UON NGANG PHANG CAC THANH THANG

CHUONG XI
UON NGANG PHANG CAC THANH THANG

Bai 26. CAC BDINH NGHTA VA PHAN LOAI-NOI LUC VA BIEU DO NOI LUC

|. Cac dinh nghta va phan loai
1. Binh nghia

Thanh bi uén ngang phéng la thanh chiu tac dung cua hé luc phang (gom
nhitng lvc vudng goc vai truc thanh hay nhitng ngau luc) nam trong mat phang
chtta truc thanh (mét phdng nay goi 1a mét phang tai trong).

Vi du: Céc truc truyén dong, cac dam cau, nha, dan can cau v.v...
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— Ngoai lyc tac dung co thé la luc tap trung, lwc phan bd hoac moémen tap
trung.

— Thanh cht yéu chiu uén goi ladam.

— Truc clia dam sau khi chiu udn cong van ndm trong mét phang ddi xtng
ctia dam thi sy udn dé dwoc goi laubn phang.

2. Phan loai
Tachiaudn phang lam hai loai:
— U8n thuan tay phang.
— U8n ngang phang.
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[1. Noi lwc — Qui wéc dau ndi luc

1. NOi luc
Rap 5 1 i TRB Xét dam AB chiu lyc nhu hinh vé:
A HD Y g — Dau tién phai xac dinh duoc cac phan
AN g o Iwe tai cac goi do A vaB
a1 b T phuong trinh can bang tinh hoc

ZMA:RBI—Pa:O
ZMB: —RA|+Pb:0

— Dung mét cdt 1 — 1 cat thanh tai diém D. Khao sat sy can bdng clia phén tréi.
DE phan trai can bang thi trén mdt cat ngang ctia dam xudt hién cac ndi luc Qy,
M,.

RB

Qy duoc goi laluc cat
Mx dugc goi [amdmen ubn Qy= Ra, Myx=Ra .2
* Dam chiu udn ngang phang khi trén moi mat ct ngang ctia dam, noi lwc chi
co lyc cat Q, vamémen ubn M,.
2. Qui wéc dau

+ Luc cat Q, cd dau (+) néu ngoai luyc sinh ra nd tac dung & phan dam dugc
xét c6 khuynh huéng lam cho phan dam d6 quay thuan chiéu kim dong ho quanh
trong tdm mat cat. Nguoc lai Qy c6 dau (-)

+ Momen ubn M, c6 dau (+) néu ngoai lwc sinh ra nd cé tac dung & phan dam
duoc xét c6 khuynh hwéng lam cho thé duéi dam bi kéo. Nguoc lai ¢6 dau (-)

Thé trén
/ o Q>0
X Phan phai
PhAN tréi ﬁ ____________ ] D i
\ Q>0
Thé dudi

[11. Biéu dd ndi lyc

Biéu dd ndi luwc 1a do thi biéu dién su bién thién clia lwc cit va mdémen udn doc
theo truc clia dam. Nho né ta dé dang tim dwoc cac mét cit va mémen ubn cd tri s6
|&n nhét. Cac mét cat do thuong 1a mat cat nguy hiém. Sau nay thwdong chon dé tinh
toan diéu kién bén.

Khi vé do thi ta qui wéc nhu sau:

o

V4 M,
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*Vidu
V& biéu dd lyc cat va mémen udn clia dam tua trén hai khap ban 18 A vaB,
chiu tai trong P nhu hinh vé

Rap 7 1 lp Rs
H :
77722 1 W 2

el

S

Peb
Giai I
a. Xéac dinh phan luc tai diém twa A vaB

T phuong trinh can bang tinh hoc
ZM/_\ = RBI -Pa=0
ZMB:—RAl +Pb=0

Suy ra Ry :$ ; R, :%Pb

b. Biéu do luc cat Q,
- Poan AC: Q=R, :%m
- PoanBC: Q=-R, :_%Pa

c. Biéu d6 mdmen udn M,
— Poan AC, tai mat cat 1 — 1 (tré)

My=Rp.zV0i0<z,<a (M, laham bac nhat theo z, can xac dinh hai

diém dé veé):
z,=00 M, =0
z,=al MX:Pab

o
— Doan CB, tai mit cét 2 — 2 (xét phan phai)
z,=00 M, =0

M,=Rg.z, Vv0i0<z,<b
xR 2 zzszMX:%Pab
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Bai 27. DAM CHIU UON PHANG THUAN TUY

I. Binh nghia

Mot dam goi la udn thuan tay phang khi trén mit ct ngang ctia dam chi c6 mot
thanh phan ndi luc 1A mémen un nam trong mit phang tai trong.

Cmo

o %

I1. U'ng sudt phap trén mét cat ngang
Xé mot dam c6 mdémen ubn tac dung & hai dau, ta thay:

Céc thd trén co lai
(vung chiu nén)

Mat ct ngang

—-H---p TR X
AN
P < Truc trung hoa
Céc tho dudi dan ra(
vung chiu kéo)

L&p tho trung hoa

Khi dam bién dang, cac thé trén co lai, cac th¢ dwdi dan ra. C6 mot 16p thé
khdng bi co cling khdng bi dan goi lalép thé trung hoa. Giao tuyén cla l6p
thd trung hoa v&i mét cit ngang dwoc goi latruc trung hoa, truc trung hoa
dwoc coi lathang nho thuyét bién dang nho.

K&t luan: Trén mat cat ngang ctia dam chiu uén chi cé (ng suét phap o.

Theo dinh luat Hooke, gilta (’ng sudt phap o va bién dang doc twong doi € co
[ién hé nhu sau:

o=E&g (*)

NEu biét dwgc bién dang, chung ta dé dang tim duoc sy phan bd (ng suét trén
mat cat ngang.

Mudn vay ta xét mot doan dam d, dugc cat bdi hai mitcat 1 — 1,2 - 2. Sau
khi bién dang, hai mat cat nay tao v&i nhau mot goc dé. Goi p 1abén kinh cong cla
thé trung hoa O;0..
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Vi thé trung hoa khéng bién dang nén

1 2
O O,
m n
1 2
d,

N\
0,0, = dz 0 0,0, = P. d(l)

Xét bién dang cla th¢ mn cach thé trung hoa mot khoang cach y. Chiéu dai
cla thd nay trudc khi bién dang lamn =d, = pdd

Vasau khi bién dang mn = (p +y) d¢
Bién dang doc twong d6i ctia thé mn bang

.= (pry)do-pdp _y
pdep P

Thay € vao (*) ozE% (+*)

Tai mdt mat cat ngang ban kinh p ¢ tri s6 xac dinh, E la hang s6. Vay qui luat
phan bd (rng sudt phap trén mat cat ngang la phang.

Omin
M A
—{—(F = Fm=X
s —
/ i Ynmax
! N
: Y
X . i A
: y <7 y Ykmax
' [f '

Giao tuyén clia mit phang (ng suét véi mat cat chinh 1a truc trung hoa Rd
rang (ring suat phap trén cac dwong thang song song véi truc trung hoa co tri sé nhu
nhau. Do d6 ta c6 thé vé biéu do phan bo (ng sudt phap don gian nhu trén.

Qua biéu d6 phan bé (rng suét phap trén mét cat ngang, ta thay:
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— Trén mét cat ngang chia lam hai mién: mdt mién chiu kéo vamién kia chiu
nén

— Céc diém co tri s6 (rng suat phap Ién nhat la cac diém xa truc trung hoa
nhat.

[11. Biéu thtrc lién hé gitra (rng suat phap va thanh phan moémen udn noi lwc
X é mat cat ngang c6 mémen uén M, ta co;

_ _E
M, —"[GEZIF—E"[ymF

Goi J, :!y [dF |a mdmen quén tinh clia mat cat ngang ddi véi truc trung hoa

Vay: MX:EJx hay 1M,
P p EL,
So sanh véi (**) ta suy ra cong thirc tng suat phap trén méat cdt ngang nhu
sau:
M
0g=—=
J, Y
- Néu y - ynmax 0 0-min =_&ynmax :_M:
JX WX
M, M

y - ykmax U O-max Jx ykmax :WE
(1) Déi véi mat cat ngang co truc trung hoa cling la truc d6i xing: mat cét
hinh chir nhat, hinh tron, chir | v.v... thi Ynmax = Yimax

O Ws=w?

7 s ~ 7 Y 7 7 ~ by M
Do do, ing suat kéo vanénlonnhétla o, =+ WX
min

X

Wy : Momen chéng ubn clia mat cat ngang (1a mdt dic trung hinh hoc cla
mét cét), don vi: m®

Khi W, cang I6n - (tng suat phat sinh trén dam cang nhd - kha nang
chdng udn clia dam cang lon. |

+ Mat cét hinh tron W, = 0,1d° A

_ 1o
+ M3t cit hinh tron réng W, = 0,1 D° (1 - a®) &
. d
Vol a=—
D y
i
2 2
+ Mt cét hinh chi* nhat W, :% hodc W, :b—6h h /é y
) al Y
+ Maét cat vubng W, :E I<_T)>|
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(2) D6i v6i cac mat cat ngang khong doi Xing thi Y, ae # Vome O Wi = W

. M, ..
Dodo 0., =——>* VoI W, = !
Wn ykmax
M -
Opin =—— VOI W, = !
a)n ynmax
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Bai 28. DAM CHIU UON NGANG PHANG

I. Binh nghia
Mot dam goi laudn ngang phang khi trén mit cat ngang cta n6 cé hai thanh
phan ndi luc 1alyc cat Qy vambémen ubn Mx (hodc Qy vaMy)
|
|
|
My |
_._._._.(I_._.__._._> X
Y
|

vy
I1. U'ng sudt phap trén mét cat ngang

Khi bi uén ngang trén mit cit ngang clia thanh khdng nhitng c6 (rng suét phap
do mémen udn ma con co tng suét ti€p do luc cat gay ra. Néu tach ra tai diém A trén
mat cit ngang cta thanh mot phan t6 hinh hop toa dd (c6 cac mét song song v&i mét
toa dd) ta sé thdy phan t6 do bi bién dang truot, cac goc vudng cua né khdng con
vubng nita. Hién twgng nay cling véi hién tueng truc bi udn cong, 1am cho cac mét cét
ngang ban dau (trwdc khi chiu lwc) khdng con phang niva sau khi bi uén ngang.

Ban dau
(trwéc bién dang)

My

My (7

P

— Sau hién dang
Sau bién dang udn ngang

udn thuan tay

Mac di vay theo nhitng két qua nghién ciru sau hon clia co hoc vat ran bién
MX

dang, cong thirc xac dinh (ng suét phap trén mat cat ngang la o, = —=Ly van ding

ddi vai truong hop tiét dién cda thanh la hinh nhit nhat hep va biéu dd mémen uén cé
dang bac nhét. Trong céac truong hop khac cong thirc dé van dung duoc véi sai s6
khéng lon.

Nhu vay, chi con phai tim cong thirc tinh (ng sudt tiép do luc cat Qy gay nén.
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I11. Ung sudt cat trén mat cit ngang

Pé cho don gian mét cat ngang cua thanh l1a mot dai chir nhat hep (nghia la
chiéu rong b nhé hon chiéu cao h vabiéu d6 mdmen udn cé dang bac nhat).

Téch khdi thanh mot doan vo cung bé bang hai mit cat 1 — 1 va 2 — 2 céch
nhau mdt khoang d,, sau d6 bang mit cdt ABCD song song va cach mit phang Oxz
mot khdang y chia doan thanh nay thanh hai phan va xét phan khéng chira géc O
(ABCDEFGH)

' 7 <>
Q Kaz_\/
{'_L _________ &} oo /o</
M M, + dM, DS o
y DQA \%fgfz
1 d; 2 G\//Gzz E
F

y

Goi 0,1 Va0, lating sudt phap trén cac mat cdt1-1va2-2,AB =Db(y) va
F, ladién tich cia mat cat ABEF. Ta co :

M, M, +dM,
021: J 0-22:‘]—@

X X

Lwc doc trén cac mat F cla phén thanh dang xét

N,, !’czl Cdl

N, !’022 F=M !' y dF

y

Vidv, #0 n{an N,1 # N, do dd trén mit cdt ABCD phai c6 ndi luc T thoa
man diéu kién can bang.

>Z=0nghialaN,—-N,; =T
Nhu vay trén mét cat ABCD phai c6 (rng sudt tiép Ty, .

V6i mét cét 1a dai hinh chit nhét hep, c6 thé giasir (ing suat tiép Ty, phan bo
déu theo bé rong clia mat cat. Ta co :

T=1y,.b(y) dZ

M, +dM J, dF—

=1,,b(y)d,

=7,,0(y)d,

halyOI
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M, +dM M
o —Z——>(ydF-——*([ydF=r,bly)d
e s sbie
dv

hay =~ ! ydF =1,,b(y)d,

xR

S« (y) la mémen dién tich cap mot (mdément tinh) ctia dién tich F, d6i véi truc
trung hoax.Vay cudi cung ta sé cé biéu thirc.

_ .95
o 3,b(y)

Cong thtrc nay duoc goi la céng thirc Jurovxky
Ung sudt tiép Ty, cling chiéu v6i luc cat Q, vy
|

=
dtl

W
t

Tmax

T
f
f
f

—>—> [—>—>

=4

|
U'ng suét tiép phan b6 trén Ung suét tiép phan bb

mat c&t ngang hinh chi trén mét cat ngang hinh
nhat tron
3 4
T == Tmax ==
mx 9 F 3 F
Q : giatri tuyét d6i cia luc F : dién tich mat cat
cat (N) ngang (m?)

IV. Biéu kién bén déi v&i dam chiu udn ngang phang
Déi véi dam chju ubn ngang phéng, trén mét cat ngang cd c& ¢ng suét phap va
trng suat tiép. Nhung thwdng thi anh hwdng cla (rng sudt ti€p khong dang ké nén co thé
bd qua.
1. Biéu kién bén
a. DO0i voi vat liéu déo
[0W] = [0, = [0] nén trong hai tri O Oya VA Onin ta chi can chon tng
suat nao co giatri tuyét doi Ion nhat dé so sanh véi [o]
. M
Taco: o, =—"™ <[]
W,

X

b. DG6i v6i vat liéu don: ¢d [o] khac [o,] nén:

M
= S[Ok]

max Kk
X
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0-min = MW—HFX = [Gn]

Truwdong hop mit cit ddi xing véi truc trung hoa, chit nhat, tron, vuéng
V.V ...thi  Opa = Oominvavi [0,] <[o,] nén diéu kién bén |
M

0-max = V\r/’nax SI:O-k]

X

2. C4c bai toan co ban
— Bai toan kiém tra bén
— Bai toan chon mit cét ngang
— Bai toan tinh tai trong cho phép

* Chuy: Trong mot s it truong hop, tai mat cat ngang ¢ lyc cat Q, 16n so véi
modmen udn M, (dam ngan hay g6i) thi ngoai viéc tinh do bén theo (rng suét phép, ta
phai ki€ém tra bén theo ('ng suét ti€p Tmax < [T]. y

* Vidu
o RA q RB %
= X

4

MGt dam béng go chiu tai trong phan bd déu g = 14 KN/m. Dam c6 chiéu
dai | = 4m mat cat ngang dam hinh chir nhat véi h = 27cm b = 17cm, (ng suat
cho phép clia gd 1a [o] = 10MN/m? [1] = 2 MN/m?. Hay kiém tra do bén cta
dam.

Giai

RA q RB

2

28KN

Nl

28KNm

* Tinh noi lvc vavé biéu do ndi luc
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Hop luc ciag laQ =q

— Mt cit co mdémen ubn lon nhét 1a gitra dam

M,x =Ra [—L—q.l.l—:ZSKNm
2 24

— COn voi (ng sudt tiép thi mit cat ngang tai cac gbi d& 1a mét cit nguy hiém
Quo =Ry =05 =0 (gia dam)
(Tong quéat v&i dam don gian twa tv do trén hai gbi d& chiu tai trong phan bo

2
déu toan phan ta luén c6 Q,, :%I va M, :%)

— M6men chdng udn clia mit cat ngang clia dam

— Dién tich mat cat ngang clia dam
F=27.17 = 459 cm? = 459 . 10" m?
Kiém tra bén theo (*ng suét phap

_M, _ 2810° _ 5N Can e N
O =y =507 1075 = 13510 %n , Jo]=10.10 %n ,

X

*

*

Kiém tra bén theo (*ng sudt tiép

3
T, = 1,5 2max — 1,5[-»% =0,915.10° '\/ ,
F 459.10 m

K&t luan: Dam khong dam bao do bén
CAUHOI ON TAP

1. Thé nado lathanh chiu udn ngang phang? Cho vi du .

2. Luc cat Q vamomen udn M, 1agi? Qui tic xac dinh tri s6 Q vaM,.

3. Trinh bay sy phan bd va cong thirc tinh (rng suét phap trén mét cat ngang clia
dam chiu uén phang thuan tuy.

4. Viét va giai thich cong thirc tinh mémen chdng udn ctia cac mét cat hinh chir
nhat, tron dac, tron rong, vuéng.

5. Trinh bay sy phan b6 va viét cong thtrc tinh (ing sudt phap trén mat cat ngang
clia dam chiu uén ngang phang.

6. Qng suat ti€p do thanh phan ndi luvc nao gay nén? Phan bd nhu thé nao trén mat
cat ngang?

7. Trinh bay diéu kién bén clia dam dwa vao (rng suat phap, cong thirc tinh ba bai
toan co ban.

8. Khi nao can kiém tra diéu kién bén vé (rng suét ti€p?
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