GV: Lé Pdc Thanh

Chuaong 2
LY THUYET NOI LUC
2.1 KHAI NIEM VE NOI LUC - PHUONG PHAP KHAO SAT - UNG SUAT

1- Khai niém vé ndi luc:

Xét mdt vat thé chiu tac dung cla ngoai luc va & trang thai can bang
(H.2.1). Truéc khi tac dung luc, gitia cac phan ti cla vat thé ludn c6 céc
lic tuong tac gili cho vat thé cé hinh dang nhat dinh. Duéi tac dung cta
ngoai lyc, cac phan ti cla vat thé cé thé dich lai gan nhau hoac tach xa
nhau. Khi dé, Iuc tuong tac gilia cac phan ti cla vat thé phai thay déi dé
chéng lai cac dich chuyén nay. Su thay déi cla luc tuong tac gitia cac
phan t trong vat thé dudgc goi la néi luc.

M6t vat thé khéng chiu tdc dong nao ti bén ngoai thi dugc goi la vat
thé & trang thai tu nhién va ndi luc cla né dudgc coi la bdng khéng.
2-Phuong phéap khao séat ndi luc: Phuang phap mat cét

Xét lai vat thé can béng va 1 diém C trong vat thé (H.2.1),.

Tudng tugng mdt mat phang I1 cit qua C va chia vat thé thanh hai
phan A va B; hai phan nay sé tac déng lan nhau bang hé lyc phan bé trén
dién tich mat tiép xuc theo dinh luét luc va phan luc.

Né&u tach riéng phan A thi hé luc tac dong ti phan B vao né phai can

bang véi ngoai luc ban dau (H.2.2).
P1
P,
Ap
Ps AF

P

H.2.1 Vat thé chiju lyc can bang H.2.2 Noi lyc trén mat cat

Xét mdt phan t8 dién tich AF bao quanh diém khao sat C trén mat cat
IT1 c6 phuong phéap tuyén v. Goi 4p la vector ndi luc tac dung trén AF . Ta
dinh nghia Gng sudt toan phan tai diém khao sat la:
p=lim P =P
SOAF  dF
Thd nguyén clia Ung sudt 1a [luc]/[chidu dai]? (N/m?, N/cm?Z..).
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Ung sudt toan phan p c6 thé phan ra hai thanh S op
phan: @ch

+ Thanh phan Ung sut phap o, c6 phuong
phap tuyén clia mat phing I1 Hinh 2.3 Cac thanh

+ Thanh phan (ng suét ti€p 7, ndm trong mat phan
phang I1 ( H.2.3).

Cac dai lugng nay lién hé véi nhau theo biéu thuc:

bl - ot (2.1)

Ung sudt la mét dai lugng co hoc dac trung cho miic do chiu dung cla
vat liéu tai mot diém; Ging suat vugt qua mét gidi han nao doé thi vat liéu bi
pha hoai. Do dé, viéc xac dinh ting suét |a co s§ dé danh gia dd bén cla
vat liéu, va chinh la moét noéi dung quan trong cia moén SBVL.

Ung suét

Thua nhan: Ung suat phap o, chi gay ra bién dang dai.

Ung suét tiép - chi gay bién dang géc.
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2.2 CAC THANH PHAN NOI LUC - CACH XAC DINH

1- Cac thanh phan néi luc:
Nhu da biét, dbi tugng khao sat ciia SBVL la nhiing chi tiét dang thanh,
dac trung b&i mat cat ngang (hay con goi 1 tiét dién) va truc thanh.

y

H.2.4 Cac thanh phan ndi luc

Goi hgp Iuc cla céac ndi luc phan bd trén méat cat ngang cha thanh 1a R.
R c6 diém dat va phucdng chiéu chua biét .

Dd&i R vé trong tam O cla mat cét ngang = {Luc R c6 phuang bat ky

Mémen M
P&t mot hé truc toa dd Descartes vudng géc ngay tai trong tam mat cét
ngang, Oxyz, vGi truc z trung phap tuyén cla mat cat, con hai truc x, y
nam trong mat ct ngang.
Khi do, c6 thé phan tich R ra ba thanh phan theo ba truc:
+ N,, theo phuong truc z (L mat cét ngang) goi la luc doc
+ Q, theo phuong truc x (ndm trong mat cat ngang) goi la luc cét.
+ Q, theo phuong truc y (ndm trong mat cat ngang) goi la lyc cat.
Modmen M ciing dugc phan ra ba thanh phan :
+ Momen M, quay quanh truc x goi la mémen uén .
+ Mémen M, quay quanh tryuc y goi la mémen uén .
+ Mdmen M, quay quanh truc z goi la mémen xodn.
Sau thanh phan nay dugc goi la cdc thanh phdn néi luc trén mat cét
ngang (H.2.4)
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2 Céach xac dinh:

Sau thanh phan ndi luc trén mdt mat cit ngang duge xac dinh tu
sau phuong trinh can bang doc lap cta phan vat thé dugc tach ra, trén
dé c6 tac dung clia ngoai luc ban dau P, va cac ndi luc.

Cac phuong trinh can bang hinh chiéu cac luc trén céac truc toa do:

YZ=0=N,+) P,=0=N,

i=1

SY=0eQ,+ YR =0=0Q, (2.2)

trong do: Py, Py, P; - 1a hinh chi€u cla lyc P;xudng cac truc x, y, z.
Céac phuong trinh can bang médmen ddi v3i cac truc toa do ta co:

XM/Oxe M, +> m(P)=0=M,

i=1

SM/Oy &M, +3m(P)=0=M, (2.3)
i=1

XM/0z& M, +> m(R)=0=M,

i=1

véi:my(P;), m,(P,), m,(P;) - cac mémen cla cac lyc P; doi véi cac truc x,y, z.

3-Lién hé gitia ndi lyc va Gng suat:

Cac thanh phan ndi luc lién hé véi cac thanh phan Ging suét nhu sau:

- Luc doc la téng cac Ung suat phap

- Luc cat |a tdng cac Uing sudt ti€p cung phuong véi nd

- Médmen ubn 1a tdng cac mémen gay ra bdi cac Ung suét ddi véi truc x
hoac y

- Médmen xo&n la téng cac médmen cla cac Uing suét tiép ddi vai truc z
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2-3 BAI TOAN PHANG:

Trudng hgp bai toan phéng ( ngoai luic ndm trong mdt mat phang ( thi
du mat phang yz)), chi c6 ba thanh phan ndi luc ndm trong mat phang yz :
N., Q,, M,.
¢ Qui uéc dau (H.2.5)

P P
. N P ! Q>0 7]

- Lyc doc N, > 0 khi gay kéo X o W0 /
doan thanh dang xét (c6 chieu ™ <~ NPrso0 nso o G ==
hudng ra ngoai mat cat) P X Q>0 X5

. y

- Lyc cat Q, > 0 khi lam quay

doan thanh dang xét theo chiéu kim Hinh 2.5: Chiéu duang
ddng hb cac thanh phan néi

- Mébmen uén M, > 0 khi cang
thé dudi ( thG y duong ).

My>0 M, > 0 M. <0 <0
X X

Mbébmen M x>0, MObmen M 4x< 0

¢ Cach xac dinh:

Dung 3 phuang trinh can bang tinh hoc khi xét can bang phan A) hay
phan B)

TU phuong trinh ¥Z=0= N,
Tu phuong trinh XY =0 = Q, (2.4)

Tu phuong trinh £ M/o = 0 = My

Chuong 2: Ly Thuyé&t Noi Luc 5



GV: Lé Pdc Thanh

Thi du 2.1 Xac dinh cac tri s6 ndi luc tai mat cat 1-1 cla thanh AB, véi :
g= 10 kN/m; a= 1m; M,= 2ga°. ( H.2.6)

P —_
q | , M=
__ A 2¢a B
k
Ha 1,5a |,1
1
a L a
Va 1 Vs
q A= "
At _t V1 1 ona [ N
N ay /
Va 1,5a L
il
H.
2.6
Giai.

Tinh phan luc: Giai phéng céc lién két va thay vao do bang cac phan luc
lién ké,t VA, HA, VB.
Viét cac phuang trinh can bang tinh hoc khi xét can bang thanh AB
>Z=0=Hx=0
ZY=O:>VA+VB-qa—P=O
SMi=0= qaxg+an-M0 ~V,x2a=0
11

= Hy =0; Vi =" qa=215kN; VB:%qa:2,5kN

Tinh ndi luc: Mat cat 1-1 chia thanh lam hai phan.
Xét su can bang cla phan bén trai (H.2.6) :
>Z=0=N=0

>Y =0 :VA—qa—P—Q=0:>Q=—%qa=—2,5kN
Z'\V =0=>M :VAxl,Sa—qaxa—anxizgqaz=21,25kNm
O, 2 8

Né&u xét can bang clia phan phai ta cling tim dudc cac két qua nhu trén.
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2.4 BIEU DO NOI LUC ( BAI TOAN PHANG )

1. Pinh nghia: Thudng cac ndi luc trén cac mat cat ngang clia mét
thanh khoéng gidng nhau.

Biéu dd noi luc (BDNL) la do thi biéu dién su bién thién cla cac ndi luc
theo vi tri clla cac mat cat ngang. Hay goi la mat cat bién thién.

Nh& vao BDNL c6 thé xac dinh vi tri mat cat c6 ndi luc I6n nhat va tri
s0O ndi luc ay.

2. Cach vé BDNL- Phuong phép giai tich:

Pé vé biéu dd ndi luc ta tinh ndi luc trén mat cét cat ngang & mot vi
tri bat ky c6 hoanh dé z so véi mét goc hoanh dé nao dé ma ta chon trudc.
Mat cat ngang chia thanh ra thanh 2 phan. Xét su can bang cta mdt phan
(tréi, hay phai) , viét biéu thic giai tich ctia ndi luc theo z..

Vé dudng biéu dién trén hé truc toa dd c6 truc hoanh song song VGi
truc thanh (con goi 1a dudng chuin), tung dd cla biéu do ndi luc sé dugdc
dién ta bai cac doan thang vudng géc cac dudng chuan.

Thi du 2.2- V& BDNL cla dam mut thtia (H.2.7)
Giai 1

2
Xét mét cat ngang 1-1 cé hoanh do e « ’;
zsovGigbc A, tacd(0=<z<]) A
Biéu thiic giai tich cta luc cat : Q. P
va mdmen udn tai mat cat 1-1 N .é' K 5
dugdc xac dinh ti viéc xét can bang M
phan phai clia thanh: @ (MR T -

>Z=0=N=0

2Y ~0=Q,-P=0=0,=F @[T TErree

M/ _ - __p(l—
2/31—0 =M, +P(-2)=0=M, =-P(l-2) Mj

Cho z bién thién ti 0 dén /, ta sé dugc
biéu dd ndi lyc nhu trén H.2.7.
Qui u6c:+Biéu db lyc cat Q, tung dd ducng vé phia trén truc hoanh.

Hinh 2.7

+Bi€u d6 mémen uén M, tung do dudng vé phia dudi truc hoanh.
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(Tung dd cla biéu d6 moémen ludn & vé phia thé cing cla thanh).

Thi du 2.3 — V& BDNL clia dam don gian chiu tai
Giai

phan bd déu g (H.2.8a).

Phan Iuc: B cac lién két tai A va B, 5 _ JIITIITTII1}1@
> . 2 -y K R
thay bang cac phan lyc ( H.2.8a). a o od . 4
N L | IV
YZ=0> HA=0. i{{$1'1>1‘1_> 2
Dod6ixU’ng:>vA:vB:q_2' b Vi, N s
: V
NOi luc: Chon truc hoanh nhu trén d@
H.2.8b. Xét mat cat ngang 1-1 tai K c6 ¢ 2 & El:@]j/g
hoanh dd 1a z ( 0 <z < [). Mét cat chia 4 @’vmﬂﬁﬂﬂw
thanh lam hai phan. . Ho.8
Xét can bang cla phan bén trai AK
(H.2.8b)
Tl cac phuong trinh can bang ta suy ra:
>Z=0=N, =0
ql I
LY =0=Q =—-q=4G-2)
I 2
>M/O,=0= sz%z—q% =q?Z(|—z)

Qy la ham bac nhat theo z, M la ham bac 2 theo z.
Cho z bién thién tu 0 dén /ta vé dudc cac biéu dd ndi luc (H2.8).
Cu thé: +Khiz=0 = Q,=ql/2, My=0

+Khi z=/= Q, = -gl/2 , M, = 0

+Tim M, oy vy bANg céach cho dao ham dM,/ dz =0,

gl |
2 0V=>z72=—
q = >

dM,/dz =0 &

=M

ql”
xmax = g
Qua cac BDNL, ta nhan thay:

Luc cat Q, co gia tri I6n nhat & méat cat sat goi tua,
Mdmen udén M, c¢é gia tri cuc dai G gitia dam.
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Thidu 2.4 V& BDNL cla dam don gian chiu lyc tap trung P ( H.2.9a) .

Giai
Phan lyc: Cac thanh phan phan luc tai cac géi tua la:
Hy=0;V, :P—b' Vg _La

1’ l

NoOi luc : Vi tai trong c6 phudng vubéng géc véi truc thanh nén luc doc
N, trén moi mat cat ngang cd tri s6 bang khéng.

Phan doan thanh: Vi tinh lién tuc clia cadc ham s& giai tich biéu dién
cac ndi luc nén phai tinh ndi lyc trong tiing doan clia thanh; trong moi doan
phai khéng c6 su thay déi dot ngdt clia ngoai luc .

¢ Doan AC- Xét mat cat 1-1 tai diém K trong doan AC va cach goc A
métdoan z, (0 <z <a).

Khao sat can bang cla phan bén trai ta dugc cac biéu thic giai tich cta
noi luc:

R @
M, :VA.Z:P—bz:—P(l_a)z
! !
P
, —2 b |
¢ Doan CB- Xét mat cat 2-2 tai diém K, y A%{f - 1K, 2K, 7;73
Trong doan CB cach goc A mét doan z , ( a y 1 2 i2
N A Vg
<z <I). Tinh ndi luc trén mat cat 2-2 bang 1{ )""* M,(
~ 2 . 21 - Cc
cach xét phan bén phai (doan KyB). Ta ;’ Va a, e )
: P
e P ¢ M 2
=V =-2 ) 3 Pa
v l Pa (b) e) A l
M, =Vp-2)=—=(1-2) :éﬁ I D:‘:D;@
Tu (a) va (b) dé dang vé dugc céac biéu H.2.9

do ndi luc nhu H.2.9d,e.
Trudng hgp dac biét : Néu a=b= L/2, khi d6 mdmen cuc dai xay ra tai gilia
dam va co6 gia tri: M. = PL/4
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Thi du 2.5 V& BDNL cla dam daon gian chiu tac dung ctia mémen tap trung
M, (H.2.10a.)
Giai
Phén Iyc: Xét can bang cla toan dam ABC = cac phan lyc lién két tai
AvaBla: H,-0; v,-v, :# , chiéu phan luc nhu H.2.10a.

Noi luc:
Poan AC: Dung mat cat 1-1 cach goc A . O
. , 1K, Ko
mot doan z; ;(0 < z; < a ).Xét can bang cla , *X | ¢ ] 7;7'3
doan AK; bén trai mat cat K; = cac ndi luc L -2
M VA MX1 sz ) VB
Vi :_VA:_ > K4 1
nhu sau 'M (c) o [ 1 ) (/2 o
M, =V, =——27 Va ay, a i~z | W
| Y2 ,
Poan CB: Dung mat cat 2-2 trong doan @) [ [ [ [[TTITI]]] M
CB cach géc A mot doan z v6i (a< z2< /). .,
Xét can bang cla phan bén phai K,B = céc (W)
bi€u thiic ndi luc trén mat cat 2-2 la: Mo a)
M
Qy2 =V, =— Io H.2.10
M (d)
MxZ =VB(I_ZZ):TO(I_22) OMO B
a) l 7;7
BDNL dugc vé tu cac biéu thic (c), (d) cua noi " w
lyc trong hai doan (H.2.10d-e). s @[T |©’| TTTTTTT] |'|
My

o v A n n ) v
Trudng hgp dac biét: Mébmen tap trung M,

dat tai mat cit sat géi tua A (H.2.11). ;@ R

*M,
Q, va M, sé dudc xac dinh bdi (d) Ung vdi H.2.11

a=0.BbNL vé nhuH.2.11
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Cac nhén xét :

- Ndi nao c6 luc tap trung, biéu d6 Iuc cat nai dé cé budc nhay. Tri s8
clia buéc nhay bang tri s6 luc tap trung. Chiéu budc nhay theo chiéu luc
tap trung néu ta vé tu trai sang phai

- NGi nao c6 mdémen tap trung, biéu d® mémen udn noi dé c6 budc
nhay. Tri s& cla budc nhay bang tri s6 mémen tap trung. Chiéu budc nhay
theo chiéu mémen tap trung néu ta vé tu trai sang phai

Kiém chiing cac nhan xét :

e i
: ng | Mj%f_._._ty

H. 2.12

Khéao sat doan Az bao quanh mét diém K ¢6 tac dung luc tap trung Py ,
momen tap trung My ( H.2.12b).
Viét cac phuang trinh can bang =
Y=0= Qi+Py-Q, =0=>Q,-Q; = Py (i)
YM/k=0= M;+Mg- M, + 01% -Qg% =0

Bd qua vo cung bé bac mot 01%, Qg% , = Mo-My =M (ii)

Biéu thuc (i) da kiém chiing nhan xét vé budc nhay cla biéu db luc cat.
Biéu thuic (ii) da kiém ching nhan xét vé budc nhay cua biéu dd mémen.

Chuong 2: Ly Thuyé&t Noi Luc 11
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2.4. LIEN HE VI PHAN GIUA NOI LUC VA TAI TRONG PHAN BO TRONG
THANH THANG

Xét mot thanh chiu tai trong bat ky (H.2.13a). Tai trong tac dung trén
thanh nay la luc phan bo theo chiéu dai c6 cudng dd g(z) cé chiéu duong
hudng lén (H.2.13b).

q(z)

M, q(z) Q, My dM
2 et @
r9§9- z dz 7737 Mx}f it\\%yf aQ

’IL dz
1
a) H. 2.13 b)

2

Kh&o sat doan thanh vi phan dz, giéi han bdi hai mat cat 1-1 va 2-2
(H.2.13b). N&i luc trén mat cat 1-1 1a Q, va M,. NGi luc trén mat cat 2-2 so
v6i 1-1 da thay doi mét lugng vi phan va tré thanh Q, + dQ,; M, + dM, . Vi
dz 1a rdt bé nén c6 thé xem tai trong la phan bé déu trén doan dz.

Viét cac phuang trinh can bang:
1-Téng hinh chiéu cac Iuc theo phudng diing
SY =0= Q,+q(z)dz - (Q,+dQ,) =0

d
= q(z) = (Zy (24)

Pao ham cua luc cat bang cuong dé cua luc phdn b6 vubng géc Vdi truc
thanh.
2- T(“Sng mdmen cla cac lyc ddi véi trong tam mat cat 2-2 ta dudgc:
YM/0, = 0 = dez+q(z)-dz-%+Mx—(Mx+de)=o

2 n AY 7z o H 2
BoO qua lugng vO cung bé bac hai q(z)-‘% =

dM,
=Q, (2.5)

Pao ham ctia mémen ubn tai mét mat cat bang luc cdt tai mat cat do
TU (2.4) va (2.5) = d;Mx _ 42 (2.6)
¥4

5 =

nghia la: Pao ham bdc hai cia mémen ubn tai mét diém chinh la bang
cudng dé cia tai trong phdn bé tai diém dé.
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Thi du 2.6 Vé BDNL cho dam

P . Ve 2 2 1 qO
don gian AB chiu tac dung cua tai Am
han bé bac nhat nhu H.2.14. b 1 B
p = a) 1 , | 1 1
Giai V, |1 Vs | Vo= 0ol
.Phan lyc: Giai phoéng lién 5 '1 M,
két, dat cac phan lyc tuong ing 6 ®  |,_1,, g
Ve A 7 n v 2 N © 6
cac goi tua, xeét can bang cua toan %"l
thanh, ® \
9 3 Q
ZX =0= H, =0, 6
1 | 1 M
ZM/BzO:VAI:Exqolxgszzgqol maz
> Y=0= vB=%q0| 4
H.2.14

.NOi lyc: Cudng dod cua luc

phan b6 & mat cat 1-1 cach géc A médt doan z cho bai: q(z)= qo lE

Dung mat cét 1-1 va xét sy can bang clia phan bén trai (H.2.14b).

2
Y = _V, g = Db 22
2Y=0= @, = Vi-qg = -7 (e)
- _ %l 2z _ gl a7
>M/o;=0= M, = i q(,z)><2><3 = 6% g (g)

Tu (e) va (g) ta vé dudc biéu dd luc cat va médmen cho dam da cho.
Céc biéu dd nay c6 tinh chat nhu sau:

Bi€u db luyc cat Q, c6 dang bac 2. Tai vi tri z= 0, g(z) = 0 nén & day
biéu do Q, dat cuc tri: (Q))z-0 = Qmax = a,1/6

Biéu d6 mémen udn M, c6 dang bac 3. Tai vi tri z=1/¥3; Q, = 0. Vay tai
day M, dat cuc tri:
VR

max =~ 9\/5

(M)

&~
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Thi du 2.7 V& BDNL cho dam chiu lyc tdng quat (H.2.15)

Giai

Phéan lyc: Giai phéng lién két, xét can bang
toan thanh, suy ra phan lyc lién két tai A va

C la:

Hy=0, Va=2qa; Ve =2qa

Noi lyc:

P =2qa

q
M°=qa2 3 ,
AR ERRRE!

q\’?

I RERR!
[

/VA =2qa
a

B l2 CS
/

* Poan AB: Mat cat 1-1, géc A (0 < z < a),

xét can bang phan trai

gz

{Ql = 2g9a-qz
M, = 2qaz - L~
1= 2qaz -5

* Doan BC: Mat cat 2-2, goc A (a < z< 23)

va xét can bang phan trai:

Q@ = —qa
3 9
M, = —qaz+§qa

11 i3
r4

VA=
2qa

D

V.

| ¥
a N/
— 2t

)Mz

Q.

()

q
T 1o 11T
q

oko
D Q9

Y .
\

H.2.15

* Poan CD: Mat cét 3-3, géc A, (2a < z< 33) xét can bang phan phai:
Q;

w (15

(8a-2)?

M; = -q 2

{Qg = qBa-2)

Biéu d6 moémen va luc cat vé nhu H.2.15.

o

q

LT

(2a<z<3a)

Chuong 2: Ly Thuyé&t Noi Luc
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Thidu 2.8 V& biéu do ndi luc trong khung chiu tai trong nhu trén H.2.16.

q © 5
5 4a
a
o [TTE 1] i :
| K, P=gqa
B 2z C
q P 5, @ @ = @
2
a
1 K, 1 3 K| 3l4 2qa
5
2 z, a) 2;’ b
A D 5)
7 2 Qe |2§
2 —a q
vV 2 v ff B a
A D ] q %qaz
Hinh 2.15 2q > a > 3q°
i (w) ;
—q
2
C a
q <_‘ a s
parabol a
5
e =
2 9 5
a ?q
c H..16 ¢ a
) ” )
T
Giai

Tinh phan luc lién két
Xét sy can bang cla toan khung dudi tac dung cla tai trong ngoai va
cac phan lyc lién két ta suy ra:
YNgang=0=Ha=0

ZMA)=0 = Vaxa+qax%+qa2+qaxa=0—>VA=—gqa
] 5 . N
2Ding=0=Va+Vp=0=Vp= + S ( Bung chiéu da chon)

Vay chiéu that cla V, ngudc véi chiéu da chon
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V& biéu dd noi luc

Poan AB: dung mat cat 1-1 va xét can bang doan AK; ta dugc:

Nl = Eqa Q,
Q, = 2qa -qz; (0 SZ1S3) E‘l;
gz}
M, = 2qgaz; - — 2 } 5
1 qaz; 2 q

Poan BC: dung mat cét 2-2 va xét can bang doan ABK, ta dudc:

2 M,
] K| N W
B, )
N, = qa
5
a Q2 = —Eqa (OSZQSa)
5 5 5
M, = —ga” ——qaz
2 2‘1 2‘1 2
A
2q 3aq
a

Poan CD: dung mat cat 3-3 va xét can bang DKj;

N,

M3
™
k. @
N3 = —gqa <
z.’i
Kiém tra sy can bang nut a

P&i v6i khung, cé thé kiém tra két qua bang viéc xét can bang cac nut.
Né&u tach nut ra khoi hé thi ta phai dat vao nut cac ngoai luc tap trung
(néu cd) va céc ndi luc tai cac mat cat, gia tri cla chung dudc |ay tu biéu
do viia veé.

Sau khi dat cac Iyc trén, néu tinh dung cac ndi lyc & cac nut thi nut sé
can bang, nghia la cac phuong trinh can bang dugc théa man. Ngudgc lai,
néu cac phuong trinh khéng théa man thi cac noi luc tinh sai.
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Cu thé d&i v6i khung dang xét, ta tach nat B va dat vao dé6 mémen tap
trung ga® va cac thanh phan néi luc trén cac doan thanh ngang va ding
nhu H.2.16d:

- Tai mat cét trén thanh ngang c6 luc doc +ga hudng ra ngoai mat cat,
lic cét 5442/2 c6 chiéu huéng I1&8n va mémen 5442/2 gay cang thS dudi.

- Tai mat cét trén thanh diing c6 luc doc +5¢a/2 hudng ra ngoai mat cat
(hudng xudng) luc cét +ga huéng ti phai sang trai va mémen 3442/2 gay ra
cang thd trong khung nén chiéu quay cé mii tén hudng ra ngoai.

Ta dé dang thdy cac phuong trinh can bang théa man:

2X=0;2Y=0;2MB=0

Tuong ty, tach nut C va dat vao dé lyc tap trung ga hudng tu trai sang
phai va cac thanh phan noi lyc trén cac doan thanh ngang va ding nhu
H.2.16d.

- Tai mat cét trén thanh ngang c¢6 luc doc +ga hudng ra ngoai mat cat,
lic cat —5¢a/2 c6 khuynh hudng lam quay phan doan thanh dang xét ngugc
chiéu kim déng ho nén c6 chiéu huéng xudng, con mémen thi bang khang.

- Tai mat cat trén thanh thang ding ton tai luc doc -5¢¢/2 c6 chiéu
huéng vao mat cat (huéng lén) va khdng cé luc cét cling nhu mémen,.

Ta dé dang thdy rang cac phuong trinh can bang dudc théa man:
Y X=-ga+ga=0; DY =—gqa+gqa=0; > M/B=0

Vay céac nut B va C déu can bang nghia la cac hé ndi lyc tai cac
nut dung.

Thidy 2.9 Vé BDNL trong thanh cong (H.2.17)
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Giai

Cét thanh tai tiét dién
1-1, xac dinh bai géc ¢ (0
< @ < 90°), xét can bang
cla phan trén dudi tac
dung cla céac ngoai luc
va cac thanh phan ndi luc
dat theo chiéu duong quy
uéc nhu H.2.17b.

Phuong trinh  cén
bang hinh chiéu céac luc

theo phuong phép tuyén véi matcadtcho: N = 2Psing — Pcosg =

P(2singp — cos¢) (a)
Phuong trinh can bang hinh chiéu céc luc theo phudng dudng kinh
cho: Q = 2Pcos¢+ Psing = P(2cos¢ + sing) (b)

Phuadng trinh can bang clia cac mémen céac lyc déi vai trong tam mat
cat dan dén:
M = —2PRsinp— PR(1 —cosp) = — PR(2singp+ 1 — cosg) (c)
Cho ¢ mét vai tri s6 dac biét va tinh cac tri sé ndi luc tuong Ung, ta vé
dugc biéu do.
Ly cét dat oy tri khi "2 o, nghia la khi
@
-2sinp+cosp = 0 = tgp = 0,5 = ¢ = @, = 26°56’
sing, = 0,4472; cosg,=0,8944
Ta c6 bang ndi luc sau:

@ 0 Do 45° 90°
N -P 0 0,7 P 2 P
Q oPp | 223P | 212P +P
M 0 -PR |-1,7PR| -3PR

Khi v& can chu y dat cac tung do theo phudng vudng gbc véi truc thanh,

tuc la theo phuaong ban kinh nhu trén H.2.17c,d,e.
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2.5 CACH VE BIEU PO NHANH

2.5.1 Phuong phéap vé tiing diém

Dua trén céc lién hé vi phan, ta dinh dang cac BDNL tuy theo dang tai
trong da cho va tu dé ta xac dinh s6 diém can thiét dé vé biéu do.

Trén 1 doan thanh
+ q =0 = Q = hang s8, M = bac nhat.
+ g = hang = Q = bac nhat, M = bac hai.

+ N&u biéu dd cé dang hdng s6 , chi can xac dinh mot diém bat ky.

+ N&u biéu do c6 dang bac nhat , can tinh noi luyc tai hai diém dau va cudi
doan thanh.

+ N&u bi€u dd c6 dang bac hai trg 1&n thi can ba gia tri tai diém dau, diém
cudi va tai noi co cuc tri, néu khéng co cuc tri thi can biét chiéu I16i I1dm cua
biéu d6 theo ddu cla dao ham bac hai. Poan thanh cé lyc phan bd g
hudng xudng s& am, nén bé 16m cua biéu dd6 médmen huéng I&n. Ngudc lai,
néu g huéng lén s& duong nén bé 1dm cua biéu d& mdmen hudng xudng.
Tom lai, dudng cong mémen hing lay luc phan bo g.

Thi du 2.10: V& BDNL trong dam cho trén H.2.18 (phuong phap vé diém)
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Giai.
Phan luc lién két

ZM/B =0 = -qga®+2qa®+2qa® -Vyx2a = 0 = V, = §qa

2
dY =0 =V, = gqa
Nbi lyc
. — — X ~ M":qaz P=

Poan AB: g=0= Q, = hang s0, . q

M, = bac nhat. | HH“alch
. . L oL 2 A By D S

Trong trudng hgp nay Q, la hang - ]

. a a
s6 bang khong vi Q4% = 0. Vo= 5 q ve- 24

= M, trong doan nay sé la hang sé
My = Mg®Y = - M, =-qga° b

)
v Q
: ;m
N e
D Q
©

DPoan BD: g= hang = Q, = bac 1, ) g 14 a
PN a
M, = bac 2. SAIEHIIN
, &) = +§qa )
Tai B: s 2 q
MP = -M, = —qa’ H. 218
_ Q) = gqa—qa = gqa
Tai D: 5 )
mp _ 8,2 g0’ o
D 2(](1 2 qa

Biéu do6 Q, trong doan nay khdng c6 vj tri nao =0 = biéu do6 M, khéng
c6 cuc tri.

Chi can ndi hai gia tri mdmen tai B va D bang dudng cong bac hai cé
bé 1dm sao cho huing lay luc g.

Poan DC: g= hang = Q, = bac 1, M, = bac 2.

2
Tal D: Q(DDC) - _lqa ; MPO = gqaz—ﬂ = ga’
2 2 2
O 3
Tal C. QC = _VC = —Eqa; MC = 0

Bi€u dd Q, trong doan nay khéng c6 vj tri nao =0 = biéu dé M, khdng
cO cuc tri.

Chi can ndi hai gia tri mémen tai D va C bang dudng cong bac hai cé
bé 1dm sao cho hiing lay luc g.

Caéc biéu db lyc cat Q, va mdmen M, lan lugt dugc vé trén H.2.18b,c.
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2.5.2 Cach ap dung nguyén ly céng tac dung

Khi thanh chiu tdc dung nhiéu loai tai trong, ta c6 thé vé biéu dd noi
lic trong thanh do tiing tai trong riéng |1& gay ra roi cong dai s6 lai dé dudc
két qua cubi cung.

Thi du 10. V& biéu d® md men trong dam nhu H.2.18a bang cach codng
biéu db6.
P = 2qa

q l
1li¥lll§

b) pa m

) qa’/

c ‘
2

d

)Pa +
qaZ/ %\'\V\
2 i

H.2.18
Giai. Tai trong trén thanh dugc chia thanh hai truéng hgp co ban:

+ Hinh 2.18b biéu dién md men do luc tap trung P gay ra
+ Hinh 2.18c biéu di&n md men do lyc phan b8 déu g gay ra
Hinh 2.18dbiéu dién md men téng hdp can tim, cac tung do bang téng
dai s6 cac tung do tai cac tiét dién tudng ting trén H.2.18b,c

Bang tom tat dam console , dam don gian, dam dau thua

P

Chu’o’Kg@: Ly Thuyé&t Noi Luc B% 21



GV: Lé Pdc Thanh

BAI TAP CHUGONG 2
2.1. V& biéu d6 ndi luc clia cac dam cho trén H.2.1.

P =5kN =5 KkN/m
M =10 kNm a q

P =2qa

Chuong 2: Ly Thuyé&t Noi Luc
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R 2 o i B o m P |
'|L

1 1 L 1 a I,” | a |
1 a 1 i
m m m
a) 2 b
P=6qa P p=akn AFZHNm M =16 KNm
q
& EEEEREER! ' )&
) a 2a \'EL; 7§7 1 2 g 1 !
f 7 1 K ) ) 1
m m m
c d
) )

2 P=qa M=15kNm 9 =10kN/m

i . M:qa:gr o | P=20 kN P‘

y 2a L 3a L, a 1 2 L 2 L, 1m |
i d 1 7 (| 74 71 +
m m m m
e) f
H.2.1 :

2.2. Khong can tinh ra phan luc, vé BEDNL clia cac dam cho trén H.2.2.

P =2qa P=qa M:%qaz

annnd | ‘Q\‘HHH/&qu
A & &

: 22, 3a L a y a ) 4a

S

a) b
H2.2 )

2.3. Vé biéu dé ndi luc nhu trén H.2.3.

P=8kN
¢o =2 kN/m

A m\[’ 4 /n/l/qﬁq
‘&1 B c & /

L L 3 Y a L a L
A A A 1

i 1

1
m
a) b

H.2.3 )

2.4.Vé biéu dé noi luc cia dam tinh dinh nhu trén H.2.4.

OMHIE <\M=qa
. s JiN

v 3a , a | a 3a |
f A A Ll 71
H.2.4
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2.5. Vé bi€u dé néi luc cho hé khung sau (H.2.5).

a a
SLRERERER 29 'UF”Al

2.6. Vé biéu dé luc doc, mémen uén, mémen xoan cho thanh khéng

gian (H.2.6). l,,:qa

"/
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