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1.1. Céac tng lyc trén mat cat ngang (1)

» Trong trrong hop tong quat trén mat
cat ngang cua thanh chiu tac dung cua
ngoai lwc co 6 wrng lwc:
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1.1. Céc &ng luc trén mat cat ngang (2)

o Béitoén phang: Ngoai lwc nam trong mat
phang di qua truc z (yOzz => Chi ton tai
cac wng lwc trong mat phang nay: N,, M_,
Qy

» N, - lwc doc; Q, - Iwc cat; M, — m6 men uén
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1.1. Céc tng lwc trén mat cat ngang (3)
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1.1. Cac (rng lwc trén mat cat ngang (4)

<+ Qui wéc dau cac thanh phan rng lwc
= Lwc doc: N>0 khi cé chiéu di ra khéi mat cat

= Luc cat: Q>0 khi c6 chiéu di vong quanh phan
thanh dang xet theo chiéu kim dong ho

= M6 men udn: M>0 khi lam cang cac the dudi

—

YQ

- ] +M(> <)+M

’ N<_T % —Mk@) -M
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1.1. Céac tng lwe trén mat cat ngang (5)

“*Cach xac dinh cac thanh phan wng lwc
= Gia thiét chiéu cac thanh phan M, N, Q theo chiéu
dwong qui woc
= Thiét 1ap phwong trinh hinh chiéu 1&n céac truc z, y
va phwong trinh can bang mé men v&i trong tam
O clia mat cat ngang

»Z=0 => N=
dYY=0 => Q=
ZMO: => M=
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1.1. Céac tng luwc trén mat cat ngang (6)

<+ Biéu thirc quan hé trng lwc - rng suat
= Vi la bai toan phang nén chi ton tai cac thanh phan
(rng suat trong mét phang zOy => ky hiéu o,,7,, = (0,7)
= Cac thanh phan (rng lwc trén mat cat ngang

N= 1| cdA —
('A.)
= | zdA — - - X
Q A d/ﬂr~i,<1~ \?
™| o
M = j yodA
(A) ¥

= dA(x,y) 1 phan to dién tich clia dt mat cat ngang A
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1.2. Biéu do trng lwc (1)

<+ Khi tinh toan => can tim vi tri mat cat
ngang co tri s6 ¢*ng lwc I&n nhat =>
biéu do

<Biéu doé rng lwc - la do6 thj biéu dién sw
bién thién ctia cac thanh phan tng lwc
theo toa dd mat cat ngang

< Cac bwéc vé bieu do ng luwc
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o

1.2. Biéu do tng lwc (3)

Xac dinh phan lwc tai cac lién két

Phan doan thanh sao cho biéu thirc cua
cac wng lwc trén tirng doan la lién tuc

Viét biéu thirc xac dinh cac tvng lwc N, Q, M
theo toa dd® mat cat ngang bang phwong
phap mat cat

Vé biéeu do cho tirng doan can cr vao
phwong trinh nhan dwoc tir bwéc (c)

Kiém tra biéu do nh® vao cac nhan xét
mang tinh trwc quan
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1.2. Biéu do6 rng lwc (4)

<+ Biéu do lwc doc, lwc cat vé theo qui
wo'c va mang dau

N, Q
T z
5>

<*Biéu do m6 men ludn vé ve phia thé
cang
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Vi du 1.1 (1)

V& biéu dd cac thanh phan
tng lwe trén cac mat cat
ngang cua thanh chiju tai
trong nhw hinh vé

GIAI:

1. Xac dinh phan luc

> M, =V, (a+h)-Fa=0
Fa
(a+b)
> Mg =V, (a+b)-Fb=0
Fb
(a+b)

Thirlai: D Y =0

=V, =

=V, =
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Vi du 1.1 (2)

Boan AC 1 F 5
Matcat1-1:0<z <a A l B
N=0 /72377 ' - 2 /7‘I77
Fb i S — b /
ZY:Q—VA:O:Q:VA:(a+b) A M M Vg
|
Fbz, - N N |
dMy=M-V,z,=0=>M=V,z, = Vv 1 4
(a+b)| Va Q Q°
Doan BC Vg
Matcat2-2: 0<z,<b
N=0
Fa
Y=Q+V, =0 =V, =
2Y=QVe =0=Q=V, =0
Faz
D My=M-V,z,=0=M =V,z, =(a+é)
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Vidu 1.1 (3)

F
AC:Q= i
(a+b) '
Fa
BC:Q=-
° (a+b) 1 a 1. b Z
Fbz VA v VB
AC:M = : Fb
(a+b) ° \
atb @ -
BC:M = 2 % @
(a+b) @
Nhan xét 1 ° _Fa

Tai mat cat co lwc tap
trung => biéu doé luc

cat cd bwdc nhay, do ‘ @

lon bwéc nhady bang
gia tri lwc tap trung, xet

fwr trai qua phai, chiéu
bwéc nhay cung chiéu \/Fab
lre tap trung a+b
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Vidu 1.2 (1)

1
V& biu dd cac thanh phan (ng Iuc :
trén cac mat cat ngang cua thanh | A A A | "CI | ,
chiu tai trong nhw hinh vé |
GIAI 1oL
1. Xac dinh cac phan luc lién két Va [ ]VB
| M
Bai toan d6i xiing:  |=V, =V, =% D
? AT T | o | T N
Hoac: ! 1Q
q|2 ql VA ZgJ
ZMA:VB'I__zo = Vg =—
2 2 qz?
- 0l D> My =M —VA21+7=0
ZMB:VA.I—%:O =V, == |
’ —m=L;, 9,
2. Biéu thirc ndi luc 2
Xét mat cat 1-1 ql
0=z<L) DY =Q+0z-V,=0 :>Q_——qz
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Vidu 1.2 (2)

M
M":_q<0 :>Mmax:M —_——

(z=L/2)

= Nhan xét 2

Tai mat cat c6 lwc cat ‘ ‘ @
bang 0, biéu d6 md
men dat cwc tri

gL?/8
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Vi du 1.3 (1)

1. Xac dinh phan lwc:
> M, =Vy.(a+b)-M =0
M

=V, =——

a+b

> My =V,.(a+b)-M =0
DVA:i

a+b

2. Lap cac biéu thirc (ng luc:
AC: Xét matcat1-1 (0<z,<a)

M
::—N/ =
Y A a+b

M, =-V,.z

Xét mat cat 2-2 (0 <z, < b)

M
::—N/ e —
Q A a+b

M, =V;.z,
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Vidu 1.3 (2)

AC: (0 <z,<a) C\‘M

M = —VA.Z1 VA >ie VB
BC: (0<2z,<h) | @
M -
Q, =V, =——— M S S
a+b (a+b) MV
M, =V,.7, Ma (a+b)
(a+b)
Nhan xét 3 M
Tai mat cat c6 mé men tap @
trung, biéu d6 mé men cé bwéc ; ‘ |
nhay, dd I&én bwéc nhay bang
gia tri mé men tap trung, xét tw
trai qua phai, mémen tap trung Mb
quay thuan chiéu Kim dong ho (ﬁ) >,
thi bwéc nhay di xudng
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1.3. Lien hé vi phan gitra mé men

uon, lwc cat va tai ngang phan bo (1)
« Xét dam chiu tai phan bo W -
d(z)>0: hwéng 1én t i

Tach doan thanh cé chieu _ _ _ _ _

dai dz gi®¥i han b&i 2 mat
cat ngang 1-1 va 2-2 11 4, 12 I
> =Q+dQ-Q-q(z)dz=0

dQ
:E—Q(Z) C? ~ |)
dM=M+dM-M-(Q+ dQ)%—Q—z Q €g+dQ
dz
_ dM _ d°M dQ T T

Pao ham béc hai cia mé men udn bang dao ham bac nhat cua
lu'c cat va bang cwdng do tai trong phan bo
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1.3. Lien he vi phan gitra m6 men
uon, lwc cat va tai ngang phan bo (2)

< ng dung
= Nhan dang céac biéu do Q, M khi biét qui luat
phan bd cua tai trong q(z). Néu trén mot doan
thanh biéu thirc clia g(z) bac n thi biéu thirc
lwe cat Q bac (n+1), biéu thirc mé men M bac
(n+2)
= Tai mat cat co Q=0 => M cwc trj
= Tinh céc thanh phan Q, M tai méat cat bat ky
khi biét gia tri cla chung tai mat cat xac dinh
- Qupai = Quasi + S, (S, — Dtich biéu d6 q)
« M5 = M, + Sq (Sq — Dtich biéu d6 Q)

phai
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1.3. Lién hé vi phan giira mé men

udn, lwc cat va tai ngang phan bo (3)

) B B
q a(z) _fdQ =jq(z)dz
: A A
I Sq
| Qg =Qa+ Sq
| | Z_
A B
Q Q(2) 5 B
[dM =[Q(2)dz
! | SQ A A
i I 7 \ M B — M A + SQ

A B
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1.3. Lien he vi phan gitra m6 men
uon, lwc cat va tai ngang phan bo (4)

M =q(z)

q(z)>0 =M I6m=>

/
\

+M

q(z) <0 =M I6m =>

vM

| z
0

Nhan xét:

Biéu d6 m6 men
lubn co xu hudng
hirng luc
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1.4. V@& biéu do trng lwc theo diem dac biét

»Co s&: Dwa vao moi lién hé vi phan
gitra Q, M va q(z)
<+ Biét tai trong phan bo =>nhan xét dang
bieu do Q, M => xac dinh so diem can
thiét dée vé dwoc biéu do
= g=0 => Q=const => Q,=7 (hoac Q)
M bac 1 => M,=? va Mg=?
= g=const => Q bac 1 => Q,=7 Qg="
M bac 2 => M,=?; Mg=?; cwc tri?
tinh 16i, 16m.,..?
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1.4. V@& biéu do trng lwc theo diém dac biét (2)

»Cac gi? tri Q,, Qg, My, Mg, cwee tri - 1a gia tri
cac diem dac biét. Pwoc xac dinh boi:
= Quan hé buwédc nhay cua biéu doé
= Phwong phap mat cat
# Qs = Quai + Sq  (Sq - Dtich biéu do q)
#Monai = Mys + Sq  (Sq - Dtich bieu d6 Q)

**Vidu
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Vidu 1.4 (1)

F=qa
s Xac dinh phan lwc q
> M, =V,.3a-2qa.2a-F.a=0 C I
S\ = 5 A 2a | a X
=> AT gqa 5VA i VB
> M,=V,.3a-2qaa-F.2a=0 3%
A @
3 -
- —(a
Xét doan AC: g=const =» Q bac 1 '3
‘ Qa=Va s
Qc=Vt+S,=50a/3-2qa=-qa/3
= Mbac2: M,=0
s—ﬁ/\4qa2/3
M =M, +S,=40a?/3; Mmax=250a%/18 M ax=250a2/18
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Vidu 1.4 (2)

F=ga
Xét doan BC: =0 q
= (Q = const . .
QB: - VB 1 2a | a /7/;7
VA > VA
= Mbac 1 gqa
- - ©
MC:MB-SQ:4C|8.2/3 5a/3 | J 1 /_\
) T =ga N 4
® o _qa
3
“4ga?/3

M, .,=250a%/18
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Biéu do Q, M cac trwdng hop chiu
tai trong dorn gian

Tl 2010

Tran Minh Tu - University of Civil Engineering

Loading Shear Diagram %: —w Moment Diagram %: v
P w=0 vy
P
Ml l M2 Vl w=0 Vl
| M.
¢ T| 1)) v, :
% “h
L V. Downward force P causes V to
2
jump downward from V; to V. Constant slope changes from V; to V5.
M -
L M(‘)/ M, w=10
| (s 1Y v v
v
v No change in shear since slope w=0 Constant positive slope. Counterclockwise
M, causes M to jump downward.
V2
Wy —wy
M 1 M. /
l l : 7 - M,
) V; My
Vi Vi Constant negative slope. Positive slope that decreases from V; to V.
L)
—wy v
W
y ) vy . My
C | l) v M,
Vi Vs, Negative slope that increases from —w, to —ws. Positive slope that decreases from V; to V.
W
—wy v
i)
M, M
(f 1) I : :
v
l) 2 My
41 Vs Negative slope that decreases from —wy to —w;. Positive slope that decreases from Vy to ¥s.
N
28(52)




4.5. Biéu do (ng lwc dam tinh dinh
nhiéu nhip

Pinh nghia: La hé tinh dinh gém tap hop cac dam, ndi véi nhau
bang cac lién két khdp
Cach vé biéu do:
- Phan biét dam chinh va dam phu
- Dam chinh 1a dam khi ding déc 1ap van chiu dwgc tai trong
- Dam phu 1a dam khi ding doc lap khong chiu dwoc tai
trong, phai tua 1én dam chinh mdi chiu dwagc tai trong
- Tai trong dat Ién dam chinh khéong anh hwdng téi dam phu,
tai trong dat trén dam phu sé truyén tdi dam chinh thong
qua phan luc lién két
- V& bi€u do cho dam phu trwdc réi dén dam chinh, sau do
ghép lai vai nhau

29(52)
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Vidu 1.5 (1)

Vidu 1.5: V& biéu do ndi lyc cho dam F
ghép tinh dinh sau: JA B l D
Bai giai: J C m;,
Hé dam ABCD la hé dam ghép gom: . a a , a
+ Dam phu BCD ) 1 ! '|
+ Dam chinh AB l " 5
" _ B
1) Dam phu BCD: C ;
- Xac dinh phan luc: R
1V,
F
VD =R = E : A l R
N B
N

a a a
‘ t 0 i

(30(52) Tran Minh Tu - University of Civil Engineering




Vi du 1.5 (2)

F
a. boan BC: q(z)=0 SA B l i
=> Q=const =>Q.,=R=F/2 N © ;
B t C
=>Mbacnhdat —=M,=0 3 a , a
F Fa T 1 'I
:MC:MB_FSQ:O_'_(Ea):? F
B D
b. Boan CD: q(z)=0 @7 C 5
=> Q=const =>Qy=-Vp=-F/2 Iz TVD
=>Mbacnhat =M, =0 ; ~ e HER Q)
Fa, Fa ' : >y
© PR ( 2 ) 2
2
31(52) Tran Minh Tu - University of Civil Engineering
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Vi du 1.5 (3)

F
- , _ ~
2.) Dam chinh AB: Ja B l
N O D
N C !
N
) d a 1 a
~ 0 i
N
JA R
N
N B
N
ES
2| (M)
F
2| | ® ()
32(52) Tran Minh Tu - University of Civil Engineering
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Vi du 1.5 (4)

3.) Bi€u do ¢ng luc toan hé dam ghép l

(Ll 7
s

\ 4

A
—Z
A

N T
T

ST ITHE ]z @
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4.6. Biéu do6 trng lwc khung phang

“* Khung phang la hé phang gom nhirng thanh noi
nhau bang cac lién ket cirng (la lién két ma goc
gitra cac thanh tai diém lién két khéng thay doi
khi khung chiu Iwc)

<+ Poi v&i cac doan khung nam ngang, biéu do cac
thanh phan *ng lwc vé nhw qui wéc véi thanh
thang

< POoi voi cac doan khung thang dirng, biéu do N,
Qve vé phia tly y va mang dau. Biéu dé6 mé men
vé vé phia thé cang

< Dé kiém tra biéu do6 ta can kiém tra diéu kién can
bang cac mat khung Tai mat khung, noi Iwc va
ngoai lwc thoa man diéu kién can bang tinh hoc.
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Vidu 1.6 (1)

Vi du 5: V& biéu dd tng luc clia khung phang sau:

, M F
Biét M=ga?, F=2qa C l
Bai giai: A .
1. Xac dinh cac phan luc: . D
3 a a
Tw diéu kién can bang ctia khung ta co 5 k Ui
Z X = O — HA = qa a q »
_:__ Ha
M. =0 75
1 A
:VK.Za—Fa—MO—EqaZ Va

=V, .2a-2ga’ —qa’ —%qa2 =0

Z
=V :an

(35(52) Tran Minh Tu - University of Civil Engineering



Vi du 1.6 (2)

M F
I |
K

=V,.2a+ HA.2a—qa.3?a+ M,—-Fa C D

3 ’ Ll
=V,.2a+2ga’—=qga’+qa’-2ga*=0 1 B B

2 > VK

1 a|
=A =an 1 Ha
2. Nhan xét dang biéu d6 cac thanh A

phan ng luc trén tirng doan: VA

+ Biéu d6 luc doc: )
Bang phwong phap mat cat dé dang xac dinh:

g o

ga
NAB:NBC:_VA:_T .

NDK :NCD:O an

36(52) Tran Minh Tu - University of Civil Engineering




Vi du 1.6 (3)

M F
Doan AB: g=const C l
= Bi€u do Q bac nhat C D “
=Can xac dinh: Q, =H, = qa a a | a
Qg = QatS, = ga+(-g).a=0 | B B Vi
=Bi€u d6 M béc hai a| a4
=Can xac dinh: M, =0 ] Ha
Mg = Mp+S, =0 + gqa.a/2 = ga?/2;
=tai B co Q =0 =>M,__=0a?/2 A
Va
ga’

Ny
Q(kN) J M(KNm)

ga
(37(52) Tran Minh Tu - University of Civil Engineering



Vi du 1.6 (4)

Boan BC: g=0 M l F
= Biéu d6 Q=const B} C K
= Can xac dinh Qg=0 ¢ D
=Bigu d56 M bac nhét a a | a
= Can xac dinh B v
K
M, =M{*® =qa?/2; al 4
M.=M_+S,=qga’/2+0=qa’*/2 ~ e
c s T 9g ”Aé’ .
2
VA
Q(kN) =
@ ] 2
qa % M(kNm)
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Vi du 1.6 (5)

Trén doan CD: g=0 M F
= Biéu do6 Q=const => Can xac dinh C\" l
7 1 C K
Q, =F -V, =2qa—zqazzqa D
=Bigu dd M bac nhat => Can xac dinh a a
7 1B
M, =V,a=-qa’ : Vk
47 (1 3 ,a| 9
M.=M_,-S,=—0a"—-| —ga |a=—0a 1 H
C DTV T, q (4 g j 5 q ) A
1 X 0@
J— a -
1R .-
3 \LI
27— .
2
ga’> 2
Q(kN) 2
ga M(kNm)
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Vi du 1.6 (6)

Trén doan DK: =0 M F
= Biéu d6 Q=const => Can xac dinh C «
7 C
Q =V =——0a b
. 4 a a | a
=Biéu dé M bac nhat => Can xac dinh Ia e
My =0 > Vk
7 al| 9™
MD:ME)CD):anZ ___ Ha
1 A 2
—da qa
4 l_K'Dl Va 2
@ 7 3
—Qa Eqa ]
4 T
ga’> 2
Q(kN) 2
ga M(KNm)
40(52)
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Vi du 1.6 (7)

4. Xét can bang cac mat khung

Tai mat C, biéu dién cac ngoai luc, cac ing luc trén hai mat cat ngay sat
C thudc doan BC va CD theo chiéu thuc (can ci vao cac bi€u do). Kiém tra
diéu kién can bang: Tai mat khung téng ndi luc va ngoai luc bang khong.

ga’ 3 -
£
X =0 C? ﬁi
SY =0 1
>M, =0 2 2

ga

4

(41(52) Tran Minh Tu - University of Civil Engineering



Vi du 1.6 (8)

Bi€u do ndi luc cta khung

1qa
4
ga”
2
3
2 [ —— )
qa>

eG»

dJa

4

| DI
9 "
4
ga’
3
; RS
4
ga’

A

42(52)
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4.7. Biéu do trng lwc thanh cong

‘*Thanh cong: truc thanh la dwo'ng cong
phang, ngoai lwc nam trong mat phang
chira truc thanh

<+Dung phwong phap mat cat dé xac dinh
cac thanh phan rng lwc trén mat cat
ngang
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Vi du 1.7 (1)

Vi du 2: Vé biéu do6 ndi lvc cho thanh cong
nhw hinh bén.Bié€t: R=2m, M,=5kNm M,
M,=10kNm, P,=15kN.

Bai giai:
1) Tinh phan luc tai g6i Ava E
Ta co:

> X =0=H, =B =15kN

} v "
dM,=M;+M,-V..4R=0 B
v M+ M, =1O+5=1,875(kN)
- 4R

V, =V, =1,875kN
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Vi du 1.7 (2)

2) Chia thanh thanh 4 doan

a. Xet doan AB:
Dung mat cat 1 — 1, ta co:

T
0<p <—
@ 5

N =-V,.cosp, +H,.sing,
=—-1,875c0s¢, +15sin ¢,

Q=-V,.sinp, —H,.cosp, =—-1,875sin ¢, —15c0s¢,
M =-V,.R.(1-cos¢,)-R.H,.sing,
= M =3,75.cosgp, —30sing, —3,75
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Vi du 1.7 (3)

Bang bién thién:

T T T
@, [rad] 0 5 " 3
N [kN] |-1,88 588| 928| 12,05
QlkN]  |-15 13,98| -11,93| -912
M[kNm] | 0 15,50 | -22.31| -27.86

b,Xét doan BC: 0< ¢, <=
Ta co6 (mat cat 2-2): 2
N =V,.singp, + H,.cosp, =1,875.sin ¢, +15.c0S ¢,
Q=-V,cos¢@, + H,sinp, =-1,875c0s¢p, +15sin @, ;
Q=0=¢,=713 _ M,
M =-V,R(1+sing,)+ M, —H,Rcosg,
M =-3,75-3,75sin @, —30c0s¢, +5
M . =M = 29(kNm)

(p2=713)

46(52) Tran Minh Tu - University of Civil Engineering



Vi du 1.7 (4)

Bang bién thién:

T V4 T T
P> [rad] 0 5 7 3 )
N[kN] | 1500 | 1393 | 11,93 | 912 | 1,88
QkN] | 188 | 588 | 928 | 1205 15
M[KNm] | -28,75 -26,61 -22,61 -17,00 -2,5

c,Xét doan ED: 0<¢p, <=
Ta co: 2

N =-V..cose, + P,..sin g, = —1,875.cos¢, +15.sin ¢,
Q =-V..sinp, — B.cosgp, =—-1,875.sin ¢, —15.cos¢,
M =-V..R.(1-cosg,)-R.P.sing,
=—3,75.cos¢, —30.5in, — 3,75
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Vi du 1.7 (5)

Bang bién thién:

@ [rad]| 0 % % % %
NkN] | -1,88 | 588 | 928 | 12,05 | 15,00
Q[KN] 15,00 | 12,05 | 928 | 5,88 1,88
M[KNm] 0 15,5 | -22,31 | 27,86 | -33,75

d,Xét doan CD: 0< ¢, _%
Ta co:

N =V..sing, + F,.cosg, =1.875.sin ¢, +15.cos¢,
Q=-V..cosp, + P.sing, =-1,875.cos¢p, +15.cos¢,

Q=0=¢,=7,13

Vel @4
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Vi du 1.7 (7)

M =-V..R.(1+sing,)+ M, —PRcosg,
=-3.75-3,75sin ¢, —30.cos¢, +10

M_ =M, _ . =24KNm)
max (%:7’13 )
Bang bién thién:
0 V4 7T Vs
¢, [rad] 5 " 3
N[kN] | 15,00 | 13,93 | 11,93 | 9,12 1,88
Q[kN] -1,88 5,88 9,28 12,05 15,00
M[KNm] | -23,75 | -21,61 -17,61 -12,00 2,50

3, Bi€u do ndi luc:

(49(52) Tran Minh Tu - University of Civil Engineering



Vi du 1.7 (8)
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Vi du 1.7 (9)
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4. Cau hoi???
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tpnt2002@yahoo.com
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