CHUONG 9: )
THANH CHIU UON PHANG

L. Khdi ni¢m chung.
Mait phidng chia truc thanh g va truc qudn tinh chinh trung tam x hic vy clia it dién dude goi
13 mat phing qudn tinh chinh ctia thanh.
Né&u mit phing udn (mit phdng tic dung) tring véi mit phing qudn tinh chinh ciia thanh thi
£0i 1a thanh chiu uén phdng trén hinh 9.1a mit phing tdc dung 7, tring véi mat phing quian
tinh chinh (yz) clia thanh. Ngudc lai, trén hinh 9.1b mit phing tdc dung 7, khéng tring vdi
mit phdng quédn tinh nio clia thanh dude goi 14 chiu uén khéng gian (uén xién).
N&u (rén tiét dién ¢6 cd luc cdt - chiu udn ngang phing. Nguge lai, chi ¢6 md men uén - chiu
uon thudn tiy. Trén hinh 9.1c 14 m6 hinh ctia dAm chiu udn.

Ty 7

a)

Hinh 9.1: Thanh chiu uén phing va uén khéng gian.
II. Ung sudt trén tiét dién thanh chiu uén thuin tiy.
1. Cdc gia thiét.
Trude va sau bi€én dang Gt dién clia thanh van phing va vudng géc véi truc thanh, khong
tOn tai @ng sudt tép trén cdc mit.
Cdc 16p vat licu doc truc thanh khéng tdc dung tudng hd 1én nhau, ¢6 thé bd qua cdc thinh
phan ting sudt phdp trén cdc mit song song vdi truc: o, =, 0.

Lép trung hoa.

a)

Hinh 9.2: Bién dang ctia thanh chiu uén thuin tdy.
Tén tai mot 18p vat liéu song song véi truc thanh ¢6 chiéu dai khong ddi, goi la 16p trung
hoa. Giao tuyé&n cta Idp trung hoa vdi ti€t dién goi la dudng trung hoa (hinh 9.2b).
2. Cong thiic tinh ttng sudt.
Bi€n dang ty déi theo phudng z tai diém c6 khodng cdch y tdi dudng trung hoa:
_mm-—nn__mm-—00 _ (p+Y)d(0—pd¢ Yy

gZ
nn 00 e P

(9.1).
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Vieo, = o, ~0 theo dinh luat Hooke oc=0,=Fg,=F

Z

¥ (9.2).
P
Vi N, =M, =0 dods:

N, :J.O'dF: IEldF: EJ.de:ESX =0=5_ =0: truc trung hoa x di qua trong tim mat
F ¥ P P P

cdt va vudng géc vdi mit phing tdc dung,
E E
M, = jxadF - ijldF - —jxde —=J_ =0-J_ =0: hé truc xy 12 h¢ tryc gudn tinh
I3 I3 P ¥ 'Y

chinh trung tim,

Hinh 9.3: Bién dang trén phin

t§'dz clia thanh, a) 7

(0] O —>

X
z ! dz ’Il Y
E E I M
M, = [yaiF = [yELdF == [y?dF = =], = —=—= (9.3),
. > P B p p Bl
N B 4 M
Thay (9.3) vio (9.2) din dén: = - Ly (9.4).
3. Bi¢u dé ving sudt trén tiét dién.
a

Hinh 9.4: Bi€u d8 phan b& ting
sudt phap tén i€t dién,

G’"’] gmax
M M,
oo =7 Ve =gy —
| 7 e
Vi W, =—*— W  =—"— goila m6 men chéng uon.
yk,ma)( yn,max
4. Diéu kién bén theo ving sudt phdp.
G, = %. = 2, <[] (9.6).
max JX k max lek i3
= Ly, < o] (0.7)
min JX YR MAax %)k - 7 * *
. i M,
Khi tryc x doi xdng: T = |0'mm = < [0']: (9.9).
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D&i véi vit ligu deo: G = , <le]. = [z], = o] (9.9).

W
5. Dang hop I¥ ciia tiét dién.
Tiét dién hgp Iy 1a khi hai mép ciing dong thdi bi phd hong:

[#,
O-max = JT ‘yk,max = [O-]k [ ]
Ta cé: i Dhﬂzak:ailﬂ
M, Voras o),
| R = T'yn,max = [O-]n

Vdi vit ligu don [, <[o], = @ < Inén y, <y, 1a hgp Iy, ti€t dién khong d&i xing qua truc
.
Vdi vit liéu déo: [O']k = [O']n = a=1Inén y, =y, vitliéu dugc bd tri déi xi¥fng qua truc x la
hop 1y.
Tri s& ctia Wng suat phdp khi uén ty 1& nghich véi md men chéng udn W, nén ta cé thé ting
W_ 1&n (d€ 13 gidm ¢ng sui't phap) biing cach bd tri vit liéu xa tryc trung hoa,

IH. Ung sudt tiép khi thanh chiu uén ngang phdng.
Gia thiét ti€t dién phing khéng con diing nifa, trén tiét dién tdn tai ci Wng sui't phdp va ting
Suit ti€p.
Céng thidc tinh wng sui't phdp khéng thay déi.
Cdc gia thiét:
—  Ung suat ti€p phin b déu theo bé rong b cia i€t dién.
—  Ung sudt ti€p chi ¢6 thinh phin thing ding theo phuong luc cft Q,:7,.

Hinh 9.5: Ph4n t& thanh cdn biing A 2 [
khi xét ting suft tép.
Gph
1%
¢ dz y
M, M +dM,
o, = Jx 75 O-ph :T.U.
Phuong trinh cdn bing chi€u 1&én phuong z: Z Z=0
M_+dd M
& [o,dF - [o,dF* —7, b d =0 j;nd}? o A A )
F¢ Fe Fe JX Fe Jx
dMf I dv dvi S?
O | —ndF -1 b dz=0 p, = - Fe = e
[:[Jx ¥ o ®obdz J Pjﬂd dz J b°
Q,5;
Hay: T, = JXT (9.10).

Véi b° - bé rong clia mat cdt tai diém timh Wng sudt ti&p.
8= jr;dF - mé men tinh clia dién tich ¢4t d&i vdi truc x c6 thé tinh: S = y7 = F°,
FC'
vE - khodng cdch tir trong tim C clia dién tich F° dén truc trung hoa x.

Vdi ti€t dién hinh chit nhit kich thwdc &« A (hinh 9.6a), tacé:
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. ho Y1 (h I h . hY
F e T |l Z: Fc:b e ;Sc: F Fc: i _ 2
Yo =Y [2 yj2 [2 J’]Z X(Q yj i Vi ® |:[2} y ]

SOE T

Dodé 7, = - A
¢ bh’ b\ 4 Y
x b
i2
P h
Taihai mép trén va dudicla tietdi¢ncéd y=+_nén 7, =0.
2
ST S —— 5 30,
Tainhtng diem ndm trén dudng trung hda c6 y=0nénr =7 = 55
d
a) b) i <)
" Qy i X
Q.J'
h ‘I- ¢=fm = ;7 1_31
¥ 7Y
=F - Ye J’
e
vy
b

Hinh 9.6; Ung sudt ti€p trén ti€t di€n don gidn.
Vi tiét dién hinh trdn dudng kinh d (hinh 9.6¢):

z ay ld?
Jo==d b =2l — | —y" =2]—-»"3
T 64 (2} ¥ PR
2 2 2
b=2 [jj —5° =2 %7772; dFC:bxdn:%g —ndn;

1 3
ar2 2 dr2 2 3 2 2 Y
d d 2 Id 2(d ‘
Si=|ndl© = 208 —pfdn=—[12 —p?2 | d 2 —p? =22 _p?
¥ Jf? _[77 P nan J.[4 77} [4 7 3l 7 7

k4

Thay J_, b°, S vdo (9.10), ta dudc:

204 L)
Qs — ¥ 4 ; s
poa A ) _4Qda(d ) 40 4(d L)
v il [ Lo 3mdt d¥ 4
2—-y
64 "\ 4

. . e ~ a = 7 A = 2 d A
Taihai mép trén va dudi cua tiet dienco y=+ % nen z, =0.
e g s s s ol 49,
Tainhitng diem ndm trén dudng trung hdacéd y=0nénr, =7, . ="
’ 3F

IV. Diéu kién bén cia ddm chiu uén ngang phing.

1. Diéu kién bén.

a- Trang thdi vng sudt don.

G mép trén vi mép dudi clia ti&t dién diém, A, F: &

max
min

Yk

[ M,
= max 5
J

X
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Khi ti€t dién ddi xing qua truc x: |0

max
min

max[W } <ok

b- Trang thdi ding sudt truot thudn tiy.

o e 2
Tainhitng di€m nim trén truc trung hoa, difm C: ;  _ 44 Q5 7]

1A

J. b

Theo thuyét bén ng suit ti€p: [r] = M

[cr]

Theo thuyét bén thé ning: [r]

S . )
L]
Hinh 9.7: Biéu d8 phén bé’
ing sudt trén tiét dién, /[Cji
%1 @/
g
vY

A E c B D
Tmﬂx
Toin Cax o -

Hinh 9,8: Trang thai ung suit trén ti€t dién,

c- Trang thdi ing sudt phing dic biét:

; .2 — . . M S
Tainhitng diém con lai di€m, B, D: Ung suit phdpo = 7 = = inb
x x7C

Theo thuyét bén ing suit ti€p: Vo’ + 4r° < [O']
Theo thuyét bén th€ ning: Vo’ + 377 < [0']

2. Ba bai todn co bin.
B todn kiém tra bén:
Ta cin ki€m tra d&i vdi cd ba loai trang thdi ¥ng sui't ciia dim, xem Wng sui't trong thanh cé
thda didu kién bén hay khéng?
D61 véi dam dai (chiéu dai cha dim 1én hon mudi l14n kich thude ngang) thi 4nh hudng cla
lvc cdt d&én do bén ctia dim khong ding k€ so vdi 4nh hudng cia momen uén, do dé ta chi
cin kiém tra trang thdi Wng suit don, nfc 1a ki€m tra bén theo tng sui't phdp.
Baii todn chon kich thude mdt cdt ngang va dinh téi trong cho phép:
Dau tién, ta ti€n hinh gidi bii todn theo trang thdi tng sudt don, sau d6 ti€n hinh ki€m tra
bén d6i véi cdc trang thdi dng sudt trugt thuin tiy vi udn ngang phing véi kich thudc tiét
dién hay tdi trong di lya chon.

V. Bién dang, chuyén vi ciia ddm chiu ubn.

1. Bién dang ctia thanh.
Li sy thay ddi do cong clia truc. Dudng cong clia dim sau khi chiu uén dude goi la dudng
dan héi. Ban kinh cong tai mot vi tri clia dim dudc thi€t lap theo (9.3) (hinh 9.9):

:; = gi (a).
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P S ISR ) /S 1) R —

Hinh9.9: Chuyén vi cia

Amehiiruda Pudng dan hdi

Z

2. Chuyén vi, dp véng, géc xoay.
Chuyén vi clia ti€t dién dudc dac trung bdi chuyén vi thing clia trong tim va chuyén vi xoay

clia mit phing tiét dién,
Bé qua thianh phan chuyén vi thing doc theo truc thanh.
Thanh phin chuyén vi theo phuong vudng géc truc thanh goi 1a do véng:

y=3z) (b).
Chuyén vi xoay ctia tiét din ky hiéu ¢:
dy _
1gp=—=y'(z) (©).
dz

y<< L
V=tgp=p<<i
3. Phuong trinh vi phdn dj vong.

Né&u chuyén vili bé: {

Theo hinh hoc vi phin: K = yij (d).
P (]+ ¥ )5
" M
So sdnh (a) va (d): Y s (e).
(] 02 )5 EJ,
+y

Ta phdi chon diu sao cho théa man hai v€& clia (e). Mau sd trong hai v& cia (e) déu la nhitng
s6& durong nén chi chon diu sao cho phit hdp vdi cdc tit 56,
|

Hinh 9.10: D4u clia mémen va
Gk R T 5
chigu 161, 16m cua

durng dan i, M,

Y

Khio sdt mdt doan dim bi uén cong trong hai trudng hgp nh hinh 9.10. T hinh v& ta thiy
M, vd ¥ ludn nguge dau nhau nén (e) ¢6 dang;

L M
it 9.11),
. EJ
ey :
Vidiam c¢é chuyén vi bé nén: y'? << [tir diy ta nhin dudc phudng trinh vi phin gin ding ciia
dudng din hoi:

M
=2 9.12).
Y'=-7 7 (9.12)
VI. Xdc dinh dé vong ctia didm bang phuong phdp tich phédn khéng dinh han.
L4’y tich phan lién ti€p (9.12):

M
=y’ =— £ iz 4+ C 9.13).
=gt (9.13)
y=—f{ (M ©.14),

Trong dé: C,D 1i cdc hiing s6 tich phan, dudc xdc dinh tir diéu kién lién két & hai diu doan,
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VII. Xdc dinh dé vong ciia ddm bing phuong phdp tdi trong gid tao.
D€ ¥ hai lién hé sau:

d*M, 40
M, B oy ).
daz daz

a? a M

%Zi:i = :qgidmo (g)'

df dr  EJ, -
St dung phudng phdp mit ¢t ngang véi quan niém:

M/"’-.
=M e=0Q,  —pr=a,)

Vi viéc gdn nhu trén khéng cing Dém thye Dém gid tao
the nguyén nén con goila gid tao. it ;n:z i@ ioo o -0
Cdc lién két trén dam gid tao phai y0 " a M, =0
dim bio: chuyén vi tai ndi lién két &
trén dam thuc tuong wng vdi nodi g=0 F#0 On #0 Q2,70
lve gid tao tai ndi lién k&t (rén el 2o Myg=s B
dam gii tao. 5 e S
Ndi nao trén dim thuc cé lién két I e 270 ge0 g
lam cho chuyén vi (thing, hoic yz0_ ¥=0 »=0 a Mo =0 Ma =0
xoay) biing khéng thi ndi dé rén Vil be >
dim gid tao phdi cé lién két sao PP geo 0 fjioo G#0 g,#0
cho ndi luc gid tao tdp trung (luc 20 y=0 i E é Mj’ - Hp=P
cdt gid tao tip trung @, , hoic md » b
men gid tao tip trung M, ) do lyc Hinh 9.11: DAm thye va d4m gid tao wiong ting.

phin b& gia tao g, gy ra biing
khéng.
Ndi nio trén dim thue ¢é lién két lim cho xuit hién chuyén vi (thing, hoic xoay) thi ndi dé
trén dim gii tao phdi ¢d lién két sao cho noi lue gid tao tip trung (Iwc cit gid tao tip trung
Q,, . hoidc mod men gid tao tip trung M, ) do lwc phin bo gid tao g, khdc khong.
Trén hinh 9,11 13 mét s6 kiéu lién két trén dim thye va dim gid tao tudng ng,
VIII. Xdc dinh dé vong cia ddm bang phuong phdp théng so ban ddu.
Xét hai doan ké nhau thi 7 — / vi 7 ctia dim chiu uén nhw hinh 9.12:
D& vong trong doan thw ¢ dudc tinh: yv.=y.,+4y (9.15).

Khai tri€n him Ay theo chudi Taylo tai hoinh dé z = a:

A A A I(Z;Q)Jrﬂ H(Z*a)erA HJ(Z*a)jJrA JV(Z*G)‘;JrA V(Z*a)jJr (9.16)
Y =AY, T4y, 7/ W, 21 W 3 v, 4 1 3) ... (9.16).

Trong dé:

X =Yas = Vasmrr

Ay = Vo= Vows = oy = Pose = 40,

Trudng hgp tai z=a c6 lién k&t dic biét nhu hinh 9.13a thi Ay, =0 va hinh 9.13b thi
Ap, #0.
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Hinh 9.12:

Cidc théng s¢
tai i€t dién a
ctia doan thi i-1
va doan thi¥ i,

e O,

Aya;tO _a){ ? CA(PaiO
¥

a) b)

Hinh 9.13: Cdc lién két dac biét.

bit K _, = 2 ;KE:E] :
EJ'—EJFI EI"]i’
M M

Ay #Z_L[KiM“—KI-,ng—J]'
BJ, E_J_, £/ ) ]

T I I
Aya _ya,z_ya,i—j_

1
A T — pisg _ H{' —_ Qa.z + Qa,zﬂ’ S .- K _K .
ya ya,l ya,iff EIJI EI_I,JI_E EJ [ iQLZ,I i*[Qﬂ,i*[]
1
A v e i - IV. = qa.z + qa,zﬂ’ = K *K .
ya ya,l ya,iﬂ' Ei.JI. EI 11]1. g E] [ iqa,l i*l’qﬂ,l*[]
S , e
Ay: = ya:V,I - yaV,x—J = = + = e qui,z - KI—EQ;T,E—E ]

EJ  E_J_, EJ

Thay cdc gid tri vira tim dudc vio (9.16) 1di thay vio (9.15) ta ¢é phudng trinh dé vdng ciia
doan thy i:
(z—a)

1!

1 (z—af 1 (z—a)
- Ay + A - kM, K _M -— K., K S —
yi y:ﬁ’ = ya + (pa EJ[ # e i-f a,xﬁ’] 21 E][ sQa.x :71Qa,i*1] 3 (9.17).
(z-a) (z—af

1 1
_E[qua,x‘ _Kx—fqa,x'—l] 41 _E[Kﬂij _Ks—qu;—il 5/
D€ thiét lip phudng trinh do vdng ctia doan thi nhit, ta tudng tugng thém mot doan thid

khong, D6 vong, géc xoay, ndi va ngoai luc trong doan nay déu biing khéng, chon géc toa do
tai z=a=0:

Ay, = Ay, =y,; Ap,=Ap,=9,;

P

1 1 1 1 1 1
E[KiMa,i 7Ki—1Ma,i—f]: E[KjMU,f 70]: TMU; E[nga,l 7KE—IQ5,1—1]: E[KZQD,I 70]: ﬂQu;
L Ika, K0 F LK, -0-La:  Llke -k d )= Llke, 0= g
E] ida i—ida-7 EJT a0, Eij 7] EJ idear i-ia E] 10,4 EJJI a
Do dé:
2 3 4 ! 5
Y=o+ Py — Mo 22 &z % 2 4 ¢ (9.18).

— - - — —
I EJ, 2 EJ,3 EJ, 4 EJ, 3
Khi do cdng chéng udn EJ khéng ddithi X, , =K, =1 thi:

i 7 B i 3N I
EW&‘,J _Ma,s—i ]_ EAM:: - EM::’ E[Qa,i Qa,x’—f]_ EJ AQa EJ Qa ?

i R 1 T i I
L le—a. s ¢ Jetlga —tga_)=——aq".
Ej[qm 0] =74, Ej[qa,, g oy leon —gar )= g,
Thay cdc gid tri tim dudc vao (9.18) va (9.17) s€& c¢6:
4
= # N S s e et | SN 219,
W=y T B BT 3 BT 4 BT O (-1

(z—a) M,(z-af Q,(z-af Ag,(z—a) 49, (z-a)

= +4y, +4
O A TR Y I EJ 3 EI 4 Er 5

(9.20).
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IX. Anh hudng ciia lifc cdt (0% do vang ciia dim.

Anh hudng ctia mé men udn theo (9.12): Yy =——= (i).
Anh hudng clia luc cit (giy trugh):

a’yQ
dy, =18y,d2= a 18Y0 ® Yo

— . - r, dv,
Mit khdc, theo dinh luit Hooke: y, = 2= —2="2
G dz G
t, dugc tinh theo (9.10) né€u viét gon lai: z, :a.?y vdi a
phu thudc vao hinh ddang clia ti€t dién. dva
. s e 5 3
Tiét dién hinh chit nhit: a = 5 Qy
G e 4 1 o P
Tiét dién tron dac: o= —. Hinh 9.14: Bi€n dang gdc clia
) 3 phén 8 thanh

ol o3 semmpregas el H

Tiét dién tron rdng: o =—.
K

e [ - dién tich todn bo tiét dién.

e [, -diéntich cic phin ti€t dién theo phuong thing diing (phin bung)
dyQ Qy dZyQ & de .
—_— = — P S e—— (_]).

dz GF dz GF dz
Téng ctia dd vong bing do vong yu do md men udn va dd vong yo do lyc cidt gdy ra riéng 1&:
V=Vt Yo =V =95 +95.
Thay yy, vay[, trong (i) vd (j) vdo ta nhan dugc phudng trinh vi phdn d¢ vong cia dam c6 ké

K&t qua:

dén anh hudng cia luc cit:
o M, o a2
El. GF dz

9.21).

Vidy9.1.
Dim AB bi ngim chit tai B (hinh 9.15a) ¢6: [o]= 12KkN/cm®; E=2.10"KN/cem’ s a=Im;
h=2b=10cm, Xdc dinh cudng d6 tdi trong [q] cho phép theo diéu kién bén vé ng sui't phdp
trong hai trudng hgp mit cit ngang cia dim dat ding (hinh 9.15b) vi dit nim (hinh 9.15¢).
Hiy tinh dd vong tai ti€t dién qua A trong trudng hdp dit diing,

Gidi.

Biéu d6 moment uén vé& trén hinh 9.15d.
Tai ti€t dién qua B ¢6 moment u8n 1én nhit a
M, .. =qa /2.

Khi ti€t dién dit déng (hinh 9.15b):

3 2
O BB 2y
d) @

2 2
‘O’ _ Mx,max _ qa 3 b - iﬂ < [CT]

max Jx Yimax = ) 2b4 74 b.?
4v°[o]_45°12KN _ KN

Hinh 9,15: Cho vi du 9.1,

gL -7 =25

=g a’ 3100 om cm
Chon [q]:0,2g.
cm
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Khi ti€t dién dit nim (hinh 9.15¢): J,

hb3 2b.b3 :ib" b
6

2 2 Pty
M 26 b 3ga’ 2 b7 2512 K KN
o, Moms, a6 b Sa g, 2v] 252En N
max J 2 b 2 2b 3 a 3 100° cm ci

Chon [g]= O,JQ
Cin

Ta ¢6 nhin xét 12 khi ti€t dién dit nim thi kha ning chiu tii gid m di mot nita,
Xét cin biing ctia doan dam cdt ra phin bén trdi (hinh 9.15¢).
2
1
In,, :fMqu%:O: M, :—Egzz.

. i, s son g el 3 M, g7
T phuwong trinh vi phdn cip hai cia dudng din hoi: v'=—— =2,
P g P p g Y B 2 ).
] g
Tich phin lan thi nha't: =y = I —z *dz = 1B BV
2ET, 2E7, 3
Tich phin ldn thet hai: y:j.iizjdﬁ ceip-1 9% cip,
6 EJ, 6 EJI, 4

Cdc hiing s6 tich phin C, D tim dudge tir diéu kién bién, géc xoay vd do vong tai ngdm B
bing khéng:

3 3
d =019 c_pmc=-L192
e 6 EJ, 6 EJ,
J I !
' WANER | YL i
24 EI, 6 EJ, 8 EJ,

Viy, phuong trinh géc xoay vi dd vong cia dudng din hoi la:
I g ]qaj_ 1 g , Ilga° ]qa

=g % oo Yoo m e % ToE

6Bl 6E° 24E.° 6E " SEI

b6 vong tai ti€t dién qua A sé€ la:
lga® 1ga® 3 _ 3 02100°

SEJ e B Zbdfgzméfjdcmza.?cm.

==

Vi du 9.2.
Dim AC mit cdt ngang hinh trdn rdng, lién két va chiu hre nhw hinh 9.16a.
Cho [o]|=10KN/em®; E=2.10"KN/cm’;

. q d
a=0,5m; g=150KN /m. Xdc dinh kich thudc d 0 g IEEEEIEE&EHIE% @
ot tm e aem o aa s i - B C
cta ti€t dién thda dieu kién bén theo Wng sudt |A o 2d

phdp va tinh do véng, géc xoay tai mit cit qua A. ! ' '
Gidi.

ok 5 b)
Biéu d6 moment uén trén hinh 9,16b, ¢é moment
udn cyc tri: M, =49ga” /32.
‘V'Vv
J,=00524) ~005d° =0754°; v, =d. ) '||}IIII i
|O_ 49 ga’ 49qa <[]

max 327, 75
:>d>3\/49 ga _‘/49 ]5502 cem = 9. 15em
24 o] V2« 10
Chon & =9,2cm ,
T dim thyc trén hinh 9.16a, bi€u d8 moment
udn trén hinh 9.16b ta ¢6 dim gia tao va tii trong

Hinh 9.16: Cho vidu 9.2,
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gid tao trén hinh 9.16¢. Cdc hgp lwc clia tdi trong phin b& gid tao trén hinh 9.16 d.e.
Xét cin bing doan dim BC (hinh 9,16e),
2ga’ 2 P 16ga’

% gt
“4a 2a+Y84a=0=ys="2
Er, '3 3E] 3 EJ,

X

Xét cin bing doan dim AB (hinh 9.16d).

2in. =

3 4 4
n, =2 . Yea-ME=0=y, =MF =2 _ NG
2FEF, 3 EJ, 2.10°07592°
3 3 3
5¥=3% _yg ¥s-0=g,=vy=232 3 130 e 00015md.
2ET, 6 EJ, 6210°.07592°
Vidy 9.3.
Dam AD lién két, chiu lyc va kich thudc nhu trén hinh 9.17a.
KN
Biét: E = 210“ [o-]k_7 [GL_]] . b=3cm; a=05m,

Trudng hdp mat cit ngang cla dam dudc dat lz_lt sdp nhu trén hinh 9,17b, hiy xdc dinh cudng
do g, cla tdi rong d€ dim didm bio diéu bén theo dng sui't phdp. N€u mit cdt ngang dudc
lit ngira nhy trén hinh 9.17¢, lic ndy cuwdng dd ¢, 16n hay nhd hon khi lit sdp. C6 nhéin xét
gi vé trudng hop niy.

Gidi.
Bi€u d6 moment uén v& trén hinh 9.17d. Tai ti€t dién qua B ¢é moment uén 1dn nhat
M, ,..=18ga° /5.

Khi ti€t dién dit sdp (hinh 9.17b):

5
S STV P
10b° + 2.48 3
3 2 3 2
7, :M+ 2u] 1007 42 M+ 2p | 4b? | = 540" = 4374em” .
12 3 12 3
3
y;”“ = [U]" — :> pha hoai do kéo,
ymax [U]”
3
m _ 18qa® 11<[ [ i [o]qu 45377 KN _ 1701 KN
- 5.3.540° a’ 11 50% cm 5500 cm
1701 KN KN
QMax P O 3@7
3500 cm cm
Khi ti€t dién dit ngl”ra (hinh 9.17¢):
3
Y _ [J]" :> phd hoai s ng
ymax [U]n {5 yk :Eb
déng thdi do kéo va nén, ’
]8qa 7
o
" 5.3.54b° <l .
:>qg_5b3[‘7]k =3
I @ I :gb
45 3°.7 KN 243 KN
—g=< — :
7 50° cm " 500 em
qmax = 243 ﬂ - 0 468@
500 cm cm
Trudng hgp ndy chiu lyc hdp 1y vi | Hinh 9.17: Cho vi du 9.3,

dim s& bi phd hoai do kéo va nén
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cung hic.

BAI TAP CHUONG 9

9.1.Dim AD cé mit cit ngang hinh chit nhat kich thudc b x 2b dudc dd trén hai gi A va C. Cdc
tdi trong va kich thudc nhw hinh 9.18.

Biét: [0'] ]0 KN ; b=10cm; a=05m, Xdc dinh phan lyc lién két tai cdc goi A va C. V& bicu

d6 hre cdt vi mémen udn phdt sinh trong dim, Xac dinh tdi trong cho phép [q] tic dung lén

dim thda min diéu kién bén theo wng sui't phdp.

M=ga’ —2qa 22
Eﬂmﬁaﬂmmﬁ‘_l_'% 2T,
Jh
Hinh 0. 18, Hinh 0.10,

9.2. Dim AD ¢6 mit c{t ngang hinh tron dudng kinh 35 bi khoét rdng bdi hinh chit nhat kich
thude 25 % b dudce d8 trén hai 261 B via D, Cdc tai trong va kich thude nhw hinh 9,19,

Bi€t: [o]= JOK—A;; q= ]209; a=05m, Xdc dinh phdn luc lién k&l tai cdc g6i B va D, V&
cm m

biéu dé lrc c4t vA mbmen udn phit sinh trong dim. Xdc dinh kich thudc » dé dim thda min

diéu kién bén theo wng sui't phap.

9.3, Dim AD lién két, chiu luc va kich thude nhw trén hinh 9.20a, Tiét dién cdt ngang clia dim
nhw trén hinh 9,20b,

Pi=qa g Mg P3—2qa
a)éA B CE j
|  2a | 3a
Hinh 9.20.
Bi¢t E=2. 104 [o-] ]2 KN y b=35cm; a=0,6m. Xdc dinh phin lyc tai cdc gdi va v&
cm’

biéu do6 noi hre (Tinh theo g, a). Bo qua dnh hudng cia lyc cit. Xdc dinh cudng do ¢, cda fdi
trong theo diéu kién bén. Tinh chuyén vi thing ditng ctia di€m D theo g, a. E. /..

9.4. Dim AD ¢6 tng sut cho phép [#], lién két, chiu lyc va kich thudc nhut hinh 21a. Tiét dién
cdt ngang cda dim nhu trén hinh 21b.

’q P=2qa M=qa2
a) YRRV EITIT S
Lyl B C,,:,, D
L‘ 2a 2a L @ |
Hinrh 9.21.
KN
Bi&t: [0'] ]0 s b=6cm; a=03m. Xdc dinh phin luc lién két tai cdc g6i A, C va vé& bidu

dd lwc cdt, mémen udn xudt hién trong dim theo g, a. Xdc dinh [¢] (t4i trong cho phép) d€ dim
thdéa min diéu kién bén theo wng sui't phap,
9.5. Dam AD cé tiét dién cit ngang rong, lién két, chiu lwc va kich thudc nhu trén hinh 9,22,

124



q P:qa

3a | a

Hinh 9,22,
; KN KN . "
Bi€t: [o]=10——; q=140=—; a=15m. Xdc dinh phin lyc tai cdc g&i va vé biéu dd ndi luc
Cin i

theo g, a. Bd qua dnh hudng ciia luc cidt, xdc dinh » (kich thudc cia tiét dién) theo diéu kién
bén. Tinh chuyén vi thing ding ctia mit cdt qua D theo ¢, 4, E. J..

9.6, Dim AC ¢é mddun din hdi E lién két, chiu hre va kich thudc nhur trén hinh 9,23a, Tiét dién
cdt ngang ctia dim nhu trén hinh 9.23b.

t od
i P=2qa A Ig!g!gl
Z hzﬁmﬁmmalg -
a) A B CE b) ?lzb

AT 22 | i

Hinh 9,23,
Biét: [0']: ]0%; b=5cm; a=1Im, V& biéu dd luc cit, mdbmen udn xui't hién trong dim theo
¢, a. B4 qua anh hudng clia lyc cdt, xdc dinh cudng do cla tdi trong Ién nhit (g, ) tic dung 1&n
dim theo diéu kién bén,
9.7. Dam AD ¢4 ti€t dién cdt ngang réng, lién két, chiu hre va kich thude nhw trén hinh 9.24,

=qa’ dramy 4D
X |P=tas g0 ™
A B C D Y \1\

Rl
| a 2a 3a | SR
" Hink 9.24, m

KN KN

Biét: [o-]: i1 g=140——:; a=1,5m. Xdc dinh phin luc tai cdc g&i va vé& biéu dé ndi luc.
m

R
cm
Bd qua dnh hwdng cla le cdt, xdc dinh b (kich thudc cia ti€t dién) theo dicu kién bén.
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CHUONG 10:
THANH CHIU LUC PHUC TAP

I. Khdiniém chung.
1. Thanh chiu lyc don gidn.
Trong cdc trudng hop khi thanh chiu kéo (nén) ding tim, chiu xoin thuin tiy, chiu uén
phidng nhw di khdo sdt & cdc chuong trwde dude goi 13 chiu lwe don gidn, Liic niy trén tiét
dién cit ngang ctia thanh chi xui't hién moét s6 wng lre riéng 1&: hoic lre doc N, do nhing
ngoai lc doc theo truc thanh giy ra nhu hinh 10,1a, hoic mémen xoidn M, do nhitng ngiu
ngoai luc nim trong mit phing vudng géc truc thanh giy ra nhu hinh 10.1b, hoic luc cdt &,
va momen uén M, do ngoai lyc vi mémen ngoai lyc nim trong mat phing qudn tinh chinh
vz cla thanh giy ra nhu hinh 10.1c, hodc lyc cdt Q. vd mdémen udn M, do ngoai lyc va

mémen ngoai lyc nim trong mit phing qudn tinh chinh xz ctia thanh giy ra nhu hinh 10.1d.

) D
t J Q MXI

aj b)
M, N, M,
D -
M é fo,
& o d)
Hinh 10.1:Ung lyc trén ti€t dién trong cdc trudng hdp Hinh 10.2: Ung lyc trén ti€t dién khi thanh
thanh chiu lye ddn gidn. chiu Iyc phiic tap t8ng quat.

2. Tharh chiu lyc phiic gp.
Su két hdp cdc trurdng hop chiu luec don gidn lai véi nhau dudce goila thanh chiu luc phifc tap.
Trong trudng hdp téng qudt nhat, trén tiét dién c{t ngang cla thanh tdn tai di sdu thinh phin
ng lyc nhy hinh 10.2,

3. Ung sudt trén tiét dién.
Vin dung nguyén Iy cong tdc dung: dng suit, bi€n dang trong trudng hdp chiu lue phic tap
bing tong W¥ng suit, bién dang do titng ndi luc riéng 1& giy ra.
Ung sud't phdp trén ti€t dién chi do lwc doc, vA mé men udn gy ra:

G =0 )+ Oy + Clu,) (10.1).

Vi cdcdng suitnidy cing phudng nén:

+ + NZ+M’( +My (10.2)
o=0 o Oy 1= —= —Lx 2).
(Nz) (01, ) [My) F ‘]x B Jy
Ung suit ti€p trén i€t dién chi do Ivc c{t va mé men xodn gdy ra.
?:f[Qx)+f[Qy)+f(M2) (103)
Q,S;
Tlg,) = T Phuong theo tryuc v.
Q.5,

= ="’ - Phudng theo truc x.
Ih
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Vi nhitng dim dai, khi tinh bén hay bi€n dang c¢6 thé bd qua cdc ng sud't ti€p ndy.

<

T(y )= ——p - Phuong ndm trén ti€t dién va vudng géc vdi bdn kinh ti€t di¢n doi vdi

H

o
cdc tiét dién tron.
I1. Ung sudt phdp va diéu kién bén theo iing sudt phdp.
1. Pudng trung hoa.
DPudng trung hda trén tiét dién 1 quy tich nhitng diém cd wng sui't phdp bing khong. Cho

M
o =0trong (10.2): e g =t /. (10.4).

Vdi x, y 1A toa do nhitng diém nim trén dudng trung hoa,

Dudng trung hda 13 mot dudng thing di qua g6c toa dd néu N, = 0, va ngudce lai,
Ung sudt phdp tai mot di€m trén i€t dién t¥ 1& bic nhit véi khodng cdch tr di€m dé tdi
dudng trung hoa,

2. Biéu do tng sudt phdp trén mat cdr tiét dién.
Cidch v&, xem hinh 10.3.
Ké dudng thing vudng géc véi dudng trung hoa cit dudng trung hoa tai C. goi 1a dudng
chuin,
Xét mot diém A(x,y) trén ti€t dién, theo (10.2) tinh duge dng suit phdp tai A: o,; qua Aké
dudng thing song song vdi dudng trung hda, cit dudng chudn tai B,
Tit B dung tung dd o, ; Noi tung dd o, vdi C ta nhin duge bi€u d6 ¢ng suit phip. Biu do
gidi han bdi hai dudng thing song song dudng trung hoa, ti€p xiic vdi chu vi ti€t dién tai hai
diém xa dudng trung hda nha't (D;, Ds),

Tai trong tim cla ti€t dién *ng suat phap ludn ludn li: o = ?Z ;

Pudng trung hda

Pusng chudn

Hinh 10.3: Dudng trung hda va biéu dé Hinh 10.4: Tiét dién da gidc.
ng sudt phap trén Gét dién,
3. Ung sudt phdp lon nhdt.
Theo hinh 10,3 tai nhitng di€m xa dudng trung hda nhi't D, Dy:

N, M,
g, =—+ Yo +—X
max D D
win j J D; JT D;

-
Do dé trude tién ta xd ¢ dinh cdc diém D), D; rdi sau dé tim &

(10.5).

x

max’o.mm »
Tiét dién hinh da gidc: Wng sud't phap chi ¢é thé dat cuc tri tai cdc dinh 16i clia da gidc, ching
han nhv cdc dinh: A, B, C, D, E trén hinh 10.4. Do dé ta khong cin v& dudng trung hdoa ma chi

tinh Wng suit phap tai cac dinh 16i va:
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T :max(O'A,O'B,O'C,O'D,O'E )

bl

Tiét dién hinh chif nhét hinh 10,5a, thép chir 7 hinh 10.5b, tng suit phdp cé thé dat cyc tri tai
cdc dinh cla ti€t dién:

T, :mln(O'A,O'B,O'C,O'D,O'E).

N M
iy = o e e (10.6).
HIIFT F WX Wy
Trong do:
o —ﬂfﬂfﬂl
YO FR oW ow
* ¥
N M M
_ < %y
o, ?'F WX  —
x o
M N M N
a) b)
b4 X
Q i P Q 5 P
Hinh 10.5: Ung suft wén tiét dién chi nhat va chit Hinh 10.6: Ung suit irén 6ét dién mon,

I, - . 5 ;
Ti€t di¢n trdon hinh 10.6: ¢6 thé thay the tdc dung cia hai mémen M, vi M, bing md men

uon M, =M + Mj . Tri s6 I8n nhit ciia wWng sud't phdp chi ¢é thé dat dudc tai cic diém D,

vi Dy
VMM
5, gl Ay N TRy (10.7).
min F Wu F Wx

4. Di¢u ki¢n bén theo ving sudt phdp.
Trong trudng hdp tdng quat:

o :£+ "y Tt T <[o']k (108)
vl |F 0,78 I, B

Vi tiét dién hinh chir nhat:

N
o, |=—=+ J <[} (10.9).,
R F Wx Wy %
V3i ti€t dién hinh trén;
N M+ M
A T R Y (10.10).
min F Wx i

D3i véi vit ligu dgo: [o], = [s], =[o].
III. D§ ving ciia ddm.
Bd qua inh hudng cha bién dang do luc doc, d6 viéng cla

thanh chi do cic mémen udn giy ra. Ky hiéu J_i la véc tg

do vong theo phudng x do mémen udn M, gdy ra va fy l1a

véc td dd vOng theo phudng y do mémen udn M, giy ra, hic
Hinh 10,7: 6 vong khi uén khéng gian,
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niy do vong toan phin s& la téng véc td clia hai thanh phin trén: f: fx + fy, hay d¢ I8n:

F=yriert.

V@i cdc haim vi phan cia do vong: f'=——"; [f/=——".
EJ, Y EJ,

Véc td dd vong toin phian f hdp vdi phudng v mot géc e hinh 10.7: 1gex = j}
¥

IV. Cdc truong hop thudng gap.

1. Uén xién - uén khong gian.
Khi thanh chin uén trong ¢d hai mit phing quin tinh chinh, Néu b qua inh hudng ciia luc
cdt thi dng lyc trén ti€t dién gdm cb M, va M, nhw hinh 10.8a.

M, M,
.'7
s v
Hinh 10.8: Ung luc trén ti€t s
dién khi thanh chiu %,
udh xién, My M.,
a) E: b
Ung suat phdp trén tiét dién:
M M
=—ZEy4 Ly (10.11).
J, &,

C6 thé hgp hai mé men udn M, vi M, dugc mét md men M, dé 1dn: M, = Mf ¥ Mj s M,

niim trong mat phing chita truc thanh v mot truc v nio dé trén ti€t dién.
D&i vdi ti€t dién tron, moi truc trung tim déu la truc qudn tinh chinh nén ¢é thé tinh nhuw

thanh chiu uén phing hinh 10.8b:
M VMM
B S A (10.12).

og=—%y=
J J

2. Ubn cong kéo (nén) - udn va kéo (nén) dong thoi.
d-Udn cong kéo (nén).
Khi trén ti€t dién cha thanh tdn tai lve doc N, ddng thdi véi mémen M, va M, hodc mot trong

hai thinh phin mémen trén nhw hinh 10.9.
N M M

Ung sudt phdp trén i€t dién: e=—2+"xy+ Yy (10.13),
F T, J
¥
e e N M+ M,
Vdi tiét dién tron: o=—""H+ 11— "y (10.14).
F g,
Z
M,
yC
NZ
MY
Hinh 10.,9: Ung Iue trén tiét dién khi thanh Hinh 10.10: Kéo nén léch tdm va
chiu udn va kéo (nén) déng thai, cde ing lue tudng Wng.
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e- Kéo nén léch tam.
Biéu thifc ing suat trén tiét dién: Trudng hdp nidy xdy ra khi ngoai luc song song nhung
khdéng triing vdi truc thanh,
Né&u trén ti€t dién ton tai lwe P dit tai diém léch tim C(xc,yc) nhv trén hinh 10.10. Khi d&i
lwe P vé triing vdi truc thanh ta dudc:
Lyc doc:
N, =P
Cdc md men udn:
Mx = P.yc.
My = P.]Cc.
N&u trén ti&t dién c¢é nhiéu lyc P; dit léch tim tai cdc diém tuong ¥ng C, (xa,yc!) thi gid tri
cta hgp luc P
= ZR dattai:

. _ DXsE
& ZR ’ yC ZIDE %
Ung sudt phdp trén Gt dién s& [a:
N M M P P P
FoJ, J, FoJ, F.
Bii todn kéo (nén) léch tim cé thé tinh theo truwdng hop kéo (nén) va udn déng thdi vi
nguge laivéilwuy: M =P.x; M =Py,.

(10.15).

binh luit tic dung tuwong hé: Ung sudt phdp tai mot difm A do lwe P dit tai di€m C giy ra
ding biing Wng sudt phdp tai diém C do luc P dit tai A giy ra.

Ung sudt phap tai trong tim ti&t dién do hwc datléch tim P giy ra khéng phu thudc vio diém
dit Ivc va ludn bing P/F,

Dudng trung hda: tir (10.15) cho o= O suyra:

£ g el Fe

=0 10.16).
TR (10.16)
F F
. g J
Néudat: a= ——*; b= ——2— thi phudng trinh dudng trung hda c¢é dang;
Fx, Fy.
LR Sy (10.17),
a b

Pudng trung hda khéng phu thudc vio gid tri clia tdi trong, chi phu thudc vio vi tri ctia diém
dit clia tii trong, Pudng trung hoa va diém dat lyc ludn nim

trong géc phan tw ddi dinh. (hinh 10.11), BRI aingien,
Diém dit lwc ndm trén truc x thi dudng trung hda song song vdi ]

truc y va ngude lai. '

Khi diém dit lve di chuyén theo mét dudng thing thi dudng

trung hda s& xoay quanh mot diém c¢6 dinh trén ti€'t dién,

Lai ti€t dién: 14 m6t mién kin bao quanh trong tim tié€t dién,

- ~ o o L2 . N N N . Hinh10.11: Vi tri ciia dudng trun
néu lyc léch tim dit trong mién ndy thi dudng trung hoda sé& e

hoa va di€m dit lye C.
kY A = Al A A~ 5 A = =X ~
ndm ngodi tiét dién, néu lyc ndm twén chu vi clla mién thi

dudng trung hda G€p xidc véi chu vi cia i€t dién,
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V&i mot thanh chiu kéo hay nén léch tim, viéc xdc dinh 18i ti€t dién c¢é ¥ nghia thuc tién,
Trong thuc t& ¢é nhiéu loai vat liéu chi chiu nén t6t nhw gach, dd, gang, bé tong cdc vit liéu
khéng phai thép..., néu chiing chiu nén léch tim ma luec nén dit ngoii I8i tiét dién, ng sudt
kéo phdt sinh ¢6 thé 18n hon khd ning chiu kéo ciia ching, khi dé vat liéu s& bi phd hoai, d€
tin dung t&t khd ning chiu luc clia vit liéu cin thiet k& dit luc nén trong 15i tiét dién.
C6 thé xdc dinh 18i tiét dién theo cdch sau:
Gid st dudng (rung hoa (i€p xdc mot canh i€t dién, tr (10.16) ta viét dude phudng trinh
dudng trung hoda, rdi tir (10.17) ta suy ra toa do diém dat lwc C tuong wng véi vi tri dudng
trung hoa. Ap dung cdch twdng trr doi vdi tit ¢ cdc canh con lai, n&i vi trf cdc diém dat lue,
ta dugc 15i tiét dién, D tiét dién 13 da gidc 16m thi 161 tiét dién ludn 12 mot da gidc 18i,

3. Xodn cong kéo (nén) - xodn va kéo (nén) dong thoi.
khi trén ti€t dién mit cit ngang ton tai lyc doc N, va mémen xodn A nhw trén hinh 10.12.
Vi tiét dién hinh trén cdc tng suit dude tinh theo céng thifc:

M

N
o =—2=const; T=—2% 10.18).
7 TP ( )

ped

M,

N, M, M.
My

Hinh 10,12: Ung lye trén tiét dién khi thanh  Hinh 10.13: Ung luc trén tiét dién khi thanh
chiu kéo (nén) va xodn ddng thai, chiu uéh va xodn déng thdi.

4. Xodn cong udn - xodn va uén dong thoi.
khi trén ti€t dién mit cdt ngang ton tai cic mémen uén M, M, vd mbémen xodn M, nhu

trén hinh 10,13,

- M, M . M
Vi tiet dién hinh trén, 7, =—*=—* datdudc trénchuviva o, =+—* nhuviy,
WP 2Wx »in Wx

thanh & trang thdi wng sua't phing dic biét, diéu kién bén dudc viét theo cdc thuyét bén:

‘iMz M2y M?
Nol 40 = X+W’V+ : S[cr}

Theo thuy&t bén tng suit ti&p:

‘/Mj Y EYE
t <]

Theo thuy&t bén the ning: vo’ + 3¢” = 7

x

Vdi ti€t dién hinh chif nhit, Wng suit ti€p dat cuc tri: 7, =—= tai trung di€ém canh dai

Xo

X

(chdng han canh song song truc x), gid tri ng sui't phap tai diy: o =

x

. .o M .
Tai trung di€m canh ngdn: 7, =yr,__ =y WZ , tng sudt phdp: o, = Wy
& ¥

Diéu kién bén tai cdc di€m trén dudc vi€t theo cdc thuy&t bén, Bén canh con thda diéu kién
bén theo ¥ng suit phdp tai cic géc ciia ti€t dién nhw khi thanh chiu uén xién:

M| M
— ‘_X i u < [O'] .

W. W,

x

a

max
min

131



Vidu 10.1.
Dim c6ngxdén AC nhw hinh 10.14a, Luc 2P nim P 300‘:?213
trong mat phing xy va hdp véi phudng y mot géc ,|,

/ KN =
30°. Bier |[o]= 1225 h=15b=15cm; |( X ;:E]
z‘{/
a=15m. = B CL/byJ
S 22 A - P a | 2a

a) V& cdc biéu do ndi luc phdt sinh, . . >

b) Khio sdt dng suit phip tai mit cdt nguy ) 1p @Fl
hi€m, Chira di€ém cé o, trén mit cit. b aﬁ - = 1—1

¢) Xdc dinh tdi trong cho phép [P] theo diéu f E | = | ¥

kién bén v& ¢ng suit phdp. o @ |(H‘E)P =3 it | @

Gidi. 1+3J§)Pa
a) V& cdc bi€u dd noéi luc. 247
Cdc biéu dd hinh 10.14c.d.f.g. 9 ®)
b) Khio sdt dudng trung hoa. , pl
Mit c{t nguy hiém tai ngim A. e aA = = FZ
Phuong trinh dudng trung hoa:
M: M [ ) i
Tyt x=0, B @
]x ‘]y fﬂ\
(1+3V3)Pa12  3Pal2 ¢ ()
== 3 y_ 3 X = 0 A o5
‘/Eh He -:-:3:::::..; o, _>:G(Mx)
I+3v3) 3 Aol :
3(+h—2)y+b—2x=0 ’ Q'G(My)
by ox S 32 ;
=LA . Dudng trung hoa,
I+ 343 3 i
3( ‘F)y+ x=0=27538y+300x =0 M. <

225 100 Y
Hinh 10.14. Cho vidy 10.1.

D6 thi dudng trung hoa va phin tich @ng suit tai mat cit qua A (hinh 10.1h).
¢) Xde dinh [P] theo diéu kign bén.

(1+3I)Pz6 3PL6 _6PI[1+3Y3 3 | 6P 55+3f < [o]
" bh’ w6\ 1515 &
15°0[o] 15%10°12

= P< KN~ 2,8047KN ., Chon P=28KN .

6(5.5+3¥3)  6l5,5+ 343150

Vidu 10.2.
DAm AD chiu lién két g6&i trong ¢i hai mit phing yz v xz, DAm ¢6 mddun din hdi E, vi tri
chiu lién k&t va kich thude nhw trén hinh 10.15a, Ti€t dién cit ngang cta dim li hinh chir
nhit 5x2b. Lyc tip trung P vudng gdc vdi truc z va hgp vdi phudng y mot géc 45°, Mémen
tip trung M nim trong mit phing xz. Luc phdn b8 g n¥im trong mit phing yz.
Biét: [o]= 10 KN g = ]20g; a=05m.
a) Xdc dinh phan lrc trong cdc mat phing yz va xz. V& cdc bidu dd ndi luc hién trong ddm

theo g, a

Trong cdc ciu b), ¢) khi tinh, bd qua 4nh hudng ciia lrc cdt,
b) Xdc dinh b - kich thudc mit cit ngang ctia dim theo diéu kién bén.
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Gidi.
- o N e P AT P=\'{§qa
a) Tinh phan lyc va v& bi¢u dbd ndi lye.

+45° g
e X&ét trong mat phing yz: (Hinh V iB’ D%%}b
10.15b) a | —ga” ¥
a_ 2a Sl 2a g e
g

Emg:ny.a+q.2a.3a7YD.4a=0 e

¥ 5 Py=qa
=1, _;qa- by = 5 = D,‘,Y_E
> my,=-P,5a-qlaa+Y, 4a=0 TR ¥re5gar

A TS T R e @
7 )]
oY, =~qa. LB T o

4 ga
Biéu d8 trén hinh 10.15¢.d.
e Xét trong mit phing xz: (Hinh )

10.15¢) \K?
ga'n2 5

25ga’i32

dmy=M-P.a-X, 4a=0 T
F.=ga
> X, =0. o lA . - o
> my=M-P Sa+ X, 4a=0 '}X - % O‘%’ x
B =
=X, =qa. ) @
; B - qa & o .
Bi€u d& uwén hinh 10.15f,g. aa
b) Xdc dinh & theo diéu kién bén,
M g
O-mm i Mx,max + J.max — @
W; W; Hinkh 1015 Cho vidy 102

o

38Pd

g) k)

33,5Pd @
B

Hink 10,16, Cho vidu 103

)

Vi du 10.3.
KN

Cét lién két, chin e nhw hinh 10.16a. Bi€t: [¢]|=12——; h=50d = 5m; lyc P nim trong
CH

mit phing (xy).
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a) V& cdc bi€u dS ndi luc phat sinh trong cdt,
b) Khio sdt ting sudt phdp tai miat cdt nguy hi€m.
¢) Xdac dinh tditrong cho phép [P] tac dung 1€n cdt d€ ¢4t thda man didu kién bén theo ung
sudt phap.
Gidi.
a) V& bi€u dd néi lye.
Phén Iirc P thanh cdc thanh phdn theo truc u va truc v, khdo sat c6t trong hé truc uv. Bi€u dd
e doc, lue c4t, moment udn trén cdc hinh 10.16¢, e, f, h, i.
b) Khdo sat 1ing sudt tai mat ¢4t nguy hi€m,
Mat cdt nguy hi€m tai B, Phuong trinh dudng trung hoa:
72Piz+ 33’5})‘5% 38‘Pd4 v=0=335u—38v=013d.
7id 0,05d 0,05d
Pusng trung héa va bi€u dé phan bd tng sudt phap trén mat
¢4t nguy hi€m qua B nhit trén hinh 10,17,
¢) Xdc dinh tdi trong cho phép theo wng suit phép.

biéu kién bén theo tng sudt phap ddi véi vat lidu déo: dﬁmj
‘O-‘mczx = [O-] :W

g Bting trung hoa.

Ta co: S )
2 2 = i
o, =ap L AP IR 515 Suyra
max el 0. 1d d Hiuh 10,17, Bidu dd phin bé'ing
3 2 SUdF phdp trén mdt
509,1311 <[o]= P< o] 10712 o 2,357V cdt nguy hiém qua B,
d 50913 509,13

Chon [P]=23&KN .

27 PP o dlar p Py I 2Pb
% P ZJIL A XA YA
. Pi 2Pb
i
Y
b
4aq M
lEP B B B
ferd feod 41Ph e
= 7 sp zlArF s D 5Pb
Y2 B ¥ IB V2
45Pb 5Pb
2
6a |25 =
c
- 67 & & &
T e ® @
a) b) c) 4l e) n g) k)

Hink 1018 Chovidy 104
Vidu 10.4.

C4t lién két, chiu lite nhu hinh 10.18a. Biét: [a]:mg); a=10b=1m.
CHY

a) V& cdc bifu dé ndi lye phét sinh trong cgt.

b) Khéo sdtiing sudt phap tai mat cdt nguy hi€m,
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¢) Xdc dinh tai trong cho phép [P] tdc dung 1én ¢dt d€ gt thda man diéu kidn bén theo
1¥ng sudt phap.
Gidi.

a) V& céc bifudé ndiluc phét sinh trong e6t.

Khdo sat riéng trong hai doan AB va BC, Luc 2P ddi v€ tiing vdi true z, khi khdo sdtdoan
AB va triing v8i true z, khi khdo sdt doan BC, Luc P ddivé B, lyc 3P ddiv€ tring véi tue
z, khi khdo sat doan BC, Két qué la nhdn duge cde so dd tinh widng dng vdi cdc trudng hgp
tai nhu trén cdc hinh 10.18b, d, g. Trong cédc so dd tinh nay chinh 14 tniSng hdp chiu Iye cd
bdn di khdo sat trong chuong 3 va 7. Bi€u dd ndi luc dudc v& trén cdc hinh 10.18¢, e, £, h,

b) Khdo sdt iing sudt phap tai mat c4t nguy hi€m, \Bmmg —_—

_2P 4I1Pb6  2Pb6 P
ol =5t ey =
26" 2pb b(2bY b
o] :5_f;+]03Pb.?+ SPb.6 329 f; 52 25P 1Y
e~ gp? " op(26Y  26(2bY 4 b b’

Do d¢, mat ¢4t nguy hi€m tai B ngay tai ti€t di€n nhd.
Phucng trinh dudng trung hoa tai mat cdt qua B:
2P 41Pb12  2Pb.2
-+ x+
26° 26K b(2bY
Bi€u dé phén bé ciia ing sudt phap nhu trén hinh 10.19.
2P 41Pb6 2Pb.6 P 2P 41Pb6 2Pb6 P
Conex = g7 ¥y 27 T =125 Oy = 7 7= 7
2% 2bb°  b(2bY b 26 2pb° b(2b) b
¢) Xdc dinh tai trong cho phép d€ ¢St thoa bén theo ing sudt phap.
2 2
:mi;g [cr]:pPgm:JO 10
ax b 127 127
Vidy 10.5.
Trye AK ¢6 mat cdt ngang hinh tron dudng kinh &, duge d6 trén hai & ldn tai A va K (B3 qua
ma sat taicdce & lin nay), Céc tdi trong tic dung 1én truc va kich thude nhu'trén hinh 10,204,

Biét: M=50KNm, P=3KN, [a]:}gﬁg;
c

y=0=3y+246x-b=0. Hink 10.19. Khdo sdt iing sudt
phip fat mdt cdt qua B

& KN =~7,874KN . Chon [P]=78KN .

a=20cm.

a) Xdc dinh phan luc tai cac &lan A, Kva vé céc
biéu d& ndi lue xudt hién trong truc.

b) Bé qua dnh hudng ciia luc cit, xdc dinh duSng
kinh & ctia truc theo thuyét bén thit ba (thuyét
bén ng sudt ti€p).

Gidl.
a) Xdc dinh phan lue, vé bi€u dé ndi hyc.

Zm,=—Pa+5FP3a-2P5a- N, 6a=0=>N, :§P.

4
2in, =Pla-5P3a+2Pa+ N, 6a=0=>N :EP,

BRi&u 8 ndi lue trén hinh 10.20b,c.d. n : @
b) Xdc dinh d theo didu kién bén. wal LTSI

Hink 10.20. Cho vidu 10.5
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c
o —of :Mx 6FPa 60Pa

e = R T s T g® T g

x

c MS  2M M

e = e = 2

Fod
Diéu kién bén theo thuy&t bén thit ba:

2 2
o, =+0l  + 412 _‘/[GO?J + 4[102{] <[s].
. i/\/(601%:)2 +4(10M )
> o] .

J(60.3.207 + 4(10.50)
12

cm= 7.78cm.

Thay s6: d = #
Chon: d =7,8cm.

BAI TAP CHUONG 10
10.1. DAm AD lién k&t va chiu luc nhu hinh 10.21.

bl

Hinh 1021,
Biét: [o]=10KN /em®y a=05m; h=2b=12cm; P,=3P,. V& biéu db luc cit vd Mémen
u6n pht sinh trong dim,

Bé qua dnh hudng ciia Ivc cdt, hiy xdc dinh tdi trong cho phép P, va P, dé dim thda

2a

man diéu kién bén.
10.2. DAm AD lién k&t va chiu Iuc nhu hinh 10.22.

; B M=q
L 2a Sa

Hinh 10,22,
Biét: [o]= I5KN /em?®; a = 0.4m; g=160KN /em.
V& biéu dd luc cdt va Mémen udn phét sinh trong dam,

Xdc dinh kich thudce b clia mit cdt ngang d€ dim thdéa bén theo tng sudt phdp.

10.3, Cot AC mit cdt ngang 1a hinh vuong kich thudc 252k, bi ngam chat tai C, ¢é dng suit
cho phép [O'] Tai A ¢6t chiu mét lve tip trung 2P tring vdi truc cla ¢dt, Tai B tdc dung lue P
cdch mép bén phii clia cdt mdt doan b (hinh 10.23), Hiy v& cdc biéu dé nodi luc xud't hién trong
cot theo P,b. Thiét lip phwong trinh cta dudng trung hoa tai cdc mat cdt nguy hiém. Cho
biét: [o-]: 10KN /cm’; P =180KN . Hiy xdc dinh kich thudc b theo diéu kién bén,
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2P
2P
FA[Z o Y 2
t A |
a
-
b
B a
h
ald
—_—
2a 25 —l(;
2b /s 7
= |||||I"II
LT |III
8
E—f Hinh 10.24,
Hink 10.23.

10.4. Cot ¢é mit cdt ngang chif nhit kich thudc a x b, lién két va chiu lyc nhy trén hinh 10,24,
Tai diém D & mit ngoai ciia cot, cach chdn cot va canh clia cdtcdc doan A/ 35 va a/4 ngudita
do dugc bi€n dang ty d6i theo phudng doc truc 1A &, = —1.107". Bi€n E=2.10"KN/cm’,
[0']: 1IKN/cem’y h=16a=20b=4m . V& biéu d6 ndi luc xuit hién trong cot theo P, b, Xdc
dinh @ng suit kéo va nén ldn nhit trong cot theo P, b, Xdc dinh dudng trung hoa tai mait cit
nguy hiém, Xdc dinh tri s6 cta luc P v kiém tra bén cho cot.

10.5,. Truc AB ¢6 dudng kinh d bi ngdm chit tai A, Tai B dudc han vio thanh BC cing tuyét doi,
Tai trong v kich thudc nhw trén hinh 10.25. Truc AB ¢6 médun din héi E vi md dun din hdi
trudt G,

m d
R s @
P=2m ¥
2a !X

a L)
V Hinh 10.26.

V& cdc bi€u do ndi luc xuit hién trong truc AB. Bd qua dnh hwdng clia luc cit, xdc dinh tng
suit 1dn nhi't xui't hién trong truc AB theo thuy&t bén wng suit ti€p cuc dai, (tinh theo P, a, d).
Tinh chuyén vi thing diing tai di€ém C theo P, a, d, E. Cho £ =25G,

10.6, Truc AD ¢é mit cit ngang hinh tron dudng kinh d dude d8 trén hai & trugt tai B va D, bd
qua ma sdt giita truc va cdc & trugt, Tai ddu A cla truc dude hin vao thanh AE, xem thanh AE
ndy cing tuyét doi, nim trong mit phing ngang vi vudng géc véi truc. Cdc tdi trong tdc dung
1&n k&t cdu va kich thude nhu trén hinh 10,26,

Bict: [o]=12KN/cem®; m=150KN.cm/cemy, a=03m.

Xdc dinh phin e tai cdc goi B, D v v& cdc biéu dé ndi lre xuit hién trong truc. B4 qua dnh
hwdng chia luc cit, Xdc dinh dudng kinh d clia truc theo thuy&t bén thit tw (Thuyé&t bén thé ning
bi€n dang dian hdi hinh ding).

Hinh 10.25.
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