirong phap lue duge viél lai nhu sau:
L+ pkz =0,
X, + «--p\z = «%— .
tir dé

f L
-1
—



gt oy Qe
XL.--— o Va.\zm—-—u?‘ .

ad

Momen udn & mil cit bal ky cda vanh

2 2
M = qe*(psine - cosp — 1) — —-q—g—— +-g~;)‘°—~» (1 — cosg) =

= @p* (cpsintp o -éuco&p — I)»

— a2 ~ 2
¢<~—n——m
2
3= {2 1 V2 ) 2
e e | 2N . — = 0,312gp%;
M 3 go ( 1 5 55 1 ge
*= 4
Moey == — 1,5qP2.

Bitu d6 momen uén v& trén hinh 193g,

Pt x4c dinh gia tri thay dbi chifu dai efia duéng kinh thing dung ta dét
hye thdng dimg Py = 1 hréng xugng dudi & mit ¢t trung véi truc y ctia hé co
ban (hinh 193b). Momen udn & mit cit bil ky do lxc P, sinh ra M == psing.

Vay chuyén vi pbdi lim

-

S ri
— 4 . 1 .
§ = ~§T j MMds ;z% (cpSlncp -4 = Co8p — 1) sinodop ==
? 2 ° 4 4
= (Z- mz).@.nzo,467iﬁ-.
( 4 El EI

Bai tap 834 — 835. Xac dinh luc doc N trong cédc thanh c6 danh s thir tr
cia hé.

B¢ cirng EF clia t3t ci cic thanh nhwr nhau.

O cac bai tap nay va cac bai siéu tinh v€ sau sir dung (tiy ¥) nguyén ly
cong cire tidu hay phwong phap lire.

834
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Bai tap 836 — 837. Xic dinh momen phin hre & cac diu ngam cha thanh.

836 ma 837
3ma . / /ZM /M
, m A Y
Areedede it d 20 1d;
. ﬂ\\\\\\\\\\/ , ,4 :,,’4 ;
l Ja 2o / a a/ Ja # o i

Bai tap 838 — §41. Xac dinh phdn lyc & cac lién k&l tai mit cit A vd

chuyén vi thing dirng 8 cda mit cit C.
Trong bai 841 xic dinh cid momen phén lyc M & mit cit A. Xem nhur da

biét do cirng EI.
838 ) 839
g

g ,
rxxaneansr i IRNTRTEANARRRAIRATII

A
> . ¢ 44
-T_ 2a :% 2a a :@’ | Za 7%1 a

41
840 8 = ga?
P , g -

THR P B caznizeix E

T 2 L , . %

.a 2a ' |.a .} » a a |
Bai 1ap 842 — 845. Xac dinh phan lwc & géi khop cha bé va chuyén vi dai
cha miit cat C. ’ .
' 3 83 — chuyén vi thing dirng, con tromg cac bai

Trong cac bai 842 — 84
844 — 845 §, — chuyén vi ngang.

842 843
a A
 m— EERSTRXNAERXN
T [ 7
o o a .. 4a I
C
E ,.
845
844 ‘ ] )
[h g~ e
Y I 3 )
- 3 2a | q
i . ty
oy
¢
3 Wm ‘-




Bai tap 846 — 847. Xic dinh cac phin lic clia gdi A va chuyén vi thiing
ding 8 ctia mil ciit trén tryc d8i xirng cda heé.

846 847
an ’A’: éé
A o p
I EEEXXXNE! Y
2a a2, i Za Zu o

Bai tap 848 — 851. X4c dinh phén lrc ngang cda cac g6i trong hé.

848 .a 849
9
P o D EREXEEXNRENTNEEY
v ¥ f
[4] a G
~t a -2 . A i
A A
850 851
P 5
a a ,
Y

852 853 854 g

A a 2a




855 , 856 857 :
SEITIERNRR

2a

Ja
= b

;//%J!

Bai tdp 858 — 861. Xac dinh momen uén lém nhit vé gid Lr] tuyét déi
trong bé khung.

858 lp J,D 859
r 3 §
a 1. a !l a
I '[ o
‘ 3
I ! Y ,é;; P P
! j I ‘L v P ’@’
I ; ¥ : aia 2a a aJ
bt
860 P4 861
-2 I In'
1 l-z
| g
|
! |
EATIREILE 19
g IREEEERENSIRNERRR RN
p- "

Bai tap 862 — 870. Xic djnh céc thanh phiin phao lwe & mit cit 4 cia he¢.
Trong céc bai 868 = 870 cho miit ciit trén tal ca cdc doan cua hé I4 hinh
tron, vat lidu gidng nbau, G = 0,4k, xic dinh chuyén vi thing dirng § etia mit cét C.

862 B63 - 864
P P » ' E J P
ooy - [ ‘it 4 {
, 2 - e i . a
- Ja g/ln- [n ]
-1
5 o] 3 ST =
$ -
] Y
A » A
f’//////// e . %;7
»%__a_.
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¢
[XRMARY!

4
P V|
¥ :Y

a 2a

A .
¢ : a
.@. a e e L g
IO G
o

[

S

Bai tap 871 — 875. Xéc dinh trng sudt phap I6n nh&l xuit hien trong céc
thanh ctia hé khi ting nhiét dé lén Az°C.

Chi tinh bi€n dang uén. Mit cit dsi xirng véi chién cao h, At ci cac thanh
ctia méi hé c6 E va e phw nhau.

871 872
£ 1 7
9 o
: a 2ot a’

873 874 875 2a

o 5

2. .3

Bé_i t4p 876 — 879. Xdc dinh 1rng suit 1ip rap lén nhit trong hé n&u chigu
dai thanh CD 1én hon so véi chidu dai thist ke 1aA.

Chi tinh bién dang udn. Mat cit dsi xitng véi chidu cao A, vat lieu c6 E

da cho va & tdl ¢i cac thanh cha méj hé déu nhir nhau.
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BY7

876
- a a - 2a
o —
.
=4 o--—-—-m...mw......%
D E
878 '
4
3 i 8
o )
J - 3
”l: q
ez o [ry f 20 i . k fa o

Bai tap 880 — 884. Xic dinh phin lyc & gdi khop bén phadi va chuyén vi
thdng dirng 8 cia mit ¢t C trong cac he®.
Trong hai 882 tii trong ¢ phin bhd déu theo dwéng ndm ngang.

880 882

584

g‘o>\ ,ﬁg /<q>]

883

’% 20 ”ﬁb{ ’ﬁl 2a ’% w

Bai tap 85 — 889. Xac dinh cic thanh phiin phan lyc trong céc lién két
¢ diu Irai cha hé.

885 886 5 887

® Trong chc bai 880 — 915 chi tinh bién dang do momen udn va coi 40 ciéng EI
cla tdt ¢d chc thanh trong hé nhu nhau.
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888

Bai tip 890 — 895. Xdc dioh chuydn vi dirng cla mit cét tai d6 luc P 15
dung lén hé.

893

Bai tap 896 — 899. Xac dinh momen ugn & mit cit C cia hé.

896 8897 898

Bai tap 900 — 906. Xac dinh cac thanh phin phan hrc & lién k&t taj mat
cit A cia he,

Trong bai 902 tai trong ¢ phin bd déu theo dwrdng nim ngang.

900 7 901
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903 904

B ‘Bai tap 907 — 910. Xac dinh xem trong cic heé di néu momen udn 1on
nh&t v& gla trf tuyél dgi nhd hon bhao nhiéu Hn so voi thanh cong tinh dinh (hinh

chia bai 907a).
907 wip

Bai tap 911 — 913. Xic dipb momen phdn lue & ngam va chuvén vi thing

ifrng cha mil cit & giira thaoh cong.
Mit ¢fil ngang thanh hinh tron; G =0,4E.

Bai tap 914 — 915. Xéc dinh kich thudc cin lhi&t clla mit cit ngang

vanh tron.
Ung suit phap cho phép cha val ligu vanh 1 o).
. 915

0N
~1
o



X - TINH 6NG DAY
§ 43. Ong hinh try

D61 voi 8ng khong ddy dai vo han chiu tic dyng cia ap lue huong t
phin bd déu & bén trong pi va & bén ngodi p, (hinh 194) trng suit ph
(Lifp tuy€n) e va huong tim o tai diém bit ki cf
dén tim dwouc xic dinh theo cang thire:

rt !u2
2 1 2 2 1 " i_
prg (1 + - ) —pri(1+ L)

fan
ap vong
a thanh &ng co khodng cach 0

oy == ['% “- [u% : » (202)
2 2
P:r?( — -~£2—-) — par} (1 — "—i"')
P - P ’
ar = rg —r¢ , (203)
P,

N
AEEEEREEERRIETS
/HHH‘MHH

Hinh 1M

Ung sufit or < 0 v&i cac gid tr bAt ky elia pr v po, ¢on o, 6 thd lén hon
hay bé hon khong tiy thuée vio twong quan cha pr va py.
‘ 2
ot i) 4 . , \ R .
Néu pr> _f,;.._. (__,;-’2_“ R 1) thi 6> 0. Troug trwong hop nay cde hidu do
& ]“1
or vi o lheo chifu day thanh &n

g c¢6 dang nhw trén hinh 195. Cic gia tri lén
nh&t va bé nhit ciia trng suft:

maxe, = o == — [z,
o=r2 |
minor =g = - i,
| P
p=ry . .
2 5 .
r r2) — 2p.r )
maxc,--—_.o'{ oo P;( 1 ~]; 2) 5 L2s (-04)
p=n ry —ry
. D) 2 2 2
 ming, =g = 2 = pATs A+ r)
pP=ra f'%—“ I‘f f
D2

-

) ri
Néu p m-—;_(-éﬁ-_{- 1) thi min 6; = 0
. ri

f)‘ céc 'diéin nguy hiém tai mit trong Sng (hinh 196) pliwrong trich tinh todn
theo Iy thuyét bén thi 5 (Iy thuygt bén cia M,) co dang

maze: — v mine, o]
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max Gy

Y i
man Gt

max G,

Hinh 1396

Hinh 195

e r_ [T
tr 86 Tl e (D e (#09)

trong dé N
[Gn]

; B&i voi vat ligu co do ben kéo va dé bén nén nhur nhau [ox] = [&a] == [o]
'y ==1 phwong trinh tinh toin (205) <6 dang nhur sau:

R le] (206)

o ri [e) — 2p1 + 2p2
Neu p; <—~:~‘~D-?~I:~5—— thi &, << 0. Trong trutng hop do hidu d6 e va or CO

4

poe p ; T T
| maxﬁrwmmmnér
| | Bidu dé G,

i

1

Ml
maz O,

maxbp

!
lﬂ?ﬂﬂo‘t »
! /"’é‘ 3

Hinh 198

min Gy
Hinb 197

Gia tr] l6n nh#t va ohd nhit cha fog sufit thu dugce bing:
maxgy =& = = pl, \
I
p=T1
mine, =<0, = - D2,
e 2 2 2 ‘
' .2 —— Dol T r 207
] maxo, = o, — ZPUT ?'PZ( :+ 1) , (207)
p=r2 rz —ry
_ Prg+ 1) — 2parg

- 2 2
p=rt .rg"""*rl

ming; == 6,
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_ﬁﬁ%_ thi maxe, == 0,

I+ =
rs
O céc didm nguy hiém tai mjt trong 6ng (hinh 198) phwrang trinh tinh togy
theo thuy@t bén thir nam vitt dwge nhir sau:

Neu o

— Vv min gy = [ay]
tir do

"2 qf  Iesl—py .
re v [on] + p1r— 2p2 (208)
Ehi ty s ap hye trong pham vi
1 /r M 1 ¢ 1%
(2 + 1) (2
2(!“;"’ )<pz<?-(f§+)
theo chicu day thanh 8ng o, ¢o dfu khdée nhau. Néu Pr=py=pthig =0 = —p,

Chuyn vi hwéng tam 8 clia didm bat ky trén thanh 8ng dwoc xdc dinh
theo cong thire

p p ri r3
B = L — == rzl1i — T o 22 —
E (0': }LO’r) E(l‘%*—t‘f) %Pl 1 [ -+ Pz FL( pz ]
' r2 2
—~—p2r§[l +..*__~p(1 —a )“ {209)
p? %

trong do E va p — modun din héi doc va h¢ 6 Poaltxong clia vat ligu dng.
: Sy thay dai ban kinh lrong ctia dng

2 ]
r re 4 r# re
Ary == S,W..:m-’—[n --,az-m-—---—‘~+5x — 2Py e |, 210
Sy thay d6i han kinh ngoai ciia dng
r rz "*2 + [.2
Arp=3 _ =Ttlo, T mim__.s.mu_.)_ 911
2 p=r2 % [ P 2 -——'I‘f Pz( I“Z — r% = (211)

Néu chi ¢6 ap Iye trong p; tac dung lén 8ng thi trong cdc cong Lhire (202 —
211) thay p,=10. Cic bitu 3 o, va or twong ty ohwr cac bidu d6 trén hinh 195
nhrng véi p, =0,

Neu chi ¢é ap lwe p, tac dung Ién 8ng thi trong cic cong thirc (202 — 211)

dbay py == 0. Cac bitu d§ o va o, twong tw nhw cic bidu 5 trén hinh 197 nhung
voi p; = 0,

Tht du 104, Cho p, =1 MN ryz==dcm, r;=

. ¥

m
N - == 8cm, [oy] == 30 My » [o2] == 120 My .
. },,_ 2 m?

E=12.10% ﬂ s
m2

p==0,24 (hinh 199).
Xac dinh p;, Ary va Ar,, khi xem P> pa.

Hinh 199



Bai gidi. Theo cang thirc (205)
ry [ox) + (1 = )P

——

T Vo) — (0 9ps + 202

Vive dod == 0,25 va T2 .9 nen khi thay
{on] ry -
s va binh phuong ci bai v€ clia ddng thrc ta co:
30+ 0,75p
30 — 1,25p; + 2
98

WL

4 =—

~ 17MN/m?2.

Theo cong "thie (210)

Ary= — [17( B4+ 16 | ooy o |+ 099.10-%m~ 0.01mm.
1,2. 10° 64 — 16 G4 — 16
Theo cong thire (211)
Ar— B [2_ g 16 _ (8416 0,24)] ~ 0,66 . 10-%cm ~0,007mm
L2, 108 61 —16 |64 —16

Bai tap 916 — 918. Nac dinh cic dai lwong néu trong dieu kién cda
bai toan.

Trong cac bai 916, 917, $18a ding thuy@t bén thir ba, con trong bai 918 b
ding thuyét bén thir ndm. :

, 917

py = 2000kG /em z 1= llcm
n = 1dcm ry=15em ,
(6= 000kG fem® &ﬂf glgﬂ M/
£= 2106 fer? ?;z-?ﬂ%m/mf
‘:'L z %3 pa=?
Azr ..l. “ A r2= ?

]" 1A

aj )

p, = 2000k6/em 2 peep,

p,= S00kG/em? gy K3 MN/m'?
r=10cm ry=emi rys lem
E=2-10%G/m® 4] =30MN/m
©=03 (Gnl=120MN/m*
(6]+ 6000kG/em?  E=L2-10°MHfm ?
ry=? =025

4n=? ar=? p=?




Bai tap 919, Chay dap hinh nop
tuyét doi cing véi géc nghiéng f khong

T p % Iy
919 A ’—[“ lom dwge dong vao vanh cé chidu day q
Y JTuyétddicing Xac dinh 4p luc p, xufit hién giita chay

vd vinh & miit c8t CD gitra vanh ki

7D chay déng viao h€t toan bo chitu cao g
—W% sau d6 tim tng suft lén nhit & mit ot

CD ciia vanh.

2ry

Bai tap 920. Xac dinh xem voi goée nghiéng nao cla chay & bai 919 thi &
mit cht giira vanh co dd ting ban kinh mit ngoai Ar, = 0,2mm, nfu r; = 10cm
rp == 30cm, E == 10%kG/cm?, u = 0,34, ¢ = Scm.

Bai 1ap 921 Xic dinh xem véi
goc nghiéng B ndo cia chay hinh nén khi
chay dwoe déng vao 18 trong véi chidy
siu a lam thay 481 do hi giita cae dng
I va Il va tao nén 4p lyc lwrong hé
DAY, p= .IUQkG/c'mz. Tinh cho mit cfit‘gifra
VAN CD, va I8y ry=10cm; r, = 30cm
rs = 40cm, E=10%G/em?, u= 0,34
¢ =5cm, A = 0,4mm.

921

Bai tap 922. Xac dinh ap hre po
gita 8ng bé long v 130 tuyet déi cumg
va kiém tra do bén ciia 6ng Lheo I¢ thuyét
bén thir nim. Liy Ep=2.10%G/,cm?,
woe == 0,18, [on]or = 20kG[cm?, [oy]n =
= 4k{z/cm?.

Bai 14p 923. Xac dinh gia tri ip hye trong 1én nhil p co thd dit vao dng
bé tong, 8ng duoe boc trong vo luyét d6i cing va c6 ap hre bién (& p,, néu Ep =
= 2. 10°kG/em?; pp = 0,16; [o0]p = 50kG/cm?; [oc)or == BkG/cm?,

Bai tap 924. Ndc dinh ap lyc bién p, gifta vanh va vo tuyét d8i cirng, néu
bigt cic gia trl g, ry, ry va p, Xem nhu modun dan hdi cda vat lidu vanh co gia
tri nhg,
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Bai t¢p 925. Xic dinb 4p lyc p, gita vanh va 151 eirng tuyét dgi, néu bist
g, I'n, Tz va .

925
7 i ?

NEE

>>‘Q

/.
7z
7
AN

§ 44. Ong hinh try nhidu Iép

Khi ap lye trong cao nguéi ta dung cac 8ng td hop bing cach ép hay lap
rap néng hal hay nhiéu 8ng hinh tru lai véi nhau. B bén ciia méi ghép cée dng
vit sir xudt hién ng sult ban ddu & thanh éng lam cho dudng kinh trong cia &ng
ngodi nhd hon dwong kinh ngoadl cua éng lién no mot do doi A (hinh 200). Khi
chifu dai phw nhau ap luc ti€p xtic & mit tru ndi ghép pban b3 déu trén bE mit
va co gia tri

Al2r,
_— . 9
Pe=T (r§+r%_mp L (r%+r§ 2) (212)
Ex\rz—r2 )V E\ rE—r2

trong d6 Ey, E;, p, va p, — modun dan hdi doc vi hé s Poailxong cfia vat ligu
dng trong va Bag ngoii.

Ne€u céc Ong ch€ tao bing cling mot vat ligu thi

Ei=FEs=E, p;=p,

va ‘
_ A E (r;—r)ri—r})

(213)
4r3 (ri —rh

Do

O thanh cta cic dng ghép tng suat ban diu do ap hyc p, xdc dinh theo
cong thire (202) va (203). Khi d6 ta coi p, la ap lire ngoai (4p hrc trong bing khong
d3i v&i Ong trong ban kinh ry; va ry, con p, la ap hrc trong (ap lye ngoai bing
khong) déi voi dng ngodi ban kinh ra va rs,
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Cac bitu d6 miu o va o do ap luc p, & céc Gng ghép v& Lrén hinh 201
bing duong dirt nét ab va cd.

Do tic dung cda ap Iye lam vige & trong p, 1én va ap Ihyc ngoai khong lén
lén 8ng td hyp nén cdc tng suil o va or xdc dinh theo cong thirc (202) va (203)
nhu 8ng nguyén khdi ban kinh ry va ry. Bidu dé mu clia cac tmg sufit ndy vé
trén hinh 201 bing duwdng nét lién minh ef.

Ung suft tdng hop trong 8ng nhidu 16p lim theo phurong phap cong tng
suéit biéu thi bing bidu do ab, cd va ef. Bitu d6 miu cda ung sufl tdng hop a,
v or V€ trén hinh 201 c6 dwong gach gach.

Néu dng t3 hop ché tao bing vat liéu c6 do ben kéo va nén nhuw nhau thi

theo Iy thuy&t ben thir ba quan hé c6 loi nhét giffa cdc ban kinh va dé doi theo
céng thire

ry = Vryrs; (214)
ir g
A=—p-(p = p). (215)

Ap lyc dir 16n nhit & trong

5 == Il

max (py — pz) = — — el (216)

Phuong phip tinh toian & trén dwoce ding ca déi voi &ng & hop ba hofc
nhiéu dng. '

Hinh 200 Hinh 201.

Bgi voi cdip 8ng thir nhit ap hye tiép xic giita ching x4c dinh theo d¢ d6i
va theo 1rng suft ban diu trong cac dng nay. Ap luc ti€p xdc méi trén mil xac
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dinh theo d¢ doéi tinr hai gifra kh§i gom hai §ng ddu
(ohir mot 8ng voi cic kich thwde chung) va éng thir
ba va theo trng sufit ban ddu & khdi gom hai dng
ddu va dng thir ba.

Ung sufit ban diu tdng hop trong khdi ghép
ba &ng thu duoc bing phwong phap cong cic irng
sudit ban ddu tim dwoc & lin lip thir nhit va th
hai. U'ng suft do ap lye Tam viée trong khdi ghép
ba &ng x4c dinh nhw mét 8ng nguyén véicédc kich L8
thirére chung. Téng dai s§ cde ung suit tim diroc cho Biéy d% 6,
gia trl d& ki€m tra d¢ bén. :

Khi thém &ng thir tr vi nhitng 6ng ti€p theo
ciin pbal tim ap lye ti€p xtic mai va ing suit ban m\m
diu bd sung. 7

Khi l&p cac 8ng réng thanh &ng lién khong
¢6 16 ap hre Li€p xue xdc dinh theo cong thirc (212) P
hay (213) véi diéu kién ri =0, N

Thi du 105. Cho p1 == 2000kG/em?*; p; = 0: - —
ri=28m; E = 2.108 kG/cm?; [c] = 3000 kG/em? C)A; o [T, - d

. Bitudd s, |
(hinh, 202, a). 1

Cheon dng hat lop voi cac kich thwée hop IV
vh kidm tra do bén clia n6 theo 1y thuyét béu tht ba. 4

Bai giai. Ta xdc dinh bap kinh ngoai ciia dng
15 hop theo cong thie (216)

r3 = [o)ri/{{s] — pm) = 3000 . 8/(3000 — 2000) = 24cm.

Tim bdn kinh mit ghép cac Ong theo cong thic (214):

ro==Vrirs = V8.24 =8 V3 ~ 13,856 cm.

D& tinh todn don gian la I8y rz == 14cm. Theo cong thire (215) ta c6 do doi
cén thidt

~H L3

“h

Hinh 202

2r2 2. 14
A gl TR ——— 2. lf}a T 0,028 m'
E P75 108 ‘

con theo cong thire (213) ta tim dwoc gia tri ctia ap lire Hi€p xuc

AE (1 — (rofrs)®] [1 — (ru/r2)?}

Pe=1n 1 — (F1/r3)?
_ 0028.2.10° [1— (122 (1 — DY _ 50, KG
4,14 1 —(1/3)2 T em?

Ta xdc dinh tng sudt ban ddu do ap huc tiép xuc p,.
O thanh ctia 6ng trong:

Theo cong thire (207) véi pr =0, p2 = po

N
ol
~1



T+ nfra? _ gop Lt (/D). gg5 KG .

max oy = g —_

p=r12 * 1 — (1] ry)? 1T — 4777 em?
1 3 1 — 5 B

] — P 2 Y | N ——— g | | = — 1483 - H
mina G!Pﬂf'l Po 1 — (rllr2)2 1 — (4[7)2 . em?

maxe; = r _
min ¢r = 6"9=rz = e p, = — 500kG/fcm?.

Cac bidu d0 o, va or v& trén hinh 202b, ¢ biing duong nét dirt ab.

O thanh ctia dng ngodi:

Theo cong thic (204) véi pr=— p, va p2==0, xem nhw r1==ra, ro=rs.

2 2
14 (ra/rs)* __ 500 14 (7712 1016 kG

AN = C oy = Po T (Fafre)? 1— @A em?’
1 1 . &3
ain o, = =2, e 2 108 e & 516 ;
min o U'p‘—‘ra Pe (1‘31'1‘2)2 — 1 (12/7)2 1 p—r
maxer=or,_ . =0;
min or = Org_p, = Po = 500 kG Jcm?.

Céc bidu d6 o, va o; v€ trén hinh 202D, ¢ bing duong nét dirt cd.

Ta x4c dinh ttng su&t & thanh khdi gém bai &ng (nhur mét §ng nguyén) do
tdc dung cia 4p luc trong pi.

Theo coéng thirc (204) v&i py == 2000kG/em®, p, =0 va sem nhu r{=ry,
rz =Ir3.:

. 2 ) 2
max e, =o, __ == 1..1_;‘"_(_’_.1,/,‘2_3_)_,_22_103}@&(}_/_3)_ = 2500 kG ;
p=r 1 — (rifrg)? 1-— (1/3)* cm?
1 - kG
i — e I e e — 2 9108 — .
TR G = Grgmpy = 2P R e 10 F~-1 200 cm?
maxeo,==agy __ =1{;
p=r3
ming, = Oty = PLE 2000 kG/cm?

Theo cong thire (202), (203) vai py = 2000--59? » p2=0 va xem nhu ri =
cm

=ry, rz==rs;, d8i voi dim & b® mit ndi ghép:

2 _ 2
oL = py 14 (rs/rz) = 9.10° 1 4 (12/7) ~ 085 kG :
p=T2 (rs/r)? — 1 321 em?
— 2 - 2
A _1______("_3'/_’:%)_, == 2,108 ‘1__”_“_(__13/_“7_)“ ~ — 485 kG/ém?;

(rair)? — 1 31
Cac bidu 40 o¢ v or cho trén hinh 202 b, ¢ bing duong nét litn ef.
Ta tim trng sufit tdng hop & thanh 8ng trong:
Mompy = 1485 4 2500 == 1015 kG/cm?;
., = — 985 4 985 = 0;
o: = — 2000 kG/cm?;
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6 == 500 — 485 = — 085 5C_.
p=re cm?

~ va & thanh &ng ngoai:
1

kG T

— -9 —_
Oy, = 1016 -+ 985 == 2001 5
- ol L] kG .
I = 516 + 500 == 1016 —
s . kG
G’rpzrz == — 500 — 485 = — 985 el
Grpmrg =0,

Cac bidu d6 o, va o clia trng suft tdng hop vE trén hinh 202b, ¢ c6 gach gach.
Png sufit tirong dwong theo 1y thuy@t bén th ba nhir sau:
O céc didm tai mit trong cia dng trong

thnt = Oty ™ Oros=py == 1015 4 2000 = 3015 ..Eg_; .
cm?
& cac diém lai mit trong cta Gng ngoai
kG
== — ey ) -] '
Stams = Otgmry — Slo=ra T 2001 - 985 == 2936 vl

Sir sai léch khong ddang k& véi do bén déu cia vat lidu & didm nguy hifm
ciia cac &ng 14 do quy tron kich thwéce ra.
Bidu kién bén o

== [¢] xem nhw dwge dam bao vi wng sult viol tai
I 0,59%. :

tdrix _

Bai 1ap 926 — 930. Xac dinh trng sufit phap huong tdm o, Urng sufil phap
ti€p tuy€n o, va ap lwe bién p, cha dng td hop do lac dung ctia 4p lyc trong p,
(bai 926, 927), d§t nong AIPC (bai 928) va 1dp ép voi do doi A (bai 929, 930).

926 _ o927 , 928
Thep ong Thég
> Borg hep \ i
7 ] A I z
) AR T \
- If\d - A - }.__.;"‘ 2
f;'_z % P ey
p -ﬁﬁanma/m:z B = 2000kG e aby= aly =007
929 Enpr 930
Véioh dai
¥ fiof
ri..
Iy v,
F-Eay JTE RN
TE 3 Z
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kG
cm?
s ua==0,34; aa = 16,5.10-%; ry = 10cm; r; =20cm; ri= 40cm.

Trong cdc baj 926 -— 928 13y E, = 2.10° s = 0,8 ;0 =12,5.10-5;

s kG
cm?
Trong bai 929, 930 chi xdc dinh p,.

Ea=1.10

Bai 1ap 931. B3i voi dng hai Jop xdc dinh:

1. Ung suft do [Ap ép voi do doi A = 04mm:

2. Ung sudt do dp hre trong p, = 2000 kG_ ;
cm?

3. Ung suilt tdng céng;

4. Ung sudt linh to4n theo ly thuyéi bén thir ba ciia 6ng td hop gidm bao
nhiéu phin trim so véi dng lien cang kich thude.

L&y ry == 10cm, ry =23cm; rg = 50cm.

Bai 1ap 932. Thiét k& ¢ng hai Iép voi kich thuéde hop ly khi dung 1y thuyét

béu lhit ba. Coi nhu di cho ry = 10cm; E =2 . 106 kG; ;
Cin
o= 0,3; (o] =4000-K8 ;5 —3000 X .
cm? em?

931

ry= f40mm
= 200mm
A= Q08 mm; Lo C;f?mm
P=240046/en?
£=22- 10%6/em?

Bai tap 933. Pl voi §ng ba lép xéc dinh:

1. Ung sust do ldp ép Ay, Ag;

2. Ung sudt do ap lue trong p;

3. U'ng suft iinh todn theo ly thuyét bén thir ba;

4. Ung sufit linh toAn trong &ng td hop gidm bao nhiéu phin trim so v&i
gng lidn cung kich thuéce?

XIV — TAC DUNG DONG CUA LUC

§45. Tinh vat (hé) 'c"ﬂufén déng ¢é xét lyc quan tinh

Tac dung dong ctia hye dwrge dic trung béi sy 1dn lgi gia 18¢ trong céc bo
phancta vat the (hé) dang xét; Pic diém cia bifn dang va sy phi hiy vat thé thay
46i phu thuéc vao dang gia tdc xuidl hién. Sy cé mél cla gia tdc lién quan dén
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sy xulil hi¢n luc gquin tinh, hre ndy co bhuéng nguece vai hu()‘ng cia gia-tdc. Gia
tri cia lye quan tinh nguyeén 18 dPq duge xic dinh biing tich ctia khdi iu'omg dm
cha Lhe tich nguvén 16 dV cia vil voi gia tde a clia no, fre la:

dPy=dm . a= -—r-—n . dV,
g
trong do Y la tronc lrong riéng cha vat lidu; g la gia e trong truo'na

Trén hinh 203a chi ra mét Lhuyen déng tinh ti€n khong déu, trén ‘hinh
203 b — chuy&n dong quay khong déu ciia vit thé.

N&u khi chuydn déng, cic bo phan chia vat cé gia toce khfmﬁ doi thi ta khong
quan sat dwoc dic didm gi & trang thai vat ligu ctia vat thé. Trong lrudng hop
niay cé the xdc dinh ung su#! va bitn dang nhw voi taj trong
iinh gém ngoai hrc va luc qu‘m tinh.

Néu vat thé (hé) chuyén déng di cung d# chiu vat
ning nio do tac dung thi theo chuyén déng di cho ta tim
du’oc gia toc cic bd phan cha val va tai lrong, tir gia toc
nay xac dinh dwoe lyc quan tinh. K€t hop Iuc quan tinh
vori trong lrong vat ning, lrong lwong ban than vat va tat
¢ cde hpe ngoai tac dung 1én no ta xét vit nhw & trang thai
tinh va tinh theo qui tic di thifl lap cho cach dit tai tinh,

Néu trong lwong clia vat ning mang trén vat lon so
viri trong lwong bén than cda no va hyc quan tinh coa vat ‘

Hinh 203
nhd so véi luc quéan tinh cia vt ning thi khi tinh 46 bén
vA do cirng clia vt co thé b6 qua dnh hudng do trong lwong ban thin noé.

Trong trudng hO‘p nay khi phwong gia tdc a cia chuyén dong da cho trung
v&i duong lac dung cha gia t8c trong truéng g ihi hinh tnre bi¢n dang do lm,
guan tinh trong wng véi hinh tinre bi€n danc do trong lirong ban than vat va vt ning
ma vit mang theo. Néu ngoai vit ning trén vat khong c6 thém tai trong nao khac
thi hre dong suy rong Ps, 1rng sulit dong pe (phap tuy€n og hay t€p tuyén ta)
va chuyén vi dong 84 (c6 xét lwe quéan tinh) x&c dinh mdt cach thuan tién qua
cic dai luong twong vng P, p va § do tai trong tinh (khong co lyc quin tinh)

va hé so dong.

ky=1 4 — o (217)
g
theo cong thirc
Py == kP
Pe = kap (218)
S¢ == kad

Trong truérng ho'p phwong gia t8¢ acla chuyen déng da cho khdng trung
voi duong tie dung cla gia t8c trong trudng g thi hinh thirc bién dang cia vat
do lyc quan tinh s€ khong phtt hep v&i hinh thire bi€n dang do trong ]ufo'ng ban
Ibin v trong lwong vat ning ma vht mang theo. Khi tinh vat cin finh Ung sudt
va bi¢n dang do tirng hinh thu'c bign dang nh khi cdc tii trong d6 tic dung tinb.

Thi dg 106: Trén thanh l4ng tru chidu dai ! treo hai vl trong luong Qi va
va (2, thanh chuyén dong nhanh dan déu huéng thing ding 1én trén va di dwoc
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doan duong S sau ¢ gidy diu tién (hlnh 204).

Xac dinh dién tich cin thi€t F clia mit ciit ngang thanh
va do din dong ctia né, néu bigt trong lirgng riéng cda vat
liéu thanh y, modun dan hdi doc E vd 1wng sulit kéo cho
phép [o].

Bai gidi: Lyc doc tiob lon phit & miat cil trén cing
cia lhaoh :

maxN == Q,; + Q2 + YFL s
Ung suit phap tinh lon nhét 1rie,

v L,

maxe == rna;‘cl\ = Q‘“’: Q: + vl 3
F F [

28 ,
Vi gia téc ctia chuyén déng di cho a = - huréng Hinh 204
thing dirng lén (rén nén hé s§ dong
ka=1+ 2.
g

Ung suil dong lén nhil
maxey == kamaxe = ka (—Q—L":;W—Q&" -+ *{1).

Theo diéu kién bén
mazag = kemaxe < o],

hay mMaxs == ew———=2 Q1+ Qs - eyl & - [!.]
b . d
Tir do dién tich cdn thi€l cia m{tt cil ngang thanh
F } Ql + Qz

(Ielke) —
Po dén cna thanh ¢6 dién tich F khi céc lyc tac dung linh

[
= (Q1 ‘“—“QZ + Y ) EF
Po din dong cda thanh A!d = AdAl.

Thi du 107: Lo 50 x08n &c hinh tra buéc ngdn chién dai ! = 30cm, ban
kinh vong xoin 8c R = 2cm, ban kinh mit cil diy r == 0,2cm, s6 vong n, == 10,
treo vit niing Q = 1kG va quay {rong mil phing thing dung
quanh khép ¢é dinh véi van tde géc n == 200vg/ph (hinh 205)-
& mit cit
néu mo-
dun dan héi trwoet cia vat liéu G =28. 1()5kG[cm2 va lrong

X4c dinh tng sufit ti€p dong lén nhil maxte
diy ctia 16 x0 va chayén vi 1&n nhit Al cha vat Q

lwong 10 xo rit nhd so véi trong iu'crng 0O cha vit.

dung cia lyc kéo dong 1on nhdt P == haQ. Vi lo

Hinh 205 doc truc 16 xo. Vi vay hé s8 dong ke =1 4 - =1
_ g
X(! -+ Al), trong dé van tdc goe:
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Bai giai: O vl tri thdp nhit cia vat Q 16 xo chiu tac
xo c6 do

~cirng nho nén khi xac dinh Irc ly tim s& tinh dugc hrc kéo
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rad

w == w30 = r . 200/30 = 21

W?lg = 212/981 ~ 0,45 -
]

4,8.10
i ‘nGré= P .
Al = APaRnoGrt = "( 8.105.108,10-4 )“’P"/‘icm'

Vi vay:
2 3
Py==Q [1 + ﬁ-——( I+ "é'{)'f‘;%gg‘ )] = Q[1-0,45(30 + 0,25P4)] ~ Q(14,5 + 0,11Ps),
g
tir d6
‘ 14,50
Pg = 2% 17, 1%G.
=T 0110

U'ng su#t ti€p déng lom nbdt & mit cat diy cia I xo

max vy = 2B 2:17.1-2 000k Grom?.

=rd  x.8.10-3
Chuyén vi dong Ion nhit cla tai trong
1 17,1

Al == — Py = 2w 4,3cm,
4 4

Thi du 108: O diu trén cila thanh ling tru chidu dai [ mang vat trong
frong Q, diu dwdi cta thanh ogam vao chi ti6t cirng tuyét d3i, cbi tiét nay Lhuyen
ddng trén dwdng nghiéng véi mit nim ngang

mot goc a voi gia tde khong doi a (hinh 206a). g b e t
X4c dinh 1tng sudt phap dong lén nhat f‘?—fﬁ i/ - ﬁ'} g
va nhod nhit & fdt cit nguy hifm cta thanh, i ¥ pe il
néu bi€t dién fich mit cit F, momen chdng - i q E‘ -
uén W va trong hrong clia mot don vi chiéu ' “g‘”-;:i
dai q. | . =
Bdi gidi: Khihé chuyén dong thanh chin s p—— o =
tac dung cua trong lwong vat Q, trong hwong g t”
ban thian ¢ huéng thdng ding xudng dwéi, hyc Hinh 208
n -y

quan tinh tap trung Qa/g va hrc quan tinh
phan b§ déu ga/g c6 phwong hop véi truc hinh hoc géc (...,E.. — cr.) va nguwgc voi

chiu chuyén dong (hinh 206b).

Ung suit phap & mit cit nguy hidm tai ngam: do cac trong luc Q va g gy |
ra nén doc truc ¢' == — (Q <~ ¢/)/F; do thanh phin hrc quéan tinh doc trgc himh
hoc cfia thanh giy ra nén doc truc 6” = — [(Q 4+ ¢l)asina)/gF ; do thanh phin lyc
quan tinh vudng géc voi truc hinh hoc clia thanh gy ra udn

(ot + —%—ql’) acosa

x W
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Gia tri 16n nh&l va nbd nhit cia rng sufit phap déng o mal ci! nguy hitm
cua thanh

1

(Q+'§"(]l)alcosa ( 0+ gl )(] - )

max 6 = - —_— + —sina ] .
min gW F g

Thi du 109: Trén ddu ir do ctia thanh chidu daj / nghiéng v&i tryc ndm

ngang goc « co gan vat trong hrong @, thanb quay quanh trye thing dirng 00 v
- van 8¢ goéc khong ddi W (hinh 207a).

Xac dinh lrng sudt phap dong lon nhit
& mit cit nguy hi®m cda thanh, ndu bidt trong
luong don vi chidu dai thanh ¢, dién lich mit

cdt ngang F va momen ch¥ng udn cda mit
it W.

d/c" 0 %—m’ﬁcosm . Bai gidi : Khi co linh d&n hre Iy lam. sor

— dd tinh v& trén hinh (207b). O mat cit nguy

:gw%cnsac hiém tai ngam ciia thanh chiu tac dung

1. Momen udn do trong lwong ban than
¢ cta thaph:

J2
Hinh 207 My = -—%- cosa,
do trong lhrong vat ning ¢
M3 = Qlcose,
do lye ly tdm tap lrung -—Q--mZICOSu
My = Qu? 12sin2a,
29
do lyc ly tAm phan b3 theo Juat hinh tam gide véi cuwong do lon nhit-L w2lcosa
g
2
My e g9 13sin2sa.
bg '
2. Noi Iyc nén do trong hrong bian than g
A Ni = ~— qlsine,
do trong lirgng vat ning Q
N2 == — Qsinax.
3. N¢i Iyc kéo do Iyc 1y thm tap £1'unga-gwm2!cosa
2
Ny = Qo . [cosiz,
g - S
do fyc ly tdm phin b3 theo luat tam giac voi cuérng do lon nhit 2 cosa
' g
2 _
Na=-3E 12¢052a.
29
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Momen uén t8ng hop
1

A[dﬁ.“fll -+ 4"‘[2+i‘[3+ﬂ’f‘ :(Q-l-_‘])_. ql).’com +(Q+-§--q1)x (,;31'2
& -q

sina.

Lare doc L6ng hop
. 1 3
No=Ni+ N2 N; + N.;m(0+-,;ql) ©

costa — (Q 4 ql)sina.
Ung suit phap dong lon nhit & mit cit nguy bifm cla thanh

} {
maxay == «f}ri-+ -%d— m-—‘i— [(Q+ — qI)T cos2a — (Q + q[)sma]

_..._[(Q 4 mI.-- ql) m.?f..... $inZe 4 (Q+ _%....) cosa] .

Thi dy 110: H¢ trén hinh ')()Sa quay xung quanh truc th’c”mg dirng 00 vori
van 8¢ goc khong doi «.
Xac dinh van tdc goc cho phép n v"lph cua hé,

aj
nBu m == 1kg: p == l0cm: d = Iem; [o] = 1()()-ﬁ§-

Bo qua lrong lwong ban than hé va dnh hudng cia
sir thay ddi khodngecdch gifta cie vat m dén gid tri
cua lue ly tam,

" Bdi gidi: Khi co xét d&€n lyc ly tam so do
tinh ¢6 th8 v& nh trén hinh 208b. O mat cit nguy
hidm tai ngm ¢6 tic dung clia ndi lye doc truc kéo oty
Ng¢ == mw?s v& mmomen udn pl

My == mgp -+ Mmu?e2p == mp(g + 2w?p).
Ung sudit kéo dong 1on whit & tho Lrong cla
mil cil ngam ¥

Nd .ﬂ’[& V

max og == =
d 7 -+ W @
— malp + mp(g + 2"32?)
T F W * Hinb 208
vy d 1 1-—d/8
Vi khi — = ~— hé 80 u == T ] né g iédn - he & 5 5
. 0 ¢ « T'— d/2 ~ 1 nén difn kién-bén o mat cat

nguy hiém:

maxcdﬂmmzp( ! e 2o )+ mipg < [o],

F W W
tir do
o il = [c
T80 0 1o, 2
F ' W
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60 100 L0981

201950 I
. UL
~ 101( 20l

B WX IR 9,1.10“6)

1 ~ > V750 ~ 270Vg/ph.

n

Bai tgp 934 — 936: Xac dinh Ung sufit phap & cac mil cAt ngang da chi
dan cia thaph trong h¢ do tic dung ddng théi cia trong lic va lyc quén tinh.
Trén hinb v& huéng chuydn dong chi bing mii tén voi ddu hién a.

934 4 a=2g9 m/s? 935 936
1 ] K 45
b hY
X
i Ggmfs*
TkG/cw? raagm/s’ g .
™ Fr = lem 5
T I 1
~ & :
&=zuanw=[]m=3"w’xg I Ha
max O~ : 2m|_ am | 2a N U
o b ZIE 51‘1':?
1 A . - . 6Lﬂ= ?

Bai tap 937 — 950: Nac dinh cac dai lugng da chi din trong didu kién
cia bai lodn do tic dung cia lyc quan tinh khi hé quay. Trén cac hinh vé, truc
quay cla hé chi din bing miii tén vong véi diu hiéu o hay n. D8I voi lrue quay
véu khéng cho kich thwée mit cdt ngang va E thi xem nhw no cirng tuyét dgi. Cac
bo pbén cing tuyét d8i ctia hé ngoai truc quay, d8u vé biing hai nétl. O it ci cac
bai, trir bai 942, xem nhw hé quay d8u. Khi xac dioh lye quén tinh khéng k& dén
bi€n dang céc bo phén cia hé. Trong cac bai 937, 938 ngoai lrc quén tinh, ¢on
tinh ca trong hre,

938 3 939

] ;’ﬂ‘f’g 0= g w s
c o <
I._

0B m=lkg T2ty T4

. d=10 | 8 6,27 ' ¥
5)B=60 e 3000 —mp S TIOX Op= 1 3
= 30044
q %=30° : 4N | max6;=7 4
Er 1.m™E k6/em? e

- 2 o
FI.H.III— Fem i Gj,gtm"‘?




940 _ 941 942

+ t (1 g, Q.{ =100
16710005, ; 47 g &l mﬂf‘?
® ={000ug ph
943 %44 o)
=]
O SSVARTV ARSI o O

£

—3E ,
3§
w::()
K 3|E—
d
JE—
dr
g
1

G ph~ g r I~
f6]; d=7
@ B=2k6 Q4
E;’E 3 mu.rﬁ;ﬂ-:f’
945
: 948
%tﬁ/n =1200 vy
|z
™ =8 6 fem
B f
¥ max G=7 ET a,g, ;
= zaai%’ LW E<Z- 0% /6m?; [6]~1600kG/ex?
R ﬂ?, ﬁ*ﬂn ?
948

b
2710, max 64=7
a-a=7?
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Bai tap 951 — 953 : Xac dinh vin 6c goc w ._]._ (hay n vg/ph) cha truc
s

quay khi cdc thanh nén cda hé mat &n dinh. ‘(em nhu ¥ng sudt téi han khong
virgt qua gidi han ty 1é cioa vat ligu.

951 952 953

w_ D

@=5k6 L300

L] R
7 E=2-10'k6/er? p = 7

§ 46. Dao d8ng dan hdi:

Str léch tuiin hoan cta hé¢ dan hdi khdi vi tri cin bing &n dinh duoc goi la
dao déng dan hdi. Néu hé léch khoi vi tri chn bing do tic dung mét lan cia
xung lwe thi dao dong xufit hién dwoc goi la dao dang fu do hay dao d¢ng riéng.
Néu hé chiu tic dung clia lue suy rong thay déi ludn hoan theo thdi gian (lue
nhiéu loan) thi goi dao déng thu dugc la dao déng cirdrng bere.

Dao déng tu do vo lue can l& dao dong tit din, the 14 dao déng véi bién
d¢ gidm theo thoi gian. Néu 1dn 88 clia dao dong riéng bing lAn 8 cda luc kich
thich thl xdy ra cang hudng 1a hién tugng ldng nhavh va lién luc cda hiés do theo
theri gian. Vi sy tdng bién do dao dong quan hé voi sy tdng tng sufil nén cong
hudng c6 the lam hé bj pha hoai r&t nhanh.

Hé dan hdi bt k§ co vo s5 bic tw do. vi s8 loa do doc lap xdc dinh vi (ri
trong khong gian phan bd trong cac bo phan cda hé Ién vo cing. Néu hoan toan
khong tinh khdi lwong ban than hé bodic tinh gan dung bing cich qui déi no vé
mot hay vai di#m thi co th& xél hé maot cach thuan loi nhu hé ¢, mot hay vai bac
tr do. Khi khong k& dén khdi lwong ban thin, cé thé xem hé dan hdi 12 mdt bac
tir do n8u hé mang mol thi trong ma vi tri clla né trong khong gian dwou xdc
dinh chi bing mot toa dé. Khi cé xét khdi hrong ban thin cé th xem hé {3 moit
bac ty do n&u véi mire d¢ gin dung di co thé dua kbdi hrgng ban thin hé vé
ditm dat tai lrong. '

Trong &t cA moi trwéng hop khdi hrc_rng‘} dao d¢ng duwoe coi nhu khong dai,
va hé¢ dan hoi Ia tuy€n tinh ¢6 Iirc suy rong P & théi dibm baEL kv t§ 18 voi chuyén
vi suy rdng twong Ung 8, tire la:
P=(3 (219)
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trong do C I4 do ctng cua hé, tire 14 lye suy vdng gy ra chuyén vi suy rong
b#ng don vi. 1 |
ioh thic bin dang cia hé khi dao dong duwge ldy nhuw tAi lrong tinh ciia
hé twong trng véi lye suy cong dit & difm treo lai Irong vi tic dung theo phuong
dao dong. |
Dao dong tir do ctia he dan h6i khi khéng xét khdi\luqng l::én than. Vi
ddi véi heé hifn dang tuy€n tinh. chuyén vi suy réng cua dim dat iai trong khi
tac dung linh ciing chinh la diém dil hye suy rong
P twong tng dwoc sdc dinh mét cach dé dang bhing

phuong phap bit kv trong cdc phuong phap d& bigt, G
nén ta tim dwge do eltrng € ciia hé tir bitu thirc, b)
C = p/& (220) 6

+ - - * o
Bo clrng cta hé gom cac bo phin dan hdi
ghép song song, ndi tiép va hén hop dwoe xdc dinh

mot cach thuan lgi khi ding cdc céch ghép di &
bi¢t san diy. .

Néu trong hé dan héi gém cdc b phan co 6
do cung C; ghép song song (hinh 209a. b) thi do &

cimg ctia hé
C= E Ci (221)
Neu trong hé dan hdi gom cic ho phin co dod
ctrng € ghép ndi tigp (hinh 208c) thi dd cung
cua he,

c

1
I
Ci
Neu trong hé cac b¢ phan dan héi mic hép

hop (hinh 209d), trong do cic phan co do cirng Ci ghép song song, cac phin co
d¢ cirng € ghép ndi ti€p, thi do cirng clia he '

1 |
= (223)

Hinl 209

i b6i voi hé khong k& khi lwong bén than ngudi ta xdc dinh tin 8 vong
cua dao dong tw do w (s6 dao déng trong thoi gian 2= gidy), tin s6 dao déng N
{88 dao dong trong mét gidy) va chu ky dao dong T theo cic cong lhire sau:

a) Kbi vt chuyén dong tinh tién qua lai
w=YClm =v¥g[3
1 — 1

T =%V m|C =2x {3]g
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trong d6 m = Q/g 13 khoi lwgog ca vit co trong lwong trong hé MKG khéi
lwong dwoe do bing kGs?fem (trong h¢ SI m Ja kbdi lwong val niing xac dinh
hiing cdch cin, tire 12 so sanh vé&i khdi luong miu 1kg: trong hrong Q tinh biing Niuton,
Q= myg); § [i chuyén vi dai cia didm treo vat khi lut Q tac dung tinh Lheo
' phrong dao dong, chbuyén vi nay dwge tlinh bing cm (m); C=Qf3 la d6 cirng
cta hé EGjem (N/m hay kN/m);

b) Khi val chuyén déng quay qua lai

w=V Clln
1
2
T =2x '\/Imlc‘

trong do I = j' oldm = L Jpzdv la monem quén tinh cha val ddi voi (ruc
g _

v

quay cia né va coé don vi kGems? (trong hé «SIy In = j p?dm =p_ I p2dV tinh

m

hiing kgm); vy — trong lugng riéng cta val (RGlem®), po ld mat do (khéi lwong
cta don vl Lhé lich), p, linh biog kg/m3 (trong hé «SI »); ¢ la kbodngcach ur
thé tich dV dén true quay em(m); C = Mo ta dd clrng cua hé kGem (Nm); M la
moraen tac dung 1inh ¢ mit cil Lreo val theo chitu dao dong kGem (Nm); 9 la

chuyén vi géc ctia mit cil ¢6 momen M tac dung tinh, rad.
kG

cm?

; T = 0,1s (hinh

Thi dg 111: Cho Q = 16kG; a = 2em; £ =2.10°

210). Xac dinh [.
Bai gidi: Vi chuky dao dong T = 2x {§g nén 8 == T2g/4x2.
Mat khic do tac dung tinh cda lyc  do véng & diu (r do diam

3 3 2, TETRET
ém-g-{:-.Vi vay o . Ty val=— Y T%.3El _
3EI JEI 4x2 4ntQ)

== 50cm.

__1/0,12.981.3.2, 108, 24
=V =T

Thi dg 112: Cho m = 20kg; b = 8cm; I-- 40cm N =20 dao déngls;
G ==7.10¢ MN/m? (hinh 211). X4c dinh a.

Bai gidi: Vi N = —— ~ f C[Tw v I = 2mb?; nén € = 4n2N?1,, = 8r2N2mb2,
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axa

O—.e

Hinh 210 ’ Hinh 211

RN AR

=
SN

]
L]
Va

@

£

Mat khic, d¢ cirng ctia thanh khi xoéin
C =Gl Jl ~G.0,14a3/1,
trong 46 Izo == 0,14a* 12 momen quan tinh khi xofn ctda mit cit hinh vudng canh
a. Vi vay 0,14a%G/l = 8n2N2mb? vi

a = Y8x*Nemb2[/0, 146 =
=V8.10.4.102.20.64.10-4.40.10-%/0,14. 8. 10T ==
== ],95 . 10—2 — l,gscma

Thi dg 113: Cho @, a, [, E, I (hinh 212)
Xic dinh o, N, T.
Bdi gidi: Vi géc xoay cta vat Q xung quanh 1im khép cla gdi trdi =
MI/3EI, nén 46 cirng clia dam
€ = M/p = 3EI|L.

Momen gquan tinh cia khgi lvong vat ddi voi truc quay cia no

1 =L at.

g
Theo coéng thirc (225) tin s6 vong cua dao dong

w=YClln :_-3&- 3EI1g/Q!
tin s8 dao dong : _
© 1 3Elg

N= 5 =% VO

chu ky dao dong _ |
T == 1/N == 2na VQI/3EIg .
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Thi dg 114: Cho Q, !, d&i v&i 16 xo D, d, n (n la s3 vong), G. Thanh AB
tuyét @i cirng va khéng co trong lwong (binh 213).
Xic dinh tin s vong o 12 ham s6 cda vi tri vat Q, e 1a cda khoang cich .
Bai gidi: Lwc kéo {6 xo0 P = (x/i.
Chuydn vi dirng clia difm A:
54 = 8PD3n/Gd4 = (8QD3n/Gd*) . (x/l)

Chuy&n vi ding ciia diém C:
B¢ == S|l = (8QD3n}GA3)(x2/12).

VT e
@= V3 T 32Dz V 2(QDn

Co thd gidi bai todn nay bdng céch khdc, khong t chuvén déng tinh ti€n
ma tir chuyén dong quay cda vat . Khi do chuyén vi géc cia vat ¢ =3a/l;
momen hdi phuc M = Pi;
do cirng cia hé C = M|p = PI2[3,;
momen quin tinh cda khdi lwong véat déi voi truc quay

Tin s6 dao dong

Ilﬂ = ,____:CZ’
g
tin s3 dao déng: _
_vmﬁ L v Pg__ 12 1/™Gg
C=VT. == V. ~ 2Dx V I0Dn

Tht dp 115: Cho: ddi voi thanh [, dy, Gy, I3, di, Gy, d8i véi banh tron 7.
D, k (hinh 214).

Xac dinh tiun s§ dao dong o cna banh tron.

Bai gidi: D¢ cirng clia thauh khi xoin
€y =Gl fli=Grd}(32];;

Cs = Gal 3 = Gand}320s.
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Vi cdc thanh dhép song song nén theo cong thirc (221) dé cirng cta hé
dao dong o

€= a+@_“(

Gydé | Godi
()

1 2

Momen quéan tinh cla khdi hrong banh hinh try d6i véi truc quay cta né

D/2
m = L .[ pdem—I- I p?2mohdp =
g g
v o]
D2

9 e ........f.... Tle“
Ty ,{ 32 g

.0 -

Theo céng Lhire (225) tin s§ dao dong cla béanh :

_yc _ ! \/(Gldd DEERE)
=Viz =7 G

df L1/2
* e \\ g - . oo e
/ g
S | | [ -
)
r‘r b 3
N
il d, Q
friT
Hinh 214 ‘ Hinh 215

Thi du 116 : Cho: d&i voi dim U, E,, I, d6i v&i thanh Ej, iz Fy, Q
~ (hinh 215).

X4c dinh T _
Bdi gidi: Do cing cla ddm hai gdi twa voi lyc ubn & gitta C; = 48E, 1,43
Do cirng ctia thanh khi kéo Co=F:F,/l,. :

Vi ddm va thanh ghép n&i ti€p nén theo cong thirc (222) d¢ cirng cua he
dao dong , L

w—

(1/C1) + (1,Cy) — (I348E.L,) + (WEsFs)
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Theo cong thuc (224) chu ky dao dong cia hé

T o v m =2 v..g_(zmsml) + (12l EpFs) -

Bai tip 954 — 965: Xac dinh cac dai hrgng chi din trong didu kign bai
toan cho cac hé¢ dao déng. Trén hinh v& mii tén gin vat chi phuong dao ddng,

954 955 956
(i hlegg.. . Ll
E=8,810¢ 2F] | o
MN/m? "
'% Feimm? | 8§ £
~ ; _&. \
2
X m=tks %Cﬁﬂ.ﬁﬂ/m %ﬂg 7 e
N=7 .
; m=lkg w=?
957 958
l g a
B9 e | (1 l
e 2a @“ a‘%’ 2 o,
H | H 13 b |
T=9 r=?
Cac tat trong Q dao dgng ddng by
951__ £=/m ; R 960 J i '
S L1y M
s 5 1 =
AT Y T
]

d
~ 04"y El0%6/m? | |

n=5vbng  6=8'10%G fem?
g=4546 T=? 7=?

E=1,96-10%In?]
T=7
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963 , - 964 8965

2 ,gf ff_ :;
£<2 10%6 /om? ‘; I ; N 68 10%m?
G=8- 10%6 fer? 7 wer S| N0k
Q:jk[; '9- 8 o :?
. 1T=? 3 '
20em L/ (=5k6
m

Dao dong tw do ciaa h¢ dan hdi co xét dén trong lwgng ban than. Khi hé
dan hdi dao dong tw do co thé tinh gin dling khdi loong ban than phan bd m,
bing cach dwa né v didm treo vat vacong voi khdi lrong m cha vat. Khai lu'cmg
tinh ddi mua la khdi lwgng tap trung & diém treo vat ma dong ning cia khdj
lwgng d6 bing dona niing ctia khai lwong hé m,. Gia tr] cia khdi lwgng tinh ddi
ty 18 voi gia tri cda khai lwong thye va dwoc xac dinh theo cong thue:

na = Kkam, (226)

Heé s tinh d8i khdi lwong kw phu thuge vao qui_luat lhay déi van tée
chuydn dong ctia cac by phan cha khéi lwong mo. knm dwoc thigt lap tir ditu kién
cin biing dong ndng clia ma va m, va dan téi bigu thirc:

{03

trong d6 8 va 3, la chuyén vl suy rong cta didm treo vat va didm b#t ky
ciia hé khi trén hé chiu tac dung tinh cta lyc suy rjng tu‘o’ng wng voi dang bi€a
dang ciia hé¢ khi dao dong va hyrc suy rong ay dit tai didm lreo vat co phwong
theo phuo‘ng dao dong

) (227)

P&i v6i cac thanh thing e6 mit cit ngang khong dbi, co thé xic dinh bé s§
tinh ddi khdi hrong theo cong thirc:

!
:%_- I ( ) dz, (228)
o] .

trong d6 dr 1a phan 8 chidu dai thanh; [ Ja chiu dai thanh.

Tan <5 vOng o, tin s3 N va chu ky T cda do dong tr dao cla hé dan ho;
c6 xét dén trong lwong ban than xiac dinh theo cac cong thic sau:

a) Khi chuyén déng tinh tin qua lai



=V—° =VL s = \
“= m+kom, — V8 T+ knQ,/0

N =

u_vg, ! )
TVE 1 ¥ kemym

1

1 -\/“gm 1
I V8 T kamom’
T = 2z Vfﬂ_téiil =2z \/-3— (1 4+ kaQ/Q) =

—9. vmg_ (1 + kewm,/m), /

L v ¢ 1 Vsr -
2’:’! m—""kmmo "“""""'2""??" .—8 1“'}“kaon ""“""' (299)

trong d6 Q==mg va Q, == m,g 12 lrong lwong vt va trong lugng he, 5 14 chuyén
vi dai ctia di€m treo vt khi lyc ( tdc dung tinh Ién h¢ theo phwong dao dong;
b) Khi chuyén doéng quay qua lai

Hinh 216
308

mr—u’"VC/(Im—i'*kama)’

1 , I
N =5\ Clllnt kal,), | (230)
Pty 1o

T --"“"-2?5'\:, (Im + km[mo)/c ] J
trong 46 In va In, 1a mémen quén tinh cia khéi lwong vat
nang va khdi luong hé m_ d8i voi {ruc quay.

Ta xét cdc thi du ¢6 tinh khéi [wong ban thin cia thanh
lang tru voi céc dang dao dong ty do don gian.
Thi dg 137: H¢ dac dong doc true. Cho Q, v, F,a b,

E (trong hé SI cho khéi lwong m cha vat bing kg, mat do
thanh p (kg/m3), F, a, b, E) (hinh 216a).

Xéc dinh T.

Bai gidi: Khi val ( técdung tinh 1§ s§ cdc chuyén vi
dai (ddn dai hay co ngin) ciia mit cit bif ky (zac dinh bing
cic loa d9 x1 va x3) va clia mit cdt treo vat lwong trng bing
8x1/8 = T1/a va 3x,/8 = xz,/b.

Theo bigu thirc (228) h¢ s§ thu gon khdi Ivgng

a - b
J = L (zi]a)2day = L (22/b)2dzy = - .
a b 3
G 0

Vi céc doan thanh ghép song song nén theo cong thiic

ab

(221) d¢ cirng cfia h¢ € == EFja + EF/b = EF ( a+b).
Eh@i lurong bap thin thanh mO::-IF_- (a + b), khdi

lwgng vat m = Qfg (trong he SI, m, = pF(a 4 b)).



Theo cong thre (229) chu ky dao dong tu do clia bé trong hé SI:

o :n—f—];mmoz.) v m_ ab tF a+b
‘“‘“’"V ¢ =T EFg a+b(1+3' m....._)_

vy

Truong hop dic biét (xét lrong hé k§ thudt).
N#u val Q dwoc treo & thanh chitu dai a va khong ¢6 thanh chidu dai b

(hinh 216b) thi khi gid thigt EF/b =0 ta co C= EF/a;
g r oI (14 22
m,= 7 ava T =72r EFg(1+ 30
Néu val Q tya lén thanh chidu dai b, vikhong ¢6 thanh chitu dai a (hinh 216¢)

thi EFfa=10;
= RN 7 SR P YA L _lff_b_)
C=EF|b; my=--b va T =2 | pr (1 +55) -
Thi du 118: Dao dong ngang. Cho Q, v, F, [, E, I, (hinh 217).
Xac dinh T,
Bai gidi: Khivat Q tac dung linh, chuyén vi dai (d6 véng) cha mit cil bat ky

6 khodng cach 2 dén ngam trai dwoc xéc dinh bitng phuong phap thong s ban din

2 3
N S YO . |
El 2 2 6 gg Yo § % ,

Tir didu kig¢n d3i xting ¢na ddm ta co

ds. \ 1 /ML oQry_ £¢ -
( ), \ )‘“0 el

dx .=:/2:—E}_ 2 16 .
va M, == Q3.
Vi vay Hinh 217
3 2 1
= QL 33_;”493“_);828 _ Qe
48EI /3 13 x=1/2"" 102E]
va
2
3 iz 13

Theo cong thirc (228) hé s§ tinh doi kh3i lwong dim

2 - 12

LY 5x \? 32 x? x3 \? 13
kmm"""‘ — d:l?::‘-—---—- 3'—-"'"4:"-— d ﬂ—m—:—~.
(8) 1 ( I 13) =%

0 O
Trong lwong dim Q = yFI.
Chu k¥ dao déng ty do cla dim tim dwoc tir biu thnre (229):
YRS TN x| QF 15 <Fl
r=21/2( ) =2\ S ()
YUt =T V3 T % 0
Thi dg 119: Dao dong xodn. Cho Q, D, v, d, a, b, G (hinh 218a).
Xac dinh T.
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Bdi gidi: Khi momen quay tac dung tinh & mit cit treo dia, 1y s3 gitta cac
chuyén vi géc (géc quay) cha mit cAt bil ky (xéc dmh bing cac toa do x; va x4)
voi mit cit treo- dia twong rug bing:

8“!8 = rpxl[:p = T [a va sz[s = cplezp == Ty/b.
Theo cong thirc (228) hé s6 thu gon khdi lweng thanh

1 : 2 b 2
Xy 1 Iz 1
= - — @y e — v = —
aj(a) ! b'[(b)dmz 3
0 o

Vi cac doan thanh ghép song song nén theo cong thirc (221) dé cirng clia he

Gl Gl a--b nd* a-+b
5 C=—rt 5= —5 35 @b
‘ Qlﬂ Momen quin tinh clia khi liong thanh hinh tru d&i
W
: véi truc hinh hoc cia né I'mg = T, L - . Momen
9 §ﬂ=. ‘ 32 gdi(a -+ b)
a ; quin tinh cfia khdi lwong dia hinh tru co trong lwong @,
T4 ban kinh D: Iy = 3
£ l - g
° gl | l Theo cong thire (230) chu ky dao dong tu do cuahé

; — 1m+1.m1m — V Imab 1 Im,
2 ° 2n
. ﬁv (r]p(a+b)( +.‘5 Im)
| m4n_2_ 0 _ab 1+-nd4-r.a+b).
=Gg a-+b 120 D*
Truong hop ddc biét.
éu Glo/b = 0 (hinh 218b) thi € =Gl ja,
In, = nd4vaj32g

Ina 1 Im
s mg o =
Hioh 218 e T=2n GI, (1+ 3 Ia )
rdéva
ae A0 a’fVQGIﬂGQ (1 +—T§~é~b—2—) .

Bai 1ap 966 — 970: Xac dinh hé s§ tinh ddi khdi lwvong kn cha dim khi
dwa khdi hrgng v& mit cét K.

g v

966 967 968

: |
t!&‘rg -9\;2! UK

im £ 3 £.%
2 £ gl za T |l Ja l.a
a=vl

™ 1
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CkG/em CkG fem
% fgd % 0({ K Q
L J =

Bai tap 971 — 975: X4c dinh ¢hu ky dao dong tr do T ctia hé.

971 972 p=5,ikg
§=320k6 \
. mz60kg

0,73cm

“ BRSNS

{ s =
i Posm |t ’:j@’ bom

E= 1,95 105MN/m?

Dao dong cuwdng bire khong tinh dén Iwe ean. Néu dao dong cudng birc
clia bé c6 mot bac tr do dwoc gy ra do dat vao vat hrc suy rong kich thich

digu hoa ,
; P = P_sinmt (231)

trong d6 P, 1a gia tri 1on nhft clia lge kich thich P; o, 13 tin 86 cla lugc P; ¢
la theri gian, thi bién d¢ cla dao dong cubng bire A dwoce xic dinh theo cong thirc

3
A == 2 == B3.. 232
= (@iol) 32
Trong cong thirc (232) 3, 14 chuyBn vi suy rong clia didm treo vat do tac
dung tinh clia luc Po; 12 tdn s8 vong ctia dao dong riéng cta hé;
8 = 1

T 1 (0}w?)
NéU @, > o thi A — 0 va trong thyc & vAt dit trén he dan hdi s& ¢ dinh,
Néu o, <€ o thi A —3, va vat dao dong y&i bién do bing chuydn vi cla no do
tic dung tinh clia lgc P.. Néu o, din t&i o thi bién do A tdng nhanh. Khi o, =«
xudt hién cong hudng va A == . Trong thurc t¢ vi c6 lue cAn nén A khong dén vo

cing nhung c6 thd dat d&n gid tri rét 160, o

4 hé s§ ting dao dong (233)
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Trong ving cong hwong (kh: 0,7 < wofer < 1,3) Iue kich thich khéng 1om co
the gy ra trong cde by phan cda hé dao dong bién dang lén va do do ung suft
lon. Ntu tin s8 cua lyc kich thich tdng nhanh qua ving cong hudng thi bhién 4o
khéng kip dat dén gia tri cye dai cda no.

Thi dp 120: Téi trong Q, = 2kG duwoc treo vao vat Q = 100kG gin & diiu
thanh [#ng tru chifun dai /= Im va dién tich mi!l cit ngang F = lcm?. Vil O
quay trén tay don p = 8cm véi vin t8c goc n =
== 2400 vg|ph (hinh 219a). Mé&dun dan héi

D e doc E = 2. 108 kG/em?,
[— Hiy xdc dinh bién d¢ dac dong cudng
> - "4 bic cda vat khi khong tinh khdi hrong thanh
/A va luc can. 7
A =Fsinw =~ "4, . Bai gidi: Vi chuyén vi dai (d(}vdﬁn) coa
b Q o diém treo vat dudi tac dung tinh cla lue Q
' . I 100.100
1w, b EPO theo phuong dao déng & = EQ,F =5 1061 =
Hinh 219 = 1102~$0,005cm nén theo cong thirc (224)

3n s§ goc cla dao déng doc tu do

- w=VYg/d = {981 .2.7102 ~ 443 1/s. v
Khi vat khéng can bing (1 quay xu#t hién luye ly tim P, = LI wip, thanh
g

phin luc ly tim theo phrwong dao dong la hyc kich thich didu hoa (hinh 219b)
P = P;sinet gy ra dao ddng cudng birc.

Vén téc gbe clia Qq la tdn s8 vong ctia dao dong cudng birc va biing
o == 1n/30 = = . 2400/30 ~ 251 1/s
Lyc kich thich co gia trf lon whdt .
poo Oy 2.50.8
' 981
B¢ dén cia thanh do Iyc P, tac dyung tinh theo phwong dao d¢ng

P.l 1030. 100 -
8o = = = 0,052cm
EF 2.109 .1

Theo cong thirc (233) ta cé hé s3 ting dao dong

| s 1 1
i 1 — (o2al)  1— (2517[443%)
nén bién 4o dao déng cu-o-ng birc ¢fia he
= B8, = 1,47 . 0,052 ~ 0,08cm. . .

<h

~ 1030kG,

~ 1.47,
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Bai tap 121: DPong co dién khoi lwong m == 96kg dit & gifra thanh ngang
ctha khung nhur trén hinh 220a. Phin khong can biing cha ddng co i tai trong
tap trung c6 khdi lrong my = 4kg quay -voi tay

dén p = 4cm, van tdc gée n== 1500 vg/ph quanh a) AT
truc dong co. AL &
X4c diph bién d¢ dao dong cudng birc clia % ]
khung néu { = 1m, fnomen quan tinh cia mit cilt AR N S
ngang thanh ngang va céc thaoh dimg I = 400cm*,
E =2, 10°MN/m?2. Ehong tinh trong lwgng ban H—'I
than khung. Do T :ég
Bai gidi: Trong lugng dong co dién va Bepsinot  p
b3 a - & 7 a
phdn khéng cin biéng cua né e
Q = mg = 940N; b) Mﬁ

Q, = m;g — 39,2N.
Tir cong thirc (200) & phuwong trinh chinh
tic cta phuong phdp luc ta tim dwoc phan luc ngang & cdc gdi ciia khung do
lre Q tdc dung tinh

Hinh 220

1

3
JYI T — 81!)’8114 Vi E[ 81? e 2 I_,QQ_ llfgd&?z — Q‘)l

-

¥

8]

i
EISH:?.. f a:%d:rl *‘E— 2/2!::-2—13,
a

nén s
4.3 3 3
Xy == Qr . o = e 4 0=176N.
TR 16 16 768

Ta xac dinh 9 vong & diem dat tai trong Q do tac dung tinh cla no theo
phuwong phap tai trong gid bing don vi

A
2 2 7 QR 7.940 .13
Sﬁ-wE!TJnh(-'—Xl*}' sz)_%z_.dxz == — Q — fmrd
Q

9 96 EI 96 .2. 101, 400, 10~8

= 0,857 . 10~4m = 0,357 . 10~%cm.
Tan s6 dao déng ty do ciia khung

— 1
o = Vg/5 = VO81/0.857 . 1073 =335~ -

Ehi quay trong lugng khong cin béng O, lam xuft hién lye ly thm P, ==
= mywkp, thanh phiin cla lyc ndy theo phuong dao doéng (hinh 220b) la Iyc kich
thich difu hoa P = P_sina,! giy ra dao déng cudng birc voi tin s8 vong

0, == tnf30 ==, 1500/30 = 157 ~—1-— .
. 8
Gia tri 1on nhil eda hee kich thich

P,=4,157% . 4, 10-2 == 3940N,
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DY vong ¢ giira thanh ngang do tac dung tTnh cha P, :
7 P 7.3940. 1

°= 96 EI  95.2.100.400.10-3
Vi hé¢ so ting dao dong

_ 3 _ 1 N
p= 1 — (0¥w?) 1 - (1572/3352)
nén bién bd dao dong cudng birc cla hé

A==B5,=128,37.10-* =4,7.10-*m = 0,047cm.

Bai t4p 976: X4c dinh van tdc géc n, clia dong co (c6 thd chuyén dich
trong cic t8m dén hwéong) khi dit teén true cta né trong lrong (Qy léch tam, ndu
bi€t bién do dao dong cudng birc A cda apng co, trong lrong Q bao gém trong

lrong déng co va Q1. Khéng tinh khdi lrong thanh,

42 = 50ky Ff&m%
’!nlf? 4

A S m’:m‘kg -
E*I,EE‘IUSMN/mz,' A=0,15mm pd:‘?b"' Fysinwgt A=7

=31, 10 *m.

*

Baj tap 977: Xéac dinh bién 49 dao dong A ciia pitténg may hoi nuéde chuydn
dong khéng ma st trong xi lanh duwong kinh D, nfu ap sufit trén pitténg thay déi
theo qui luit ’

P = P;b + POSin_wat.

Bai t4p 978 — 980: Xacdinh bién d¢ dao dong cudng birc 4 ciia hé. Trong

cac bai 978, 979 co6 tinh kbdi lwong dim.

n = 1000 vglph

978 979 A
ncm" ) | . /o=10c'm —ra. Vo=TkG
QoK Qp= GokE g @, ~400kG i
™~ 1} 1oy 225Kk P m : R
1 /! = "i 80 - B K 7 Q‘ i k) £ MV
T8 m, A -60kG, /s il
= 565G < 4~ 60kG, 1/ =
”% a=60cm N a ﬂ%’ SRR | d=212cm
F=2-10%G/em? ~ A=? E-10%kGjcm?  A=2

Bai typ 981: bidm treo 16 xo xofn c dao ddng ditu hoa theo phuong trinh
x, == 10sin20¢. i

Xéc dinh bién d dao dong cudng bitc A cla vat va rng suit dong max a,
néu dwong kinh vong 16 xo D = 10cm, dwong kinh day 16 xo d = lem, 88 vong
=25 vi G ==8. 10°kG/cm?.
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Iy = 504G -am5? 98l

_—

|
L

1

Tg

10sin20t

2a__.. g 0
0=6-10%5/em? M,=1000in 11 KG cm st

Xie dinh @ng sufit va tiah do ben. Chuydn vi suy rong dong 34 clia didm
nao do trén hé taj thoi didm bAt ky ¢ clia dao dong 14 tdng cta chuygn vi suy
rong khong d6i 3 twong trng véi hinh thire bién
dang ctia hé khi dao dong do tac dung finh cia
tai trong Q va trong lwong ban thin hé véi
chuy®n vi suy rong thay ddi gy ra do hyc kich
thich P = P sinet, tirc 14

3g =38 < B8 sinw,t (234)

B6i véri hé tuyén tinh cd rng sult dong suy
rong pa (oa ho#ic v¢) & cic difm Irong cic bd phan
ctua hé cling dwoe xde dinh teong ty.

pa=p + Bpsinu,l, (235)
trong d6 p la trng sufil suy rong (o bay t) turong ng véi hinh thire bién dang khi
dao dong do. tdc dung tinh cda Q vd trong lwong ban thin he, con p, la irng suft
suy rong do tac dung tinh cda lye kich thich lon nhat P

Gia tri cwe tri cdia wng sufit & thoi didm hé léch'nhiéu nh&l kboi vi tri ¢an
bing tinh thu dwoce bing

Py

maxpar g\

Hinh 221

max Pa = p +pp, . (236)
min .

Vi khi dao dong gia tri cha wng sufit bin doi theo chu k¥ (hinh 221) nén
trong triéng hop tac dung lau dai ta tinh d¢ bén chia h¢ dao dong theo phwong
phap tinh v&i tAi trong tuiin hoan, Khi qué trinh dao déng ngén va bién do cia
trng sudt bién ddi (maxps — minpa)/2 khong lom, co the tinh d¢ bén theo tng suat
l6o nhEt nhw voi tai trong khéng ddi. Vi chuydn vi suy rong dong lon nhit

max8s = 8 4 B8, = 8[1 4 (88,/8)] == Ska, (237)
trong do
ki=1-4 (85,/8)==1-+ 43 | (238)
la h¢ s5 dong khi dao dong, nén (tng sufit suy rdng déng lon nhit:
maxpg = pka. (239)
(o the viét difu kién bén nhur sau
max pa = pka << [pl, (240)
hay ’
p < {plika, (241)

trong do {p] 1& trng sufit suy rong cho phép ([o] hay {r]).
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Thi du 122: DBong co dién = 20kG dit & gitia dim miét cit chir nhal
F =bh =12 X lem?, chidu dai [ = Im. Phin quay khéng can bing clia déng
co la khéi lwong tip trung Qi = 1kG gin
a trén truc dong co voi khodng cach p = 4em
Sy (hinh 222a).
' _ Xéc dinh van (8c géc n vg/ph cda Iryc
L ‘?_h déng co khi wng sudt phap lon nhit trong
Yo T dim dat dén max oa = 2.000kG/cm?. Trong
5 B lwrong riéng cha vat ligu dim v == 8G/cmS3,
Ap= Pysinwgt %Gt modun dan héi doe E = 2. 108kG/cm?.
______ Bai giai: Trong lwong bin thin dim
Hinbh 222 Qo =vFl =8 .10-3.12,1.10% = 9,6kG.

Momen quan tinh cfia mit cit ngang dim ddi véi truc trung hoa va momen
chdng udn turong tng:

I =Dbh¥12=12.1/12=1cm*; W = bh2/6 = 12.1/6 = 2cm?.

Khi hre tap trung Q va lyc phin b8 Q. tic dung tioh trén dam, tng sufit
phip i&n nhit omsr va 49 vOng l6n nhdt dmy c6 gid tri:

o Mz QAHQIS L (Q+_%g_) _
— _i:% ( 20 + %6—) — 310kG/em?,
Srax = 4251 + 324 %ffa = 42:;;‘1 (Q+ %Q"):
.9,
- 43.2%206.1 (20 2 8 6 ):= 0. 2em.

Vi theo cong thirc (238) hé 58 dong

kd == 1 + (A/Smax) = Inax Ud/smar == 2.000/310 Az 6,45
nén biéo d dao déng cho phép , "

A = [(max oa/Smex) — 1] 5mex == 5,45 . 0,27 = 1 ,47cm.
Khi hre tép trung @ tic dung tinh trén ddm d¢ véng 8, & mit cht bt ky

<6 khodng cach x d&n gdi trai va do vong 8 & gilta dim twong tmg bing
3 3 3 6 5
8x="—Ql—" 3*:5-—-*4-3-:-—- va § = Q! o= 20. 10 -
48E]T 48ET 48.2.108,1 24

7 5 cin.

_ Vi vay 8:/8 == 3xll — 4x3|I3 va hé s§ tinh ddi khdi lwong dim theo cong
thire (228) bing: :

12 |
2 3 \2
j— _L’_f(ax)dx.____?_ (3&..__4..55._») dz = 20
{ 3
o)

O .
Ta tim duge tin s dao dgng tr do cfia dim tir bidu thire (229)

o
.
a3
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R 1 /881,24 I e
o=V4 TF #nlo/0 ‘“V 5 7L dL 9.6 ~ 61.8ls.
3577300

Trong lwgng phin quay khéng:Eﬁn bing Q1 giy ra lye | ly tim P, = «Qi»wgp.

A" a2 » - N g -
Thanh phin thing dirng cia P, (hinh 222b) P == P.sine la hre kich thich digu
hoa ghy ra dao dong cudng bic cla ddm. C diy o, = xri|30 1a tAn s§ vong cia
hye kich thich, con Po 1a gia tr] lon nhilt cda lyc Ay.
B vdng 1on nhit ctia dim dwoi tac dung tinh cia lye Po:
PJ3 Q% 14,108 . 4 . w?

8, = === wh = o 3= e CIT
48E] 48Elg 48.2,108.1.981 24 , 981

Tir cong thire (232) ta co:
wg . 61,82 w? w?

= o % 0,162
94.981[1 — (w3/61,8%)]  21.981 * 61,82 — &} 61,82 — @l

1,47 =
iy d6

— o1
ol =61,82.1,47/1,63 v o, = 61,8 VI,A7/1,63 ~ 58,6 -
Do vay van téc goc cia trgc dong o'
n m@—- w, == 30 . 58,6/= ~ 560vg/ph.

™

Bai 1ap 982 — 983: Xic diph wng suft dgng lon nhit trong hé dao dong
cudng bire. Trong lwong Qo bao gém trong trong lrong Q.

982 983

1g=200 ug/ph Uy 5k6 M, = Mysinwgt
§=200k6 7 p=l0em Y

[ ,,

pSaaSSs s I =kG~cm«.r?
) om 30 ]

max Gg=? @y=I0d- i My=2000kG ~cm
B=810%64n?: maxTy=?

§ 47. Va cham .

Hién twong va cham xudt hién khi co sy thay. doi dot ngodt -van tdc chuyén
dong cha cac vat, h¢ hay cdc phin clia ching khi cham nhau. O dé&y ¢hi mudén noi
dén truong hop don gidn clia va cham gitra vit chuyén déng (vat va cham) véi
vat hay hé ¢8 dinh (vat b] va cham) voi cic gid thidt nhw sau:

1. vat va cham tuyét déi cing;

2. vat bi va cham co mot bac ty do va chuyn vi suy rong clia nd ty l¢ véi
firc suy rong trong wng khi tac dung tinh va ddng;
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3. va chain khoug dan héi, trong qué trinh va cham vit va cham va val bi
va cham kboéng tach rof phau, nbung bi€n dang chung ctia vat bi va cham 1a bign
dang dan héi;

4. hinh thirc bi€n dang cta val bi va cham gidng nhu khi lre suy rong tirong
wng tic dung tinh tai chd va cham va theo phwong va cham.

5. van t8c chia vat va cham nhé so véi vin 18c lan truyén séng va cham, con
théi gian va cham lén hon dang k& théi gian lan truy®n séng may trén foan bo
th® lich vat b} va cham,

Véi cac gid thigt di néu co thé tinh gin dung hyc dong suy rong Pa, trng
sufit d¢ng suy rong pa va chuyén vi dong suy rong 3a theo cong thirc

Py = k4P
8¢ == kad

o day P, p va 3 tinh voi tac dung tinh 1én vat bl va cham cha lyc suy réng
dit & ditm va cham theo phwong va cham, con kq 1a hé s§ dong khong thir nguyén
va lé¢n hon don vi. )

Néu vat va cham c6 trong lirgng  khi giip vat bi va cham trong luong Q,
cling chuyén déng theo huwong cfia trong hre véri van tde v, va lam cho cac bp phan
clia v&l bi va cham chuy&n dich tinh tign thi hé s8 dao dong

B o7 T 510 T
b1+ Vit o TrRam =+ '+ TR =
- T i

-~1+\/1 U TTRO0 @49)

trong d6 & = Q/C 1a chuyén vi dai ctia di®m va cham khi tai trong Q tac dung tinh
theo phwrong va cham; C 14 ¢ cirng cta vat bi va cham vé&i hinh thiee bign dang
da cho clia n6; kn la h¢ s8 tinh ddi khdi lwrong clia vat bi va cham vé difm va
cham (xdc dinh nhw khi dao dong); T == Quv2]2g 12 dong nidng cha vat Q tai thoi
ditm va cham; U == (.82 [a thé ning bién dang dan hoi cka vat bi va cham khi
vat  tac dung tinh. Trong hé SI déng ning T = mou?2 con ty s& Q_/Q dwgce thay
bing ty s6 mo)m.

Tir cong thire (243) ro rang 1a do cirng € ciia vat bl va cham cang Ién th;
gia tri cha hé s§ dong kg cang loén. Khi ddt dot ngol vat Q(ve == 0),

7 ka==2, (244)
Khi khong tinh khdi lirgng ctia vat bi va cham (Q. << Q)

ka=1+ VI ¥ 0Hgd) =1+ T F w2C[Qg) =1+ VIFT0). (245)
Neéu khéng tinh kh3i Iwgng vat bi va cham thi hé s8 dgng ting lén so véi
gid tr] chung clia né [cong thirc (243)], do d6 lam tdng an toan ve do bin.

Néeu v%ﬁgb‘ = p2C/Qg m—g:- > 10 thi véi sai s8 d8n 59 c6 thé tinh hé s6 dong
theo cong thire: |

ka=1+4Voigs =1 V52CQg =1+ (T]U (246)
Néu v2[g8 > 110 thi v&i sai s§ dén 109 co thd 1dy
ke = VoZ[gs = VoIC|Qg = VTIU (247)
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Cin chil ¥ riing, ding cic cong thirc (246) vi (247) khéng lam tdng an toan
vé do bén. '
Trong truong hop nay, khi trong hrong ban thin cda vat bj va cham rét
len (Q, —» ) thi ke — 2.
Khi va cham ngang cin phai thay bidu thirc (243) bing cong thirc:
k ’H 1 4] vEC 1 .
=V THka0.0 ¥V Qg 7 1+ kaQuQ

V5 — (248)
TNT 1+ k0,10

Trong trirdng hop d6 khi bd qua khi lweng val bi va cham s& fam tdng
an toan v8 do bén, mic di ka xdc djnh theo cong thirc (242).

Né&u trong hwrong ban thin vit bi va cham nhd, nhwog trén no con dit vat
c6 trong lwgng Oy lai ¢chd va cham véi vt Q thi trong céc cong thire (242) hay
(248) cin phai thay gia tri knQ, bing Q1.

Khi tinh hé va cham gbm céac b phan ghép song song, ndi ti¥p hay kon hop
co the xdc dinh dp ctrng C ciia hé twong (g theo céc cong thire (221), (222), (223)e
N&u vil va cham chuydn dong quay lam vat bl va cham bién
dang xic dinh béing chuy&n vi goc thi c6 thé dung cic cdng thire Y
d3 néu & trén nhung cln thay van tdc v bing van tdc goc w,,
con khéi lwong Q/g va Q,/g bing momen quéan tinh In v& In, 40 ‘
véi tryge quay cuaa ching,

Tinh dd bén khi va cham theo cic cong thirc thigt 1ap cho
tai trong tinh va co thé vigt didu kién ben nhu sau:

maxpa = kaPmex < [Pal; . (249
trong d6 maxps la ung suit tinh toan suy rong dong lom nbit,
Pumax 12 Trng suft suy rong lon nhat khi vat Q tic dung tinh, con
[pa] 1a wng sult dong suy rong cho phép luong tng.

Trong tinh toan thuwe t& ciin xét d€n khi chiu tai trong
va cham val th® cé khnynh hwdng bi pha hoai don, no phu thude
¢4t nhiéu vao trang thai va efu tric vat liéu cia vit, van tdc
tai, nhiét @6 va rng suft tap trung. Trong cdc bai toau dang
xét, ta gi2 thigt ring cdc nhan (8 &nh hwdng d€n do bén khi va
cham ddu duwoc tinh trong trng suft cho phép d& cho.

Thi dg 123: Cho m=10kg; h==dcm; [ = 20cm;
F,=2%m?; l; = 40cm; F3 == dem?; E, = E; = E =12, 10°MN/m?
(hinh 223a). Khéng tinh trong lrong ban than thanh.

Xéc ﬁil’]h ¢d1, Odz va 35_

Bai gidi: Ta xéc dinh trong lwgng vat va cham

Q = mg = 10.9,81 = 981N,

Vi céc thanh ¢6 @9 citng Cy = EFy|l; va Ca= EF»|ls ghép song song nén

theo cOng thirc (221) d) cirng cua bé.

Hinh 223
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C=C, + Cy= EFyfly + EF3fly== E(Fi|li + Fa/l3) =
=2.101 (2.10-4/0,20 + 4. 10-4/0,40) = 4. 10°N/m.
Pén théi diem va cham, van t8c roi tir do cia val Q & dd cao i la

vo=="1Y 2gk, do do
viC[{0g =2hC1Q =2 .4 .10-2 . 4.108/98,1 = 32,6.10%.
Gié4 tr] nay lén d€n mirc hodn toan cho phép xic dinh hé s§ dong theo cong
thire (247);

Lo
ha= V"" = Y '32,6.10% = 571.
‘ Qg

Vi khi @ tac dung tinh, chuyen vi cia diém dit no 8 = Q/C = Ny/C) ==
Nz]C;, nén hrc doc trén cdc mit cit ngang thanh

Q Q - Q Q
Ny= 2 Cizm = vaN,= = C = —
T T T Tx e, 7 °C T T¥cucs
Ung sufit phap dong & cic mél cdt ngang thanh co gia tri:
Ny Q
o, = ka = kqa :
1 Fj. Fl (1 + FZII)
' Fiyly
= 571 98,; e = 140,108 X — 140 M
2.10-* (] g 2ot e hEY m? m
2.10-4.0,40
Oz = N2 ks = ka Q 7ol S
Fg 2 (I‘-}- 12 )
Fz[l
— 571 981’21 T = 10108 S =70 M
4.10~4 (14 . et m m
4.10-4.0,20

ChuyZn vi d¢ng clia didm va cham
_ 0, _ 10.981
(5 4.108
Trucng hop ddc bigt :

. 971 ~ 1,4 . 10~*m = 0,014cm.

11
1. Néu C2=0 (lunh 223b) thi C=C; = EIFI == 2012% .0,02.10—2
1 s

"—32.108N/m’
ka=V 2hC;/Q = {2.4.10-2.2.10%]98.1 ~ 4.102;

0as= 2 kym= —20 L 4 102..200.105 - . 909 MN
F, 2,10-4 ‘mz m?

od == -gwkd o B—g--}m 4 162 = 2.1074m = 0,0201’1].

c 2. 198
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2. Néu () =0 (hinh 223c) thi 7
C==Cy=EF3|lz =2.101.4.10-4/0,40 = 2. 103N/m,

ka = 4.102,
otg= -2 kg A28y ggra 2 108 N —ngp MN
4 m? m?

2

3g = % Jg =2 _.10~4m ==2. 10~ %cm.

Thi du 124 : Cho ) =4kG; h==4cm; d48i voi 16 xo brde ngin D = 2cm;
d = 0,4cm; n=4 vong;G = 8,10%G/cm?; ddi v&i dim [=40cm; a = 3cm:
b=1cm; E = 2.10%G/cm? (hinh 224), Khéng k& trong lrgng 16 xo va dim.

Xac dluh maxta trong 1o xo, mazag trong ddm va chuyén vi 8¢ cia difm
va cham.

Bdi gidi: Vi céc 16 xo ¢6 do ctrng C; = Gd*8D%n duoce ghép song song véi
nhau, con dim c6 do cirng C, = 48EI/[3 dwoc ghép néi ti€p voi chiing, nén theo
cong thire (223) do cirng cha hé gidng nhw hé ghép hén hop.

I?ra//%
g 4 4 E@T g
@._!:_ = v ! . Z ?Z, J
by %ﬂb =p i -
b 2 ‘ ! O ——;
Hirh 224 Hinh 225
1 1

C — —_— —_—
(12G;) +(1/Crz) — (4DPnyGd?) + (I%/48ETD)
1 ~ 112kG/cm

T (4.8.4/8. 105.256.10-4) + (64.10%.12(48.2.10°.3. 1)
Theo cong thirc (245) hé s déng
ka=14+ VT F3RCI0 =1+ v1+ 2.4.1197 ~ 16.
Vi Djd = 2/0,4=1>5, nén hé s§ tiing \tng suft trong lo xo khi ¢6 tinh dén

d9 cong cia vong day: .
0,25 5 3]
g D/d—025 | 0815 475 , 0615 4

Dy —1 Dd 4
Ung sufit dong 1én nhit trong 16 xo va dim:
mazva—=k 290 p o131, 42 ypas3s i
xd® 3,14 .64.10-3 cm? -
maxog = 2y = 2:20:8 15 1980 KG
4W 4.3.1 cin?
Chuyén vi ddng clia didm va cham
5 =~Q- ka= -—-—41_ 16 = 0,57 cm.
C 1
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Néu gia sir khong co 16 xo thi C == C; = 48El/l; = 375 kG/cm,
ke=14+ VIFQRCIQ) =1+ VI F(2.2.375/4) ~ 28,4;
omex = (4.40.6/4.3.1). 284 ~ 2270kG[cm?.

Thi du 125: Cho () ==20kG; h=2cm; p=4dcm; I =l == I3 = = 20cm;
dy = lL,dcm; d;==12cm; ds=1lcm; G =2,8. 105kG[cm? (hinh 225). Khéng ki
trong lrong ban than thanh hinh bac,

Xac dinh chuyén vi dong 5q cla difm dit vat Q va cac tng suft ti€p déng
1op nhét maxcg, trén cac doan thanh,

Bai gidi: Cac do cirng xon cia thanh hinh bac twong ing bing:

Cp == Gfplll; Cy = Gng/[; Cs = Glpgﬂ.
Hai doan dfu cua thanh ghép ndi tip va do cing chung clia ching
1
C, = .
i HCy 4+ 1]C,

Vi & mit cét dit ngdu luc dogn ther ba dwoe ghép song song véi hai doan
d3u, nén 49 cung chung cia todn thanh ciing nhw d6 cirng clia hé gdm céc phin
ghép song song.

1 GI

1
C=CtC=mgrraoy T6= UGl ) + UGL,) T

P3

G 1 G 1
= 4+ f=01— +d4]__.-——
! [1/191)4-(1!192) Ps] ! [(lld?} +(1ydfy P

2,8.105 1
= 0.1 [ + 1] ~ 3280 kG/em.

20 (1/1,4%) + (1/1,24)
Tai théi diém va cham, dong nidng clia vat va cham T = Qu2/2g = QhkGcm
Goc quay (inh clia mit cit dit nghu lye véi momen M = (g,

90 4
(p:::-_«f-‘—{—::.:QP = _0.4.: 8 rad.
C C 3280 329

Th& ning bi€n dang dan héi khi xofn tinh clia thanh U = Me/2 = (%?%2C

‘) {) L & .
Qh_op 28C _ 2.2.3290 _ 411 thong lén hon 110
Q22 Qe? 20. 16
nén theo cong thire (246) hé s dong

ke==1 + V:+ =14 vyBT ~ 15

Goéc quay dong clia mit cit dil momen ngoai lyc do vat roi sinh ra ea =
== ks = 8.7,5/329 ~ 0,182 rad.
Chuyén vi dai dong cia vat Q:
8g = pPa = 0,182 .4 = 0,73cm.
Momen phdn luyc & ngam phai cla thanh khi ¢6 tdc dung tinh cfia nghu lre
ngoii v&i momen M = Qp: '

. T
Vi t¥ 88 — =
YT
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Mos = oCs = 961 /I = (8/320) (28 . 105 . 0.1/20) ~ 34 kGem.
Momen phan hyc & ngam trad
Moo= M — My =20.4 — 34 = 46kGem.

Ung suit tiép dong lon nhét trén céc dogn thanh:
Mir 46 -
e frg 50 e 7,5 = 628 kK G/em?;
TG T W T b2 fom®s

A'Itr o 46

LT e =51 %..7 5 =3 3 2;
max t,, sz ka ERRE 0~ 986kG/em
max t,, = gph ky = f4 7.5 =~ 1230kG/cm?;

P 0,2

Thi du 126: Cho m = 1kg, vo=4m/s; m = 90kg d=2cm;{=04m;
E= -2——; G = 2. 105MN/m? (hinh 126). Va cham ngang. B qua trong luwgng bin

than thanh,

Xéac dinh max ¢4, max Ta, va 34. ;,u@
Bai gidi: Ta xac dinh trong luwgng twong rng voi L1
khoi hrong m: // mo,
Q = mg = 981N, 1, :
Vi hé bi va cham béi kh&i lrong m chuyén doéng Hj {1 q
ngang nén cdn phai xdc dinh hé s6 déng theo cong
thuc (‘)48)° va thay gia tr{ knm, bdng my, tic la ,1//\‘
=V
! 1+ mifm
Vi chuyén vi ngang cha didm va cham do xoén Hinh 226
thanh dirng khi lwe Q tac dung tinh theo hwong va cham 3, ~ pl = ({h;l | ==
Tip
2; _nén co thd xét hé bi va cham nhw hé ghép ndi 1iép gifra thanh udn nim
Tip

ngang c6 d¢ cirng C; = 3EI/I* v&i thanh xofin thing dirng ¢6 df cirng €3 = 619/13
Theo cong thire (222) d6 cirng clia todn hé:

1 1
1/C: + 1/C;, ~ B3EI + BiGlp
10 4
_ | 1 _ . _Gle _ 8.1010.0,1.0,02¢ o joagm
5 ., 1 1,2713 ©1,27.0,43

B3, - 6. Ip o BGlp
Hé s§ dong |

® vi bai toan gidi theo b SI nén trong cong thirc (248) 17 8 kmQ,/Q dugc thay
bing kmMo/m. - ' :
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16.16.10%.1 1
1.9,81 142011

Kbi lyc Q tac dung (inh theo hwéng va cham, tng sufit phap lon nhal

kg = = 11,2

omsx trong thanh ngang, tng sult 1i€p dong lon nhit vpar trong thanh dirng va
chuyén vi dai 8 cla didm va cham c6 gid tri:

va

S = QI/'W = 9,81.0,4/0,1.0,02% = 5. 106N/m? == 5MN/m?;
Tox = N/Wp=9,81.0,4/0,2. 0,023 ~ 2,5.106N/m? = 2,5MN/m?

8 == Q/C = 9,81]16.10% ~ 0,613, 103 m == 0,0613cm
Céc gia trl doug phai tim bing:
mMax g4 = K¢ Gmex == 11,2, 5 == 56MN/m?2;
max ta == ka Tmax = 11,2, 2,5 == 28MN|m?;
Sa==kad ==11,2.0,0613 = 0,69cm.
Néu trén hé khong ¢ khdi lwong mu thi
ke = VoICIQg = T6.16.1059,81.9,81 ~ 51,6
maxca = 51,6. 5 = 258 MN/m?;
max ta = 91,6. 2,5 = 129 MN/m?;
84 = 51,6.0,0613 =~ 3,16cm.

Thi dn 127: Va cham doc truc. Cho ) =8kG; vy =8G/em?®; | = 2m: F=

4em?; E =2.10%kG/cm?;

[6a] == 1. 000kG/cm? (hinh 227)
Xac dmh h cho hai truéng hop: co xét va khong xét khoi lwong thanh
Bai giai: Vi khi vat @ tac dung tinh ¢ = QIF = 8/4 — 2kG/cm?, nén theo

cong thite (249) hé s8 ddng ke = [aa]/o = 1.000/2 = 500.

322

Mit khac vi vin 18c chuyén dong cla val Q & thoi didm va cham b,
= V2¢gh, do cirng ctta thanh kbi kéo C = EF/I, hong

A lwong bdn thin thanh @, ==+vFl va4 Lé s8 tinh 4bi
] kh8i hrong thanh v& ditm va cham kp= 1/3 (xem
fl thi du 117) nén theo cong thirc (243) ta cé:
I 2hEF 1
A4 e ka.....1+1/1+ 0TI —_
. ) 6
|l < PUNE PO LT IS (LR i _
e 8.2.102 1+__£ 6,4
318
L) 1
Hinh 227 _1+v1+3 104
Vi vay

500 =1 -+ VI +(3.1043,8)h, tr do
h o= (4992 — 1)3,8/3. 104 ~ 31,5cm.

Khi khong xét khdi lwgng thanh:



ke = 500 = V5EC/0g = VIREFIQl = VIR 2. 105, 4/8. 2. 107 = 102vE.
Viy h = 25cm. Didu do6 cé nghia do khong tinh d€n trong lrgng bin than
thanh, nén chidu cao roi an loan ciia vét bl ha thidp dén

315 —
31,0

Thi dy 128: Va cham ngang. Cho h=>353m; ! = lm; I = 2000cm?;
W = 200cm?, Q, ==25kG; E == 2. 108kG/cm?; [oa] = 1200kG/cm? (hinh 228).

X4c dinh Q cho hai trudng hep: c6 tinh va
khang tinh khéi hrgng dim. 0

Bai gidi: Khivat Q tac dung tinh, d6 véngé @ oz
diu tr do ctia dim 8§ = QI3/3EI; dovdng & milt cit L% g, r—_"’
bit ky cla dim c6 khoang cach x dén ngam tim i { -
theo cong thirc ctia phwong phap thong s§ ban diu

100 ~ 219%,

TIECL TR

5y = ok ( Qlx? Qa8 )x Hinh 228
Ei 2 6
o 3 x* 1 x3
WW(T'V"T'#)

Sh3E] 1
1+14u'

55 3.9.100.2.10°
*H"VH" 0.105 - 3 "
1 o

40"
3.
=1 +V1+ Q.:Oﬁ '

Mit khdc vi khi vat Q tic dung tinh, ¥rng sufit phap lén nhit trong ddm béng
Omax == QI/W = Q.100/200 == Q/2kG/cm?,
nén theo cong thirc (249) he s8 dong
| kg = [oa)lomz = 1200. %/Q = 2400/Q.

SIS

Viy
2400/Q == 1 4+ V1 4 12. 104(Q + 6)
hay 13Q? —6.10%. Q — 36.102 =0,
tir do
Q——-:T- (3.10% V9,107 + 36.107) = 3{;’._1 102

[
v
L9

11*



Chi c6 mot nghiém thoa min bai toan
Q= 6,7.10%13 ~ 52k G.
Khi khong tinh khdi lwong dim

2400/Q = V3h . 3E1] O

242, 104,13 242 104,108
i va = == == 48k
Vivey O=—% 3 2.5.3.2.106.2. 108 G
~Nhuw vay, néu khong tinh d&n kh&i lirong dim thi trong lrong an toan cha
.» 92— 438
vat va cham giam 5 100 = 89,

Thi du 129: Va cham xodn. Vit Q = 3kg quay trén tay don p = 8cm xung
quanh truc nfm ngang T voi van t8c goc khang déi we va va cham vao phin chia
ra ciia thanh hinh trg dai ! = 40cm, dwdng kinh d =6em (binh 229).

X4c dinh vén tdc quay cho phép nvg/ph cia vil Q uéu trong lirgng riéng cha
vit lién thanh ¥ = 8G/cm3, modun truet G = 3. 10°%kG/em? va trng suit ti€p cho
phép [xs] = 400kG/cm?2.

/3’2’ 4 Wp
=24 G,

= =

Hinh 229

Bai gidi : Khi vat ( tac dung tinh, ing suft ti€p l&n nht xudt hign trén thanh:
Tmex = Qp/Wp = 0p/0,2d% = 3 . 8/0.2 . 63 = 5,9kG/cm?.

Hé¢ s8 dong
ka == [val/rma, = 400 . 9/5 == 720.

-1

Vi momen quan tinh cfa vat Q quay quanh truc Jn= —-o2 = 353?4
g

=~ 0,2kGcms?, momen quéan tinh clia khéi liwrgng thanh I = -5-2“ Ldh ~ 01 %
g

8.10-3

X 981
km ==1/3, d0ng nang ctia val chuydn déng quay

T = I,0%/2 = 0,102kGem
va the ning bi€n dang dan hoi xoén cda thanh khi vat tac dung tinh
U= QPp/2GIp ~ 9 .64. 40/2. 8 105, 0,1, 64 =1/9 ., 10%Gcm,
nén Lheo cong thirc (243) h¢ s6 dong:

64. 40 ~ 0,042kGems?, hé s tioh ddi khdi lrong thanh (xem thi dy 119)
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T I
A= —_—
d + \/i T T *eal oI

0.lw?. 9.10° N
= [ 4 VI + 5 o008 © 1 4+ VI 4 84lw? .

Khi cho cac hé 0 dong bilng nhau ta duoe

718 = 1 + 84102 ,

ter do
w, = rnf30 =~ 1/719‘-’/841 ~ 20 vA n= —:5-9"25 ~ 24() - .
™ ph
Neu khong k& khéi lwong thanh
ke = 720 VT/U =300,
Vi vay
wo == 1N/30 = 720/30 == 24 va n = 30 . 24/m = 230 "i “
P

Nhu vay nfu khong tinh d&n khdi luyng lhanh thi van t8c quay cho phép

¥

. 2 o 240 — 230
cua vil va cham giam xudng ———————m—

100 = 4040
240 %

Bai tap 984 — 1003: Xac dinh cic dai lwgng chi dAn trong digu ki¢n bai ton
431 voi cae hé dan hoi cbiu va cham. Khéng linh khdi hwong ban than cic by phan

vtia he, He s8 dong xac dinh theo cong thire gin ding

kg = VvZ/(gd) .
Trong .céc hé khung va didm cong chi linh bién dang udn.

984 985 986 .y
S \ , -

Eelam?  Felent
(61=1600k5 fem?

£=2 0%/ B0\ 3| 65
Q=7 e 2| EF< 8 657
[6]= 160 MN i 2: E=2-10°MNfin ?
h=? ViU

987 988 X
a) ;

oty

B cing lbxo I-6 V44
B cing 020 1 J o
487
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989 990 991

q
S T — 7
r 1

1 B
6.1 Wi o ) &R
nB e ]
Ei L 8"‘_? EiI, 5(?—?
552 993
¢ 7
1. E‘?ﬁm 2: f
b f j
7 Qw117 “ a % ! ! f.
E=2- 10°%G/am?; [5]= 1600k fem?; =2 Eiliwile]; h=7
994 995 9296
g
h ] h%ga 2a 1 aagh gh 2a
Al L 3 Ef i
& ) 8
J < 8
ELw oy
J@‘ max Gz=7? ':\% Ei] og-=1

EiLiW; max 6s=7

E;IiW; max 64=?

\-. a X
0 X = ' s
max=64 7 E=10*MNm® h
B

ilem




Bfi tap 1004 : Chirng minh rfing dai véi cic ddm dé cho khi khong tinh khdi
hrong ddm, Gng sul déng lén nhit khong phu thude vao phwrong phap licn kil va
gia tri cia a. Coi A>3,

1004
20
=l 1005
%_ { a) ( a
e ; oz
O T
t - ‘ - oo
pra @
T :?- y N
. . b -z
q
;_@) SRS
y
A 2 ﬁ,
AT

Bai tap 1005 a, b: Xac dinh a d8 maxas ¢6 gid tri lon nhit. Khong tinb
khdi hroog ddm va coi nhur h 2 8.

Bai t9p 1006 : Xac dinh maxwe trong lruc khi truc mang bénb da cé
momen quin tinh ctia khdi hrong 12 I dang quay voi vin t8c goc o thi bj kep chiit
dot ngot diu truc: a) trong mot 3 truc; b) trong hai 3 truc déng thod.

Bai tap 1007 : Xac dinh max ra trong truc cia hé truyén dong khi ham dot
ngot diu truc lrong o trge A.

1006

- dm

In;™ #Imy=Im « GKG/em®

L
i1
-1



Bai tap 1008 — 1011 : Xic dinh cac dai lrong cho uong didu ki¢n cia hai
toan d8i voi'hé chin va cham. Tinh tr ong luwong ban th.m cia phitng bd phan cé
chi dan. Trong tinh toan la chtt ¥ d&n nhitng nhan xél & cac bai 984 — 1003.

1008 1009
,F,W -
§=1kG
Z
S + F=lcm?
§
S 1 L pe86m

e
E=2:10%G/ em?
max Gg=7

1011 G=20k6

Ep=10%G fem?
Fr=3em?

E=2-10%6 for?
max Gd =7

Bai t4p 1012: Gidi b 993 khi cd xét khai lrong ddm. Bigt trong liwong
dam la Q..

_Bai 13p 1013: X4c dinh max ~a trong truc do va cham xofin khi mac vao khop
ndi M@. Ehép ndi d& ghép phin true bén phli quay véi phin bhén trai ¢d dinh.

1013

YT =
6kG fem® }

- nhd

Lt

£=210% 6 for?
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Bai 1ap 1014 Xdac dinh va so sanh %4y Cdy’ Sy trong cic thanh I, I, III

khi va cham bé&i cling mol 141 trong Q) rof Lir cling mot d6 cao nhw nhau A = 10cm.

XV — UNG SUAT THAY DOI:

Nhirng tng sult duroe xét trong chirong nay la tng sull bign ddi tulin hoin
theo théi gian, Tap hop cdc gia tri lién Li€p cia trng suBl hi€n ddi sau mo! chu kv
dwoce goi la chu trinh ttng sudt.

Khi wng sufil bign d6i tic dung nhifu ldn Ién val the, & chb Gng suit tap
trung lon nhdt co the xudt hi¢n va phat tritn v8L nirt 1am vat thé bi pha hdy don.
Qua trinh xudl hién va phat trién vét nit trong vl licu cha vit Lhé do tic dung
ctia 1rog sudl bign doi duge goi la hién twong mdi cdu vdl liéu. Do bén ctia vat
licu khi @rng suft bi€o do6i goi 1a d¢ bén moi ciia vl ligu.

Gia tr lén nhat cda trng sufit bign doi tudn hoan ma val liéu cé theé chju dung
dwoe trong théi gian khong han dinh dwoc goi 1a gidi han bén mdi cia vt ligu.
Thirong ngwéi ta xdc dinh giei han moi qui wie (hitu ban) trén co s&¢ mol s§ bhiu
han chu trinh cda trng su#t bién doi, d8i véi kim loai den (5 = 10). 108 chu trinh, dai
voi kim loai mau (80 < L00) . 108 ¢hu trinh v vov...

¢ s6 khong déi xirng la mot die trung cta chu trinh v xdc dinh theo t§ sO
dal s0
;= Pain (250)
Proax
trong do pmax (Gmax DAY Tmax) VA pmin {omin hay <min) |4 Ung sulit [on nbat va nho
nhét cta chu trioh,
Bai lrong
Pmax =+ Dmin (251)

p,b v 2 ]

dwoc goi la irng sudl trung binh ciia chu trinh, con

pra = Lz = Polo. ; Lrmiv (252)
la irng sudt bién dé chia chu irinh.
Gidi han moi
Pr= p:ﬂnx = p;b + Pijd (253)

trong do Pnax, pip V2 pia 14 wng sufit lén nhdt, Ung sudit trung binh vi trng sudt
bién d6 khi val lign lam viéc & giéi han moi.
Vé&i chu trinh d8i xirng (hinh 230)
Pmax = =~ Pmin: pp=0;r=—1; pr=p.
Vai chu trinh khong déi xirng dwong va khong ddi ddu (hinh 231)

pmax>0; Pmiu>0; 0<r<1
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g
“ /_\ pbd-
Prax Pex | z"hb'f 4 1 lP A}
. ' gian & & b
P : he 1 Pnin  Thiri
Chu ki ‘ Flan
Hinh 230 Hinh 231
[ g
5| 1 i
N m*p; o e A ThEE gian Prmax “—f; M-I-pm -
i.b T— AP
T Nt 1Prmin ‘ &Thiri gian
Hinh 232 Hinb 233

Vé&i chu trinh khong déi xirng va ddi ddu (hinh 232)
| pmnx>0;Pmin<0;"‘1<r<:0.
Vé&i chu trinh mach d6éng dwrong (hinh 233)
Pmaz > 05 poin == 05 Pip = Pbd =pPmaxf2; 7 == 0; pr==p,.

§48. Nhirng y8u 8 ¢o ban é&nh hudng dén 48 bén mdi cla variigu™:
Bic diém ciia chu frink vd hinh thire bién dgng. Khi chu trinb déi sung,
gidi han bEn moi cha vat liéu (v&i cac difu kién nhir nhau) co gid tri thip nhat
Gi¢i han bén moi khi chu trinh d8i xirng p-1 (o hay 7-4) duwoc xdc dinh theo
dudng cong (hinh 234) v& trén co s& cic sB ligu thi nghiém. Mudn vay ta ké ti€p
tuy€n voi doan cong ndm ngang & bén phai. Tung d6 clia giao difm giita Li€p luyén
va truc lung 1& giéi han bén moéi qui wae.
Ngudi ta di thiét 1ap nhitng quan hé gin dung sau day giita gi¢i ban bén
mdi cho chu trinh d8i xitng trong trrdng hop udn (s-1), kée — nén doc truc (o-q1),
xoiin (v-1) voi gidi han bén oun:
doi véi thép o4 =~ (0,4 = 0,6) ob3 01k = (0,7 =+ 0,8) 01
T—] == (0,4 - 0,7) ¢ R
dgi voi gang 64 = (0,4 =+ 0,3) op;
T-g = (0,7 -_— 0,9) Cud s
ddi voi kim loai mav o4 = (0,25 =~ 0,5) on.
V&i chu trinh khéng ddi xirng c6 thé xac dinh gioi han bén mdi theo dudong
cong thire nghiém cla cac bién do gioi han vé irén h¢ loa 40 p w—pre (hinh 235).
Trén hinh v&, py 12 gidi han bén clia vat liéu véi binh thite bién dang dd cho cla

vt the, Bdi voi diic trung dd chor = Lmin 03 chu trinb ngudi ta thiét iap dai
Pmax

¥ Chi din ra nhirng yéu t6 cin thiél d® gidi cdc bAi t4p trong shch nay.
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Prd P—r va goc B. Tir gdc toa do dung duong thidng hop vai
Pw 1+

true pw goc 8. Cong cdc loa dé (pib va pia) cua giao diem gilra duong thing va
duong cong ta dwge gici han bén mobi.

Dr == Db + Dbds

lwong {gB =

PG o’ AL

i \

< T
s %
P—t—t— N{(S8 chy trinh) d 7 ] i
U L
Hinh 234 Hinh 235

Thi du 130: Cho thép s8 40 trong trang thai binh thuwong. K&t qui ghi
trong b theo di thi nghigm do bén méi khi udn véi chu trinh déi xirng
o (MN/m2) 300; 290; 280; 270; 260; 250; 240; 235; 230; 230
N -1—{1-56- 052; 0,71; 1,21 2,32; 3,44; 482: 585: 5815 10; 10
(hai miu cudi cung khong bi pha hoai).

Xac dinh o_1.

Bai gidi: Theo chic s& ligu thi nghi¢m ta v& duéng cong moi trong hé toa
d6 o (MN/m?) — N/108 (N la s8 chu lrinh) (hinh 236). K& ti€p tuy€n voi phin bén
phai dudng cong, trén true tung do ta duge gia tri etla gioi han bén mdi qui woe:

0.y ~ 232MN/m*.

Thidy 131: Cho vat liéu 1a thép CT-3; cac gia tri thi nghi¢m on = 38,8kG/mm?,
o_y = 18,5 kG/mm? va bién dg gioi hau cta chu trinh ope voi trng sudt trung binh
di cho op:

o}p (EG/mm?) 10 20 30
opa (kG/mm?) 17,6 14 8,5

Xac dinh Tpi25

Bdi gidi : Theo s6 liéu thi nghiém ta v& dwongcong bién do giél han trong
hé toa dd ow — oba (hinh 237). Vi cin phdi xac dinh gi¢i han bén méi khi hé s5
bt d8i xirng cla chu trivh r = 0,25 nén Igf = (1 —0,25)/(1 +0,25) = 0,6 va B =~ 31°.

Tir gbc toa d6 ta v& dudng thlng hop v&i tryc aw goc B == 31°. Cac toa dod
ciia giao didm gitta dudng thing nay voi dwirng cong bién do gioi ban:

a5 ~ 22 6kG)mm? va ¢%?° ~ 13kG/mm2.
th ! bd
Gidt han b&n moi phéi tim

0:25

S5 = o2+ %78 ~ 22,5 + 13 = 35,5kGrmm”.

d
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o i 30 | G kG

280 ¢ a0
260+ :
207 o} 1f
] 0
2ot ] @ a ) Oy kGfom?

/77 I VO 0 2 34
. 4g
62 4 6§ & 0 A/,-[—a - 8;, =225

Hinh 236 Hich 237

Ung sudt tap trung: Sy ting cuc by cta vrng suft & gin chd mit cit thay
ddi Aot ngdt (tire 1a thay ddi cye bé hinh dang vat thd do 18, rinh, goc hrgn v.v...)
diroc goi la rng sufit 1ap tiung. TY s8 gifta rng suit cuc by lon nhit pu (on holc
tm) V&I 1rng suit p (o hay 1) & mil cil co ﬁng suflt tap trung (nhu'ng khong xét
d&n hién twong tap trung rng suft) tinh véi tai trong tinh khi gid thi¢t vat lign
déng nhil ly tu-crng, déng hudng va dan hdi duge goi la hé 56 tap trung trng
sudl ly Lhuyét, h
o= Lo, (ocgm In va g = _'_"1) (254)
p g T
Hé¢ s§ « > 1 phin 4nh 4nb huéng vé mat hinb hoc clia sy (4p trung tng
suft dén gid tri 'rng sult cuc bQ ion nhat
Vé&itkng suiit bién ddi ngudi ta dwa ra h¢ s6 tap frung trng sudt hiéu dung:
- .. . T oz
@hd == ﬁ“}; ;(a:d o= 0’.‘_; va el = »;Efl—) (255)
hé sG nay la t¥ s6 gifta gioi han bén moéi cda chu trinh d8i xtng véi miu tron
P-1 va gi¢i han bén moi clia miu cung kich thwéc nhung cd tip trung ung suit
ptYy. Hé s8 «pa phan anh &nh hudng d€n do bén mdi khong nhing v& mét hinh hoc
sy tap trung ng suft ma ca val liéu miu.
T} s8

g a1 : (256)
o — 1
dwoc goi la hé s6 nhay cia vdt lién d8i véi sy tap Lrung tng sudl. g thay dbi
trong gi&¢i han 0 < ¢ < 1. B3i voi gang ¢ = 0; 481 véi thép xiy dung g = 0,6 = 0,8
(trong d6 gia tri nhd twong trng voi thép co 49 bén trung binh, con gi4 tri lén
twong &ng véi thép cé do bén cao); ddi voi thép op > 130kG/mm?, q =~ 1.
(Trong phu luc 5, trén hinh 1 v& 44 thi gid tri gin ddng ¢ d8i voi thép, phu
ihagc vao op vA oy, va khong xét d8n inh huodng clia kich thirde vat thd).
Vi q cén phy thujc vao hinh dang va kich thirde vat thé nén trong tinh Loan
thyre t& sir dung gld tri apa vOi man Lhir thuc ddm bdo hon.

Hé¢ 56 tyf lg. Aoh hudng clia kich thude tuyét di cia val thd dén gioi han
bén mdi diroc gcu la h¢ s ty lé. Gioi han bén moi gidm lheo su tang kich
thude tuyét d3i cia vl thd dirge danh gia bing hé s3 tJ 1¢ en <1 la ty s6 giita
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gitri han b&n mdi cha miu c6 dwong kinh D cho trirde so voi gisi han bén mdi cia
miu tiéu chulin dwong kinb d:
(p-thp
ay = =0 | (257)

(Trong phu luc 5 trén hinh 2 v& d6 thi gia tr{ ey phu thuée vao D dii voi
thép cacbon va thép hop kim khi bé miil miu dwoe gia cong khac nhau. Co thé
diing @6 thi nay d& xdc dinh gin ding en khi ugn, cling nhir kbi xo0én).

N&u hé s6 tap trung hi¢u dung I&y theo d6 thi co xét d&n h¢ s3 ty 1é thi
khéng c¢fin didu chinh theo kich thwée vit thé,

Trang thai be mit: Aph budng cha trang thai b8 mil vat thd dén gigi han
bén dwoe tinh bing hé sé nhay bE mdl com << 1, ebw 1A LY 56 g10'1 han bén mbi
cia miu co trang ihdl b& mit d4 cho (p.,) véi giéd han bén moi cda miu nhr
vay nhung c6 b& mit dwoc danh béng p.y:

Ebm == _(!_’:3_),. (258)
P-1
(Trong phu luc 5, trén hinh 3 chi ra sy phu thudc ciia epm va0 op cho céc
trang thai b8 mil khac phau cta méiu).
Anh hudng sy ting bén ctia viée lam bi€n cirng ngudi b€ mit, t6i mit, thAim
carbon, thim nite va céc yéu td céng nghé khic dugce danh gia bing hé s6 B, 13y
trong cic sich tra ctm, & d6 dua ra bing thira s6 voi hé s8 zpm.

§49. Tinh d8 bén trong trang thdi &ng sud! tuyén tinh vé trret thuan
tiy (xodn):

Gia thidt ring véi sy thay ddi ctia tai trong, diic difm cida trang thii img
sufit & didm xét ctia vat thd kheng thay ddi va chu trinh bi€n d8i ting sufit van
doéng dang (r = const.)

Vé&i chu trinh ddi xu'ng ciia trng suft bi€n ddi hé 3 an toan vé 4o bén
dwge qui dinh theo Iri 5§ giéi han bén mdi cla chi ti€t. (6 thé xét Anh huwdng
cua cac yeu t6 co ban (tip trung ing suit, hé s6 ty 1é, trang thai bé mit) dén
do bén mdi cha chi ti€t bing mol hé s6 chung

. EtIBSbm (259)

e -

ana
Vi vay c6 th® tinh hé¢ s§ an toan vé d¢ bén khi chi €t lam viéc voi hé
8 d6 trong chu trinh d8i xitng theo biu thire:
n= £t | (260)
Pmax
trong d6 Pmsx 13 trng suft (dinh mirc) lén phit trong chi tigt.
Diéu kién bEn c6 dang:

. . Poox < [P-1] (261)
con gia tri cla rng sudt cho phép
(pi} = 222 (262)
(n]

trong d6 [n] la hé s an toan cho phép.
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Trong chu trinh khéng d8i xitng ctia sy bign ddi wng suft cé hé s bil dsi

xung di cho r (hay g = i———r ) c6 thé tinh hé s§ an loan v& do bén moi
r

bing cach ding bidu d6 rit gon bién do
gioi han v& theo giéi ban bén mdi p.,
véi chu trinh d8i xitng v gioi han bén 8
Pb khi kéo tinh (hinh 238). D

Néu chu trinh 13m viée dwoc dic £ M
treng bing difm C trén bidu d6 nay, con <oy ~.
chu trinh giéi han doug dang vai no diic ‘ ' ys5° E\\ A
tring biing di&m D, thi bing d6 thi he s3 i % B
an toan vé do b&n dwoc bitu thi bdi t¥ Pis
8§ n=0D/OC hay bing giii tich . Lo Z;

Pt

n=— L1 " (263)
= po + Hinh 238

P c
Kbi wng sufit bign ddi voi bién dé khéng lon co thd thy réing trang thai
giti ban cia vat lidu déo s€ dwoc xdc dinh khong theo d6 mdi ma theo do chiy
(doan EM) va khi d6 hé s§ an toan v& d¢ ben dwoc xic dinh theo giéi han chdy

Pch - Pch . (264)
Pmax Do "[" DPra

Ehi kim tra b&n ciin phai so sinh gi4 iri cfia hé s an toan vé dé bén tinh
theo cong thuc (263) va (264) va 18y gid tri nhd hon. Hé s8 an toan chon khong
duge bé hon hé s§ an todn cho phép. Tir céng thue (263) khi cho n={[nj];
P ==[pw] V& pos == [pra] ta dirge gid tri ng suit cho phép ctia chu trinh khong
déi xting

Mgy ==

‘ 2{p-1]lp] u (265)
A =D+ 4 r) [p) L2
trong d6 [p)([c] bay [r]) & tng sufit cho phép khi tii trong (inh.
Bigu kién bén co6 dang:
Pmax == Pib 4 Pha <X [pr]. (266)
B2 rut gon hou nita tinh todn nhwng lai ning cao an toan dd bin co thé
ding bitu d6trng sut clio phép di dwoc nin
5. thdng cfia Zoderberg (hinh 239). Theo bibu
b dd nay ta c6 hé s§ an todn vé d6 bén

[pr] =

P-1
- It === - . (267)
[p)=5 Pt gy 4 B0
B Prod Pys : Lo ©
- con gi4 tri cta trng sudt cho phép
P Lpl= 2
(p:] = 2(p][p-1] » (268)
- A —=n[pl + 1+ r)[p-4]

Hioh 239 Thi d¢ 132: Thanh co mii cit tron
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dwong kinh d = 40mm, b¢ mil dwoc mai nhin vad lam bing lh{,p CT.A4 cé
op = 480MN|m?, o_; == 200MN/m*. _

Xéc dinh hé s an toan do bén n khi thanh lam viéc trong digu kxen udn
bién doi theo chu trinh d8i xing v&i Mmax = — Mnia — 640Nm.

Bai gidi: Ung suft 1&n nhit va nhd nhit caa chu trinh
Cmax = — Gmia = Mmaz] W ~ 640/(0,1. 4* 11078} = 108N[m? = 100MN{m?.
Tir d6 th{ & hinh 2 ciia phuy lge 5 d&i v&i thanh mit cdt tron dwdng kinh
d = 40mm bing thép cacbon v&i bE mil mai nhdn co hé s6 tj 1é eu == 0,86.
Theo cong thirc (260) h¢ s8 an toan vé dd bén
n == gy -O'_‘llo'mg: a2 0,86 -200/100 2 1,7-

Thi du 133: Thanh hinh bic, mit cét trén du'omg kinh D =8)mm va
d= 40mm (hinh 240), 12am bing thép 40X c6op == IOOOMl\:/m va o .1 == 250MN/m?,
G goc lron p/d = 0,2. B8 mit thanh dwoc danh béng cAn thén.

Xac dinh gi4 L] Ion nhdt cda luc doc truc bi€n ddi Puma, theo
chu trinh @81 xirng d& ddm bio hé $8 an toan vé d¢ bén [n] = 1,8. . ﬁp

Bai gidi: Tir d5 thl hinh 4 cla phu luc 5 p/d = 0,2 8di v&i

thép o == 1000MN/m? bing cach ndi suy tuy€n tinh ta cO hé sb hiéun
dung cfia trng sufit tap trung ane==1,7. Khi dinh béng cin thin s pu=1.

Ung suft cho phép [o_p] = o_ /([n]) . ana) = 250/1,8.1,7 = d
~ 82MN/m?. '
Dién-tich bé nhil ciia mdt cit thanh F = nd?/4 =n.4=12 6cm? -

w

Luc doc truc bién doi lon nhit |
Pasx = [o_,JF = 82.10°. 12,6 . 107* = 103000N = 103kN.
Thi du 134: Truc miit cét tron duwdng kinh d = 50mm béng
Hinh 240

thép cachon co op == 60kG/mm? va b mét dwoc danh bong cin than,
trén truc co 16 tron dwong kinh @ = 10mm xuyén ngang qua. Truc chju xodn
bi€n doi theo chu trinh ddi xitng véi maxMze = — minM ;o == 90kGm (hinh 241)

Xic dinbh hé sdan toan vé d¢ bén cua truc.

Bai gidgi : Ta ldy gin ding ¢-y==04dop vd 7.y =050.;=102.60=
== 12k G/mm?.
| Tir d6 thi trén hinh 5 clla phu luc 5 d8i véri thép cd ap = 60kG/mm? hé s

hiéu dung clia itng sudt tip trung tinh theo kich thwdc tuyét ddi truc ana == 1,77,

Momen chdng xofn ciia mit cit tron c6 16 khoét khi ty s8 a/d = 0,2 lheo

8§ liéu tra cirn la:
- W, = (=d3/16) . 0,84 ~ 20,6cm?.

Ehi tac dung max¥, , == 90kGm
Tmaz == maxMxolon—_ 90 . 102[20 6 ~ 437 &G
cm?.

Hé¢ s6 an toan do bén phdi tim

n=—= Tulll(ahd'fmg:) = 12 B 10211 ,77 . 437 e 1,55.



o 2 (AMIO Mz, P Mas
T3 o

Hinh 241 Hinh 242

&1

Thi du 135: Xac dinh ing sufit cho phép khi uén thay dbi va dic trung
clia chu trinh r = — 0,6, n€u chi i€t lam bing thép hop kim xdy dung cé op =
== 100kG/mm? va oex == 80kG/mm? véi hé s8 an toan ben [n] == 2. Chi 1it c6 mil cit
tron duéng kinh d = 40mm, mit cit thay d3i dot ngot, tai do hé s3 tap trung ung
sufit 1y thuyét «_==1,6. Hé s§ ting bén do lam ctrng ngudi bé mit 8 = 1,4,

Bai gidi: Ta 18y 6.1 =0,4.0p=0,4. 100 = 40kG/cm®. Cho hé s3 nhay cla
vit ligu ¢ =0,8 va tinh h¢ 5§ tap trung wng suflt higu dung theo cong thirc (236)

apa =1+ gla, —1) =1 0,8(1,6 — 1) = 1,48

Ta tim hé s§ t¥ 1¢ eu theo dwong cong clia thép cachon voi tng sufit tap
trung vira phai theo dd thj trén hinh 2 phu luc 5, tirc 1a ey ~ 0,65.

Ung su#t cho phép khi taj trong khong dbi
{6] == ocn/[n] = 80/2 = 40kG/mm?.
Theo c¢éng thirc (259) hé s§ anh hudng cla cac y&u 1§ khic dén do beén moi
khi chu trinh d8i xing L
e=euf . eomfara=0,60 , 1,4 . 1/1,48 = 0,615!)%"{“
Theo céng thirc (262) \rng sufit cho phép khi chu trinh d&i sing
[0-1] == go1ln] = 0,615 . 40/2 = 12,3k G/mm?.
Theo cong thue (265) ng sufit cho phép khi chu trinh khong d6i sting voi
hé¢ s6 bat dgi xing r = — 0,6.
— 2[o]lo-1] _
[0-0.8] = e
(1~ e+ (1 +r)fo-1] —
. 2.40.12,3
T (1 40,6)40 + (1 —0,6)12,3. 0.8
Thi dg 136: Ki2m tra do bén cta truc bac mit cit tron dwdng kinh D ==
== §0mm va d = 30mm (hinh 242) biing thép cacbon 45 c6 op = 70kG/mm?; 1o ==
== 22kG/mm?; ~.1==16kG/mm? v&i hé s§ an toan do bén [n] == 1,6, O goc lurgn
p/d=0,1 va hé s§ tdng bin do thdi hat B ==1,1. Truc chju xoén bi&n ddi voi
maxM;, = 48kGm; minM; = — 24kGm.
Bai gidi: Ung su#t li€p cho phép khi xofn khéng dbi
[*] ==1e/[n] =22/1,6 ~ 13,8kG/mm2
T d5 thi hinh 6 phy lyc 5 bing cach noi suy tuyn tinh khi p/d = 0,1 d&i
voi Lhép cb op = 70kG/mm?, h¢ s§ tip trung hiéu dung ofs ~ 1,28.

Thd

~ 14,5k G/mm?.

Hé¢ s3 anh hudng dén do ben mdi cda tht ci cac yéu 18
£ = B/efa~ 1,1/1,28 ~ 0,86,
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Ung suét cho phép khi chu trinh d8i xirng
(1] = 8t-1/[n] ~ 0,86 . 16/1,6 = 8,6kG|mm.
Biic trung cia chu trinh di cho

. o
- mlﬂﬁz[:o — ..,_.._':_{... — {}'5.
maxd zo 48
Theo cong thirc (286) khi r = — 0,5 thi itng sufit cho phép
2fe)v-1] 5 2.13,8. 8.6 N

[v-0,5] ==

Q=0 + A+ 0] (051384 (1105836
~ 9,5kG/mm? ~ 950kG/em?2.

Do tac dung ctia maxd ; trng sul lon nhét
maxM o 48 . 102
Tmax — ==
) Wo 3,14.3%16

Nhir vay truc dam bdo do bén.

~ 906kG/cm?2,

§ 50. Tinh d& bén trong trang thai ¢ng sudt phuc tap

Ta chl xét trang thai rng suit phing chi dan trén hinh 243 d&i voi vt
licu déo.

Diéu kién ben twong ung voi cae 1y thuy@l bén thir ba hay thir tir viét theo
cong lhue ellip nhu san

. 2
Cmax Tmax 3
=y < (269)
G [ -

O A3y omaz == G1p < Gba: Tmaz = Ttb < Tha- [o¢] VA [3¢] 12 rng sullt phap va ing
sudt ti€p cho phép dwoe thanh lap theo cong thic (265)

hay (268) twong ng voi dic truag cta chu trinh bign Ny
dbi tng .su%i phép‘ va Ung iuﬁt ti€p. ) 5 T T g
He¢ s6 an toAn dO bén chung n khi céc wng suft = -
hi€n dbi 5 va 7 tac dung déng théi xac dinh tir bidu thire —
_ T
n_n
o't ‘
ng - ng

trong do n_ va n_ la h¢ s3 an toan riéng v& d¢ bén do tac dung 1én chi tiét trong
trng chi ¢6 o bign doi va chi ¢o v bign do6i. Nhitng hé s§ nay dugc linh theo cong
thire (263) hofic (267).

Thi dg 137 : Tryc thép (CT.5) chiu lac dung d6ng bd va tulin hodn cla
momen udn bifn ddi M e = 400Nm, Mnia = — 160Nm va momen xofin bifn doi
maxMz, = 640Nm, mind;, = 320Nm, Truc bic c6 cac duong kioh D = 50mm va
d = {0mm; ban kinh géc lirgn p = 0,25¢m. D61 véri thép CT.5: op =510MN/M?; 0en =
= 280MN/m?; b == 350MN/m?; ven = I80MN/m?; o_1 = 240MN/m?; 7_; == 140MN/m?2,

Xéc dinh hé s8 an toan d6 bén n ¢lia true.

Bdi gidi : Bing cdch nol suy tuy€n tinh tir d6 thi hinh 6 va hinh 7 phu luc
5 la xdc dinh dwoc hé 88 tap trung trng suft khi p/d = 0,25/4 = 0,0625 vh op =
== 540MN/m? |a agd ~ 1,81 va cr.';d = 1,42,

o o
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Vi trong trudng hop di cho Dyd = 5/4 = 1,25 < 2 nén cin phai hi¢u chinh
oy, VA a'gdo. '
Tir 46 thi hinh 8 phu luc 5 ta co hé s hiéu chinh £, == 0,83 va £, =079,
Gid tri cudi cting cla g, va «fs, Xéc dinh theo cong lhirc cho trén hinh §
phu Iuc 5.
e =1+& (@9, — 1)~ 140,83(1,81 — 1) =~ 1,67,

afd == 1 + E”T .(m'gdo— 1) = ] + 0,79(1,42 — l)z ],33.

Theo duong cong 3 cita d3 thi trén hinh 3 phu lue 5 d&i véi op = 540MN/m?
ta xac dinb dwoc hé s8 nhay b& mit epy = 0,38,
Hé¢ s6 anh hudng chung d€n do bén mdi cia &t ca cac yéu (3 thu dwge bing:
gg = ebm/aF, = 0,88/1,67 ~ 0,53 va
er = ebm/af, == 0,88/1,33 ~ 0,66.

Ung suéit phap va irng suét tiép lon nbit va nhd nhdt khi udn va xoén bién

461 co gia tri
M max anx 400 . s N MN
Omaz == == == =64.10° oo == 64 —— |
W nd%32  6,28.10-6 e e
omio = —min A0 955,108 2055 MN
W 6,28 , 10-6 m? m
__ maxMs, maxM_,iu_m_ 640 — 51 MN
T W, T %16 12,5610~ me
S n‘lin?ﬂf{xu — 320 — 25,5 108 \ — 23,5 MN .
Wo 12,56 , 10-86 m? m

Ung sufit trung binh va bién d¢ cta chu trinh tng sufit phap va trog sudt
tiép thu dwoe bing
atb == (Gmax - Gmin)f2 = (64 — 25,5)/2 ~ 19MN/m?
o4 = (Gmax — Omin)/2 = (64 4+ 25,5) |2 ~ 44,7MN/m2.

Ttb == (Tmax - Tmia)/2 = (51 4 25,5)/2 ~ 38,2MN/mz2,
Thd == {Twar = Tmin)/2 = {51 — 23,5)/2 = 12,7MN/m?,

Theo cong thirc (263) ta 6 hé s§ an toan dé ben vé irng suft phap va tidp.

- 240 s
S SV e N & A
ob €q 540 0,53
7.1 140 )
= T ot Thd T 140 38,2 + 12,7 ~ 4.06.
t —————— s ———
- Er 350 0,66

Ta xic dinh hé s§ an toan chung ciia ¢ bén theo cong thire (270):
n=no. Nc|VnL I nz =259 .4,06/V3,502 4,067 ~ 2,18,

Tht du 138: Chi tiét v& trén hinh 244 ché fao tir thép CT.6 ¢b op = 60kG/mm?;
oen = 32kGImm?; ~ven == 22k G{mm?; 0.y ==25kG/mm?; v, =15kG/mm?; D ==80mm;
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d =40mm; p=:02cm; [ =40cm; a=10cm;
P, = consl = 16kG;P bi€n d6i t&r Prmaz d8n Prin=—
== — Ppax theo chu trinh ddi xirng.

Xac dinh gia tri cho phép Pmar, n8u dinh
trirde hé s§ an toan do bén cda chi tigt [n] =2,
Bift bé miit chi i€t dwoc tién tho.

Bai gidi: Tix cac 46 thi hinh 6 7 va phy

Hinh 244 e o - ve s

lue 5 voi pfld ==0,2/4=0,03; D|d==2, ddi v&i

op == 60kG/mm? ta xic dinh dwoc hé s6 tap trung ung sufit hiéu dung & géc luon:
afy = 2,07 o, =~ 1,56

Theo dwong cong 4 hinh 3 phu luc 5 voi ob — 60kG/mm? hé s§ nhay b¢ mit
Ehm ] OyS-
H¢ s8 anh huéng dén do bén moi chung cta L3t i cdc nhin 18 :
€6 == gpm/afy == 0,8/2,07 = 0,386 va ev = 0,8/1,56 ~ 0,212.
Ung sufit phap lon nhit va nhé nhdl & gde lwon do udn hign déi theo chu

trinh déi xirng ¢6 gia lri:

) .
S (P, 4 Poadl (16 + Poax)0 0 L 02.5Pres kG
‘ ; 10 — Pmin) : 1
e PPl (6 = PoidlD g g2 5P, EG
W 0,1. 64 cm?

Ung suiil tiép lon nhiil va nhd nhit & goc lwon do xofin hi€n ddi theo chu
trinh d8i xing co gia tri:
kG

Tmax = (Pmnx/\\‘P)” = (Pmaxl'o,?» G ‘)]O = {))7321311“::: —
cm?

Tmin :( — Pmax’Wp)a R - {},732Pm3:“—1—{'§§“ .
¢m

U'ng sufl trung binh va bié¢n d¢ cda chu (rinh ung sufit phap va trng suft
tigp thu duoc bing:
-o1b = (Omax - Omin)/2 == 100kGfcm?;
ohd == (G‘ma: — Q’min)/z brnd 62,5mekG]cmz ’
t == 0; tha = 0,732Ppax kG/cm?.

Theo cong thie (267) ta co hé si an toan do bén ddi voi 1rng su‘gi"t phap

va ti'ép:
% 95
n, — e
s = 55 0.695 '
2 g b=y 0,732 4 1,62Prex
55 LT 0 386 + L6

n_ = ETTQ”l!Th,d = 0,512 . 15/0,732Ppnax ~ 10,5/ Pmax-
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Vi hé s8 an toan chung cua dé bén Lheo cong thire (270):
n=2=ngn¥ni+ nt ==25.10.5/Pnax(0.732 + 1.62Pmax) X

1 20.10,0
X VT570,732 | L62Pnan)t o 10.59P%  V 252Pku; 1 10,550,732 & 1,62Pmar)?
nén 252P2.x 4 10,5%2(0,732 < 1,62Pq::) = 252. 10,02/4

Ijﬁlax + 0 SSUPmnI — :)8 1 — 0

Ter d6 hre cho phép 1on nhit
Prac = — 0,442 4 V 0,442% 4 58,1 ~ — 0,442 - 7,63kG.

Vi chi cé mél nghiém cda phwong trinh thoa min bii todin nén P = 7,2kG

Bai tgp 1015. Dung gioi han dwéi cua sy phu thude thye nghiém, xac dinh
gid tri gin dung ciia gioi han bén moi khi xodn thay d&i theo chu trinh d8i xirng
che miu thép c6 sy tip trung ng sufil néu op == 960MN/m?; «,_=1,6; ¢ =0,9.

Bai tap 1016. Thanh bic bing thép co6 mit cit tron dwong kinh d = 36mm
va D =72mm chiu kéo -— nén thay ddi v&i Pz = — Prip = 5T.

Xic dinh ban kinh cho phép nhd nhit clia géc lwon p clin thi€l d& c6 hé sB.
an toan do bén [n] =2 néu biél op = 40kG/mm?, o_1p = 12kG/mm?,

Bai tap 1017. Thanh bac ¢6 mil cit tron duéng kinh D == 60mim, d, = 30mm
va dz = 32mm lam bing thép 20X, co oy = S0RG/mm? va o_gp = 24kG /mm?,

Tai cac géc lwon £2 = 0,3 va-FL = 0,1. B mit 1017
di dy jP
thanh bao nhin cln than. Xdc dinh hé s8 an toan d
d6 bén n, khi thanh lam viéc trong nude voi luc o
doc truc thay ddi Pumex = — Ppia = 3T theochu trinh B‘
dsi xung. -
1016 %,
2 £
L K
-F A - - p
[P

Bai tap 1018. Xdc dinh lwc udn lén phit Ph.., khi true bac bing thép quay
va c6 thé lam viéc theo so 46 trén hinh v&, véihé s8 an toan d6 bén [n]=1,8
Cho ob == 1200MN/m?; o_ -1 =360MN/m?; D ==70mm; d = 50mm; p/d =0,15; | =
= 60cm; @ =40cm. B¢ mit truc dd dwoc bao nhin.

1018 1019
p
i. f Mz PI < Muw

P e

B oo .o o _K__q__ _j
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Bai tap 1019, Tryc bic ¢6 D = 60mm; d=350mm; p/d = 0,00, lam viéc
trong nwde khi xodn ddi dAu theo chu trinh ddi xitng voi hé s6 an toan [n] = 1,5,
Bé miit true da mai nhin. Xéac dinh xem truc bﬁng thép (JT 9 ¢b op == 52k(z/mm?,
vy = 14kG/mm? va truc biing thép 40X ¢6 op = 100kG/mm? _, = 22kG/mm? tryc

nao hén hon?

Bai tap 1020. Cho thép 30XM, nbu'ng gia tri thyc nghiém oy = 90kG/mm?;
c.1; == 36kG/mm?; va bién do gici han ohe kln cho trog suil trung binh o}

oy KG/mn 20 40 60
and kG/mm? 32 26 16
Xéc d!ﬂh Gi_o’s.

Bai t4p 1021, Xac dinh o-g.s d8i v&i thép cé dudng cong bién do gici han
(trong chu trinh dang xét o > 0) vi€l diroc gin ding theo phuong trinh

ol == 20[1 — (ot/40)?].

Bai tap 1022. Xac dinh hé 38 an toan do bén khi chi li#l kim loai lam viée
trong diéu kién trng sufit kéo nén thay ddi, nfu op = 90kG/mm?; 6en = 70kG/mm?;
Gorx = 30kG/mm?; omae == 1BkG/mm?; opig = — 0kG/mm?; ang = L,5; su=0.7;
Shp < E),Q; B ==z 1,3.

Bai tap 1023, Chi tiél bing thép phai lam viéc trong diéu kién udn dm dau
viri bién do ung suit ope = OOWL\I/m—, khi hé s6 an loan do bén {n] =72, Hé &
khong d8i xirng r ctia chu trinh phai nhw thg ndo? néu op = ilf)DMN/mz 3 Geh ==
= 900MN/m?; 61 = 480MN/m?; a, = 1,2; ¢ =0,9; cu =0, :cpm==1; =14

Bai tap 1024. Xic dinh gia ir] nhd nhit ctia (g suft cho phép dai v6i chi
Li€t hiing thép chiu kéo — nén thay ddi voi hé s§ khong déi xing cuia chu Lrinh
r=— 04, hé¢ s an toan d6 bén [n} =1,4. Thép cicbon, cé o —waOkG}mmz va
oo = .).-Lk(},'mm2 \/I&t cil ctia chi ti8t tron dudng kinh d = 30mm va c¢é tap lrung
g sufit voi x_ =2 H¢ s¢ ting do bén do b miit gia cong ngudi p==1,2

Bai tap 1025* Truc bing Llhép. miét

ceflt tron dwong kinh d = 40mm co 16 tron 1025
cit ngang, dudng kinh 16 a = 6mm va lam
viéc trong chu trinh mach déng (r = 0) v&i _}@},.__ ", } }"“.
hé s§ an toan d¢ bén [n]==1,8 — Xic dinh . *t =
tri 88 momen xoén thay d;ii Ié¢n nhat max Mze \7/4
neu fruc lam bing thép 30XTCA, co

— IIOkG/mmZ: Tch — 51kG/mmz va
-y = 23kG/mm?.
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Bai1ap 1026* Xac dinh hé s8 an toan do bén n, khi chi tiét chiu kéo va xoén
thay d6i, n&u chi ti€t lam biing thép 45; op = 60kG/mm?; oc, =— 32kG/mm?; o1y =
= 20kG/mm?; 7ep = 22kG/mm?: vy — 16kG/mm?; apg == 1,7 ; oa:d =1,4; eqn=07;

ebm == 1; B==1; omay = 1000kG/cm?2; cpijp — 200kG/cm?2; 1ge — 400kG/cm?; tpin =
= — 100kG/cm?2,

Bai t4p 1027* Thanh hinh try bing thép, mit cit tron, dudng kinh d =
== J0mum duwoc ngam & cdc din, Trén phin phé ra cla thanh tac dung mét Iye P
thay ddi theo chu trinh d8i xting Xac dinh tri s§ Iyc lén nhal Pz, neu bi€t mac
clia thép 1a 40XH; cd op == 900MN/m?; o, = 400MN/m?; v.1 = 240MN/m?. Buong
kinh phin gifta cia thanh D = 60mm; p/d = 0,1; [ = 32cm; a = 10cm; B =1,2;
{n] = 1,6

1027 2
(J d //
?/777/7777/9& ' 21_' éﬁ* 7] z 2

Bai tap 1028%. Truc bac bing thép mit cit tron, dwong kinh D = 60mm.
d = 50mm va béan kinh goc lirgn chuyén tiép p = 5mm chiu tic dong cha usn va
xoin thay dai.

Xac dinh xem, n&u & tiét dié¢n chuy®n tiép nguy hidm do ugn Muer = 3kNm ;
Muia = 1,5kNm; do zodn max M., = 2kNm: min M:o = — 0.5kNm, truc s& lam
viéc voi he 88 an toan bing bao nhiéu ? True Iam bing thép 40XH, 6 op = 900MN/m? :
ocr = 750MN/m?; 6.y = 400MN/m?; <es = 390MN fm?; 7.y = 240MN/m?. Anh hudng
sy ting do b€n cha cic y&u t§ cong nghé dwoc dinh gia bing hé s3 8= 1.3,

A e e

? Khi gidi chc bai tip c6 du sao, sit dung db thj thing Zéderberg.
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PHU LUC 2
Quy cach thép ein
thép gée d2u canh I'OCT 8509-57

d
- r
% /Xn
-ty
LAQ _/ - F
—]
Matl
Xl T A X
%" P
Bing 1
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3 L,13 10,89 | 0,40 | 0,59 ] 0,83 { 0,75 ! 0,17 § 0,39 U,81 | 6,60
2 20 13,5 1.2
i 1,46 | 1,15 ] 0,50 | 0,58 | 0,78 | 0,78 | 0,22 | 0,38 1,09 | 0,64
3 1,43 [ 1,12 1 0,81 10,75 | 1.29 | 0.95 | 0,34 0,49 1.57 10,78
2,0 | 25 {3, 1,9
4 1,86 | 1,46 { 1,08 ] 0,74 [ 1,62 | 0,93 | 0,44 | 0,48 211§ 0,76
28 1281 3 |4} 1,3 162127 1,16 | 0,85 | 1,88 | 1,07 ] 048 [ 0,55 | 2,2 | 0,80
3 1,86 | 146 [ 1,77 { 0,97 | 2,80 | 1,23 | 0,74 0,63 3,26 | 0,89
32 132 |———|4,5 1,5
4 2,43 { 1,91 { 2,26 | 0,96 | 3,58 | 1,21 | 0,94 { 0,62 4,39 | 0,94
3 2,10 1 1,65 | 2,56 | 1,10 | 4,08 1,39 | 1,06 | 0,71 4,64 0.‘99
36 | 38 4,5 1,5
4 2,75 | 2,16 | 3,29 { 1,09 5321 i,38 { 1,36 | 0,70 6,24 | 1,04
3 2,35 | 1,85 |1 355 1 1 »23 { 5,63 | 1,55 | 1,47 | 0,79 6,35 | 1,09
4 40 {———— 5 1,7
4 3,08 | 2,42 | 4,58 | 1,22 7,26 | 1,583 { 1,90 | 0,78 8,53 1,13
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ol 3 |41 5 6 7 8 9 10| 11| 12 13 14 15
3 9065 | 2,08 i 5,13] 1,39 | 8,13 1,75 | 2,12 | 0,80 | 9,04 1.21
4 |5 1 1,7 | 348 | 278 | 663} 1,38 | 105 ] 1,74 | 274 | 0,89 | 12,1 | 1,26
5 4,29 | 3,37 8,03 1,37 | 12,7 | 1,72 | 333 } 0,88 | 15,3 | 1,30
3 o906 | 2,32 | 7,01} 1,55 | 11,3 | 1,85 | 295 | 1,00 ; 12,4 | 1,33
5 t {551 1,8 | 3.80 | 305 | 921] 1,54 | 14,6 | 1,94 | 3,80 | 0,99 | 16,6 | 1,38
5 4,80 | 3,77 | 11,21 1,53 | 17,8 | 1,02 | 463 | 0,98 | 20,9 | 1,42
3,5 3,8 13,08 | 11,6 | 1,73 | 18,4 | 2,18 | 4.80 | 1,12 | 20.3 1,50
4 5 | 9 | 4,33 13,44 | 13,0 {1,738 | 20,8 | 2,18 | 5,41 | 1.11 | 233 | 1,52
5 5411 4,9 1 16,0 1 1,72 | 25,4 { 2,16 | 6,59 | 1,10 | 29,2 | 1,57
4 4,9 13,00 | 18,9 1,95 | 20,0 | 2,45 | 7,81 | 1,25 | 33,1 | 1,69
5 70 93 | 613 ] 480 23,1 | 1,04 | 36,6 | 2,14 | 932 125 | 41,5 | L7
] 7,08 15,72 | 27,1 1,83 | 42,9 | 2,43 |11.2 1,24 | 80,0 | 1,78
4,5 620 | 4,87 | 29,0 | 2,16 | 46,0 ] 2,72 | 12,0 | 1,39 | 51,0 | 1,88
_5 6,9 | 538 1 31,9 2,16 | 50,7 | 2,72 | 13,2 | 1,39 | 56,7 | 1,80
7 6 18,01 2,71 8,15 | 6,30 | 37,6 | 2,15 |-59,6 | 271 | 15,5 | 1,33 | 68,4 | 1.94
7 942 | 7,30 | 43,0 | 2,14 | 68,2 | 2,69 | 17,8 | 1,37 | 80,1 | 1,99
8 10,7 18,37 | 48,21 2,13 | 76,4 | 2,68 | 20,0 | 1,37 | 91,9 | 2,02
5 =30 | 5,80 1 39,5 | 2,31 | 62,6 | 2,01 | 16,4 | 1,43 | 69,6 | 2,02
B 8,78 | 6,89 | 46,6 | 2,30 | 73,9 | 2,90 | 19,3 | 1.48 | 83,9 | 2,06
7 | a1 3 [10,0 1|7.96 53,3220 | 8,612,809 ]221 1,48 | 983 | 2,10
8 11,5 19,02 508228 | 94,9287 | 24,8 1 147 | 113 | 215
9 12,8 |to,1 | 66,11 2274 105 | 2,86 | 27,5 | 1,46 | 127 | 2,18
i 5!5 8!63 6,78 5217 2:47 83}6 3.11 21’8 . 1,59 93,2 2.17 N
I P 0,38 | 7,36 | 57,0 | 2,47 | 90,4 | 3,11 | 23,5 | 1,58 | 102 | 2,19
7 10,8 | 851 | 653 | 2,45 | 104 | 3,08 [ 27,0 | 1,58 | 119 | 2,28
8 193 o965 73,4 | 2,44 | 116 [ 3,08 | 30,3 | 1,57 | 137 | 2,27
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1 2] 3 4] s ! ] 7 8 9 | 10 | 11 [ 12 | 13 |14 | 15
6 10,6 | 8,33 | 82,1 2,78 | 130 | 3,50 | 34,0 | 1,79 | 145 | 2.43
7 12,3 | 9,64 1 94,3 ] 2,77 ] 150 | 3,49 | 38,9 1,78 | 169 | 2,47
9 {90 |—— 101 3,3
8 13,8 | 10,91 106 | 2,76 | 168 | 3,48 | 43,8 | 1,77 | 194 | 2,51
9 15,6 | 12,21 118 | 2,75 | 186 | 3,46 | 48,6 | 1.77 | 219 | 2,55
6,5 12,8 | 10,1 | 122 | 3,00 | 193 | 3,88 | 50,7 | 1,99 | 214 | 2,68
7 13,8 10,8 | 131 | 3,08 | 207 | 3,88 | 54,2 1,98 | 231 | 2,71
8 15,6 | 12,2 [ 147 | 3,07 | 233 | 3,87 | 60,0 1,98 | 265 | 2,75
10 11001 10 | 121 4 1192|151 179 | 3,05 | 284 | 3,84 | 71,1 | 1,96 | 333 | 2,83
12 22,8 1 17,91 209 | 3,03 | 331 | 3,81 | 86,9 | 1,95 | 402 | 2.91
4 26,3 | 20,6 | 237 | 3,00 | 375 | 3,75 | 99,3 | 1,04 | 472 | 2,09
16 29,7 23,3 | 264 | 2,08 416 | 3,74 | 112 | 1,94 | 542 | 3,06
7 152 | 11,9 176 | 3,40 ] 279 | 4,20 | 72,7 | 2,19 | 308 | 2:96
1 {110 | ——] 12| 4
8 17,2 | 13,5 198 | 3,39 | 315 | 4,28 | 81,8 | 2,18 ; 333 | 3.00
8 197 | 15,5 | 204 | 3,87 | 467 [ 487 | 190 | 2,40 | sqp | 5,36
9 92,0 | 17,3 | 327 | 3,86 | 520 | 4,86 | 135 | 2,48 | 580 | 340
10 24,3 19,1 360 | 3,85 | 571 | 4.84 | 149 | 2,45 | gag | 3.45
125 {125 ] 14 | 46
12 28,9 | 22,7 | 422 | 3,82} 670 | 4,82 174 | 2.46 | 782 | 3.33
14 33,4 | 26,2 482 | 3,80 | 764 | 4,78 | 200 | 2,45 | 916 | 3.61
16 37,8 | 29,6 | 539 | 3,78 | 853 | 4.75 | 224 | 2,44 | 1051 1 3.68
8 24,71 19,4 | 466 | 4,34 | 739 | 5,47 [ 192 2,79 | 818 | 3,78
14 11401 10 |14 [ 46 [27,3| 20,5 512 [ 4,33 | 814 | 546 | 211 | 2,78 | 911 | 3.82
12 32,51 255 602 | 4,81 | 957 | 5,43 | 248 | 2,76 { 1097 | 3.90
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1 2 3 4 5 6 7 8 g 10 11 12 13 14 15
10 31,4 | 24,7 | 774 | 4,96 | 1229 } 6,25 | 319 | 3,19 | 1356 | 4,30
11 34,4 | 27,0 | 841 | 4,05 | 1341 | 6,24 | 348 | 3,18 | 1494 | 4,35
12 37.4 | 29,4 | 913 | 4,04 | 1450 | 6,23 | 876 | 3,17 | 1633 | 4,39
16 1160) 14 | 16 5,3 | 43,3 | 34,0 | 1046 | 4,92 | 1662 | 6,20 [ 431 | 3,16 | 1911 | 4,47
16 49,1 | 38,5 | 1175 | 4,89 | 1866 | 6,17 | 485 | 3,14 } 21091 | 4,55
18 56,8 | 43,0 | 1209 | 4,87 | 2061 | 6,13 | 537 | 3,13 | 2472 | 4,63
20 60,4 | 47,4 | 1419 | 4,85 | 2248 | 6,10 | 589 | 3.12 | 2756 | 4,70
11 38,8 | 30,5 | 1216 | 5,60 | 1933 | 7,06 | 500 | 3,59 | 2128 | 4,8
18 {180 /| 16 | 5,3
12 42,2 | 33,1 | 1317 | 5,59 | 2093 { 7,04 | 540 | 3,58 | 2324 | 4,89
12 47,1 | 37,0 | 1823 | 6,22 | 2805 | 7,84 | 749 | 3,99 | 3182 | 5,37
13 50,9 | 39,9 | 1961 | 6,21 | 3116 | 7,83 | 805 | 3,98 | 3452 | 5,42
M 54,6 | 42,8 | 2007 | 8,20 | 3333 | 7,81 | 861 | 3,97 | 3722 | 5,46
20 |200f 16 |13 8 £2,0 | 48,7 | 2363 | 6,17 | 3755 { 7,78 | 070 | 3,98 | 4264 ) 5,54
20 765 | 60.1 | 2871 | 6,12 | 4380 | 7,72 | 1182 | 3,93 | 5355 | 5,70
25 04,3 | 74,0 | 3466 | 6,06 | 5491 | 7,63 | 1438 | 3,91 | 6783 | 5,89
3o 115,5| 87,6 | 4020 | 6,00 | 6351 | 7,55 | 1688 | 3,89 | 8130 4,07
14 60,4 | 47,4 | 2814 | 6,83 | 4370 | 8,60 | 1159 | 4,38 | 4941 | 5,93
22 |220 21 7
16 6.6 | 53.8 | 3175 | 6,81 | 5045 | 8,58 | 1306 | 4,36 ; 5661 | 6,02
18 78,4 | 61,5 | 4717 | 7,76 | 7492 | 9,78 | 1842 | 4,98 | 8286 | 6,75
18 87,7 | 68,0 | 5247 | 7,73 | 8337 | 9,75 | 2158 | 4,96 | 9342 | 6,83
40 97,0 | 76,1 | 5765 | 7.71 | 9160 | 9,72 | 2370 | 1,94 10401} 6,91
a5 | 9250 “'2—2“ oa | 8 1106,11 83.3 ] 6270 | 7,69 | 9961 | 9,69 | 2579 | 4,93 | 11464} 7,00
“"‘;;" 119,7| 94,0 | 70051 7.85 {11125 | 9,64 | 2887 | 4,01 | 13064 7511
23 1133,11104,5| 7717 | 7,61 [12244 | 9,59 | 3190 | 4,89 | 14674 7,23
30 142,01 111,41 8177 | 7,59 |12965 | 9,56 | 3389 | 4,80 ;15753 7,31
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Thép che U "OCT 8240-56

Y

ﬁ-“._

Bing 4

f
| bd
2
]
d e
X X
YL RS
R
D§ dbe khing
Idn hon 0%
i ,q y
&
o~
ot | A Kich thuéc mm o~ Cae tri s6 461 voi truc
P4 *g E
E| T 5 % y =3
= =] ™ £
Bl B T v
SRR R 5 -~ | - :
2| F 4 "l 1% = sl % | & g g | N
o | 2 1o “ G ¢ |} g
-] a0 ‘S . ® = . e Ry
2 8 c‘j‘ - B - & T (=3
=
5 4,341 50| 32 4,4 7,00 6 12,5/ 6,16 22,8 9,10) 1,821 5,59 5.61] 2,75 0,854| 1,16
6.5 5,807 65 ) 36 |4,4 ] 7,21 6 2,581 7,51| 45,6 | 15,0 2,547 9,000 8,707 3,68[1,068 | 1,24
8 7,06} 80 40 [ 4,5 7.4 6,512,551 8,98] 89,4 | 22,4 3,16} 13,3 | 12,8 | 4,751,190 | 1,31
14 8,591100) 46 {45 7,6| 7 {3,0]10,0} 174 34.8 | 3,90/ 20,4 20,4 | 6,46!1,37 | 1,44
12 {104 120 52 | 4,8 | 7,8] 7,5]| 3,0 |13,3 | 304 50,6 | 4,78} 29,6 | 31.2 8,5211,53 | 1,54
14 {123 |140 | 58 14,9} 8,1 8 3,0 | 15,6 | 481 70:2 | 5,60 40,8 | 45,4 111,0 1,70 | 1,67
14a 13,3 |140 | 62 14,9 | 8,7] 8 3,0 {17,0 | 545 | 77.8 | 5,66 4541 | 57,0 13,3 {1,84 | 1,87
16 14,2 [160 | 64 {50 | 8,4 85]3,5 18,1 | 747 93,4 | 6,42] 54.1 63,3 113,8 {1,87 | 1,80
16a:15,3 {160 ) 68 | 5,06 | 9,6 8,5 3,5119,5 | 823 [103 6,49 59,4 | 78,8 16,4 12,01 | 2,00
18 |16,3 186 | 70 { 5,1 { 87| 9 [3,5120,7 1000 [121 7:24] 69,8 | 86,0 17,0 [2,04 | 1,94
18a17,4 (180 { 74 [5,1 ] 93] 9 {8,51{22,2 {1190 [132 7,32] 76,1 (105 |20,0 12,18 | 2,13
20 {18,4 1200 ) 76 | 5,2 | 9,0] 9,514,0 23,4 [1520 [152 8,07| 87,8 (113 120.5 2,20 | 2,07
202 19,8 (200 80 [5,21 97| 95 4,0 125,2 11670 {187 8,15 95,9 {139 24,2 12,35 | 2,28
22 121,0 (220 ) 82 15,4 ) 9,510 4,0 26,7 | 2110 (192 8,89{110 151 25,1 12,37 | 2,21
222722,6 {220 ] 87 | 5,4 [10,2710 4,0 128.8 | 2330 [212 8,95{121 187  130,0 2,55 | 2,46
24 124,0 1240 ] 90 [ 5.6 ]10,0}10,5] 4,0 30,6 | 2500 (242 0,73;138 208 31,6 (2,80 | 2,42
242125,8 [240] 95 | 5.6 }10,7|10,5] 4,0 132,9 | 3180 [265 9,84}151 254 (37,2 2,78 | 2,67
27 127,7 {970 95 16,0 [10,5]11 4,5 135,2 | 4160 (308 10,9 §178 262 {37,3 (2,73 2,47
30 131,8 1300|100 | 8,5 11,0112 | 5,0 | 40,5 [ 5810 {387 12,0 {224 327 43,6 2,84 | 2,52
33 136,5 (830 105 7,0 {11,713 5,0 ;46,5 | 7980 1484 13,1 [281 410 31,8 12,87 | 2,59
36 |41,9 {360 (110 7.5 112,61 14 6,0 |1 53,4 {10820 /601 14,2 {350 513 61,7 |3,10 | 2,68
40 148,3 ;400115 8,8 [13,5{15 [6,0|61.5 | 152201761 15,7 |444 642 |73, 13,23 | 2,75




PHU LUC 3

He¢ 86 uén doc

*

Tri s§ o
P& manh A

Thép g; gg CT5 Thép hop kim Gang Gb

0 (,00 1,00 1,00 1,00 1,00
10 0,99 0,98 0,97 0,97 0,99
20 0,96 0,95 0,95 0,91 0,97
30 0,94 0,92 0,91 0,81 0,93
40 0,92 0,89 0,87 0,69 0,87
50 0,89 0,86 0,83 0,57 0,80
60 0,86 0,82 0,79 0,44 0,71
70 0,81 0,76 0,72 0,34 0,60
80 0,75 0,70 0,65 0,26 0,48
90 0,69 0,62 0,55 (0,20 0,38
100 0,60 0,51 0,43 0,16 0,31
110 0,52 0,43 0,35 - 0,25
120 0,45 0,36 0,30 - 0,22
130 0,40 0,33 0,26 - 0,18
140 0,36 0,29 0,23 - 0,16
150 0,32 0,26 0,21 - 0,14
160 0,29 0,24 0,19 - 0,12
170 0,26 0,21 0,17 - 0,11
180 0,23 0,19 0,15 - 0,10
190 6,21 0,17 0,14 - 0,09
200 0,19 0,16 0,13 - 0,08
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PHY LUC 5

Nhifng 86 li¢n tra cGum 48 tinh d¢ ben mabi

q
yEamnEgs
) !

0,8 17 .
08 I:E //ﬁ ’)JI
7l
77 741N
a’z =2

0

W oo 80 190 120

&, kGfmm? (G l0MN/m?)

Hinh { — D& thi h¢ 36 nhay véi wng sudt tdp trung cla thép

Eeo
10

o4
Q&’ :\. 5‘\,\_

1% ¥
UFE e - \\\ 5

6

04

635 10 20 30 40 5050 80 100 d,mm

Hinh 2 — B thi clia hé s6 t¥ 18 khi ubn:

1. Thép cachon, danh béng nhdn; 2. Thép cécbon, maé nhin; 3 Thép hop kim, danh
béng nh3n; 4. Thép hep kim mai nhin; 5 Thép hgp kim véi @ng sudl tap trung via
phii (2§4 <T2); 6. Thép xay dyng (o <C 65kG/mm? hodc ob < 650MN[m2); truc voi che
chi tiét chju ép duoe ché tao tir thép éps; khi d < 60mm — Thép hop kim vé&i ng sudt
tdp trung lén.

€4n

10 ;
0,8 e
M
15 R """'?;\:j
o4 :_\\2\ | 5
62 \_‘t%m?
L R T T )

8, kG/mm? (6, 101N/ ?)

Hioh 3 — Db thj 40 nbay bd mit dbi véi thép



1. Panh béng cdn than; 2. DAnh bong thé; 3. Mai mOng hodc tién mong; 4. Mai tho
hodc ti¢n thé: 5. Thi nghiém lLiong nwée ngot khi cé ing sudt tap trung; 6. Thi nghiém

trong nude ngot khi kbhbng c¢6 Gng swdt tap trung; 7. Thi rghiém frong nuwéc bidn
khbi khéog c6 dng suii tdp trung.

-]
Ehg
2.0 fe
L \\ 7]
1AL N =
t oy d
—

!’4. \\ T~ \...__f T .
he = ) ,’p
10 T\"“"rﬁ

YOO 67 03 % G5 08 67p/d

Hink 4 — Do thi cita nhirng hé s6 hidu dung @ng suit thp trung d4éi véi nhiing
true bAc khi kéo {nén) vé&i ty s6 D/d = 2; khi 4 = 30 = 50mm

1. P6i v6i thép co op = 120kG/mm? (1200MN/m?)
2. B6i v6i thép c6 ob = 80kG/mm? (800MN/m?)
3. B6i v&i thép ¢6 ob = 40kG/mm? (400MN/m?)

T
Fhy
2 -
) -‘ﬂ_...—-;'
A
L& p
* L3
qu \
Lo P11

&5 52 60 70 80 30 160 10
&, kG/mm( 6, - IOMA/m 2}

Hinh § — D& thi h¢ s0 hiéu dung cfia ing sudt tap trung éda truc ¢6 16 ngang
khi xodn:

6/d = 0,05 + 0,25; T = Myo]Wso kbi 4 = 30 - 50mm

,oc,gd

S5 EER

20 =
::_5 \“‘I\‘_‘

W R TR 2/d

. Hinh 6 — Db thj hé s6 higu dung cia Gng suit thp trung d6i véi nbirng truc bic
khi xo0dn vai ty &8
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Did =2 khi d = 30 -+ 50mm
1. B6i véi thép cé ob = 120kG/mm? (1200MN/m?)
2. Déi vai thép cé ob = 50kG/mm? (300MN/m?)

Brg
3,0 \ T I
48 :\! M‘QAf_Q =y

A ) J
Ly

g

0 ol 0Z 03 G4pid

Hinh 7 — D3 thi hé s6 hidu dung clia ng suit tip trung cda nhirng tryc bic khi
uén voi ty s6 Djd = 2, va d = 30 -+ 50mm. ‘

1. d6i vl thép ¢6 ob = 120kG/mm® (1200MN/m?)

2. d6i véi thép ¢é ob = 50kG/mm? (500MN/m?)

&
40 /
05 '/
ﬂ,.‘i
025

10 45 45 Ll

?

Hinh 8 — D3 thi cda nhing hé s8 didu chinh véi t7 s6 D/d <C 2 cho hinh 6 va 7
(1. uén: 2. xo0dn). '
Néu D/d <C 2, thi ana duge xic djnh theo céng thire @sa = 1 + &(@apg, — 1), trong

do @pd_ ~ Ja hé $6 thn tir dd thi efia hinh 6 hodc 7.
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PHU LUC 6

Nheng don vi do thoong gip trong sach
hé donvi quéc té (S1)

m. kg, s —~ don vi chigu dai, khéi legng, thei gian, (14 nhirng dop vi co bin),
’ mét, kildgam, giay.
cm, mm — don vj do chigu dai, centimét, milimét.
N — don vi lwc 1A Niuton: IN = 1/9,81kG =~ 0,102kG.
kN, MN. daN - don vi bgi s6 Iyc — ki 16 niuton, méga niuton déca niuton (daN):
1kN = 10°N, 1MN = 10°N, 1daN = 10N = 1,02kG.
N[m2 — don vi tng sudt v 4p sudt: IN/m? =~ 1.02. 10-5kG/em .
MN[m? — don vi bdi s6 cla trng sudt vA Ap suét.
IMN/m? = 10°N/m? = 10daN/em? ~ 10,2kG[em?.
daN/em?, dsN[/mm? — don vi ftng suit va 4p sudt ngoai hé
1daNfem? = 105N/m? = 1bar =~ 1,02kG/cm?.
1daN/mm? = 107N/m? ~ 102kG/em? ~ 1,02kG/mm>.
jun — don vi cOng ~ jun: 1 jun = 1/8,81kGm ~ 0,102kGm.
W, kW — don vi cbng suit — Qatl, kildoat.
1kW = 102kG - m/s=~1,36 ma lwe.

He don vi ky thunat (MKS)

m, kG, s ~ mét, lilégam Iwe, gidy: 1kG = 6,81N =~ 0,981daN.
T = tdn-lye: 1T = 10%G = 9,81 . 10°N = 9,81kN.
kG/em? — don vi tng suit va 4ap suit: 1kG/em? =~ 9,81 .10*N/m? = 0,0081MN/m? =
= (,981daN/cm?.
bar - dou vi ap sudt ngoii hé
1bar = 105N/m? = 1daN/em? = 1,02kG/cm?
kGm — don vi cong: 1kGm =~ 9,81jun.
m.l—don vi cobng suft ngodi hé — ma lye:
1 mi lre = 75kG . m[s ~ 0,736kW

TRA LGI CAcC BAI TAP

1 2 3 4 ’;;
BOKN 5T, 200% 6T

I

KON 4OkN 5T
B - J0kN A
- J20kN T

ST
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5
ép I 6,57' | “JT -
=
47
ﬂ&iﬂ—
Ji Tt =27]
zF 25T ;{g’rir

9. — 0,45mm; 2,75 jun. 10. a) 0.5mm; 3.33jun; b) 0; 0,83 jun. il. Imm; 120kG.cm

12. ~ 8 531mm : ~ 56,8kG ., cm. 13. 0,833mm ; ~ 76 7kG . cm. 14. ~ 1,067mm ; ~ 282, 7kG.cm
b Ea

i 18, —— Ab,

15. ~ 0,87mm . —~ 4,35jun. 16. —~ 1,36mm; — 27.2 jan. 17, — )
] E nd? P

19. 0,09mm?; 0,003mm.

9 10
| 90 MN/m? 1250KG £
al
.
50 MNm? 1000k /et | 1000KG fom
100MN/m?
' J20
13 14 15 16
100k G m? = Wi
il e N //77
fﬁ B2 i N\‘-:"' = I?ﬂ
= = = ,
g1 o
Kilan -
#’sﬂﬂnz &
120
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_— — 9 . h —
20. Ao iz P RO g Pl 22, 2. - Pl 23, W(I 2) Pl.
3 L nd? E E 3

: Pa - Pa - V3 P
24. 3750k6. 25. 8y = —— (1+3V3): & = 5 (8- V8)i o= — e

oi = P/2F. 26. 8y ~ 1.36 mm : 8 ~ 0,58 mny; ~ (40 ~ 470 kG[em?. 27. (2P + V2 qa) afEF;

- . = Pa P
(P + V2 gy V2 F . Pi(V2 F). 2. (sinB 4+ 2); —— _ 1gB; P/(FcosB). 29. 8 =
42) | ( FFaori B - 148 PlFeosd
ya  Pa Pa - - ' 3 Pa
- e 8 = SEF @+ V2): P/V2 F: PIF. 30. & = Ep ; 8y =3Ps|EFy;
PiFy; - ; 3L P + qa)s[(4EF). (2P + qa)[4F. 32. 8; =8, = Pa/EF; P/F.
l', l

33. Pa/FaFg, Pial’p. 34. 10Pa/E1F) ; HP[F“ 4]3“?1. 35. 8x ™ 3 dmm | 3_\, =~ 1,8mm ; -~ 900;
~ 1800; ~ 1200kG/ein®. 36. §.3mm; 1000; 500kG/em2 37. 3,9mm: 30: 150\ N/in2. 28. 3y =
=0,7mm; 8; = 0,35mm: 80; 40: 20MN/m?. 39. 3y = 2,12%mm; B = 0,08mm; 100: 150;
7BMN/m?. 40, ~ Sbmm i ~ 142 164MN/m?. 41. P/(V'3 [a]): PV [s]); Pj2]s]. 42. Pils].

13. 3P(]; Pllo). 44. 7qafs[o): 792 gal4[s]. 45. Bem?. 46. ~ 5,98cm?. 47. 4,9cm?; Sem?2.

hJ Al 7 - ? P
48. I_‘l = FZ T — S I-3 T ome—m, e 40, 9kN.,  50. G4kN. 51. ]76,51’(6- 52. 2,07m.

§ (o] T .4 [o]
2, 54 d P (2 !) Ad=
53. 894kG/em?. 54, d = VW 7 Ad o= uz-ﬁ,w T + 1i]. 85, Aa = T X

P a
[--I;- + 'r(f - w)] 56. 3m%; 617m?; ~ 0.4cm. 57. 2500cm?; 2620cm?; 19,6T. 58. 600

-

55 2.4 56
7 1000
992
992
992
- 992

800; — 800kG/cm®. 59. — 277; 300; 262kG/em?. 60. 1305 ~ 20; — 120} 5kG/em?. 61. maxoy =
22 31
= -2-va: minoy; = Ty 62 - 10405 ~ 1560kG/em®. 63. ~ 1164 ; ~ 875kG/em?.
. 4 L

64. ~ &1; ~ 87kG/em®. 65. ~ 70,7} ~ 141,4MN/m*. 66, 120MN/m2. 67. ~ 10; ~ 7,1 MN/m?2.
68 25; 1000kG/em?. 69. ~ 3903 -~ 312kGfem?; 70, ~ 903; ~ 903; ~ 452kG/em?2.

Tt 3 P
71. ~ Bmm. 72. -~ 35,7cm- 73. w—u-[—-in « T4, ~ 739; -~ 261kGfcm?2. 75. 300;
4 4 a .
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AE wAE
sin ;
54 Sa
~ 16,4MN/m%  79. 20; 40; B0MN[m?%. 80. ~ 764; ~ 917; -~ 1070kG/em?Z. 81. ~ 87;
~ 302k(:/em?. 82, ~ (72; ~ 08; 1000kG/cm?- 83. ~ 596; ~ 43kG[cmZ. 84. 35MN/m2.
85. ~ 513 ~- 726; 1025kG/em?®. 86. ~ 6 104: ~ 10,AMN/m% 87. ~ 106MN/m?. 88. 800 ;
600; 1400kG/em?2; 120: 200: 1860%G/em®. 89. ¥00; 450kG/em®: 144: 192kG/em2. 90. 500;
1500kG/em?: 576 ; 192kG/em?®. 91. 400; 450; 550kG/em?®; 288; 432: 144kG/em?. 92. 50: 37,5 :
753 62,5MN/m?;} 485 36; 125 6MN/m?. 93. 130: 10; 50MN/m?; 16; 32 1BMN/m?2, 94. ~ 19,1T ;
27,57 ; ~ 671; 322; 168kG/em?. 95. P =P = [[,3T: o1t & H47kG/em?: ogp = o = 93kG/em?.
96. ~ 9,06T: ~ 11,63T: ~ 220; ~ 294; 280k(i/em?. 97. ~ 7,14T; ~ 8,741: ~ 43; 93;
5¢k(i/fcm?. 98. 5,2T; 64T; 72kG/em?. 99. — 63kN; ~ 82kN. 100. 2,05T; 2,8T: ~ 300;
225kG/em® 101, ~ 28,3kN: 32kN; ~ 16,3: ~ 8,1; — 3, {MN/m2. 1ez. 1000kG/em?; q =

25 8t
= 100kG/em. 103. 6, = -~B-8 e YN Srga; g = J%wg{?--(bz& + b2f2), 104

200kGrem?. 76, ~ [091; ~ 515kGf/em®. 77.

siﬂa. 7i8. — lﬁ,i: ™ 15:4‘)

A
a) 217; 290kGi/em?; 17.4kG/em?; b) 369°. 105. 60kG/em?. 106. E(axm - --5-—) 107. o =

= GI” == 13331{0/0!}12-

oo Vi tg trén cacdiéa tich song a
Tl T2 T3 song voi truc 1, 2, 3’ kamz Po a, Ty
Bai tip 56 a) truc 1| b) truc 2 | c) truc 3
kGfem? kG Jem®
Ta Ta Ta Ta Gg Ta
108 0 - 600|-4-600] O H 300{ 520 | 900 520 | 684 400 566
109 -+ 600{4600] 0 |- 300+ 520|— 900| 520 | O ] A94 |~ 400 566
110 - 900|-}- 6G0O|- 400] 300 173] 300 520 | 1000 346 | 730 | 333 500
111 b 500k 730{-} 250{— 250|+ 433]— 625! 649 | 375 2U6 | 645 |- 167] 624
112 = 10|t 30| 200|~ 430 87|~ 430| 260 |- 100| [73 | 416 |— 333) 249
113 4= 4094 400] 0 600| 345, 200| 346 | 800 O | 654 | 533 377
114 0 |- 700{<-300]—1000] - Of— 750| 433 |— 250f 433 | 817 |— 667 471
115 4+ 100{- 500{—— 200} 330 87 350/ 260 | 700 173 | 529 467] 249
116 - 400{ -t 300{-- 300 0 346|— 250} 606 | 650] 260 | 589 | 133 573
117 -+ 200{-4- 500|-- 300[- 300{ 173|— 350 433 | 250{ 260 | 432 |— 133} 411
118 -+ 100[ 4= 300|-- 200{— $50| 87— $50| 260 |— 500 173 | 775 |— 733 249
119 -+ 430/ 450{ 0 375 390|~ 75| 390 | 600} O | 519 | 300} 424

lia

o
[w7]



Oq V3 Tg 1rén cic dién tich song
w1 T2 | % song vai truc 1, 2, 3, MN[m* Po | % | T
Bai tip s6 i a) truc 1 | b) trye 2 | ¢) tryc 3 ! |
MN|m? MN/m?
Ga Ta Ga Ta O, Ta
120 O 450|450 [~ 80| 0 ;— 551433 |— 5| 43,3 66,5 |—46,7] 47,1
121 0 0 0 50| 0 50! 0 5 o {50 | 5 | o
122 0 0 0 |-70] 0 |-7{¢ [~70] 0 [70 |~70 | o
& ’ & ' s , aviv | u, | ug | o
Bai tip 36
% kGem/cm®

108’ 0,060 | — 0,018 —0,018 | 0,024 | 0,36 0,312 | 0,01%

109’ 0,018 0,018 | - 0,06 | — 0,024 | 0,36 0,312 | 0,08

110’ 0,054 0,002 | - 0,024 0,032 | 0,328 0,243 0,085

111’ 0,04 0,0075| - 0,0575 — 0,010 | 0,388 0,379 0,009

112’ 0,015 | —0,011]—0,024 | —0,020] 0,094 | 0,081 | 0,033

113’ 0,028 0,028 | — 0,024 | 0,032 1 0,224 | 0,130 | 0,085

114 0,03 | —a,035|~0,035]—004 | 0356 | 0217 | 0,132

115’ 0,631 6,005 | — 0,008 0,028 | 0,126 0,061 0,085

116’ 0,046 0,007 [ —0,045| 0,008 | 0,326 | 0,321 | 0,005

1y 0,032 | - 0,007 | — 0,033 | —0,008| 0,170 | 0,165 | 0,003

118’ 0,007 | ~0,019|—0,032 | —0,044 | 0,222 | 0,661 | 0,161

119’ 0,0255 | 0,0265| — 0,033 | 0,018 0,202 | 0,175 | 0,095

364




£y €2 €; AVIV U, hd st
Bai tip 38
Yo J/m3
120° 0,034 | ~ 0,031 | —0,031. ] ~ 0,028 |28,2 . 10%]21,7. 103 6,5 . 103
211’ 0,01 0,01 0,01 0,03 | 7,5.10% 0 7,5 . 10°
122 ~ 0,014 | — 0,004 | — 0,014 | ~0,042 [14,7. 103 0 14,7 - 108
gl Crdil adin agIv [+17: 4"
Bai tap so
kG/cm?
108" 1200 1200 1200 1200 1200
109" - 360 1200 1200 600
110" 1200 1080 1200 1060 1200
111" 500 800 1500 1320 1000
112" - 300 660 530 360
113" 800 560 800 800 800
114" - 600 . 1000 1000 500
115"’ 800 620 600 530 700
116" 800 920 1400 1220 1100
117" 400 . 640 1000 870 700
118" - 140 609 530 - 100
119" 600 510 900 900 750
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Gl I o1dll [ ol ! Trdiv ’ Gl4v
Bai tap sb
MN/m?
120" 20 68 100 100 60
1217 50 20 0 0 45
122" - -~ 6 0 0
123. a) 6,6 . 10~°mm?/kG ; 1,51 - 10*6G/mm?2.
b) 9,6. 10-5mm?/kG: 1,04 . 10*kG/mm?.
e} 14,7 . 10°%mm?/kG; 0,685 . 10%kG/mm?.
1— p? i ELF
124 05 — pp; — p; — —— pa; Mpb. 125. 0; - Ao2p s p
E E - (Ezﬂb + 4E1F1)
(1 — 20)p(App By Fy + Eqab + 4E;Fy) pp
« 126.07 = Gy == —
Ez(Ezﬂb -+ 4EIF1) (1 — w) + .__.__.___.d ..-———..—-E
) dl bt d E1
i “and L
'Ujm‘“:.""“Hpc 127. 61 = Gy =% = \.P . o m_p; Aa = (!J- T-—(J' UP& ‘
, 1—u E(r —p)
(1 -+ @l (1 ~ 2} .
U= Y el . 128, Gy = 6y = IQ{J{}};G/cmz 103 = 05T = vy o= 500k Glem® Ty =
2E(1 — W)
D D2, .
=0; AD =035mm. 129. 2,5mm. 130. P : 4 ga 131. 13mm; Il,lcm°.
a{aleosa h‘[cr]
132. 6§ = 65 = 75kGjem?; o3 = 0 (d6i véi mat trong 65 = — 0 3kG/em?) ; 6" = 100kG/em?:
a3t = 83kG/om2. G4’ = 0 (d6i voi mit trong oif = — 0 2kG/em?); oy = 67kG/ctm?.
oo 2 th — yiga T 3
1sa. 8 (2, xC o yigx o vyl o gligr oy Bk rsa e
28¢cosa : Scose Seosex . 4

40MN/m2. 135. 0; 4+ 80MN[m?2 136. 50; 70: 20MN/m?2; 0,625 . 1073; 0,785 . 1073: 0,25 . 10~3;
137. 20; 100; 80; 84,9MN[/m®; 0,25.10%; 1,25.10-3; 1073 1,061 .1073.138. 500; 0;
~ 500kG/em?;; 0,625.10-%; 0,27. 1073, 139. a) 12,5kG.cm; b) 0,86kG.cm. 140. oy =
= —03 = EMxo[(‘ﬂles) : 0'2 =03 [Mzo] = 157kGm ; [Msxo)eh = 236kGm. 141. dy = 1,58cm;
d = 1.35¢cm; 8 = 0,74cm; b=~ 1,35cm. 142, d =~ 2,8cm; 4=3cm; k= 6cm; b = 3,75em 5
¢ =1em; f=1,25cm; k= 1,25cm. 14-3 d=4cm; d1 =5,6em; dy = 6,9cm ;1 = 2= 2em i Iy = 1,4cm.
144. d ~ 3,1cm; dy =~ 4,37cm; a = 1,06cm; dyp ~ 4,88cin; 148. b=~ 4,87cm; a =~ = 5,47em *
8=1,9cm: k=~ 79%7m; c~2 GGcm, [~ 2,99cm; 146. 2 ~ 3,16cm d =~ 1,06cm; ¢ = 1,18cm ;
b~946cm; | ~ 11, 56cm. 147. 4 ~ 3,16cm; ¢ ~ 1,06cm; by = 3,87em; b~ 5cm; 4 = 0,87cm-
148. d =~ 3,57cm; 8 ~ 2lcm; b = 21,4em; | ~ 13,1cm. 149. 4 ~ 8,25¢m; 8 =~ 1,92cm; 8, =
=~ L4dem; b~ 9,75cm. 150. Zc = 1,5a; yc =485 151. %c = 2} o = 3,92; 152. Zc = 24}

2 .
n:wm——;;smoc a

¥e = 3,714. 183, Zc = 0,543 Yo = 154, B¢ = 0.54; §c = 0,6b, 155, 5c =
FEl 7

7 5
= 17,782m3 ge¢ = 11,88cm. 156. _.‘3‘__54_ 157, =~ a4, ——3%; 158, Li=1Iy = 7869cm* ;
15 96 96
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Iy = 0. 159, 119a%; 12,404 160, 5,4074%; 5,3824%. 161. 0,726R%; 0,678R%. 1e2.

1,5744. 163. 5791cm*: "11591em.

M~

l Biéu 28 My,

..

164 165
:‘ Biéu d6 My l E
s HHII o

Biké;.i dg MID

T

Bifu d My,

il

T

168 Bidy a8 Mz 169

iR

M |

Bidy df p
%@Hﬂﬂﬂ]ﬂﬂﬂﬂﬂﬂlmﬁ@

T {Tg—
it

s

Bitl df Mzp

Biti d2 My,

B,25a4
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172 173
Biby d¥ M, Biéu d6 Mz,

[

r
= 0

m
Gd* | om

2

Bty d ¢

Liml? 15mt!

",
E -
RI!Eg =y
R =
:EJ::? . ‘+=:. \\
% 35
o i
S

795
I

168. 48M/md%; 208M*1/Gmdt. 169. 4,06M/B3; 11MPlGh. 170. 80V/medgNim?; 1552N2]
7e?Gd4jun. 171, 15,3ml/d3; 260m*13/Gd4. 172. 16M)7d3 ; 7,85 M21/Gd*. 173. 10m11d3; 18,85m1%
Gd*. 174. ~ 4,07cm. 175. -~ dem. 176. D = 6.8¢cm; 4 =~ 3,42%cm  177. -~ 3,64cm. 178. d1 ~
20Mcm: dz = fem; @ = 9,2°. 179. d1 =d3 =~ 2,94cm; d2 ~ 3,72%m; ¢ ~ 1,05.10-2rad. 180
4~ 28%cm;: d =~ 2.94cm; ¢ ~ 0,41°. 181.d1 ~ 8em; 4o = 59cm; 9= 2,06, 182. 4 = 2,5¢cn;
¢ =~ 0,98°; 183. 4 = 2,5cm ; @ ~ 6,7. 184. 490Vg/ph; 126kG/cm?. 185. ~ 5 ma lre; 127kG/
cm®. 186. ~ 4,48kGm: ~ 105kG/em?. 187. ~ 354kG/em? s 2,38°. 188. ~ 70kG . m: ~ 0.18%
189. ~ 368N.m; -~ 77,2MN/m? ; ~ 3.107%rad. 190. $1,25kG.m; ~ 318kG/cm?Z; ~ 1,64°.
191. ~ 24,6kW: 1,41.10"%rad. 192. ~ 194Vg[ph ~ 1,18°. 193. ~ 448kG[cm?: ~ 2°, 194.
400kGlem®. 195. 7: 19; 1/3; 2{3. 196, ~ 35kG/em?; ~ 2°. 197, ~ 51,3N.m ; ~ 27.5MN/m*%:
198. 78,5kG ; 5mm (hudng 18n): 30mm (hwéng xudng). 199, ~ 425; ~ 123. 200. ~ 0,98;

3 ] 32M 18047} $/ 3x[1]
~~ 1,22, 201. ~ 603kGlem3; ~ 4 2, 202, d = a—-—m—m— s oY = \ .
[em 00kG[em 02 anle] o4 e / Y

208. ~~ 3,94cm; ~ 048°. 204. ~ [,97cm; 0. 205. ~ 2,17kNem: —~ 1.48.102rad : ~ 16,1jun;
206. ~ 126kGm : ~ 0,215°; ~ 23,5kGem. 207, ~ 573kGlem?; ~ 0,41°. 208. -~ 780LG/em? -
~ 1.19%, 209. -~ 33,3MN/m?; ~ 6,2. 10-3rad. 210. b ~ 1,980. 211. 270kGJem?®. 212, ~ 390N . m;
~ 2,81. 10" 3¢ad 213. ~ [27mm; ~ 0.214. ~ 3,17em; -~ 5,8 .10 %rad. 215. Tmaxi =

ds
M - - . 216. ~— 306 ~ 3181{5[01’112« 217. ~ 750kG[c:nz: ~ 37kG/em? s ~ 1,14° 218.
2 X Ip;
i=1
2z N . M 3 M
~1000kG/em? ; ~ 100kG/cm?; 219, Tmox = 0,052 s op = 3,3M[nd”; ou = 0,45 ——

d3 xd3

: Ma A
PAR = 0,57 ?‘ﬁ“ 220. ~ 402kG/em?; ~ 134kG/ecm?; ~ 0,213°. 221, ~ 468 —~ 742
7

-~ 883kGflem?; ~ 2,5°; ~ 2,13°
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Nhirng bai tap co dia sao (*) trd l&i Li€p & bidu d6Q va M

Bai Bai Bai
ta Qmax-- Momax tép Qmax Mounax tap Omax Momax
p
1) s& 1]
223 gl q1%/6 248 }?;a g2 262 244 1,1679::27
224* | 4lIm gltion |l 249 | 24 ga? 263 |  3qal4 qa%/2
225* UK gl? 14 250 2P Pli3 264 g4/2 ga®/s
227% gli2 412!(121/5 252 | 0,62¢] | 0,0535¢/% || 265 4T 3T.m
228% gl i/‘—.lugl%z (khi 2 = 0,21]) 266 44 ga®
229* gli gl w2 253 g6 -—3—-gaz 267 P Pa
2
5 :
230° | gliaw gl n? || 254 - P Pls 268 gl gl
K
242 -g-%;;a—)— gh?(I+a)* /81|l 255 qll2 71118 269* P Pa
(Khia *%1 ) 270* P Pa
343 T 4Tm 256 —i qa qa=
. , 4
244 3qal2 "1794%/16 || 258 32,2544 3,53144%
245 -é~ ga 5V5 22 || aso®| 02190 | 0012847
9
247 mi-'- 43 qatj4 (khi a = 0,2757)
224 Bitudb Q 225
e Bidir 43 @
o
i1 g
- Bigy g0 M ) ! !
T M Bigy d5 M E
;‘!5 mqmw@mvnm,j
it
227 . .
o | 28 i ;
=, ?..“_l !E Biéu dd Q _s‘{&‘ T e
sig] w L G ST ;
._.;_i@ I g dsm | P Bighdbm | -
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229

¢ Bféu dﬂ a ! £ '.SJR
Bk o i :
} :
i
b Bibuds M E
i H ) n
T T I L ~
| % t B
259 o =
Ry =
=y o "
= . =
s 03
S;: Iié’urMM =
N 130N LA
A s
g g
=5 =
269
Biéu dd Q
& oL
: Blé"{,} dd M !
| @ ) &
- e willh
=%

13
286.0,082H% 287. 0,018343. 288, o b3,

291. 0,05974%. 292. 0,07064%. 293. 359,3cm )
297, 0,74R3, 298. 205cmB. 299. ~ 737cm3. 300. ~ 663cm”. 301, 0,560em3, 302, 0.470cm.

303. 1,865cm®. 304. 0,780cm’. 305. 1.478cm3. 306 2770cm>, 307. 1198kG/cm?. 308.
44/3M
d3
~ 0,0894G 0. 314. 4 = Scm. 315. b = 19em. 316. N-24a. 317. D =29,3cm. 318. b = 13,dcm.
319. 1 = 4 dAim. 320. N°33. 321. N°14a. 322. NC45. 323. 8 = 3,42cm. 324. 16cm. 325.

01,7kG/em?. 309. 865; — 432kG/cm?. 310.

N°50. 326. 4= lecm. 327. b= 20cm. 328.

230 _
Bidu B Q
i _ 2 1S
»;.|-: - P = [
W sigudi m ) I
] L Sl
2 ‘
262
g Biéh d3Q
| g E "‘%
L A2 1 BEdSM P
“%mem | |
t "~
= T &
: B8
ey
270
Biéu do @ 3=
I RSN I
! AT gt !
| Bikudo M i
— . 1
&R ™ :

a
289, — (1 = 1,5k2 — 4k%). 290. 229c¢mS.

3. 294.

79em3. 295, 0,042543. 296, 0,14743.

311. ~ 3,83Pa[d®; 0. 312. 120.. 313.

]11 = 177,7cm; bz = 88,3cm. 329. 4 = lcm. 330,

P = 1067kG. 331. P = 1400kG. 332. P = 453kG. 333. ¢ = 330kG/m. 334. P ~ 2,14T. 335.
P ~ 2,16T. 336. M = 1,92%kN.m. 337. M =~ 3,44kN.m. 838. 4 = 9,36kNm. 339. ¢ = 3,75kN/m:
340. g = 38,4kG/cm. 341. P = d%c.. 342. P =1T. '

343

e

=

8755

L7

370

344

=

0,188%
3367,
Za

345

346
5% BT
0.884T, 055%
Ty




347 - 348 349 350 0,83t 351

-
— % p=
3 P d
o, R 7
0,567 : T fii
’ 0
0,67 ..5’.1;’;_9;‘5.4 B75%)| T
¢
3 d = 8em; Tmax = 16kG/cm? 353 F = 34,2%m;} Tmx = 5,6kG/cm2. 354.
I\f‘.’.?a; Toex = 123kGfem?.  355. / = 3m; Tmex = 80,5kG/cm?. 356. 2,79MN/m2.
357. H =~ 8,0cm; Tmex = 1,82MN/m2. 358. 1,2¢. 359. —~ 6,65cm. 360. ~ 1,034a.
361. ™ 0,7024. 362. 2“0,5827?'- 363. —~ 0,7624. 364. 1745; — 4I7§(G/cmz; x = 26°. 365%.
11,3; — 120,3kG/em®. 366*. 370; — 5kG/em®. 367%. 267 — 0,4kG/ecm?. 368. P = {uT.

369. N°2{. 370. N2 40. 371 b = 15,7cm. 372. N255.373. N°50. 374. 1,59. 375. 1,4. 376. 3:
377. 1,28. 378. 1,70. 379. 2. 380. b = 20mm; ¥’ = 17,5mm. 381.d = 10cm; 4’ = 8,dcm. 382
q=2,93T/m; ¢ = 416T/m. 333 P =147T; P’ = 1,66T. 384- ¢ = 10,7kN/m; ¢" = 12,2k N/m,
385. P =8,05kN: P’ = 11,56kN. 38s.

Bii tip sd {222) (223) (224) (225) (226)
i [+ : 13 [+
 ilenE SUCHUR. (N (P =2 4 3
f g/ *]30E] 50 B 0,057¢/*EI 0 " FI mi3|3ET
) — ql3|24ET gl3[12EI - gla/;.erEI g3 10EI ml2f3EI
Bai tip 56 (227) (228) (229) (230) (231
f ~ 0,000204¢/4/EI | ~ 0,00386¢/*|EI | ¢l*1=*EI | — gl%16n*El 0
Bur — 41%/720E1 gI3190EI | + ¢I3/=3E1
g/3[|8nEI 0
Bpn gl3720E1 — gl3|72E] — ql8/=3E]

387. Nho hon 0,05 %, 388. 100% ; 60%. 389. 33 28%. 390. 256% . 22%- 391, 27,3% 23,844
Trong trd I¢i cla bai tdp 392 — 443 dwa dén nhirng hé s bing 6 khi Ma*/EI, Pa3|EI hodc
gad/EI 461 voi udn va khi Ma/EI, Pa?/El hoic qa3[EI d6i véi gée quay. 392, — 238
— 3/2. 393.—19/24; — 1/3. 394. — 25/4; — 5/3. 395. — 16[3; —5/3. 396. — 59/24; — 3[2.
397. — 2; — 13/12, 398. — 9; — 17/16. 399. — 85/72; ~ 65/72. 400. — 5[8; ~ 7/36. 401. 1/6;
1/3. 402. — 1/3; — 1/12. 403. — 7/9; 2[9. 404. — 5/12; 1/6. 405. 19/24; — 2{3, 406, 19/90;
101/360. 407. 1]72; 1/15. 408. 25[24; 7[6. 409. — 62[45; 187120, 410. — 11/6; — 1. 411. ~ 7[6;

* t{og suit tim dugc trén thanh & chd chi2u rdog mat cat thay ddi dot ngde (ghi
chit cho bai tip 365, 366%, 367%).



- 1/2. 412, — 7; 2.418. — 5[12; — 1]2. 414. — 11/36; 1]9. 415. 0; ~ 1[3. 416, — 11/24; — 7/12.
417. 112 = 1112, 418.--2[3; 1]3. 419. 1/6; — 1/3. 420. - 4/3; ~ 3/2. 421. — 10/3; 3.;
422. — 7/125 ~1/2; 1]4. 423.~5/12; — 7/125 0. 424. 1[65 7/12; — 3[4. 425. — 17/18; — 1/2;
~ 7[9. 426. 45/8; 2 427. 3; 2. 428, 19/8; 11]6. 429, 2/9: 2/3. 430. 9]4; 27/8. 431. 65[162;
5/9. 432. 131[90; 5[4. 433. 733[648; 10]9. 434. — 23[24; — 71]24. 435, — 2; — 11 436. — 7[3.
437, — 31[12. 438. —5/8. 439, — 1/12; — 1/8. 440.1[6; — 56, 441. — 1[4. 242, — 13[12.
443. — 11[12. 444. 1,3lcm. 445. 3,55cm. 446. 1,35cm. 447. 1,29cm. 448. 1.6cm. 449. N2 22.
450. N222(16). 451. N227. 452.12 X 20cm? 453. 20cm. 454. 4/3. 455. 19/18. 456. 114]7.

457. 4.4,
458

459 460

463 464

Zhogr 7-2_qtt ? [ Iy = 220208
p=flfimax =y, -l fl —tr
o = 6% Elyay i EImox



611. fmax = 17,8Pa%Eb*; ~15%°42". Trong tra 1o clha bai lWp 612 — 620
vi tri trye trung hoa dwge xdc dinh bing y, vA %, la giao di€m cla truc lrung
hoéa vé&i true quan tinh chinh cla tigt dign. elz. 0: — 40 kG/em? : ¥, = e Zo = 15¢cm ;
613. — 3,513 — 4,63kG/em?; =0 ; ~ 363cm. 614. 25; — 50kG/em?; — 6,67cmn; — 8cm- 615. 65
— 286kGlem?; — 12,5cm. eo. 616. 26,5P/a%; —27,5P/a%: af54: — 6/27. 617.1285; — 1355
kGlem?; 0,29cm; 1,47cm’ 618. 17,65 — 14,4MN/m? — 0,834cm;  0,625cm. 619, — 4,83P;
—7,37P; 6,24; 0. 620. 9,3; — 11,3MN/m?; - 4,67cm: — 1,43c¢m. 621. 650kG/em”; 7z, = — dj24.
622. 44,7]{G[cm2; ¥, = [6; %, = afi5, 623. SUOIiG[cmZ; Yo = 8.3cm; 2z, =,7,8cm. 624,
85,83 — 80,8: kGJcm? 625. 79,3P|d%; — 93,5P/d%. ¢26. 58,4: — 63,6MN/m?. 627. 1122;

— 1034kG/em®  628. P/3ab khi ax = 3a; — 4P|3ab khi 4z = 3 4. 620. Pird® khidx = 2d;
' 2

~ 125P|274% khi dx = 1,2d. 630. 4 > 2V P[[c]. 631. a = fcm. 632. N°22a; d ~ 1,2%6cm.
633. N°27. 634. d =~ 17 / P[[c). 635. d ~ 1,5cim. 636. 11 ~ 4,651, 637. 4 = 3cm. 638. 64kG.
639. S040kG. 64°. 2730KG. 641. 19350kG 642. 4180kG. 643. 360kG. 644. GO00kG. 645. 368kG
646. xd2[c]/175. 647. 4390kG. 648. 8.68kN <P < 12,15kN. 649, Pt = 8P; Omin = — 32P/8a2.
Trong trd 16 & nhitng bai tdp 650 — 655 di cho toa d¢ cic didm goc cla chu vi 1di
mit cft trong true quan tinh chinh trung tdm YZ (tinh bing em). 650- Hinh & gidc;
0,1604; 05 — 0,0724; 0; -+ 0,166a; 651. Hinh tir gidc; 0,6974; 0 — 0,65085 05 05 0,5324,
632. Hinh béat giac; 05 =} 0,107a; = 0,1074; 0; -t 0,084 ; - 0,084. 653. Hinh luc_gidc; 0,2264;
0; ~0,131a; 0; 0; -k 0,1074; 0,0864; 4+ 0,1134. 654. Hinh chir nhat; a V3J12; - 1205
- 13 13 13 15

- . - 65 v aihe: ——b; 05 — by ——b; 3+ — b; 0; 636.

s V3[12; =~ 124; 655. Hinh tir gidc; ‘ 0 ~ ” + " ;63 ,,
51Pa]d®. 657. 2180kG[em?. 658. 91,6Pald®. 639. 784fa. 660. 1000kGjem?. 661. 107MN[m*
662. ~ 4,9Pl/7=d2 khi x =~ 0,448] tu diu tu do. 663. 19,4Pa]d3. 664, ~ 1040kG[em”. 665.

Cmazy = 827kGJem? i Gminy = — 223kG[em?; Omaxyy = 1755kG/em? ;. Gming = = 35kG/em?;
© 8p = 0,53mm; 666.4 > 3,7 YPajlc), 667.5 = 3,35 VPa][s]. 668. d ~ yymm. 669. d ~ 60mm-

70.d ~ 5mm. 67141~ 2mm;b ~ 2mm; dy~ 36mm. 672. a = 3Y2P[c]. 673. 4 >
2,46/ Paf[o]. 674. d ~50mm. 675.d ~38mm; F ~ 22mm.676.d1~ 5{,5mm; 4z =~ 64mm"
677.4 ~ T0mm. 678.d > 1,84}/ Pa/[c]. 679. d ~ 24,2mm- 680. d = 80mm. 681. P <{ [c]d%510

632, ¢ << 0,082a]b’fa® 683. M < 0,026[c]D3. 684, ¢ < 1.4kN/m. 685. P < 100kG.

686. P < 0,556{c]d3%/l. 687. M =~ 117kG.cm. 688. P =~ 6,4kG. 689. o1 = 47,4P/d%. 690.
ol = 1240kG/em2. 691. o1 = 1510kG/em?. 692. om = §89P/d% 693. 6P| < [¢]. 694.
8,14P[5% < [0} 695. 1570kG/em?® < 1600kG/cm?. 696, b = 12em; £ = 8,3cm. 697. d1 ~ 8,5¢m.
dy = 8,5cm s d3 = 6,1cm 698. dy = 6em; b = 3,63cm; dy = 5,7lcm; ¢ == 2,7%cm. 699. 715N ;
Tmax == 685MN/m2. 700. max Ti/max T2 = 0,74; ©01/82 = 0,88. 70l. max Tl = 955kG/em?;
max Ttz = 2550kG/cm2; 8 = 26em. 702. Tmax = 4760kG/fem®, » =15, 8¢ = 8,1cm. 703. max Ty
= 128kGlem?; max T, = 417kG/em?. 704, P ~ 800kG  705. 10%. 706. Po = 902N. 707
d = lem; »="10. 708. P = 109kG. 709. P = 50kG. 710. 43kG; 20,5kGJcm?. 711. 132,5T:
2630kG/cm?. 712. a) 1070kG ; 713kGJem? ; b) 3460kG ; 2310kG/em®. 713. a) 17IT ; 4530kG/em?.
b) 124T, 3300kG[em®. 714. 1216kG; 192kGJem?. 715, 5,47T; 17,1kG/em?. 716, 7,4, 717. 2. 718

F wEcose F F
“‘2“"’ e 719, 9,51 720. - ?;— . 721. a)31,%im: b)17,8cm. 722. 899, 7T23.

a) 37,5°; b) 10,1°. 724. 63° 725. 4 = 13,5cm- 726. d = 6em. 727. d =6em. 728. N2 22a;
729. ung sudl vuot tdj 33%. 730. wng sudi vugt it 2.4%. 731. irng sudt thidu 24%. 732.
ang suit thidu 4,8%. 733. Gng suit thidu 14%. 734. $1T. 735. 51.6T. 736. 177,6T- 737.
b=~ 11,3cm. 738. b = 2,86a. 739. b =2a. 740. N2 30 741. N220(16). 742. b = 10cm. 743.
20cm. 744, d = 8cm; 745. N214; B= tdem; /, = 40cm. 746. N116; B =22cm; [, = 70cm.
747. N° 10 (10); B == 39cm; [, = 60cm (mét trong nhirog phuwong 4n cé thd c6 ¢ = 0,81).
748. N°10(7); B = 34cm; lo = 60cm (mot trong nhirng phurrong in ¢6 the ¢6 khi @ = 0,81).
749. 4,91cm ; 1462kG/em?2. 750. 10,96¢m ; 107,4kG/em?. 751 1.3¢m ; 67,1kG/em?, 752, 0,308cm ;

375



1240kG/em® 3 2,527 1,84. 753. 229em i 1275kGlem?; 2,275 1,78, 754 80 X 50 X 6 (mét trong

nhitng phuwong 4n c6 the c6). 755. 4 = 16cm.
‘Trong rd l&i & cic bai tap 756 — 765 da quy ddi cac gid tri Nmaz, Omaz v4 Mmax.

3 — e -

756. 2P; 2P ; - Pa. 757. P, 3P, 3Pa. 758, PV 5 PV2 ; 2Pa. 759. gail7; gaV2 s 2414962,
3 3 9 :

760. g4[2; 42/25 46%[3. 761. E—-P;-—;—P; 2Pa, 762. 294 3q4; -;- q4%, 763. 2qa; q8; 2942,

5
764. 4 2945 5,713¢a% 765. P; P; Y Pa. 766. 127; — 206; 111kGfcm?®. 767. 105; — 87;

— 48MN[m?. 768. 10505 — 700; ~— 387kG/cm®. 769. 805; — 403kG/em?. 770. P = 208T. 771.

M; = 123kG.m; Mz = 303kG.m; Mz = 128kG.m; M4 = 134kG.m. 772. 782 < 1600kG/em?.

773. 360 <C 1600kG[em?®. 774. 17 Ph|EF ; i.?BP]:]EF.a 775. 2,12P2]EF ; 3,6Pa/EF. 776. qr*|EF.
Pa?

28 Ma 41  Ps”
P . 780. ga*[4E1 ; qa3]12E],

9-"""‘"""'"'"

Glxo 24 EI ' § EI
781. ¢a*[15EI; 17443[180E1, 782. —;—- %; — kqa?/GF, 783. 768 P/bE.

P}

171, 34,4 MajGd*, 778, =

Trong tré 161 & che bai 784 — 790 ; 797 — 819 va 822 — 833 d3 cho cac he s6
khi Ma®|EI ; Pa®/EI hoic ¢4*[EI d6i v&i chuyin vi dai va khi Ma/EI, Pa2/EI hoic

galeI dai véi chuydEn vi gée.
1 I 8 I 1 I 1
784. 16| — — 18,2, 185.2{ ~ +t =~ |;1:1; 786. — {1 + 7 —
( 3 _ 4%F ( 3 azF) 2 ( 942F PRy

787. 2011 + I]a*F) ; 2(9,1 + I/azf)‘
3 .
788. 4(3 + I/a?F). 789. 2 + ——. 790. 1/2. 791. 103,7Pa%/Ed4. 792. 85Pa8/Ed%, 7903, 39,1

az
80Pa3 170Pa8 B? 56,9Pa%
Pa¥/Ed*. 794, - 1+ 4%/634%). 795, ——— (1 + -m———-) . TY6. mmmin ( 1+
@l gai ¢ ) Fb4 17042 Ebé

bZ
. 797. 13,63 1/2; 6,85. 798. 7/6, 1.45; 5/3. 799. 39; 19,1; 20,1. s00. 0.36: 1/2;

56,942
0,57. 801. 0,071: 0: 0,142, 802. 1/12; 0.010: 0,028. 803. 0,47; 0,85; 0,24, 804. §; 37.4: 47w

805. 1/12: 0,0927; 0,0181. 8o06. 1/2; 1,225 : 807. 2/3: 0,392, 808. 5,14; 3,14. 809. 37/2: 1/2.
810. 1,1; 1/2. 811. 0.312. 812. 0,071. 813. 0 353, 814. 0,0188 [t + 3,576%/a%]. 815. 12.4. 816-

\ , 1
28/3. 817. 3m. 818. 1/2. 819. 7.24. 820. 45°. 821. 48°15°, 822. 5/12; e 823. 1/2; 1/2. 824.
1

28 I 44 7 2l
2/9; 2/9. 825. — + 3 —. 826. -~ 4 ——; 2,5. 827, 23/3; 3. 828. 14; §,5. 829. 0,5;
3 a®F 9 a‘F

P _ P .
0. 830. 3; 1. 831. 5/6. 832. 7/2. 833. 32/3. 834.0; -;smgs; e cosf. 835, —~ — G,739P ;

4 4
L. 830. 1qa; 2 £ 0. 6M[7a,
El g 24 EI

5 &
Ma2/21EI. 841. -?-g-ga; ga*148 EI; My = 23¢a%/48. 842. P/10; 19Pa%/60EI. 243. :13/3;%— X
1
4 2 4
qa 3 M M 3 qa
K o, 844, = o = . 845, 3444} w— , <-—. 846. ¢8/7; ~ 0,137qa%/EI. 847. 3P110;
EI s 4 oEI 10183 e Tpp 846407 137

11 Pad 15 45 3
— . 848. —- P. 849. -—gq4. 850. ~ 0,162P. 851. —¢a. 852. Ay = 0; Ar = P/,
l)

15 EI 28 44 2

7
-~ 0,369P. 836. ma. 837.2,7M. 838. ¢5/8; T
4

oM 3 25 8
853. Ay = Ay = . 854. Ay = iga; Ax = 14¢a[25. 855. Ay = 3----qa;A;: — gd.
20a 25 514 54
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14P - 4 3
856. Ay = Y : Az = 9P/38. 857. Ay=dz= 22 gss. -;Pa. 859.3Pa /4. 860. 0,1642¢4°.
6

861. 0,06314a%. 862. Ay = 0; Ax = 3P/16; Ma = Pa/4. 863. Ay = -g-ga; Ar = .37_?,,, 364.
11 55

4
Ay = Pl2; Ax = 3P/62. 865. Ay = ;-O—qd Ax = 78/71qa. 866. Ay = -——~ga Ax = ga/40;
1

0 .
P 15 3
My = gaz,’lﬂm 867. Ay = ey Ay o= *"?-P. g868. 44P/23: "E'%"- Pa . 869. "19"13, ""E'?l' Pl
8 16 69 EI 27 81
P4 3 ] k
X . 870. — P ~ 0,0722 Pa3[EL 871. 0, sEBaAt — . 872, —— EalAt — . 873.
ET 47 a 11 a
h h k
0.3 EalAt —. 874, 0,6EeAf —. 875. 24/31Balt — . 876. --31~. Mjk . 877. 3AEh/16a2.
3 a a 11 a
P 3
878. AEh/a?. 879. 3AEk/8a%. 880. P/3; E——;-"—j- 2 ssL 0,0372¢a; 0,1188¢a*/EI. g32.
5 r  qat 3
--qa B 883. 0,0638P; 0,1052Pa°/EL 884. 0,186744 ; 0,115¢a*| EI. 885. Ry = qa/2,
4
Rx = 0,50042. 886. Ry = P/2; Rx = 0,786P. 887. Ry = 03 Rx = dga/r. 888. Ry = mqa; Rz =

o Pa®
= 3q0. 889. Ry = Pf2; Ry = 0.722P : Mg = 1,077Pa. 890.3, 44Pa%(EI. 891, — mg}—; 892.
9
0,586Pa%/EL. 893. 0.25Pa%/El. 894. — . oh
o
4a2. 898. 0.620Pa. 899. 1.152P4; 900. Ay = 0,216P; Ax = 0,433P. 901 Ay = 0,961P: A:r =

[#13

895, 0,0094Pa%/EI 896. 0,360Pa. 897. 0,273

3
0,774P. 902. Ay = = qa; Ac = ga/4. 903. Ay = 0,271¢0. Ax = 0,27744. 904 Ay=Pl2: Ar =
1

— 0,0522P : N = 0,437P. 905. Ay = 0,519ga ; Ax = 0,33842. 906. Ay = 0,21444. Ar = 0,701g4 :

My = O,Sﬁggag.
907. 2.414; 2.515. 908. 2,75; 9,40. 909. 2.48; 8,52; 910. 3,30; 15,26. 91L. My = M|2;
M, = Migz; 8= 0,208Ma’/EI. o12. M; = Paj2; Mz, =0,565Pa; 8 = 0,62513’43[51. 913.
M; = 2ga®; My, =0, 934g0%; § = 1,435¢4%/EL 014.d ~ 1 362\/Pa/ oL 915. b ~ 1,371 Vga¥/[o].
916. ry = 17.3cm; Ar = 0,23mm. 917. pz = 11MN/m?; Arz = — 0,19mm. 918. a)fz =
BECE - D
ara[rf+ 12 + pad -]

= 14,1em: Ary = 0,23mm ; Arz = 0,19mm ib)pr = 24MN/mz. 919 p, =

A
b ——---«—-—rz + i . 920, B =— [’2 + 13 + pr3 — rPf = 0,017rad =

2 {Irlfz

max[or] = po; maxct =
ry —rf

~ 1°. 921. B = 0,028 ~ 1,6%. 922. p, = 17,4kG[em?; ouv = 17,4kGjem?. 923. p = 8,6kG/em?}

Po = 3,8kG/em®, 924. P, = “-i-':i""%g—“‘”“"" . 925. p, =0
2 —r2 —F
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6r(kG/cm?) ot (kGJem?)
ong éng
Bai tap I 5 I 11 Pa
56 (kG/cm?)
Cac diém Cic digm
1 2 3 1 2 2 3
926 — 20061 — 577 0 1800 371 962 385 577
927 ~ 20007 — 248 0 2670 920 413 165 248
928 0| — 173_ ¢ — 460 — 200 290 115 173

929. po = EyBp(1 — o] X (1 — nd), trong déry =Tyfras ny = rafrs 3 A = (1 — nfnd) X

ara

X (Ey + Erp +A(§% — 1) (Ey ~ En) ~ (1~ #}) (1 —nd). Ey — ppEp. 930, po=

r 12 4 rs
21‘2("'5"‘ +—~—--—---—§ ! ‘P—)

7'2 e le
ar(kG[em?) a(kG/em?)
Sng éng Ung suit
Bai té.p 38 I 11 1 11 tinh todn
. - gidm
Cic digm Cic diém
1 2 3 TE 2 3
931 — 9000 ¢ — 825 1] 917 - 300 1291 517 30%
932 — 3000 | — 1500 | 0 1000 | — 500 | 2500 1000 —
ro = 20cm; r; = 40cm; A = 0,6mm.
Sng I I : 111
933 - -
Cac digm 1 2 2 3 3 4
5ng don 5717 3650 3650 1860 1860 914
c1a111kG fem? '
6ng ghép 3615 2304 3624 1852 3365 1654

934. maxo; = 3yl ; maxoyy = 66vl. 935, oy =216MN/m?; o1;=10,8MN/m?. 936. 6;=182kG/cm?.
Qcosa (1 + wi] o

ey M b)G i -'"—I_: we
(1 + 2005%)F g ) RRE

oy = 322kG/cmz. 9317. a) Oy = Oyyp = o'ncoszﬁt =
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2
k§ S 9 (H— -c-')—-!ﬂ) 038. ~ 66,8MN/m2. 939. 32Qw?/%/gnd3. 940.d =
14 V3 3+ V3)F g

dyr e TR P
= 14,8cm; b = 12cm. 941. 250vg/ph. 942. fgg Ve + i 943. ~ 0.3 YQnirijg[o]. 944

Qulet
matGIml‘i‘?ﬂLG/cm ; maxop = 2220kG/em?, 943, ~ 1350kG/em?. 946. I (am + 8).

947. 185vgiph; ~ 1,5%m. 948. 16QwER2/(gnd3). 949. 4Yw?R%[gd. 950. :ng2R”l(gna’ )i

nb ~ [Exbgs nd? .\/ =Eg
3ur Qr 952 253 20a . 953. 672vg/ph. 954. a) 50 /s

28,5Qw?R*|(gEd*). 951.

s e a4 4 [0a% T It
b) 5,6 1/s. 955. V2gEF[7Qa . 956. 2migaVQ/Cyg . 957.—-33 V%—;—n . 958, 4nV Qa3/(3EIg) .

2

=l Qi T d
' ST -« * U, a - L] Vi EI 3- . 5 1] P
959, 1/40s. 960 5 v 6EI7 961.0, 106s. 962. 1,17V Elg/Qa3, 963. 0 0755, 964 F X
X V ﬁGg . 965. 2,82 1/s, 966. 61/35. 967. 41/70. 968. 333/2240. 969. 1/3. 970. 4/3.
0,144 72. 0,147s. 973. GQH 1+ ) '
971, $,144s. 9 7s. bi3Eg ( 15Q 974 v _,__}__)
a\ar YFI/3 ]
Iipa ( 91 Ipa ) PaF(]
.... 2,;.: L f 1 s . 78. 1 3 - 7 L
975 V?.GI; 1+ almg 976. 2000vg/ph. 977. A WC:} e 978.1,60mm. 979

0,8mm. 980. 0,54rad. 981, 20cm; 2160kG/em?. 982. 550kG[em?. 983. 510kG[cm?. 984. 2,1kG.
. J—— 180k

S . . . == {), = N Sh = J L, . e . .
985. 12,8cm. 986. cdI = 0,5 caur = VOEE/(3Fa) V1Qha|3EF. 9871 T 988

Q ‘\/ aCh — Q ( ‘\/ oCh
— = . Y 212
-7 (1 + Y1+ Q) i b) v"\/Q/Cg,c)c sinz |l + Y1+ Diine ).989. [e12W=a/(2QEI).
S S 5,2
990. Y 200Ma3]EI . 991. av VQalt2gED). 992. 33,2kG. 993. [c]*W2/(6QED. 994. T 5

1,65 G 1 6 Oh )
Q]IEI . 995. V QbEI . 996. 7,46 v.,fo_.., . 997, — v 1,6 Q4 BT . 998.
EI W e

3 188 e R
”V% V-Q-{‘EL .1000. 93\{\1/m .1001. V 3.84Qka3/EI. 1002. V9sza3;’3GIp

gEI =
5 I;hG 4
1003. 2 VOha3/3Glp, 1005. 1) a = li2; 2) a = (2 — V2) 1. 1006. a) d ; X

o] do Ivs
v G 007, v Y . 1008. 1260kG/em?. 1009.V6QE/SF . 1010, 337 kGlem?;

!
¥ 2 2
0,78mm. 1o0ll. 3351{0/(:[112. 1012. h = --X-—{—E]— (1 + 2 . WQQ ) ; chinh xic hom kb =
. IEQEI 35

vellel f.
::.}’__[f_]w 1+ A3 ,...Q.s.’..) (1 — Q ) 10i3. w 2uG , trong d¢ V =

6QEI 5 Q 1W/o] v (.,f:_ +_.5.}3_,,)

‘ 2 3Ilb

nd?
= uvr- I; 1014. ca; = 366kG/em®. odlr = 512kG/em® ; dappy = 720kG[cm2- 1015, 1MN/m?.
1016. ~ 12mm. 10¥7. ~ 1,74. 1018. 6,25kN. 1019. Trucbiing thép C.T5 ben hon. 1020.0-0,
=~ 43kG/mm?; 00,6 = SORG!cmz- 1021. ~ 26kG/mm?. 1022. ~ 1,38. 1023. ~ — 0,5, 1024, ~

7,88kG/mm?. 1025. ~ 118kG.m. 1026. ~ 1,3. 1027. ~ 9,2kN. 1028. ~ 1,47. 379
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Lol not ditu

Chu thich chung v& digu kién cha cic bai tap.
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I — Kéo va nén \/
Lue doc
Ung sudl phip, bién dang tuyét d8i va thé ning bién dang
Bién dang ngang va d9 bién ddi the tich
Chuy®n vi cie didm cta hé thanh lign két khop
B4 bén va dd ciung
Tinh thanh cé xét trong lrong ban thin

Hé siéu tinh.
I — Trang théi ong svdt vé cac ly thuyér bén -\

Trang thai wng sudt tuyén linh, phing vi khéi

. Cuc ly thuydt bén va ng sudt twong duong.

i1l — Binh chéa

. Tinh binh chia méng

) I¥ — Trugt
Ung sudt va bién dang trugt

Y — Tinh lién k&! don gidn nhét cba ¢dc bé phdn cdng trinh

Khai niém co ban vi codng thie tinh todn

\V

VI — P&c trueng hinh hec ¢da m&t cdt ngang

Dign tich vi momen linh eda mit cdt ngang

Momen quan tinh ciia mit cdt \
Vil — Xodn

Momen xofin

Ung suit tiép, goc xodn vd thé ning bién dang dan hoi.

B§ bén va d6 cirng

Bai todin sidu finh

' VIl — Udn ngang phang \/

Luc cit vd momen udn

Urng suft phip va chon mil ciit ngang dam

(*ng sudt tiép, tAm udn va kidm tra 4 bén cfia dim theo {rng sudt tiép

[7og suit chinh va viéc kidm tra todn bo do ben cia dam

Co s0 tinh dim theo nang lge chiun ai

Chuyin vi cia dim bj udu

Dim c6 miit ciit thay ddi

Dam siéu tinh

Thé ning bién dang dan hdi trong bién dang uén

Trang

i1
12
14
18

30
36

38

42

45

48
49

56
58
61
66

72
84

98
105
168
120
127
149
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§ 31. Xodn va uén ddng thai 174
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§ 35. Tinh &n dinh thanh chju nén 198
§36. U6n ngang va uén doc ddng thoi 210

Xt — Thanh cong phéng

§ 37. Lyc doc, lue cidt v4 momen uén 214
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§ 41. Giii hé siéu tinh. : 246

§ 42. Tinhk vanh méng phing. 258
, Xl —~ Tinh éng day

§ 43. Qng hinh tru 280
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§ 47. Va cham 315
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PHU LUC V'

TRA LOI cAc BAI TAP Y
TAI LIEU THAM KHAO
MUC LUC

In eudn khd 17x26. Tai nhi may in sach KHKT. Ha Noi
S6 in 332, S8 XB 02/DH
In xong va ndp luwu chiu thing nim



BAI TAP sUc BEN VAT LIEU

Hiu dinh khoa hoc: Truong Quang Gido
Bién tip xu#t ban: Nguydn vin Méu

Dich theo bdn tighg Nga
Bin djch cla Nhi xugt ban Bri hoc
va Trung hoc chuyén nghiép

S2p chit tai Nhi mdy in sich Khoa hoc k¥ thuat Ha Noi
S8'in 332. S8 xugt bin 02/PH
In & Lién X5
88 luwong 12000 cudn, khd 17x06



CUNG BANDQC

Nha xuft ban "MIR”" chan thanh cam on
ban doc gop ¥y k1en vE ndi dung, dich thujt,
+rinh bay clia cudn sich v &% xudt mol yéu

ciu khac
PIA CHi: NHA XUAT BAN "MIR”
I-Rigioxki péréulde, 2
Maxeova, 1-110, GSP, Lién X0



