Hinh 10 - 4. Cac loai cu truc trong gian may.




CHUONG : MG DAU.
1. Nhiém vu va doi tuong mon hoc:

e Dinh nghia két cau: Két cau 1a mot hay nhiéu céu kién duoc n6i ghép véi
nhau theo nhitng quy luat nhat dinh, chiu dugc su tdc dung ctia cac tic nhan bén
ngoai nhu tai trong, nhiét do thay doi va chuyén vi cudng biic.

e Nhiém vu mon hoc: La mot mon khoa hoc chuyén nghién citu vé nguyén
ly, phuong phdp tinh noi luc va chuyén vi ctia két cau. Pam bao cho két cau cé
du cudong do, do ciing va do 6n dinh trong qud trinh khai thac, khong bi pha
hoai.

e Doi tuong nghién ciru cuia mon hoc rat phong phi va da dang. Doi véi
nghanh xay dung Cong trinh ta chu yéu nghién cttu hé thanh.

e So v6i mon hoc SBVL thi ca hai mon hoc déu c6 chung mot noi dung
nhung pham vi nghién ctu thi khac nhau. SBVL nghién citu cach tinh do bén,
do ciing va do 6n dinh cua ting cau kién riéng ré. Con Co hoc két cau nghién
ctru toan bo cong trinh gobm nhi€u cau kién riéng ré lién két véi nhau tao nén
mot két cau cé da kha nang chiu luc.

e Trong thuc té ta thuong gap hai bai toan:

e Bai toan 1: Bai todn ki€ém tra: Khi da biét o hinh dang, kich thuGc cua két
cau ciling nhu biét trudc cdc nguyén nhan tic dung bén ngoai. Ta phai xac dinh
trang thai noi luc va bién dang clia hé nhim ki€ém tra xem cong trinh c6 dam
bao @i bén, du cling va 6n dinh hay khong.

e Bai toan 2: Bai toan thi€t ké: Tudc la phai xac dinh hinh dang, kich thioc
cua cong trinh mot cach hop 1y dé cong trinh c6 du diéu kién bén, diéu kién
cing va 6n dinh duéi tdc dung ctia nhan t6 bén ngoai.

2. So do tinh cua két cau:

e So do6 tinh cta két ciu la hinh anh don gian hod ma van dam bao phan anh
dugc sat voi su lam viéc ctia két cau .

e Trong thuc t€, d€ chuyén cong trinh thuc t€ vé so d6 tinh cua né ta cin thuc
hién theo hai budc bién doi .

0 Budc 1: Chuyén Cong trinh thuc t€ vé so d6 ciia Cong trinh theo nguyén téc
sau:




- Thay cdc thanh bing dudng truc, thay cic ban hodc vo bang cdc mit trung
gian.

- Thay céc tiét dién bang cédc dic trung hinh hoc cta né nhu : Dién tich F va
mo men quén tinh A.... dé tinh toan .

- Thay cdc thiét bi tra bang cac lién két tua 1y tudng.
- Moi lién két giita cdc dau thanh quy vé hai dang: Khdp va Noi cing.

- Dua tai trong tic dung vé truc cua né ddoi dang ba loai chinh la: Tai trong
tap trung , tai trong phan bo va mo men tap trung .

0 Budc 2: Chuyén So d6 ctia Cong trinh vé So do6 tinh .

Vi du 1: So do6 tinh ctia cdu dam gian don.
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» Két luan: Lua chon So d6 tinh 1a cong viéc rat phiic tap va da dang, mot
Cong trinh c6 thé c6 nhiéu So d6 tinh nhung s&€ c6 mot So d6 tinh hop 1y nhat.

3. Phan loai két cau: Gom cac hinh thitc phan loai:
a. Phan loai theo cau tao trong khong gian :

- Két cau hé thanh: Hé mot thanh( Dam cot ) va Hé nhiéu thanh( Vom , khung,
dan, dam ghép .)

- K&t cau vo mong .

- Két cau dac.




b. Phan loai theo su noi ti€p giita cac thanh :

- Dan khop.
- Dam. ’3';3 Déam "3’
- Khung.
- Vom 3
Cong son Cot
- He¢ lién hop gitta
dam va dan... m
Vom

c. Phan loai theo phan luc goi :

- Heé c6 luc ddy ngang: Vi du nhu vom, khung.

- Hé khong c6 luc ddy ngang. Vi du nhu Dam, dan.
d. Phan loai theo phuong phap tinh:

- Két c4u tinh dinh.

- K&t cdu siéu tinh.

4. Phan loai lién két:

- Ngam: Khi giai phong lién két ngam s€ c6 ba thanh phan phan luc: R, H, M
do ngdm ngin can su dich chuyén ctia két cdu theo ca 3 phuong:Thing
diing,ndm ngang va chuyén vi géc quay.

- Goi co dinh: Khi giai phong lién két G6i ¢6 dinh sé c6 hai thanh phan phan
luc: R, H do Go6i ¢6 dinh ngin can su dich chuyén cua két ciu theo 2
phuong:Thang ditng, nim ngang.

- Goi di dong: Khi giai phong lién két Goi di dong sé c6 mot thanh phan phan
luc: R. do G¢i di dong ngian can su dich chuyén ctia két cau theo 1phuong clia
g6i1 di dong.

- Ngam truot: Khi giai phong lién két Ngam trugt s€ c¢6 hai thanh phan phan
luc: M, H do Ngam truot ngan can su dich chuyén cta két ciu theo 1phuong
cua goi di dong va ngin can chuyén vi géc xoay.
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5. Cac Gia thiét trong Co hoc két cau - Nguyén 1y cong tac dung:
a. Cac Gia thiét:
- Gia thiét vat liéu la dan hoi tuyét doi va tuan theo Dinh luat Huck.

- Gia thiét bién dang va chuyén vi trong hé rit nho. Sau khi chiu tdc dung clia
ngoai luc ta vin ding so do ban ddu dé tinh .

b. Nguyén ly cong tac dung:

Phat biéu nguyén ly: Mot dai lugng nao d6 (Phan luc, noi luc, chuyén vi
....) do mot s6 nguyén nhan (Ngoai luc, nhiét do thay déi, chuyén vi cudng biic
....) dong thoi tdc dung 1én két cau gay ra duoc xem nhu tong dai s6 hay tong
hinh hoc nhiing gia tri thanh phan cta dai lugng d6 do timg nguyén nhan tac
dung riéng r€ gay ra.




CHUONG 1: PHAN TiCH CAU TAO HINH HOC
CUA KET CAU.

1.1: MUC PICH VA CAC KHAI NIEM.
1. Hé khong bién hinh:

Pinh nghia: Hé khong bién hinh 1a hé khi chiu tdc dung cua tai trong van
git nguyén dugc hinh dang hinh hoc ban dau cua né néu ta xem bién dang dan
hoi cua két cdu rat nho hoac xem cac cau kién la tuyét doi cing.

JRREPAN A
2. Hé bién hinh:

Dinh nghia: Hé khong bién hinh 1a hé khi chiu tac

dung cuia tai trong s& thay d6i hinh dang hinh hoc

ban dau.

3. Hé bién hinh tiic thoi:

Dinh nghia: La hé khi chiu tic dung cua tai trong J{ P
s& thay doi hinh dang hinh hoc vo ciing bé sau d6 hé P— — L(,%\t/ ~<£
s&€ chuyén thanh hé khong bién hinh. { a | b {

4. Muc dich :
Muc dich cua Chuong nay 1a nham trang bi cac kién thic:
- Dé phan biét két cau c6 bién dang hinh hoc hay khong.

- Thiét ké Tao két cdu mdi....




1.2. BAC TU DO VA CAC LOAI LIEN KET.
1. Dinh nghia:

Bac tu do 12 céc thong s6 hinh hoc c6 thé bién doi mot cach doc lap dé xac
dinh vi tri ctia vat trong hé toa do.

2. Bac tu do ciia mét diém trong mat phang:
Mot diém trong mat phing c6 hai bac tu do.
3. Bac tu do cia mot vat trong mat phang:

Mot vat trong mit phang cé ba bac tu do.
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4. Cac loai lién két:

a. Lién két don: Lién két don 1a mot thanh ¢6 hai dau khép.

Mot Lién két don chi khir dugc mot bac tu do.
Lién két don
O0——0 HN
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b. Lién két khop:

Khép don: Noi hai miéng cing. Mot khép don khur hai bac tu do.
Khép don Khép don

F 53 & IV 3

Khép kép: N6i nhi¢u miéng cing.




Khép kép

e Do phiic tap ctua khép kép tinh theo cong thiic:
Trong do6: n 1a sO tdm cing.
Mot khép kép khtr : 2(n-1) bac tu do.
c. Lién két han:
Mot Lién két han khir ba bac tu do.
Lién két han
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5. Cong thiic tinh Bac tu do cua két cau:
a. Cong thiic tong quat :

e Két cau co noi dat :

W =3T-2C- Lol

Trong do :

W : Bac tu do.

T : SO tam cung.

C : S6 khép don.

Lo : S6 Lién két don noi véi dat.
e Két cau khong noi dat :

Do mot tdm cing chi can 3 Lién két dé n6i vdi dat 1a di nén trong trudng
hop nay: Lo =3.

V=3T-2C-3

b. Cong thirc tinh bac tu do cua dan:

e Két cau co noi dat :




W =2D—-L-Lo|

Trong do : W : Bac tu do.
D : So tiét diém cua dan.
L : S6 thanh trong dan.
Lo : S6 Lién két don noi voi dat.

¢ Két cau khong noi dat :

V=2D-L-3|

¢. Mot s6 vi du: Tinh bac tu do cta cac két cdu sau:

a, b, c,

e Két cau dan co noi dat :

W =2D-L-Lo|
a, W=24-6-3=-1;
b, W=24-5-3=0;
c, W=24-4-3=1;
d, W =3T-2C- Lo

W=34-23-6=0;

d,
e, 'W =3T-2C- Lo,
W=34-24-5=-1;

0>
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1.3. CAC QUY LUAT CAU TAO NEN KET CAU KHONG BIEN HINH.
1. Quy luat 1:

e Phat biéu: Hai tim ctng n6i véi nhau boi ba Lién két khong giao nhau tai
mot diém thi tao thanh két cau (tAm cling méi) khong bién dang hinh hoc.

a tz

II

2. Quy luat 2:

e Phat biéu: Ba tam cting ndi v6i nhau bdi ba khép khong cling ndm trén mot
duodng thing thi tao thanh két cau (tdm ciing méi) khong bién dang hinh hoc.

e Hinh vé:

III
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3. Quy luat 3 (Quy luat phat trién tim ciing).

e Phat biéu: Mot diém n6i v6i mot tém cing bang hai lién két don khong
cling ndm trén mot duong thing thi tao thanh két ciu (tdm ciing méi) khong
bién dang hinh hoc.

e Hinh vé:
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1.4. CAC VI DU AP DUNG.

Muc dich cua khao sat cau tao hinh hoc ctua két ciu la xem két cau la bién
dang hinh hoc hay khong.

Nhu vay mot két cau khong bién dang hinh hoc can phai ¢6 hai diéu kién:
- Piéu kién can: Do tu do cta két cau : W <= 0. (Pu hodc thira lién két ).

- Diéu kién du : Cau tao cta két cau phai phit hop véi cdac quy luat cau tao
nén két cau khong bién hinh.

Vay dé phan tich cdu tao hinh hoc ctia mot két ciu ta thuc hién theo hai
budc:

- Xac dinh bac tu do: W.

- Phan tich cau tao hinh hoc cua két cau tic la xem két cau c¢6 phu hop véi cac
quy luat cdu tao nén két cdu khong.

1. Vi du 1: Khao sat cdu tao hinh hoc cua két ciu sau:

2y

- Xac dinh bac tu do: W = 3T - 2C - Lo = 0=> K&t cdu du Lién két.

- Phan tich cau tao hinh hoc: Ddm AB la mot tdm cing ndi véi dat 1a tam
cting thit 2 bang ba lién két don (Tai A ¢6 2 lién két don, tai B ¢c6 mot Lién két
don) khong dong quy tai mot diém. Vay theo quy luat 1 thi két cau 1a khong
bié€n dang hinh hoc.

2. Vi du 2: Khao sat cau tao hinh hoc ctia két cau sau:

11



- X4c dinh bac tudo: W=3T-2C-Lo=33-22-5=0
=> K&t cau du Lién két.

- Phan tich cau tao hinh hoc: Ba tam cting CD, BCE va trai dat n6i v6i nhau
ting doi mot bai 3 khép don khong thang hang K, C, D. Vay theo quy luat 2 thi
két cau la khong bién dang hinh hoc.

2. Vi du 2: Khao sat cdu tao hinh hoc ctia két ciu sau:

- X4cdinhbactudo: W=2C-T—-Lo=26-8-4=0
=> K&t c4u du Lién két.

- Phan tich cau tao hinh hoc: Ba tam cung I, II va trai dit noi véi nhau tlng
doi mot boi 3 khép don khong thang hang 1, 2, 3. Vay theo quy luat 2 thi két
cau la khong bién dang hinh hoc.
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CHUONG II: TINH NOI LUC CUA KET CAU PHANG
TINH PINH CHIU TAC DUNG CUA TAI TRONG TINH.

2.1. TINH CHAT CHIU LUC CUA KET CAU TINH PINH
VA PHUONG PHAP XAC PINH NOI LUC.
1. Khai niém két cau tinh dinh.
e K&t cau tinh dinh 1a két cdu phai dam bao hai diéu kién:
- Bac tu do: W=0.
- Khong bién hinh .

iy

(o]

Dam

(777

Cong son Cot Cot Khung

Vom

e K&t cdu tinh dinh c6 thé 1a mot bo phan (Dam gian don, DAm muit thira hay
cong son, cot) c6 thé gébm nhiéu bo phan ghép lai v6i nhau trong do6 cé két cau
chinh va két ciu phu thuoc.

- Két cau chinh 1a két ciu khong bién hinh c6 thé t6n tai doc lap.

- K&t célu phu thudc 1a két ciu phai dua vao két cau khac méi ding viing

Két cau chinh/ K&t cau phu 1%’ \Ké’t ciu phu 2
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e DE tinh va v& biéu do noi luc cta két cau tinh dinh ta chi cin ding 3 phuong
trinh can béng tinh hoc:

> X =0
DY =0
> m =0

2. Tinh chat chiu luc cua két cau tinh dinh:
a. Pac diém 1:

- Néu két cau tinh dinh gobm nhiéu bo phan hop thanh trong d6 ¢6 bd phan
chinh va bo phan phu thudc thi:

0 Khi luc tic dung 1én bo phan chinh thi chi bo phan chinh ¢6 noi
luc con bo phan phu thuoc khong c¢6 nodi luc.

0 Khi luc tac dung 1én bd phan phu thudc thi ca bo phan chinh va bd
phan phu thudc c6 noi luc.

Vi du: Xét két cdu nhu trén hinh vé.

P P2 | ]
A |y B ¢ | DE | F
I N
| | | | P
| | | P2 |
| o | & 5
|
- SR BN
| | ’
| | p /i\ J/ /i\RF
2 Re
.
| P | . Rp
N
/I\RA /I\RB
Ta nhan thay:
- ABCa bd phan chinh.

- CDE la bo phan phu cua ABC.
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- EF la bo phan phu ctia CDE.
- Ne&u chi ¢6 luc P, thi bo phan CDE va EF khong ¢6 noi luc .

- Né&u chi ¢6 luc P, thi ca bo phan CDE va ABC c6 noi luc, con EF khong c6
noi luc.

- Néu chi ¢6 luc P, thi ca 3 bo phan EF, CDE va ABC c¢6 ndi luc.
b. Pac diém 2:

Dué6i tac dung ciia nhiét do thay déi va chuyén vi cudng biic thi két cau tinh
dinh chi bi bién dang ma khong phat sinh noi luc .

A b B

B —
——_ A<
Rz — RA=0 (t2<t1) Ri=0

%’RBZO

A

c. Pac diém 3:

Néu ¢6 mot hé luc can bang tdc dung 1én mot bo phan khong bién dang hinh
hoc ctia két cau tinh dinh thi chi c¢6 bd phan dé phat sinh noi luc con cac bo
phan khéac khong c6 noi luc.
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d. Pac diém 4:

Khi trén mot bo phan khong bién dang hinh hoc cta két ciu ¢6 luc tac dung
néu ta thay luc d6 bang mot hé luc twong duong thi noi luc trong bo phan do sé
thay déi con cdc bo phan khac khong thay déi.

2P

A C_E D B
W%%aﬂ \
| |
1 P P 1

TIH===

yl y2

e. Pac diém 5:

Néu ta thay déi cau tao cua mot bo phan khong bién dang hinh hoc nao dé
trong két cau thi noi luc trong bo phan 4y sé thay déi con cac bo phan khac noi
luc khong thay doi.

3. Phuong phap xac dinh noi luc trong két cau tinh dinh :

Dé xac dinh noi luc trong két cau tinh dinh ta chi can st dung 3 phuong

trinh can bang tinh hoc co ban.

> X=0
DY=0
> m; =0
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2.2. TINH VA VE CAC BIEU PO NOI LUC CUA DAM PHANG TINH PINH .
1. Phan loai DAm phang tinh dinh:

a. Dam gian don:

b. Dam mit thua:

. Dam cong son:

<

A B
|
d

| |

d. Dam tinh dinh nhiéu nhip:

>ﬁ

Dam tinh dinh nhiéu nhip 1a DaAm duoc cau tao bdi cic DAm gian don, Dam
mut thira hoac Dam cong son va duoc n6i véi nhau boi cac khép trong d6 ¢6 bo
phan chinh va bo phan phu thudc.

Loai 1 Loai 2
A B C DE F A B C DE F
E E
C D C D
A B m—m A B &£ & E F
i s i P b P
A C DE F A ¢ DE F
E F

\\u}
@)
%

\\D}
30
v

RS lusl

P

17



2. Tinh va vé cac biéu d6 noi luc cia Dam tinh dinh .

Thuc hién theo trinh tu sau:

- Budc 1: Phan tich duoc quan hé giita cic doan dam xem Dam nao la Dam
chinh Dam nao la Dam phu thudc.

-Budc 2: Tinh cédc phan luc cta cdc doan dim phu thudc trudc sau dé truyén
phan luc d6 xuéng Dam chinh thong qua cac Lién két trung gian. (Khép hoac
lién két don). Ti€p do ta tinh cac phan luc trén Dam chinh.

- Budc 3: V& céc biéu do noi luc cho timg doan dam riéng 1€ sau d6 ghép cac
biéu do do6 lai v6i nhau ta duoc biéu d6 noi luc clia toan Dam .
3. Vi dul: Hay tinh va vé biéu dé mé men, luc cat cua két cAu sau:
20 KN 10 KN/m
|
)
”31 C
Ili, |

3m 6m L

Cd A

A
/ﬁi m
x

C D

A B £ 3
/ﬁz r31 10 KN/m

Cry ¥y v 3P

Rp=30 KN
Rc=30 KN
A Bryvw

TRA=-195/7 KN Re=755/7 KN

AIE v @

195/7

e Budc 1: Phan tich dugc quan hé giita cac doan dam :
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Ta thidy néu bo khép C thi dim ABC van khong bién hinh con Dam CD bi
bién hinh. Vay Dam ABC la Dam chinh con CD la Dam Phu thuoc.

e Budc 2: Tinh cac phan luc cua cac doan dam theo trinh tu: Dim Phu
thudc trude, Dam chinh sau. Cac phan luc dugc tinh va ghi trén hinh vé.

e Budc 3: Vé cac biéu do néi luc cho ting doan dam .

Poan CD: Xét mit cat 1-1 cach C doan z (0<Z <6m)

Xét can bang phdn DAm bén trdi mat cét 1-1:

10 KN/m
Zm =0=M, —RCZ+102 =0 C\|!\|!\|l\|! T v \|,D
=M, =z(Rc-5.2) "ﬁj 6m L
d>Y=0=>Rc-Q,-10z=0 10KN/m
= Q, = Re-10z ¢ www D
. TaiC:z=0=>M.=0; Q. =20 KN. I me— R=0KN
. 10 KN/m
- TaiD:z=6m =>M,=0KN.m; Q.=-30KN. M,
v vy
- Diém cuc tri: z = 3m => M, = 45 KN.m; 1z % N
Cac doan Dam con lai ta v€ tuong tu. c
Vi du 2: V& nhanh c4c biéu dé noi luc sau:
1 1 1
M=1 M=1 M=1 M=1
A B A B
Ra=0 TRB=0 Ra=2/I TRB—Z/I
1 1/2
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VIR I I VIV A

3. Nhan xét:
Tur cac vi du trén ta thay :

1) Biéu d6 mo6 men bao gio ciing duoc vé vé phia thG chiu kéo clia thanh.

2) Mo men tai khép biang khong. Néu tai mat cat sat khép ¢6 mo men
ngoai luc tdc dung thi mé men noi luc tai vi tri d6 cling baing mo6 men ngoai luc.

3) Trén doan thanh c6 truc thanh I thang néu khong c6 ngoai luc tic dung
thi biéu d6 mo men sé& bién thién theo dudng thang, néu trén dé c6 tai trong rai
déu tdc dung thi biéu d6 mo men sé& bién thién theo quy luat Parabol bac 2.

4) Mo men tai mot mit cat ndo d6 luon can bang va sé bing tdng md men
ctia cdc luc thuoc nira bén phai hay bén trdi ctia mat cat dé gay ra.

5) Khi v& bi€u d6 noi luc khong nhat thiét phai x4c dinh tat ca cdc phan luc
tai cdc goi tua ma ta chi can tinh cdc phan luc can thié€t phuc vu cho viéc vé biéu
do .

6) Bi€u d6 luc cat co thé vé theo 2 céch :

Cach 1: Vé dua vao cac phan luc goi da tinh.
Cich 2: Vé thong qua bi€u d6 mo men da vé dugc dua vao quan hé giita mo
men va luc cat: Pao ham mo men s& cho ta luc cat.
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7) Biéu d6 mo men luon vé& vé phia thG cang cua thanh nén khong cin c6
dau.

Biéu d6 luc cat nhat thi€t phai c6 ddu theo quy udc trong mon hoc SBVL tiic

la:
- Luc cat 1am phan t6 quay cling chiéu Kim dong ho 1a luc cat +.
- Luc cat 1am phan t6 quay ngugc chiéu Kim dong ho 1a luc cit -.
- Luc doc 1a luc kéo sé 1a +.

- Luc doc la luc nén sé Ia -.

Q>0T/ //¢Q>0 Q<0¢//TQ<0

N>0 <—///]—> N>0 N<0 %///e N<0
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2.2. TINH VA VE CAC BIEU PO NOI LUC CUA KHUNG PHANG TINH PINH .
1. Phan loai khung phéng tinh dinh:
a. Khung gian don:

Khung gian don la khung duoc cau tao boi mot thanh gay khic.

b. Khung ba khép:

Khung ba khép la khung duogc cdu tao bdi hai thanh dugc ndi v6i nhau va
noi véi dat bang 3 khép don khong thiang hang.

¢. Khung ghép:

Khung ghép 1a khung duoc cau tao gobm nhiéu bo phan trong d6 c6 bod phan
chinh va bo phan phu thudc.

O 0O O O O O
1% 1% 2% 2% 2%

$o

2. Cach Tinh va vé cac biéu do noi luc cia khung phang tinh dinh .
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a. So sanh vé mit cau tao va phuong thitc chiu luc giita dam phéng tinh
dinh va khung phang tinh dinh :

- Xét hai két cau sau:

q
PyV T ¥ N
q q q ©
A! = lPl | !B @E j&ﬁ%
ﬁ]/ I ﬁ]/ ﬁV a /;Il a rd a ﬁV

e Ta thdy v€ mat cau tao thi khung gian don dugc cau tao tir mot thanh gay
khiic con dam gian don la thanh thang. Vay Dam gidn don 1a trudong hop dic
biét cia khung gian don.

e V& mat chiu luc:

- VE |y thuyét thi cd Dam va khung déu chiu luc theo hai phuong: Thang ding
va ngang.

- Trong thuc t& thi Dam chi yéu chiu luu theo phuong thang ding con khung
thi chiu luc theo ca hai phuong.

b. Cach Tinh va vé cac biéu dé noi luc cia khung phang tinh dinh .
Qua viéc phan tich so sanh két cdu Dam va khung & trén ta rit ra két luan:

Phuong phép tinh khung tinh dinh va Dam tinh dinh hoan toan giong nhau.
Tuy nhién doi v6i khung ba khép ta phai thuc hién theo trinh tu tinh todn sau:

- Budc 1: Xét can bang cla toan khung :

C C Hc C
1 e i
HB_> B HB_> B
Rg Rg!
HA_%A Ha_|aA
Ryl R}
Dung phuong trinh : M, = 0 => f(Ry,Hj) = 0, (1)
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2My=0=>f(R,H,) =0, (1)

- Bude 2: Dung mat cat 1-1 cat qua khép trung gian C ( Néu 1a khung 3 khép
c6 thanh cang thi ta cat qua ca thanh cang DE). Sau d6 xét can bang nira bén
phai khung (Néu 6 trén ta ding Phuong trinh 2M, = 0) hodc xét can bang nira
bén trai khung (Néu & trén ta dung Phuong trinh > Mg = 0).

1
c| C Hc
? bve vd
Npe  Npg
1 E E
T LA B M la B
Dung phuong trinh :
2M.=0=> J(Rg,Hp) = 0; (2)
HOdC f(RA,HA) = 0; (2’)

- Budc 3: K&t hgp phuong trinh 1 va 2 ( Hoac 1’ va 2’) ta giai va tinh duoc cac
phan luc goi tua.

- Budc 4: Tim céac phan luc Ve va He tai khép trung gian C:
Xét can bang ntra bén trai hoac nira bén phai mat cat 1-1: Ding phuong trinh
2X=0=> Hc
2Y=0=> V¢

- Budc 5: V@ biéu d6 noi luc cta khung sau khi da tim duoc céc phan luc tai
g0i1 tua va goi trung gian.

c. Chay:
e C4c bi€u d6 noi luc cua khung dugc vé theo quy ude cia Dam.
e Biéu do noi luc dugc vé theo trinh tu tir ddu thanh vao trong.

e Sir dung phuong phap can bing nit (Noi luc tai nit phai duoc can bang) dé
V& cac biéu doé noi luc va dé kiém tra két qua.

e Truong hop khung 3 khép ¢6 thanh cang chiu tac dung clia ngoai luc ta thuc
hién theo trinh tu sau:
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C He
- . VcT
Ho 7 3y7 v JHE He |
Ha_la B

Xét can bang ca hé va dung phuong trinh : 2JM, =0 => Ry

- Tach riéng thanh ciang DE vé biéu d6 M6 men va luc cit cla thanh cang,
dong thoi tinh dugc phan luc theo phuong thing ding tai hai didu khép cua
thanh cang la V, ;V¢ cung v6i quan hé : H, = Hp.

- Dung mat cét 1-1 cat qua khép C va khép D (Hoidc E): Xét can bang nira bén
phai (Néu ¢ trén ta cat qua khép E) hodc nlra bén trai (Néu & trén ta cit qua
khép D) .

- Dung phuong trinh : M. =0 => H, (H,= Hp ).
- V& biéu do6 noi luc ctia khung Sau khi tinh dugc céc phan luc.
3. Vi du ap dung:

a. Vi du 1: Tinh va vé& biéu d6 moé men clia két ciu sau.

10KN |
Fl T F
10 KN/m € 90
) 45 €0
4 el
E C D E C 300
£
©
B B
B KN
, 3m | 8m ' ~xm
RAT RpB

Budc 1: Tinh cac phan luc goi:
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DMy =0=> RA:%KN;

> X =0=>H, =10KN;
DY =0=R, =%KN;

Budc 2: Ve biéu d6 mo men. (hinh vé&)

b. Vi du 2: Tinh va v& biéu d6 mo men cua két cau sau.

30 KN.m 20 KN 20 KN 20 KN 20 KN
D C E F H E F
\Y%
10 KN/m [
-~ <_ AB . <— !B
] Hg=23 KN""’RB . & T5lR
< LpA 0 -
H =37KN Hr 4m | 4m | 3m | , 4m | 3m
A A L, L, L L L L
R | td A A d I d
A
Giai

Buéc 1: Tinh cac phan luc goi:
DM, =0=>4R, +H, =255; (1)
Xét mat cat 1-1 cit qua C: Xét can biang phan bén phai mat cat:
> Mc=0=>R,—H, =35; (2)
Tu 1 va 2 taco:

R, = 58KN
H, =23KN

Xét can bang bang ca hé:
> X=0=>H,=37KN;

Budc 2:VE biéu d6 mo men. (hinh vé)
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152
./m g
42 T

72 : 92

Ve

KN.m

¢. Vi du 3: Tinh va v& bi€u d6 mo6 men cua két ciu sau.

10 KN/m 10 KN/m
11
20KN I N ranl %M 140
I C K
G N %
D E N =1403 | |
Hy ! & DE &
< AA B. .
R ”XW P
, 4m | 4mRB |, 4m Rp=> Kh.n
/[L /II/ /[L M
Giai
Budc 1:

e Tinh cac phan luc goi tua:
D X =0=>H, =20KN;
> M, =0=>Ry =55KN;
DY =0=>R,=25KN;
e Tinh luc doc trong thanh DE:
Xét mat cat 1-1 cat qua C va thanh DE: Xét can bang phan bén phai mit cat:

D M =0=>Ny :%KN

Budc 2:Vé biéu d6 mo men. (hinh v&)

d. Vi du 4: Tinh va v& bi€éu d6 mo men cua két cau sau.
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I C K i
> £
5 KN/m § Hy 5 KN/m -
E
5 KN/m D\J/\J/\J/\J/ L) <_\IT/\J/\J/|\J/\I/\IT/%
1
£ 40 KN.
mll, B ¥ Viy=20 My =20
e PR \
Al 4m 4m
1 s # Ry =45
Buoc 1:

e Tinh cac phan luc goi tua:
> X =0=>H, =40KN ;
DM, =0=>Ry =45KN;
D Y=0=>R, =5KN;

¢ Tinh thanh cang DE:

Xét mat cat 1-1 cit qua C va thanh DE: Xét can bang phan bén phai mat cat:

D M =0=>Ny =%KN;

Budc 2: Ve biéu d6 mo men. (hinh vé&)

60 100
10
- 120 i
10 40
KN.m
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2.4. TINH VA VE CAC BIEU PO NOI LUC CUA VOM BA KHGP.
1. Khai niém:
e Dinh nghia: Vom ba khép 1a mot két cau tinh dinh gom hai thanh cong
noi v6i nhau bang mot khép & dinh va néi véi dat bang hai khép & chan.

e (Cac ky hiéu trong vom:
- Khép A,B: Hai kh6ép chan vom.
- Khdp C: Khép dinh vom.
- f: Mii tén vom la khoang cdch tir khép dinh vom C t6i diém giao nhau giita
dudng noi AB véi dudng thang diing di qua C.

- L: Khdu do vom.
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2. Tinh cac phan luc cia vom ba khép : V', V', H,, H,,.

Trong pham vi mon hoc ta chi xét truong hop vom chiu tai trong thang diing.
(Hinh v&).

Xét can bang ca vom :

WBZO => V,A'l-P]'b]_PZ'bZ“'-Pi'bi"'-P}’l'b}’l

s VA:ZPILbl

M, =0 => VE;:ZPIi.ai

Xét dam gian don AoBo c¢6 cung khau do 1 va cing chiu tai trong nhu vom.

Ta co:

_XPi.bi
I
~2Pi.ai
===

Vi Vi

Vs Vs

Vay phan luc thang ding trong vom giéng nhu phan luc thang ding trong
dam gian don cuing khau do.

Dé tim H, ta dung mat cét 1-1 cét qua khép C.
Xét can bang nira bén trai.
EWC =0 => HA f _V’A . l] + P[.(l]'a[)'i' Pz.(lj'az)'l' -Pn.(lj'an) = 0

V|, -2P (I,

o &) ;f =fcosa.

=> H’A=

Xét Dam gian don :
M=V, 1+ 2P .(-a) =H, f

0
=>|H, =] (1)
Xac dinh luc da ng trong vom: H” ,, H” "
ac dinh lyc ddy ngang trong vom: H” ,, H" Hao' A g
) H 2@7 "
H’,=H,.cosa =>H,=—02 Ha T a
cosa Va!
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V', =H,.sina
=>V", =H",.tgc.

fr
cosao

Mat khéc: f=fcosa => f=

Thay H, va f vao cong thuc (1) ta co :

_M¢

"
Af

2)

Cong thiic 2 12 cong thitc xac dinh luc ddy ngang ctia vom ba khép.
Vay néu goi V, 1a luc thing ditng ctia vom tai khép A thi:
V, =V +V”, =V, + Higa
Tuong tu ta c6:
Ve=V3+ V7=V, -Hitga
Khi o = 0 (Truong hop hai chan vom c6 cung cao do)
|VA =V, WB = VBO|
3. Xac dinh noi luc tai mat cat bat ky trén vom ba khop:

Xét mat cat K ( x, yx + Xc.1gQ)

Xét can bang phan vom bén trai mat cat K.
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M =0 => My -V, xg-H,(ye+ xgtga) - P,.(xg- a;) - Py.(xg-a,) = 0

=> M, =M -H,yc+..]
Trong do:

M’ : Mo men tai mit cat K trén DAm gidn don twong duong.
yi : Tung do tir mat cat K dén duong noi hai chan vom.

Pé xéc dinh Qg ta chi€u céc luc 1én phuong vuodng géc véi vom tai mat cat
K ta duoc:

Ok = 0%.cosp, — H.singg.(1- t;ga

)

K
V6i Q% 1a luc cat tai mat cit K trén Dam gian don twong duong.

Pé x4c dinh N ta chi€u céc luc 1én phuong ti€p tuyén véi vom tai mit cat
K:

Ny = - Q%.singy - H.cos p.(1-tga.tgpy)
Vay khi o =0 thi :
WK = M’ - H-}’KJ

O« = Q°«.cospy - H.sing,

Ny = - 0%.singy - H.cos g
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4. Vi du: Cho vom ba khép: f =2m; 1=6m; chiu tai trong nhu hinh vé. Hay tinh
va vé céc bi€u do nodi luc cuia vom.

Giai :
Budc 1: Tinh cac phan luc :

Voo ZPIi.bi _ 5.3.4,56+20-3 = 2125 KN.

Vep=53+20-V,=13,75KN.
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MS 13,753

H,=Hy= . = 20,625 KN.m.
Budc 2: Tinh ndi luc :
Noi luc tai mat cat K:

My = M’ - H.yg

Oy = Q°«.cosgy - H.sing,

Ny = - Q%.singy - H.cosgy

Xac dinh goc ¢k : Tu phuong trinh vom: y = T—Zf.(l-x)x
oo 4f _ _y At
TalmatcatK.y—l—z.(l-x)x —>z‘g(pK—yK—|—2.( - 2xk)

=> @k =>  SIN@y ; COSPg.
- Dé vé dugc cic biéu do noi luc ta phai chia vom thanh cdc doan nhd bing
nhiing mit cit K, cdch déu nhau. Chia thanh cang nhiéu doan thi cdc bi€u do6
cang chinh xéc. Trong bai nay ta chia vom lam 6 doan, méi doan dai 1m theo
phuong ngang.
- Talan luot tinh M°, N°%. Q% cho timg mat cit => My, Ny, Q tuong ting.
- Sau khi tinh dugc noi lyc tai 6 mat cét ta noi lai s& duoc biéu dé6 M, N, Q cla
vom 3 khop.
- Lap bang tinh cdc tung do clia cdc biéu do M, N, Q.

Xe(m) | yg(m) | sing, | Cospe | M Q% M Q Ny
0.00 0.00 0.80 0.60 0.00 21.25 0.00 -3.75 -29.38
1.00 1.11 0.66 0.75 18.75 16.25 -4.17 -1.56 -26.21
2.00 1.78 0.41 091 32.50 11.25 -4.17 1.90 -23.42

6.25 0.00 6.25 -20.63

-13.75 0.00 -13.75 -20.63

4.00 1.78 -0.41 091 27.50 -13.75 -9.17 -4.19 -24.43
5.00 1.11 -0.66 0.75 13.75 -13.75 -9.17 343 -24.55
6.00 0.00 -0.80 0.60 0.00 -13.75 0.00 8.25 -23.38

3.00 2.00 0.00 1.00 41.25
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2.5. TINH NOI LUC TRONG DAN PHANG TiNH PINH .
1. Khai niém:

e Pinh nghia: Dan phang tinh dinh 12 mot két cau finh dinh duoc cau tao
boi cdc thanh thing va Lién két v6i nhau bang céc khép.

Thanh Xién Thanh bién trén Thanh diing

L S U TN

A J

\Thanh bién dudi

e Cic gia thiét trong dan:
- Céc thanh thang trong dan duoc thay thé bang truc thanh thing.

- Céc thanh dugc noi v6i nhau bang cédc khép 1y tudng (tuyét doi khong ¢6 mo
men).

- Tai trong tidc dung lén dan duoc dit tai c4c tiét diém 1a dau céc thanh.
- Khi tinh dan ta bo qua trong luong ban than cta cac thanh.
- Tinh dan trong gi6i han dan hoi.

e Khi cic gia thiét trén dugc chip nhan thi: Noi luc trong cac thanh dan chi
¢6 luc doc truc.

2. Cach tinh noi luc cac thanh trong dan phang tinh dinh: Cé 2 cach tinh.
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a. Phuong phap tach tiét diém :

N2 Ne Nos Nss

e Noi dung cia Phuong phap :
- Dung mit cat kin a cat qua tit ca c4c thanh n6i v6i nhau tai ti€t diém.
- Dé tinh noi luc trong cdc thanh ta dung hai phuong trinh can béng :
2X=0
2Y=0
b. Phuong phap tach mat cat :

e Noi dung ciia Phuong phap: Dung 1 mait cit cat qua cac thanh chia dan
lam hai phan riéng biét. Sau d6 xét can bang 1 bén dan va dung 3 phuong trinh
can bang:

2X=0.
2Y=0.
2M = 0.

sz

Chu y : Trong Phuong phap tach tiét di€ém ta chi y céc trudng hop:

N N; N2
N A N <™~ ; N: Ni E‘ ya ; N3
N.

- Néu 1 tiét diém c6 2 thanh va khong c¢6 tai trong tdc dung thi luc doc trong 2
thanh déu bang 0.

- Néu 1 tiét diém c6 3 thanh va 2 trong 3 thanh thang hang khong c6 tai trong
tdc dung thi luc doc trong 2 thanh thang hang bang nhau va thanh con lai bang
0.

- Neéu tiét diém c6 4 thanh ting cap thang hang va khong c6 tai trong tdc dung
thi luc doc trong tiing cap thang hang sé& bing nhau. (N, = N;, N, = N,)
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¢. Vidu:

Cho két cau dan nhu hinh vé. Hay tinh ndi luc trong cac thanh.

b a

Giai:
e Phuong phap tach tiét diém : (Tach nit)
Tach nut 3 :
2X=0.=>N,;=0
2Y=0.=>N;; =P
Téach nut 3’
2X=0.=>-N,; - N,; cos45°= 0
2Y=10.=>-N;; - N,; cos45°= 0
=> Nyy = Nzp =P

N23’= - &ZP\/E

cos45’
e Phuong phap mat cat :
Dung mat cat a-a: Xét can bang nlra bén phai mat cat

2Y=0.=>N,,. cos45°- P- P=0

=>N1,2= 2P =2P\/§

cos45’
2X=0.=>N,,. cos45°+ N, + N;». =0
=> N, =-N,,.cos45° - N,

VGi Ny = 2P2; Njy= Ny5 = P
:> N]2 = '3P;
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Dung mat cat b-b dé tinh noi luc cdc thanh: Al; A1’; BI’. Xét can biang nita
bén phai.
3Y=0.=>N,, = -2P\2

—>N,,= -2 __—2pf2

cos45’
EWA= 0. =>NB[’ = 5P,
m1’= 0. =>NA1 = _3P,'

3. Cach tinh cac loai dan phang tinh dinh hay gap trong cau dan.
a. Dan c¢6 bién song song.

Cho so do két cau: ( hinh vé).

Yéu cau :Tinh luc doc trong cac thanh:

Giai:

e Budc 1:Tinh phan luc goi.

Xét can bang ca dan:
2Y=0.=>R, =R, =3P;

Do két cau doi xung chiu tac dung cua tai trong d6i xung.
=>R, =Ry =15P

e Budc 2: Tinh luc doc trong thanh dan:

Ns
Do tinh d6i xting nén ta chi tinh noi luc cho ndt dan. A ;:a
Thanh AC, Al: Téch nit A. N2
2Y=0.=>N,. .sina +R, =0; W\RA=1.5P
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=> N,. = Ry —_15P. sina = 4 -2
A sina singr 2%+ 47 5

ZX =0.=>N,, N, xcosa =0;
=>N,, =-N,..cos ¢ =1.5Pxcotg a =0.75P;

Thanh C1, C1’, Al: Dung mat cit a-a. Xét can bang nira bén trai.
2Y=0.=>N,, sina —R, =0;

_SN,, = RA =1.5P\/§;
sinx 2

2M=0.=>N,; 4 -R,4.2=0;
=>N,, = 0,5R, = 0.75P;
IM,=0.=>N,, = Ry=1.5P.
b. Tinh dan c6 bién khong song song (Bién hinh da giac).

Khai niém: Dan c6 bién khong song song 1a dan c6 bién trén hoac bién dudi
hinh da giac.

Vi du: Cho dan c6 bién khong song song chiu tai trong nhu hinh vé.

Hay tinh noi luc cdc thanh a, b, ¢ bang phuong phap Giai tich.

Giai:

e Tinh céc phan luc: Xét can bang ca dan Nar=Na
=> Ry =140 KN. A ZS%\ Na,
e Tinh luc doc cac thanh dan: Ra T

- Thanh a:

Téach nit A: JY= 0. =>N, .sin45° +R, =0
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>N =_Ra = 1405 KN.

“ sind5

- Thanh b:

Duing mat cat a-a nhu hinh vé:

Xét dén can bang phan dan bén trdi mat cit a-a.

Goi I 1a giao diém ctia dudong kéo dai hai thanh 2’3’ va 23. Ta dé dang chiing
minh dugng: [=A.

2M=0.=>Ng.r, +100.6 + R, =0

_ 600

I,

=>Np

Tinh r,: 1a khoang céch tir diém I (A) t6i thanh b.

I, = % (Tam gidc AH3 vuong can tai H c¢6 canh huyén = 3.6m)
Viy: Ny= = 103(”5 KN.
- Thanh c:
Tach nut 3’ 3
B: 0 =>N2’3Y SlflO!+ N3’4’ Sil’lO! =0,' Nmz'y
@
=>N,3 = Ny Ne

2Y=0.=>N,+2 N,; cosa =0,
=>N.=-2 N,; cosa.
- Tinh N, : Ding mat cat a-a
Xét can bang bé trai.
2Y=0.=> N,; cosa+R4 - 100 - Ny . cos45° = 0,

100+(—120\/?.22)—140

V2 =220

=> N2’3’ = .
cosa cosx

Thay N, vao N
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N, = -2 Nygcosa = ? KN.

d. Dan t6 hop:

e Dan t6 hop: 12 dan duoc ciu tao gém dan 16n va cdc dan nho.

1 a » b 3 4 5
£
E
8 10 12 14
£
<t
U U ‘ S U \J U 'A
A I7 L9 2b) Ill 3 13 4 15 In
1 1 1 100 K 1 10K
RBT OKN 100 KN OKN 100 KN 00KN 10KN RBT
} 12x4m }
e Cau tao Dan nho: c6 2 loai
—X 6
e
¥ g

,  2x4m |

| 2x4m |

e Nguyeén tic chiu luc trong dan té hop:

- Dan nho (dan tang cuong) chiu tac dung truc ti€p cua tai trong s€ phan tac
dung cua tai trong trén ca dan phu va dan chinh thong qua cac lién két gitta dan

phu va dan chinh.

- Dan I6n: Néu tai trong dat tai tiét diém ctia dan chinh thi chi dan chinh chiu

tac dung cua tai trong.

- Trong dan t6 hop trén: Tai trong tac dung céc tiét diém 7, 11, 13, 17 1a tac
dung Ién dan phu. Con tai trong tac dung 1én cac nit 1, 3, 5 1a tic dung 1én dan

chinh.
e Cach xac dinh Noi luc trong cac thanh dan:

Trong dan t6 hop ta chia 1am 3 loai thanh:
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Thanh riéng dan nho: (Cic thanh 67, 89, 10.11, 61,...)

D€ tinh thanh nay ta tach riéng dan nho ra dé tinh.

Thanh riéng dan lén: (Cac thanh: 1'2°; 4°5°; 11°; 22’; 33’; 44’; 55 ...)
C6 hai céch tinh thanh nay:

Cach 1: Phai tiach riéng cic dan phu ra khoi dan chinh sau khi da truyén céc

luc tir dan phu sang. Tinh thanh riéng dan chinh & dan chinh.

Cach 2: Tinh truc ti€p trén dan t6 hop néu c6 thé tinh duoc.
Thanh chung (Al, 12, 45, 5B, 2’3, 3'4’...)
C6 hai cach tinh thanh chung:

Cach 1: Tinh riéng & dan phu va tinh riéng ¢ dan chinh (sau khi da tich dan

phu va truyén luc 1én dan chinh) va cong lai v6i nhau.

Cach 2: Tinh truc ti€p trén dan t6 hgp néu ¢6 thé tinh duoc.

Vi du ap dung: Cho dan t6 hgp chiu tai trong nhu & hinh trén.
Hay tinh luc doc truc trong cac thanh:
e Thanh riéng dan phu: 67; 18; 61
e Thanh riéng dan chinh; 1°2’; 22’
e Thanh chung: 2'3’; A7.
Giai
e Tinh cac phan luc: Xét can bang ca dan:
>M,=0. Ne

=>R; .4.12 -10.4.11 - 100.10.4 - 10.4.1 -10.4.5 - 100.4.2 Nm-%r N
-10.4.1 =0;

10 KN
=>R; = 170 KN.
Do két cau doi xung chiu tai trong doi xiing nén: %
NA7 1
R, =Rz =170KN. T
V1=5 KN

e Tinh noi luc cac thanh riéng dan phu: 67; 18; 61
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Tach dan nho A716:

Cac phan luc: V, = V3 = 5KN.
Tach nut 7:

2Y=0.=>N,, =10;

Tach nut 1:

2Y=0.=>Ny, .cosa +V,=0;

:>N6] == Vl :'5.'\/§KN.

cos45

Tach dan nho 1289: Dan nho 1289 khong c¢6 tai trong tic dung => Noi luc

céac thanh bang 0 => N, = 0.

Tinh cdc thanh riéng dan chinh: 1'2’; 22’
Dung mat cat a-a nhu hinh vé:
Xét can bang phan bén trai mat cat a-a:

D> M,=0=>N,.8 +R,.44-10.4.3-100.42 =0;
=>N,, =-2.R, +5.3+100=115-2.170 =225 KN.

Tinh cac thanh chung: 2'3’; A7.

Tinh thanh 2'3’: N, ., tinh theo hai c4ch:

Cich 1: Tinh truc ti€p trén dan t6 hop.

Dung mat cat b-b: Xét can bang phan dan bén trdi mat cat.
STM, =0 =>N,, x8 +R , 4.6 - 10.4.5 - 100.4.4 =0;

=> N, = 104 .5 + 1008. 4.4-170.4.6 _ _585KN

Cach 2: Tinh riéng trén ting dan chinh va dan phu sau dé cong lai:

N,y =N+ NTpy 2 3

Téach dan phu 2°-3’-10-11:

V, =V, =SKN. V2‘=5T 10 TV3'=5 KN
Tach ntt 2’ 10 KN

2Y= 0 => VZ’ = NZ’]() .COS 450
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2X=0.=>N?’,,=-N,,, .cos 45°

=>N",; =-V’,=-5KN.

Tinh trén dan chinh: Truyén cédc phan luc V', va V', xuéng dan chinh
Dung mat cit b-b,. Xét can bang nira bén trai.

m3 = 0 =>N2r3’ = - 285KN

2.6. TRUONG HOP TAI TRONG TAC DUNG GIAN TIEP.
Cho két cau nhu hinh vé.

Pé tinh va vé biéu d6 noi luc clia két cau ta thuc hién tinh todn theo trinh tu
tlr ban mat ciu truéc sau d6 truyén phan luc tir ban mat cAu xuéng dam chu.
Céc biéu d6 mo6 men luc cit dugce vé nhu hinh vé.

Béan mat ciu
20 KN
10 KN/m | 10 KN/m /" Dim ngang

I I

I 4

&; Dam chu n&
, 4m o 4m  4m | 4m | 4Am )
d rd rd d d

d

10 KN/m 20KN

e S
FoF F 7 F

20 KN ‘|’20 KN 10KN ‘|’30 KN ‘|’2O KN

5%34mi,4mﬁi,4mi,4mﬁi,4mﬂb

d td d

10 KN/m

20 KN ‘|’10 KN ‘|’30 KN ‘|’20 KN

Y

‘4mﬁ|,4mﬁ|,4mﬁ|,4mﬁ|,4m‘
¢RD=38 KN ,TRD=42 KN

(9]
v
—

224
256
168

@38

T2
1T

KN.
g @
#
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CHUONG III: TINH KET CAU PHANG TINH PINH DUGI
TAC DUNG CUA TAI TRONG DI PONG.

3.1. KHAI NIEM PUONG ANH HUONG.
1. Khai niém vé tai trong di dong:

- Trén cac cong trinh cau duodng, tai trong tac dung chu yéu la tai trong xe co
chay trén duong, tai trong ban than ctia két cdu va cac nhan t6 thién nhién nhu
nhiét do, dong dit gay ra chuyén vi cudng biic tai cdc vi tri mo tru cau.

- Tai trong xe cO ta goi la tai trong di dong. D6 1a loai tai trong ma trong qua
trinh tic dung khong thay déi vé cudng do, vé phuong chiéu ma chi thay déi vé
i tri.

- Ung v6i mbi vi tri cta tai trong di dong thi noi luc trong cdc bo phan két cau
s€ ¢0 gid tri khac nhau. VGi mdi thanh phan noi luc tai mot mat cat cia mot bo
phan két ciu nao do6 s€ cb gia tri tuyét doi 16n nhat ting v6i mot vi tri nao dé cla
tai trong di dong chay trén két cau. Vi tri d6 goi la vi tri bat loi nhat cua két cau.
Noi luc c6 tri tuyét d6i 16n nhat d6 s& 1a Noi luc dung dé tinh toan két cau.

- Nhiém vu cua ngudi Ky su thiét k& 1a phai nghién cttu dé dua ra dugc qui
luat thay déi noi Iuc tai mot mat cat bat ky cia mot bo phan két cau dudi tac
dung cua tai trong di dong. T d6 tim ra vi tri bat loi nhit cta tai trong di dong
va noi luc cuc dai twong tng vai vi tri bat loi nhat cua tai trong Di dong va nodi
luc cuc dai tuong tng véi vi tri d6 => Pua ra hinh dang, kich thudc, vat liéu cta
bo phan két cau.

- Doi v6i nghanh Xay dung Cau Puong tai trong di dong 1a tai trong ban than
xe co. Nhu vay phuong va chiéu tic dung I thang ding va huéng tir trén xuong

P

dudi.
2. Khai niém vé duong anh huéng.

Pinh nghia: Dudng anh huéng (D.a.h) 1a duong biéu dién qui luat bién doi
ctia mot dai lugng cin nghién cttu nao dé6 (Momen, luc cit, luc doc, phan luc,...)
Khi c6 mot Iuc p=1 di chuyén trén két cau theo mot phuong va chiéu khong doi.
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Cac yéu t6 cua Puong anh huong:
- Ky hiéu Duong anh hudng cua dai lugng S la: D.a.h S.

- Chiéu dai cta D.a.h sé tuong ting vGi chiéu dai két cau ma luc p=1 di
chuyén dugc chiéu 1én phuong vuong géc v6i phuong cta luc p=1.

- D.a.h phai la dai luong c6 thude do va cé ddu ( +, - ).

P=1 =

\ \
e
P.ahS
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3.2. PUONG ANH HUGNG CUA DAM TINH PINH PON GIAN.
1. Puong anh huong cua dam gian don:
a. Puong anh huong phan luc R, Rg:

Xét luc P=1 c6 chiéu hudng tir trén xuoéng dudi va chay tir A dén B. (Di dong
tir A dén B) trén dam gidn don AB c¢6 khau do 1.

Goi A 1a goc toa do, truc x 1ay theo chiéu AB la duong, x 1a khoang céch tir
goc toa do dén luc P=1 goi la toa do chay. (0 <x <1).

X P =l

1 777>X
xK 1f
Ra \ | B
T

i
: m
. Db.ah Va
|
|

I
\
\
\

\

m

| 1

‘ b.ah Vb

| 1
| \
\

—g o

Xét can bang dim AB.
IM,=0.=>R, - p(i-x) = 0

p(l - Xx)
|

:>RA =
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2M,=0.=>R;.l-px=0

Vé6i P=1 => R, R; 1a nhitng ham s6 tuyén tinh d6i v6i x => Biéu d6 1a
dudng thang.
Khix=0=>R,=1;R;=0;
Khix=0=>R,=0;Ry;=1.
=>DP.a.h R, ; B.a.h Ry nhu hinh ve.
b. Puong anh huong Momen, luc cat tai mot mat cat.
Xét mat cat k cach goc toa do A 1a xy.
Khi P=1 di dong tir A dén mat cat K (Bén trai mat catk ).
Xét can bang phan dam bén phai mat cat k.
2Mi=0.=>Mg-R,. x, =0
=>M=R,. x¢
2Y=0.=>0=R,
TuD.a. hR,=>D.a.h M; D.a.h Q.
Khi P=1 bén phai mat cét k.
Ghép hai phan Dah lai ta dugc cac Pah My, Pah Qg nhu hinh vé.
2. Puong anh huong cua dam miit thira.
a. Puong anh huong phan luc R, R;.
Xét ddm mit thira nhu hinh v&.
Chon go6i A lam goc toa do, x ¢6 chiéu duong tir trdi sang phai.

Xét Iuc p=1 c6 phuong thiang ditng, chiéu tir trén xuong di dong tir C dén A,
dén B, roi dén B.

Toa do chay x (-1 <x <1;+1,).
Xét can bang dam:

DMy=0.=>R, .I-1(l-x)=0
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DM, =0.=>R, .1-1(l-x)=0
=> RB =|1

Khix=0thiR,=1,R,=0;
Khix=1thiR,=0,R,=1.

Khix=-1, =>R ='+|—”,-RB =‘T'2
Khix=1=>R,=0,Ry= 1.

Khix=l+lZ=>RA=_TI2;RB=I+II2.

=> Pah R, , Ry clia ddm mut thira cling la dah R,, Ry cia dam gian don
nhung duoc kéo dai véi hét mait thira.

b. Pah Momen, luc cit tai 1 mat cit nam trong 2 g6i A, B.

Pé vé dah My, Qy ta 1am twong tu nhu v6i dam gian don ta dugc dah My, Qg
cta dam gian don chi viéc kéo dai ve 2 phia.

c. P.a.h M, Q tai cac mat cit nam ngoai 2 goi A, B.

Xét mat cat K, cach dau dam C mot doan a (0 <x <1,).

Khi P=1 bén trdi mat cat K. p X1
X C , = M
Xét can bang phan dam bén trai mat cat K. C 1 Kl
WKIZO' => MK] =-P.X1 ='.X]. \L

2 Q..

2Y=0.=>Qy, =-1.
Khi P = 1 bén phai mat cat K.
Xét can bang phan dam bén phai mat cat K.
M, =0.=>M,, =0.
Y=0.=> 0y, =0.
Xét mat cat K, bén phai mat cat B va cach ddu D mot doan b (0 <b <1,).

Khi P, bén trai mat cat K,.
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Xét can bang doan bén phai mat cit K, => My, =0; Qy,= 0.
Khi P=1 bén phai mat cat K,.

X2
Xét can bang phan bén phai: => My, = -X,; Qy,= 1. M =1
=>Pah M, Qy, . K 'ELC
Pah My, Q. Q2 )
d. Pah Q,, Qy.

A, B 1a hai g6i clia didm vi vay luc cat tai mat cat sat goi ¢ bén trdi va bén
phai s€ khac nhau.

o Xét tai A: A
- Xét QTrA Tr QPh
: . ; A A
Khi P=1 bén trai mat cit A. => Q" =-1.
; R
Khi P=1 beén trdi mat cit A. => Q™ =0. A
- Xét Q™
Khi P=1 bén trai mat cit A. => Q,™ =-Ry
Khi P=1 bén trai mit cat A. => Q™ =R,
o Xét tai goi B:
- Xét Q" B
Khi P=1 bén trai mat cit B. => Q" =-R;. (L \j;
QTr QPh
Khi P=1 bén trai mat cit B. => Q™ =R,. B B
- Xét Q™ Ry

Khi P=1 bén trai mat cat B. => Q,"" =0.
Khi P=1 bén trai mat cat B. => Q™ =1.
bah Q,™;Q,™ ;Qs" ;Qs™;

Nhan xét:

Pudng anh hudng luc cét tai mat cat bén trdi goi va bén phai goi cia dam
mut thura khac nhau hoan toan.
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3.3. PUGNG ANH HUGNG CUA DAM TINH PINH NHIEU NHIP.
1. Truong hop tai trong tac dung truc tiép.
e Cho hé Dam ftinh dinh gom hai Dam:
-Dam muit thira ABC .
-Dam gian don CD.
e Trong hé Dam trén ta thay ngay:
-Dam ABC la Dam chinh.
-Dam CD la Dam phu.

e Ta vé cic Dah phan luc, moé men, luc cét tai mot mat cit nao dé trén
Dam phu va Dam chinh.
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1. Xét Dam phu thuoc CD:

Dam CD la Dam phuy, ABC Dam chinh do vay khi P=1 di dong trén Dam
ABC hoan toan khong anh huéng téi Dam CD. Do d6 Pah phan luc va cac Dah
noi luc trén Dam CD s& ¢6 gia tri bang trén DAm ABC.

CD la Dam gian don vi vay cac Dah R, R, My,, Qy, dugc vé nhu hinh vé.

2. Xét Dam co ban ABC:




a. Dam ABC la Dam muit thira do d6 cac Pah R,,Rg, My,, Q, khi P=1 di
dong trén Dam ABC duoc vé nhu hinh vé.

b. Khi P=1 di dong trén Dam phu thuoc CD s& gay ta noi luc trén Dam co
ban ABC thong qua phan luc tai khép trung gian C.

Téach Dam phu thu¢c CD va truyén phan luc RC xu6ng DAm co ban, xét can
biang DAm co ban ABC.

2My=0.=>R, ., + R.L, = 0. =>R, =" R
2My=0.=>Ry I, - Re(l; + 1)= 0. =>Ry = |1|+I2- c
1
Pah M, Qg;:

Xét can bang doan Dam bén trai mat cat K,

SY=0.=> 04 =Ry =- R
1

27”[{1= 0. => MK] =RA a = - Il_z.a.RC
1

Dua vao Dah R da v€ ta vé duoc Dah R, R, M, Q, trén doan CD.

3. Nhan xét:

Sau khi da v€ cac Buong anh hudng noi luc va phan luc cia Dam tinh dinh
nhi€u nhip ta rit ra nhitng nhan xét sau:

Dah 12 nhitng doan théng.

Khi luc P=1 tac dung trén 1 goi nao do thi phan luc & cac goi khac va M, Q
O mat cat bat ky trén két cdu déu bang 0.

Pah phan luc va ndi luc cua Dam phu thudc chi ¢6 tung do trén Dam phu
thuoc d6. Cédc tung do trén Dam co ban bang 0.

Néu két cau c¢6 nhi€u bo phan co ban thi Pudong anh huéng noi luc hoac
phan luc clia doan Dam co ban nay ¢6 tung do bang khong trén ciac doan dam
co ban khac.
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2. Truong hop tai trong tac dung gian tiép.

Dé vé cidc Pudng anh hudng phéan luc va noi luc cia Dam chi khi tai trong
di dong tac dung gian ti€p trén ban mat cau ta thuc hién theo trinh tu sau:

Bude 1: VE Duong anh hudng khi P=1 tac dung truc ti€p trén Dam chu.

Budc 2: Noi cac tung do ctia Buong anh hudng da vé & budce 1 tai cac vi tri
tuong tng véi cac dam ngang véi nhau ta duge Puong anh hudng can ve.
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3.4. PUONG ANH HUONG NOI LUC CAC THANH TRONG
DAN PHANG TINH PINH

1. Cac phuong phap vé D.a.h Noi luc cac thanh trong dan tinh dinh:

Phuong phap giai tich dugc chia lam hai phuong phép:

Phuong phap tiét diém.

Xét 2 truong hop :

Truong hop 1: Tai trong P=1 di dong ngoai khoang ma mat cét cat qua, va
phia bén trai mat cat do.

Truong hop 2: Tai trong P=1 di dong ngoai khoang ma mat cat cat qua, va
phia bén phai mat cat do.

Phuong phap mat cat.

Xét 2 truong hop:

Truong hop 1: Tai trong P=1 dat tai ti€t diém.

Truong hop 2: Tai trong P=1 khong dit tai tiét di€m.

Trong dan tinh dinh, cadc D.a.h phan luc goi dugc vé tuong tu nhu D.a.h
phan luc g6i ciia dam tinh dinh.
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2. Bai toan
a, Bai toan Dan co bién song song.:

Vé d.a.h phan luc R,, Ry va Noi luc cdc thanh a, b, ¢, d va e biang phuong
phép giai tich.

Thanh bién trén

1! C 2! 3‘1 4\] 5!

b.a.h RA

b.a.h RB
b.a.h Na

b.a.h Nb

P.a.h Nc

b.a.h Nd

P.a.h Ne

Giai.

Dah Na: Tach nat A
Khi P=1 dat tai A:
2Y=0.=>N,=0.
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Khi P=1 di dong tir 1 dén B:
2Y=0.=>N, sina +R,= 0.

=>N,=- _RA :
sina
1
Dah N,=- — .R,
sina No=1

Pah N: Tach nut 1:
Khi P=1 dat tai 1:

N~ No

=1
Nv=0

Khi P=1 dat tai c4c nit con lai:

2Y=0. => N, =0.

2. Phuong phap mat cat : V& Dah cédc thanh ¢, d, e.
Ta s€ vé cdc Dah N, N, , N, dua vao Dah R, R;.
Khi P=1 di dong tir A dén 1:

N=T— N

Xét can bang phan dan bén phai mat cat 1-1:
1

sina

2Y=0.=>N, sina +Ry=0.=> N, =-

‘R,

=>PahN, =- Dah R,

sino
Siny=0.=> No h +Rydd = 0. => N, =- % R,

—> DahN, =- % Pah R,

Sin;.=0.=> N, h +Ry5d = 0. => N, = %.RB

—> DahN, = % Pah R,

Khi P=1 di dong tir 2 dén B:

Xét can bang phan dan bén trdi mat cat 1-1:
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2Y=0.=>N, sina —R,=0.=>N, = R,

sina
1

sina

=>DahN, =

Pah R,

2d
Zmz = 0. => NC .h +RA.2d = 0. => NC == T. RA
—> PahN, =- %.Dah R,
S, =0.=>N, h—Ryd =0. => N, = % R,

=> DahN, = %.Dah R,

Sau khi v€ dugc cac Puong anh hudng tuong tng véi hai truong hop trén ta
lan lugt ndi cac tung do Pah tai cac nit 1 va 2 cua tung Pah ta dugc cac Pah
nhu hinh ve.
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t0 hop: Cho dan t6 hgp nhu hinh vé .

9

b. Dan

Hay v€ Dah cac thanh a, b, c, d, e.

b.a.h RA

b.a.h RB
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Trong dan to hop gdbm: Thanh riéng dan nho, thanh riéng dan 16n va thanh
chung. V6i mobi loai thanh ta s€ cé cac Phuong phdp vé Puong anh hudng khac
nhau.

Thanh riéng dan nho: Do thanh riéng dan nho chiu tai trong cuc bo trong
pham vi dan nho. Do vay ta dung Phuong phép tiét diém vé rieng Pah thanh d6.

Thanh riéng dan 16n: C6 2 cich veé:

Cach 1: V& truc ti€p trén dan t6 hop néu vé duoc.

Cach 2: Vé trén dan 16n nhung phai chd y dén su truyén luc tir dan nho sang
dan I6n.

Thanh chung :

Cach 1: V& truc ti€p trén dan t6 hop néu vé duoc.

Cach 2: Vé riéng Dah thanh d6 trén dan 16n va dan nho sau d6 cong lai.

Ap dung vao bai toan trén:

V& Dah Na, Nb, Nc: Thanh a 1a thanh riéng dan 16n ta vé truc ti€p trén dan
t6 hop . Thanh b, ¢ 1a thanh chung ta ciling v& dugc truc ti€p trén dan t6 hop.

Dung mat cét 1-1 nhu hinh veé .

Khi P=1 di dong tir A dén 1:

Xét can bang phan dan bén phai mat cat 1-1:

Sin,=0.=>N, .h +Rp.10d = 0. => N, =- % R,=-5R,

i, =0.=> N, h—Rp8d =0.=> N, = % R, =4R,

1

sina

2Y=0.=> N, sina —Ry;=0.=> N, =

Ry=3.R,

Khi P=1 di dong tir 9 dén B:

Xét can bang phan dan bén trdi mat cat 1-1:

Sin,=0.=>N, h +R,.2d = 0. => N, =- % R, =-R,

S, =0.=>N. .h—R,4d = 0. => N, = % R, =2R,
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2Y=0.=> N, sina +R,=0.=> N, = -

R,= J3.R,

sina

Trén doan 19 ta ndi hai tung do Pah tai hai dau 1 va 9 lai v6i nhau ta duoc
Pah luc doc cua cac thanh nhu hinh vé.

V& Dah Nd, Ne: Dung Phuong phap tiét diém.

Thanh d: La thanh riéng dan nho. Tach tiét
diém O. No=1

Ne=1
Khi P=1 tac dung tai 9.
N, =1. 9 3
P=1 P=1

Khi P=1 khong tac dung tai 9.
N, =0.

Nb=0 Ne=0
Thanh e: La thanh riéng dan 16n. Tach tiét
diém 3.
_ _ 9 3
Khi P=1 tac dung tai 3.
N,=1.
Khi P=1 khong tac dung tai 3.
Nd = 0'

62



3.5.DPUONG ANH HUONG CUA VOM BA KHOP.
Xét két cau vom 3 khép nhu hinh vé .

|
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' I : Pah.V,
[ I ah.
P~ | I ’
T=d ! |
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Ta c6 céac cong thuc:

Phanluc:V, =V, V,=V,’ H= MTCO
Noi luc tai mat cat K:

My = M - H.y,,

Oy = 0% .cospg—H. singy,

Ny = -Q°% sinpe—H. cospy;
Trong do:

V,% V% MY 1a phan luc tai g6i A, B va mo men tai mat cat C tuong ting
cta Dam gian don c6 cing khau do.

M’ ;Q% 1a mo men va luc cit tai mat cat K ctia Dam gian don .
Vay ta c6 cong thic ding dé v& cac Pudng anh hudng trong von 3 khép.
Phan luc :

PahV, =BPahV ’;

PahV,=DahV,’;

Pah H=% Dah M’

Noi luc tai mat cat K:
Pah M, =Dah M’ - y, Pah H;
Dah Q = cosp, Pah Q% —sing, Pah H;
Dah Ny = - sing, .Dah Q°, —cosp, Pah H;

Dua vao cac Puong anh hudng phan luc va noi luc trén Dam gian don c¢6
cung khiu do ta v& duogc cac Pudng anh hudng phan luc va noi luc clia vom 3
khdp c6 cao do khdp chan vom bang nhau nhu hinh vé.
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2. Vé Puong anh hudéng cua vom 3 khép bang Phuong phap diém
khong.
Fn

ANIRN
N

bah.M

bah.N

a. Noi dung cua Phuong phap :

- Phuong phdp diém khong dua trén co s& tim vi tri tic dung cua tai trong P=1
ma tng vdi vi tri d6 mo men hodc luc cét, luc doc tai 1 mét cat nao d6 bang 0.
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- Sauk hi x4c dinh dugc diém khong ta s& két hop véi cac diém khong khac da
¢6 (C4c vi tri goi n6i vé6i dat ...) d€ vé Dudng anh hudng noi luc trén co s6 Dam
gian don (Hodc hé Dam tinh dinh) ¢6 g6i 1a cdc diém khong da tim dugc.

e Duong anh huong My

- Quan sat trén Duong anh huong My da vé ta thay: Poan dau tién cua Dah
M giong nhu Dah Mo men tai mat cat K cia DAm gian don c¢6 chiéu dai tuong
ting 1 12 khoang céch tir g6i A t6i diém F,, ¢c6 moé men bang 0.

- Vay néu xdc dinh duoc diém Fy, ta c6 thé vé dugc Dah M

- Tuong tu v6i Pah Ng va Qg ta ciing vé& dugc néu nhu xac dinh duoc di€ém
khong Fy, F,, tuong tng.

b. Cach vé Pah My, Q, Ni bang Phuong phap diém khong .
e Puong anh huong M

- Ké duong thang di qua khép dinh vom va khép chan vom phia bén kia mat
cat. (d,);

- K& duong thang di qua khép chan vom con lai va di qua mat cat K. (d,);
- Duong d, va d, cat nhau tai Fy,.
- Chiéu dai 1, chinh 14 hinh chiéu bang ctia doan n6i khép A véi Fy,.

. j.X«

- Dua vao quan hé hinh hoc tacé: [, = ———*—
Y, + X . f

=1 +1,

- V& Duong anh hudng My cia Dam mot dau thira ¢6 khau do nhip chinh 1a
1., dau thira 1a 1,-1_. Sau d6 vé ti€p trén Dam Phu thuoc CB ta s€ vé duoc DAH
M. (Truong hop 1,<1,). Truong hop 1>, ta s€ xét sau (Thuong gap khi vé
DAH trong khung 3 khép).

e Duong anh huong Q:
- Xdc dinh di€ém khong F;

- K¢ dudng thang di qua khép dinh vom va khép chan vom phia bén kia mat
cat. (d,);

- K¢ dudng thang di qua khép chan vom con lai va song song véi tiép tuyén
cua duong congvom tai K. (d,);

- Dudng d, va d; cat nhau tai F,,.
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- Chiéu dai 1, chinh 1a hinh chi€u bang ctia doan thang néi F, v6i khdp chan
vom phia mat cat K.

- Chiéu dai 1, x4c dinh bing quan hé hinh hoc.
e Cach vé Duong anh huong Q:

e V& Dudng anh hudng Qy ctia Dam c6 chiéu dai 1q sau dé nhan véi (cosey)
kéo dai vé phia phai gap dudng déng tir C xuong tai 1 diém, noi diém d6 véi
diém béang khong & g6i B ta dugc Dudng anh hudng Qi ctia vom 3 khép.

e DPuong anh huong Ny:

- Xdc dinh diém khong Fy:

- K& duong thang d, di qua khép chan vom c6 mat cit K va vudng géc vdi tiép
tuyén clia vom tai mat cat K.

- Hai duong d, va d, gap nhau tai Fy.

- Déng diém Fy xuong dudng chuén ta duoc diém Fy.

- Tai diém tng v6i vi tri clia g6i A, tir dudng chuan ta déng 1én 1 doan béng
singg (doan aa,). Noi Fy v6i a,, kéo dai gap duong déng tir K xuong & K,va
duong déng tir C xuéng & C,. Noi ¢,b, tir a ké duong thang song song Vvéi a,c,
gap duong dong tir K xuong & K,. Ta dugc ak,k kc,b 1a BPuong anh huong N
mang dau am.

- Cac Duong anh hudéng My, Qy, Ny nhu hinh vé.
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3.6. CONG DUNG CUA PUONG ANH HUONG .
1. Dung Puong anh huéng dé tinh noi luc cua két cau :

e Sauk hi da vé dugc cac Puong anh hudng ndi luc ta s€ di xac dinh noi luc do
tung loai tai trong gay ra.

e Tai trong tac dung lén két cau gom:
- Tai trong tap trung.

- Tai trong phan bo.

- Mo men tap trung.

a. Tai trong tap trung.

Xét Puong anh hudng S (S ¢6 thé 1a phan luc, mo men, luc cit, luc doc) chiu
tdc dung cula tai trong tap trung tu P,, P, t6i P ,P,. Cac tung d0 Duong anh
hudng S tuong tng véi cac tai trong Py, Py,...., P, P 1ay,, Vo, cootsVo1s Voo

P1 P2 |P3 Pn
\
\

W/H/W b.ah S
yl y2 y3 yn

Noi luc S, do céc tai trong tap trung gy ra la:
Sp = P].y]+P2.y2 ++Pn_1Pn = z Pi'yi'
i=l
Trong d6 tung do Pudng anh hudng S : Y, c6 thé mang diu +, - hoic bing 0
n: 1a so tai trong tap trung tac dung .
b. Tai trong phan bo:

X£ét tai trong phan bo q(x) tac dung lén két cdu c6 Puong anh hudng S.
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X)

- Tai trong phan bo
m b

b.ahS

N\ —x

o
é‘g‘

a > b

LY

Xét 1 phan t6 luc tap trung : dp= q,.dx.

Noi luc dodp gayra :

ds =y.dp =q,y.dx.

Vay noi luc S do tap trung phan bo q, gay rala:

b
= J' gx.y.dx

Trong do:

q, la tai trong phan bo.

y: La tung d6 Buong anh huéng tuong tng véi q,.
Néu tai trong phan bo déu : q, = q, = const.

go
VX ¥ ¥V ¥ V1V V¥V ¥y Taitrong phan bd déu

Qab b b.ahS

b
=> S=q,,. I y.dx
Mat khéac :

b
Q,= I y.dx la dién tich cia Puong anh huoéng S trén doan ab.

S = 4y- Qab

¢. MO men tap trung :




Xét Puong anh hudéng S ¢6 mo6 men tap trung M tac dung :
M

<ﬁ
PTﬂ b.ahS

a f
\
y

v

Ta Phan tich m6 men M thanh cap ngau luc P véi canh tay don: Ax;

M =P. Ax.

y+Ay
AX

Vay noi luc S do cap ngau luc gay ra la.

S=P.(y+Ay)-Py = P. Ay

Ay
=>S5=M. —= =M.igop.
. 89
Néu trén Puong anh hudng S ¢6 nhi€éu moé men tap trung tic dung :

F‘ = Zn:iMi.tggol.
i=1

Trong d6: ¢ 1a géc ti€p tuyén cua Pudng dnh hudng tai di€ém c6 moé men tap
trung tic dung.

Tich s6 (M,.tgp, ) mang dau + néu M quay thuan chiéu Kim déng ho va ¢
goc la géc dong bién. Hoac M quay nguoc chiéu KPH va géc ¢ 1a géc nghich
bién.
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d. Vi du:

Vi du 1: Cho két cau nhu hinh v&. Hay tinh M, Q tai mat cat K bang Phuong
phap dung Puong anh hudng .

5 KN/m 20 KN

L 4m |, 2m J{ 2m J[ 4m L
{ T 7 7 W
— | |
| 2 |

| , | B.ah My
| }1.5 Krl |
3 | | | |
| | | |
OSM B m

b.a.h
—g — \Oé Jl a QK

Giai:
e Budc 1: Vé DAH My, Qx:
Dam ABC la Dam muit thira do d6 ta vé ngay duoc cac PAH Mg, Qy;
e Budc 2: Tinh M, Qx:
Tai trong tdc dung 1én DAm goém ca tai trong tap trung, tai trong phan bo va

mo men tap trung. Do vay noi luc s€ tinh theo cong thic.

S=> P.y.+q, Qab + iiMi.thJ,..

n
i=1 i=1

Tinh My:
My =20.1-40.1tgp,-5.0534; tgp,=0.25.
=-20 KN.m.
Tinh Qg:
0x=20.0,5-40.1g0, +5.0,54; 1tgp,=0.125.
=10 KN.
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Vi du 2: Cho két cau nhu hinh vé. Hay tinh cac phan luc g6i R,, Ry, Noi luc
cdc thanh N, N,, N_ bang Phuong phap dung Puong anh hudng.

|
| ‘ | \ ‘ D.a.h Nb
G233 43 41 | |
= | | | |
| | | |
| | |
\2 | |
i \]7/6
‘ | d | P.a.h Na
| (s\2s6 | N2z |
| | | | | |-
| | | | -
| \ \ B L — | \ NP
| N | | \2
s I
| | | P.a.h Nc
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Giai:
e Budc 1: Vé cac DAH.
bah R,, Dah Ry : Giong nhu Pah R,, Pah Ry clia Dam gian don AB.
Pah N,: Dung Phuong phap tiét diém: Tach nut A.
Khi P=1 tac dung tai A: R,=1.
2Y=0=>Na=0.
Khi P=1 tac dung ngoai vi tri A:
2Y =0 => Nasina+ R, =0.

1

Sin &

=> Na = -2 R,

=> Na = -

R,; a=45" ;sina :g

Pah N, : Dung mat cat 1-1:

Khi P=1 di dong tir A->1: Xét can bang phan Dan bén phai mat cat 1-1:
2M,=0=>Nb4 +Ry44=0.=>Nb=-4.Ry

Khi P=1 di dong tir 2->B: Xét can bang phan Dan bén trai mat cat 1-1:
IM,=0=>Nb4+R,42=0.=>Nb=-2R,

Pah N_: Dung mat cét 2-2:

Ta dé dang Ching minh dugc A 1a giao diém ctia hai thanh 23 va 2'3’.

Khi P=1 di dong tir A->2: Xét can bang phan Dan bén phai mat cat 2-2:
M, =0=>Nb4d +Ry44=0.

Dua vao quan h¢ hinh hoc ta c6: Tam gidc AH3 la tam gidc vuong can tai H.

=>r =34 = 642 m.

‘=

=>N, = -~

G
Khi P=1 di dong tir 3->B: Xét can bang phan Dan bén trai mat cat 2-2:
2M,=0=>Ncrc+R,0=0.=>Nc =0.

Ry=-22.Ry.
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=>Pah N, N;, N_ nhu hinh v€ .
e Budc 2: Tinh noi luc cac thanh bang Puong anh huoéng .

Phan luc R, Rg.
175

R, =20.2 +50. 1 4100 L =12 kN

6 2 2 3
Ry=20.1 +50. 1 41002 =33 kN

6 2 6

Noi luc cac thanh a, b, c:
No=-20. 32 1502 4100 Y2 21752 gy
6 2 6 3
N,=-20.2 -50.1 -100. % =-2% kN
3 3 3

N, = -20. g - MKN
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Vi du 3: Cho két cau nhu hinh v&. Hay tinh mo6 men, luc cit tai cac mat cét
i, j bang Phuong phiap Dudng anh hudng.

40 KN.m 20KN 10 KN/m 100 KN.m
. < i o T T TR wﬂi <
,3m | 3m | 4m ;2m;, 4m | 4m 1 3m | 3m |
| | T 1 | ’ |
| | | | | | | |
| | | | | |
| A m | | | |
| et L | 1 | | P.a.h Mi
| | | | | | | |
| | | o | | | |
| | | o | | | |
| n o | | | |
T | |  PahQi
| | | ] | | |
| | | | | | | |
| | | | | | | |
| | | | | ~_ s |
| | T LA T | | | D.a.h Mj
| | | | W | |
| | | o | | |
| | | o | | | |
| | | o | | | |
| | | o 23 o |
A e
| | | | <z ' P.ahQj
W
1,

Giai:

e Buoc 1: Vé cic bah M,, Q;, M;, Q,.

e Budc 2: Tinh M;, Q;, M;, Q; bing Duong anh huodng .
M, = -20.3 = -60 KN.m

M =-20.3- 40% = -100 KN.m

rai di . di _ 1.5
M= -10.(05.8.2) + 100.139" = 130 KN.m; 19" =- >
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i réi _ . rdi _ 1
M= -10.(0,5.8.2) + 100.tg" = -30 KN.m, tgp " =

Q. =100.tg0° +20.1 =20KN.
Qj trdi _ Qj Phdi — ]0 KN.

s,z

Chi y:

Néu mo6 men tap trung dat tai dinh cta Pudng anh hudéng dang tam giac
hoac da gidc (Tai vi tri c6 2 gid tri @ 1a @ ™ va ¢ P') thi tai d6 ta phai tinh c
hai gi4 tri m6 men bén trai va bén phai mat cit.

Hai g4 tri mé men M"™ vi MM s& can bing véi moé men ngoai luc tai do.

Mtrdi + MPhdi +M =0

; /
\

1\(/[Tréi S/[j %Phéi
100 KN.m

g/[w:130 )Mvm =30 KN.m
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2. Vi tri bat loi nhat cua tai trong.
a. Dinh nghia:

Vi tri bat loi nhat cua tai trong 1a vi tri ma tai trong dat tai d6 sé gay ra gia
tri noi luc 16n nhat cta dai lugng can nghién ctu .

b. Puong anh huong c6 dang da giac:

y1+Ayl )%+Ay2 y3+Ay3 yA+Ayd
Truong hop 1:

Khi gilt nguyén vi tri tic dung cua tai trong:

N1 luc tuong tng 1a:

S=P,.y, + P,.y, + P,.y; + P,.y,

Truong hop 2:

Dich doan tai trong sang bén phai mot doan Ax:

No1 luc tuong tng 1a:

S,=P,.(y, + 4y,) + P,.(y, + Ay,) + P;.(y; + Ay;) + P,.(y, + Ay,);
Xét AS = S,-S, = P,. Ay,+ P,. Ay,+ P;. Ay;+ P,. Ay,

Néu & truong hop 1: S, 1a noi luc luc 16n nhat thi : AS <0;

Xét quan hé gifta Ax va Ay,

Ta c6: Ay,= Ax.tga,

=> AS = Ax.(P,.tga,+ P,.tga,+ Pitgas+ Py tga,) <0;

Vi Ax>0 nén (P,.tga,+ P,.tgo,+ Pi.tgos;+ P,tga,) <0;
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Vay dé AS<O thi bat budc phai ¢6 it nhat mot tai trong P nao d6 trong doan
tai trong phai dat & dinh BAH.

Vay

Ax:AS<0 =>3 P.tgo; <0 (1) (Poan tai trong dich chuyén sang phai);

Tuong tu:

AX :AS<0 =>Y P.tga,>0; (2) (Poan tai trong dich chuyén sang tréi);

Cong thitc 1 va 2 la diéu kién dé€ xéac dinh vi tri bat lgi nhat ciia doan tai
trong trén Puong anh hudng hinh da giac.

Kinh nghiém tinh toan cho thdy: Khi tai trong cé tri s6 16n nhat trong doan
tai trong dat 1én dinh Puong anh hudng c6 tung do 16n nhat thi s€ duoc vi tri bat
loi nhat cua tai trong.

Vay dé tim dugc vi tri bat lgi nhat cua doan tai trong trén Pudng anh hudng
ta thuc hién theo trinh tu sau:

e Dat doan tai trong lén Pudng anh hudng saoch tai trong 16n nhat trong
doan & vi tri ¢6 dinh cao nhat cia Puong anh hudng .

e Cho doan tai trong xé dich sang trdi va sang phai mdt doan Dx. Sau d6
kiém tra lai hai diéu kién tuong ting trong cong thicl va 2. Néu thoa man thi vi
tri d6 1a vi tri bat 1oi nhat cla tai trong .

c. Puong anh hudng cé dang tam giac.

Xét doan tai trong gom cdc tai trong tap trung P, P,, ...., P.. dat trén Puong
anh hudng tam giac trong doé co tai trong Ps= P, tic dung trén dinh Duong anh
hudng.

P:P:Ps PsPsPs Pr ... P,
R R I
Ptrai Pphai
| |
\ ¢ |
|Qt = Pah S
a b
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Goi P4 va P, 1an lugt 12 hop luc cla cdc lyc bén trdi va bén phdi dinh

Puong anh huong .

Tai

Né€u vi tri ta dang xét 1a vi tri bat 1oi nhat cua tai trong thi phai thoa man

diéu kién:
Ax: Pgtga + ( P.+P).tgf < 0 (3) (Poan tai trong dich chuyén sang
phai);
Ax: P gtga + ( P.+P).tgf < 0 (4) (Poan tai trong dich chuyén sang
trai);
Trong do :
tga=—; tg,b’zg;
b
. I:)Trai + Pk >m (5)
— a b
AX : h< Ponai + B (6)
a b

Cong thic 5 va 6 dung dé x4c dinh vi tri bat Ioi nhat cla tai trong trén
Puong anh huong.

Chu y:
Neéu tai trong phan bo déu thi ta sé c6 dicu kién duy nhat
PTrai > PPhai (6)
a b
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3.7. TAI TRONG RAI PEU THAY THE TUGNG PUGNG.
1. Dinh nghia:

e Tai trong rai déu thay thé twong duwong 1a loai tai trong rai déu quy déi tir
tai trong thuc t&€ duoc dat tai vi tri bat loi nhit cla tai trong trén Puong anh
huong.

e Vay noi lyc tinh theo tai trong tuong duong s€ la:

S

max = .02 (1)
Trong do:
£0: La dién tich Budng anh hudng tuong Gng véi chiéu dai dat tai.
¢’ tai trong tuong x€&p trén Pudng anh hudng.
Mat khac:
§S=2P.y+24q; £ (2)
Trong do:
£0:Ladién tich Dudng anh hudng tuong tng véi chiéu dai dat tai q;.
g,: Tai trongrai déu trén 1 phan Duong anh hudng.
P..y;: Tai trong tap trung va tung do Puong anh huéng tuéng tng.
Tulva2:

=> qtd= Zplyl ;qugl

- Trong Xay dung Cau duong, ta thuong gap doan tai trong la doan 6to,
doan tau hoa hay doan ngudoi.

- Trong Quy Trinh 79 cua Bo GTVT thi tét ca cac tai trong 6t6 va xe hoa
déu dugc quy vé tai trong rai déu tuong duong va duoc l1ap thanh bang tra sin
dung dé tinh todn thiét k&€ cong trinh cdu dudng. Con tai trong ngudi luon duoc
14y 1a: 300 Kg/m?.

- Trong Quy Trinh 2001 cua B6 GTVT thi tai trong 6t6 dugc xép truc ti€p
trén Puong anh hudng.

2. Poan tai trong 6to:
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e Tai trong tiéu chudn 6td dugc chia lam cac cap sau:

Cach bo tri cac doan xe 6t0:

- Poan xe tiéu chuan: H6, H8, H10, H13.

—

Hudng xe chay g 3p 0.7P

0.35P 0.95P 0.3P 0.7P

H6, H8, H10, H13, H30.

0.3P 0.7P

8m

4dm

8m

i,

4dm

4m

4m

|

4dm

8m

- Poan xe tiéu chuin: H30.

D —

HuGng xe chay g op

0.4P0.4P

i

0.2P

0.4P0.4P

i

0.2P

0.4P0.4P

i

10m

6m

1

o

10m

6m

10m

o

6m

1.6*

e Doan tai trong xe hoa:
Chia lam 4 cap:
Cap 1: Z10. (Z=10T);
Cap 2:718 (Z=18T);
Cap 3: Z222(7Z=22T7);
Cép 4: 726 ( Z=26T);

Céach bo tri cac doan xe xe hoa:
0.3Z

0.427

????? EEEERE

1.5 1515|1515 8 ]

A
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4. Tim vi tri bat loi nhat doi véi cac doan 6to6 va xe hoa:

Viéc tim vi tri bt loi nhit cla tai trong trén Puong anh hudng 1a tuong doi
phtic tap. Trong qua trinh tai trong thi€t k&, nguoi ta thuong dung tai trong rai
déu twong duwong q* do d6 rat thuan lgi cho viéc tim vi tri bat loi nhat cia doan
tai trong.

Doi v6i Puong anh hudng tam giac:

Dé ¢6 dugc q,, ta phai tra bang can ct vao :

Chiéu dai Pudng anh hudng (1).

Tri so: a=i3; Pah S

Voi : I

a: Chiéu dai theo phuong ngang

phan Puong anh hudng cé canh ngin - ~
hon. — - Pah S
1: Chiéu dai Buong anh hudng.
~

Doi voi Puong anh huong da giac: /
bah S

Pé tinh dugc noi luc ta dung 1 trong
hai cach:

Cach 1: Xép tai truc ti€p 1én Buong anh hudng .

Cach 2: Coi Buong anh huéng da gidc xdp xi la Puong anh hudng tam giac
c6 duong cao la dinh cao nhat ciia Puong anh hudéng da giac.

=>q".

=> X4c dinh vi tri bat 1gi nhat.
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BANG TAI TRONG TUONG BUONG CUA DOAN O TO H-10 (T/M)

Vi tri dinh cla tam giac Vi tri dinh cla tam giac
Mmoo ; 2 Ay ; 2
O giira O L4 O dau O giita OL/4 O dau
4 4.75 478 4.75 32 1.23 1.29 1.37
) 3.80 3.80 4.08 40 1.15 1.16 1.27
6 3.17 3.30 3.66 50 1.09 1.09 1.19
8 2.38 2.67 2.81 60 1.05 1.05 1.13
10 2.16 2.23 2.54 70 1.01 1.02 1.08
12 1.94 1.99 2.31 80 0.99 1.00 1.05
14 1.76 1.86 2.08 90 0.97 0.97 1.03
16 1.59 1.73 1.71 100 0.96 0.96 1.01
20 1.40 1.57 1.67 120 0.94 0.94 0.98
24 1.35 1.44 1.57 140 0.92 0.92 0.96
28 1.30 1.34 1.45 160 0.91 0.91 0.94
BANG TAI TRONG TUONG DUONG CUA DOAN O TO H-30 (T/M)
Vi tri dinh clia tam giac Vi tri dinh cla tam giac
Mmoo ; . Amy ; :
O gitra oL O dau O giita oL O dau
4 7.20 6.80 9.60 32 1.76 2.06 246
) 6.53 7.55 8.06 40 1.76 1.90 2.29
6 5.87 6.58 6.93 50 1.76 1.79 217
8 4.80 5.20 547 60 1.76 1.78 2.08
10 4.03 4.29 4.70 70 1.74 1.74 2.02
12 3.47 3.80 410 80 1.74 1.74 2.00
14 3.16 3.40 3.62 90 1.74 1.74 1.97
16 2.89 3.08 3.24 100 1.72 1.74 1.93
20 245 2.57 2.87 120 1.72 1.72 1.90
24 213 2.22 2.78 140 1.70 1.71 1.68
28 1.93 213 2.60 160 1.70 1.71 1.68
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BANG TAI TRONG TUONG DUONG CUA XE XB80 VA X60 (T/M)

XB8O c6 dinh & o XB80 c6 dinh & o
A 1 & gita nhip sy | dinh bacto ky | ™ | & gita nhip sy | dinh bacto ky
va 1/4L va 1/4L
4 1800 | 2200 | 12.00 2 6.48 6.67 483
5 1664 | 2050 | 12.00 24 6.00 6.17 448
6 16.00 1867 | 1167 2 5,58 573 417
7 15.02 1697 | 1102 28 522 533 390
8 14.00 1550 | 1031 30 491 501 367
9 13.04 14.22 963 32 462 471 346
10 1215 | 1312 9.00 36 415 422 310
12 1067 | 1133 792 40 376 382 281
14 947 995 7.04 50 3.05 3.08 228
16 8.50 8.67 633 60 256 259 1.92
18 7.70 8.00 5.74 70 21 222 165
20 7.04 728 5.25 80 1.94 1.95 145
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5. Vi du: Tinh noi luc cdc thanh Na, Nb trong dan sau bang cdch dung tai
trong tuong duong khi c6 doan xe H30 chay qua.

b.a.h Na

r - — L 3

b.a.h Nb

Gidi:
Budc 1: V€ Buong anh huéng Na, Nb;

Budi 2: Tra bang tai trong tuong duong dé cé: q,; q';
Tinh ¢“. : V6i 1=60 m; a= % =0.3333; H30.
Tra bang va Noi suy => q', =1.7542 ( T/m).
Tinh ¢“, : V6i 1=60 m; a= % =0.1667; H30.

Tra bang va Noi suy => q*, =1.912 ( T/m).
Budc 3: Tinh Na, Nb:

Na=q". Q :1.7542.(0.5.% 60)=70.168 T.

Nb =q“,. O, =1.912.(-0.5%J§ 60)=-67.5994 T.
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CHUONG 4. TINH CHUYEN VI TAI MOT PIEM TREN
KET CAU TINH PINH.

4.1. KHAI NIEM BIEN DANG VA CHUYEN VI.

- Duéi tac dung cua cac nhan t6 : Tai trong, nhiét do thay d6i va chuyén
vi cudng biic; két cau s& bi bién dang udn , kéo, nén hoic trugt, xoan.

- Bién dang cua két cau 1a tong hop cdc chuyén vi cla tit ca cac di€ém trén
két cau. Hay néi khéc di, khi két cdu bi bién dang, hau hét cdc diém trén két
cdu s& bi dich chuyén t6i vi tri méi . Su dich chuyén vi tr ctia 1 diém khi két
céu bi bién dang goi 1a chuyén vi ctia diém do.

- Chuyén vi bao goém : chuyén vi dudng va chuyén vi géc xoay.
- Xét két cdu khung chiu tai trong tac dung nhu hinh vé.

Duéi tdc dung cua tai trong, diém C sé& dich chuyén t6i vi tri C'.

Ak
|
P C Aip
[T —— A 1
= / Axp /C
>/ /
q |/ /
| i
> |
A B :
—— = —p———>1

CC’ goi la chuyén vi toan phin cua diém C. CC' dugc phan tich thanh 2
thanh phan: 4,, va 4.

A,p: Chuyén vi ctia diém C theo phuong k do tai trong gay ra.
Ap: Chuyén vi ctia diém C theo phuong i do tai trong gay ra.

Goi 8,pva 8,, Chuyén vi don vi ctia diém C theo phuong k va i do tai trong
gay ra.
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Ap=06p-P;
Ap=0p.P;

Néu trén két ciu co n tai trong tac dung thi theo nguyén ly cong tic dung :

Aep=Nip 1+ Ayt Aips ... +AkPn=Z (Okpi-Pi);

Ap=Aip + Aipy+ Aips ... +AiPn:Z (Opi-Py);

Cac gia thiét trong tinh toan:
- Vat liéu 1am két ciu 12 dan hoi, dong nhat va dang huéng.

- Két céu lam viéc trong giGi han dan hoi (Bién dang nhd), do d6 quan hé
gilra ing suat va bién dang tuan theo dinh luat Hook.

- Khi tinh chuyén vi ta 4p dung nguyén 1y cong tic dung.
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4.2. CAC KHAI NIEM VE CONG VA NGUYEN LY CONG KHA DI.

C6 rit nhiéu Phuong phép tinh chuyén vi nhung Phuong phap thong dung
nhat 1a Phuong phap: Dung nguyén ly bao toan vé cong dé tinh chuyén vi .

1. Cong thuc ctua ngoai luc:

A KiPK EJ B
fgyg \\—K, youlll :;7
P
YAf———/?
ya
/%
‘|/ \ A

0) 7|6|L Akk

Ads
Xét Dam gian don chiu tac dung cta luc tap trung P, tai K
=> Piém K s& chuyén dich t6i K'.
Cong do P, gay nén trén chuyén vi don vi Ads 12 vi phan cong dT:

Vay cong do P, gay ra chuyén vi A, 1a:
Ay Ay Ay A
T= [dT = [ P.Ads= [ =Ads

0 0 0 c
Trong do :

c: la do cing don vi cua két cau: A=P,.c.

2
=> T=A—
2C
1
=> '=—P.A
2
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Pac diém: Do luc tang dan tir gid tri 0 t6i P, nén trong biéu thifc tinh cong
ctia ngoai luc cé thém so6 1/2

Cong cua m6 men ngoai luc:

Trong do :
¢: 12 géc quay tai mat cat ¢ mo men tac dung.

b. Cong thuc cua noi luc:

P d
|~ & P,
M M+dM
Ne( ? ivé N+dN
Q Q+dQ

Duéi tdc dung ctia ngoai luc, nhiét do thay déi hay chuyén vi cudng buc.
(V6i két cau siéu tinh). Trong két ciu phat sinh noi luc. Trudng hop tong quat,
noi luc bao gom 3 thanh phan: M, Q, N.

Xét két cau Dam gian don chiu tac dung cta luc nhu hinh vé .
Xét phan t6 c6 chiéu dai doc theo truc thanh 1a ds:

Coi cdc noi luc trén 2 mat cat ctia phan t6 14 ngoai luc tdc dung .
Ta di tinh thé nang bién dang do ting thanh phan gay ra.

e Thé nang bién dang dan hoi do riéng luc doc gay ra :

EF
N > N
ds -

. .
ds+Ads
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Theo Dinh luat Hook:

Ads=——;
EF

= Thé nang bién dang :

2
@ qU= Lnags=L N
2 2 EF
¢ Thé nang bién dang do M sinh ra:
AN Adoe
M /BT M
(D
QAVAvaraR
ey

Dudi tac dung cua M, phan t6 ds chi bi quay di mot géc: Ade
Theo Dinh luat Hook:

M?ds

1
Adp =+ M8
¢ 2 B

Thé nang bién dang udn:

1 1 M?ds
dU,, =—M . Adp=—.
S T NDT=F

¢ Thé nang bién dang dan hoi do riéng luc cat gay ra :

G
jE2]

Bién dang truot Ay cua phan t6 do riéng Q gay ra:
_7_Qs _~ Q.

G G "GF’

Thé nang bién dang do luc cat gay ra:
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1 Q’.ds
dU, =—Q.y.ds = .
0 =5 Qrds=p " r

Trong do:
u: Hé s6 phu thudc vao hinh dang tiét dién thanh.

e Thé nang bién dang dan hoi toan phan cua phan t6 l1a téng thé nang
do cac luc gay ra.

dU = dUy+ dU,+ dU),

2 2 2
= dU=l.M .ds+ﬂ.Q ds +1.N .ds;
2 2EJ 2GF 2 EF

2 2 2
= U=[dU=Il.M .dS+J‘lu'Q .dS+ l.N ds
| 12 2EJ . 2GF 12 EF

Vay cong cua ndi luc la:
V=-U
Da4u - 1a do khi dua ra cong thiic ta da gia su noi luc 1a ngoai luc.

Vay:

2 2 2
= V= l_M'dS+J'ﬂ_Q'dS+J'l_N'dS
12  2E) {"T2GF {2 FEF

Theo dinh luat bao toan nang lugng ta cé quan hé giita cong cua nodi luc va
ngoai luc.

T=-V;
2. Cong gia cua noi va ngoai luc:

a. Cong gia cua ngoai luc:

Dinh nghia:

Cong gia (Cong c6 thé) 1a cong sinh ra bdi hé luc nay véi chuyén vi tuong
ung do mot luc khic hay nguyén nhan khac sinh ra.

Xét hai truong hop dat luc 1 va 2 trén Dam gian don :
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Truong hop 1:
Duéi tdc dung cuia luc P, thi tai vi tri 2 s& ¢6 chuyén vi A,;
Truong hop 2:

Duéi tac dung cua luc P, thi tai vi tri 1 s& ¢6 chuyén vi A»;

Vay theo dinh nghia thi:
Cong gia ctia ngoai luc P, la:

T =P, A,
Cong gia ctia ngoai luc P, la:

T =P, A,

b. Cong gia cua ndi luc :

Xé&t hai trang thai chiu luc trén cung mot két cau:

\L Pi 7%%
— "i"
i pS
A(EF \L Px »
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Cong gia cta noi luc :
dV=-(M,. Adep + N, Adp +Q,.Adp ),

:>V:ZJ'— (M, Adgp" +N,.Ads* +Q,.Ady*)

Mat khac:
M , .ds
Adg" = EJ
NS = N,.ds ;
EF
. ds
Ady :”Qck;F '

) MM, Q. N N,
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4.3. CAC PINH LY VE SU TUGNG HO TRONG HE PAN HOI TUYEN TINH.
1. Pinh 1y tuong ho vé cong (Pinh 1y Betti):

Xét hai truong hgp dat luc trén cung 1 hé két cau:

P
1,P) 2
N T~ ——
\\ N -
Al a2l

Truong hop 1:
Cong tong cong la:

T,=T,+T,,+T,,,
Truong hop 2:
Cong téng cong la:

T,=T,+T,,+T>;;
Trong do:
T,,,T}; 1a cong that;
T,, 1a cong gia;
Do hé lam viéc trong giGi han dan héi nén: T,=T,
Dinh 1y tuong ho:

Cong gia do luc & trang théi 1 gy ra & trang thdi 2 bang cong gia do noi luc
O trang thai 2 gay ra & trang thai 1 ;

2. Dinh ly tuong hé cua chuyén vi don vi:

Xét hai trang thai chiu luc trén cing mot két ciu ;
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Pi=1 51

S —— Q)
S —
512 Pa=1 o
S |
Ti Dinh 1y tuong ho :
=> T,=T,,
Mt khdc:
T,,=P,.6,=1.0,,;
T,=P,.6,=1.0,;
Vay : 0=0;,

2. Pinh 1y tuwong ho cua phan luc don vi :

Xét 2 trang thai chiu luc trén cung mot két cau :

A=1
|
i b m ps
TI'ki
=
w o
i M b ps
Ik
Theo Dinh 1y tuong hé:
=> T,=T;
Mat khac: T,=ry1;




4. Pinh 1y tuong ho giita chuyén vi don vi va phan luc don vi:

Xét 2 trang thai chiu luc trén cung mot két cau :

: Hi"
i A A .
} A=1'Tki
|
|

E F—3% & 3

I'ki

Theo Dinh 1y tuong hé:

=> T,=T,;,

Mat khac:
T,=r,.1+1.0;;
T,=0;

96



4.4. TINH CHUYEN VI CUA MOT PIEM TREN KET CAU

1. Cong thire tinh chuyén vi do tai trong
Xét két cau khung chiu tai trong nhu hinh v€

K P L.
e —— ~—=— B T ———— 2 =
> /// >~ AkP // \ >
a1/ Tk *
= /
NI i
1 A " " I A " "
A P mn K
"Trang thai don vi'

"Trang thdi thuc"
Ta can xéc dinh chuyén vi tai diém C theo phuong k-k: A ;
Dé xdc dinh ta lap trang thdi gia (Trang thai don vi) bang cach cho 1 luc don

vi P=1 t4c dung tai diém C theo phuong k-k

Theo Dinh 1y tuong hé:
Vkpz_ kp;

Trong do:

Typ=1. Ay
M, Mkd+zjﬂ deHZJN Nk }

Qk dS } (*),

Vay: Akpz{zjlvl Mk i

Cong thic * 1a cong thic téng qudt x4c dinh chuyén vi tai 1 diém do tai

trong gay ra. (Cong thic Morr)
Trong cong thitc * ¢6 ddy du 3 thanh phan chuyén vi do ting thanh phan noi
luc M, Q, N gay ra.
Trong tinh todn tuy thuoc loai két cAdu ma cac chuyén vi thanh phan do M
Q, N gay ra 1a khac nhau. Thanh phan chuyén vi nao nho ta c6 thé bo qua tifc 1a

ta bo qua thanh phan noi luc it anh huéng téi chuyén vi can tinh
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Chang han : V6i két cau dan, noi luc trong két cau chi c6 duy nhat 1a luc doc
truc vy cong thiic tinh chuyén vi la:

n N i-ﬁki
4, =3 s

i-1 i

Trong do6: n 1a s6 thanh trong dan;

Pé tinh chuyén vi tai mot diém ta thuc hién theo trinh tu sau:
Budc 1: Lap trang thai don vi. (trang thai “k”);

Budc 2: Viét biéu thiic noi luc & ca hai trang thai “P” va “k”;

Budc 3: Thay vao cong thiic tinh chuyén vi.

Vidu 1:

Cho két cau nhu hinh vé.

Ly A
vV VvV VvV Yoy
Mo, C B %B
ql/2] f ql2
P=1
! -
. B "kl

’% /2

A
1/2%
M=1
<NB "k2"

# \

Tinh chuyén vi thang ding tai diém C va géc quay tai B;

Tinh AC/:

Ap dung cong thitc tinh chuyén vi tuy nhién ta bd qua cdc thanh phan
chuyén vi rat nho do luc cit va luc doc gay ra.
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ACh =¥ MEE’“ as|  (1):

e Buodc 1: Lap trang thai don vi. (trang thai “k”);
e Budc 2: Viét biéu thiic noi luc & ca hai trang thai “P” va “k”;

- DPoan AC: ( 0<z<0.5]);

ql _ gz’ qz
M= 272 2 1_yz);
P= z > ) (I-2)
M,=0.5z;

- Doan CB: ( 0.51<z<1);

2

gz
=—.(1-2);
2 2 2 ( )

M,=0.52-1.(2-0.51)=0.5(I-z);

e Budc 3: Thay vao cong thic tinh chuyén vi (1).

M _ M
ACL = P d ;
D
i
1 gz 1 1 gz 1
ACY =—[Z2(1-2)—zdz+— [ -2).—.(1-2)d
EJ-([Z( Z)zz“EJIjz( Z)2( 2z
2
4
Acl =4
48EJ

AC{ >0 chitng t6 chiéu chuyén vi tir trén xuong dudi.
Tinh @y:

B6 qua anh hudng cia Q va N :

M M
op=| X [~ ds| (2);

Thuc hién theo trinh tu nhu trén ta c6:

ql’
24EJ]

Pp=—
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@p<0 Vay chiéu quay tai mat cit B nguoc chiéu kim dong ho.

Vi du 2: Cho dan chiu tai trong nhu hinh v€ ; EF=const;

Tinh AAY ;

Giai:
e Budc 1: Lap trang thai don vi. (trang thai “k”);

e Buodc 2: Tinh noi luc & ca hai trang thai “P” va “k”;

e Budc 3: Thay vao cong thic tinh chuyén vi (1).

N N _40) (—
444 =y N ‘s _ 56,57.1,141.5,657 + (-40).(-1)4 _ 525.13
EF EF EF

AA{ >0 chiing tO chiéu chuyén vi tir trén xuéng dudi.
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2. Cong thiic tinh chuyén vi do nhiét do thay doi gay ra:

Gia str két cau khung ABC chi tac dung ctia nhiét do thay dai t,° va t,°
Tinh chuyén vi ti diém C theo phuong k-k duéi tic dung cua nhiét do thay doi .
Lap trang thai gia “k”;

Theo Dinh 1y tuong hé cong ta cé:

Ty=-Vi
Véi
Tkl :] -Akp. (])
th:-l_Z)ij.Ad(/)t +ZINk.AdStJ (2);
Tinh Ad¢/ va Ads'
atids
777777 /
= ﬁAdS
< 4 Ado
AN
c /
/
/
\\ —_— J
ds oteds

Adg/ =aLSt2)ds ;

Ads' =%(t1.h2+t2.h1)ds ;
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Thay Adg' va Ads' vao 1va 2:

(t,—t

A=« Z)IM ds+— (t h,+t, h)Ides

Voi

IMde =Q.  ladién tich biéu d6 mo men cta két cau & trang thdi “k”;

j N«ds=0y la dién tich biu d6 luc doc cuia két cdu & trang thai “k”;

Téng quat:

t—t
A= Za| - ) Q.. +Z%(tl.h2+t2.hl) Q.

Truong hop tiét dién déu: h,=h,;

A= ta - |QMk+Z+—|t+t|Q

Trong do:

o : 1la Hé s0 dan ndG vi nhiét 1a .

Q. ladién tich bi€u d6 mo6 men cuia két ciu & trang thai “k”;
Q. ladién tich biéu d6 luc doc cuia két ciu & trang thai “k”;

Vi két cau dan:

Nhiét do hai bén :t," = 1, = ¢;

Akl: Zi al. Nki 'Si

Trong do:

N la luc doc trong thanh thiti ciia két cdu & trang thai “k”;
S, la chiéu dai thanh thit i;

Quy tac 14y d4u trong cong thic:

Néu bién dang cua thanh do nhiét do gay ra cung chi€u véi bién dang cua
thanh do noi luc cta thanh & trang thai “k” sinh ra ta 1ay dau +;
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Nguoc lai ta lay dau -;

Vi du:

Cho két ciu khung chiu tdc dung ctua nhiét do thay déi nhu hinh vé& . Hay
tinh chuyén vi ngang tai C biét thanh c6 ti€t dién déu va c6 chiéu cao thanh 1a h.
Hé s6 dan nd vi nhiét 1a o.

1

1 |B @ P=1

B 40° C
O Ai \
60°
40" | 60° 60’ | 60° & 1D g
i AP SNOVET
u 4m ,
A /1
Giai:

Budc 1: Lap trang thai don vi. (trang thai “k”);
Buéc 2: vé& biéu d6 mo men, luc doc & trang thai “k”:
Buéc 3: Thay vao cong thic tinh chuyén vi.

=> chuyén vi ngang tai C:

t,—t,| a
ac= Tral oy + 3%,
Ta lap bang tinh sau:
S N R t—t L«
20 160
AB o 50 0 8 | 4 = +200a
20 | 160a -
BC o 50 0 8 4 +T“ 4200
CD 0 60 : 0 : 4 0 . —240a
, 320
Téng 2=+ Ta Y =+160c
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Vay :

AC = + 320

+160a =+ 160a(%+1)

AC >0 => chiéu ctia chuyén vi hudng tix trdi sang phdi.
3. Chuyén vi do chuyén vi cuéng biic gay ra:
Xét két cau khung chiu tdc dung ciia chuyén vi cudng biic nhu hinh V&,

Tinh chuyén vi tai diém C theo phuong k-k;

K k
. C o e -
By L
/ ~ / >~k
/ ~k /
/ /
/ /
| |
/A A, R2 K"
mrn ”FZAM;:;
2 EL R
S

Lap trang thai gia “k”;
Tinh céc thanh phan phan luc tai vi tri lién két v6i dat chiu chuyén vi cudng
bic: R, R,, M;;

Theo Dinh 1y tuong hé cong:
T\ a=T 4,
Mt khéc:
Tw=1. A R,.a-R,.b-M;.0=0;
T 4=0;
=>1. A R,.a-R,.b-M ,.=0;

=> As-R;.a+R,.b+M;.@;

=> AkA:Zi Ri‘Ai (]),

Trong do:
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A.: chuyén vi cudng biic trén két cau theo phuong i;

R.: Phén luc tai vi tri ¢6 chuyén vi cudng biic do tai trong don vi P=1 tac
dung theo phuong k-k gay ra.

Quy tic 14y dau:
Lay dau + khi R, va A, ngugc chi€u nhau.
Lay dau - khi R, va A, cting chi€u nhau.

4.Tinh chuyén vi tai mét diém do ca tai trong, nhiét do¢ thay déi va chuyén
vi cuong buc gay ra.

Theo nguyén 1y cong tac dung :

Trong do:

Ap. Ay A 18n Tuot 12 chuyén vi do riéng tai trong, nhiét do thay doi va
chuyén vi cudng biic gay ra.

s, s

Chu y:

Trong thuc t€ ta c6 thé gip bai todn mot sd thanh trong dan ché tao sai chiéu
dai Khi d6 chuyén vi tai mot di€ém niit trén dan theo phuong k 1a:

AkA = Zi ‘M‘AI

V6i N;: luc doc trong thanh dan bi ché tao sai dai 4,

Ly ddu (+) khi N, va A, ciing chiéu.
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Vi du 1: Tinh chuyén vi thang ditng tai D va chuyén vi géc xoay tai E clia

két cau:
b
Z B C D E
-3 o 0
CUI_ 2
RESS 8m L 4m "Tom| 4m ’%
P=1
0 Ad B C E
< ) C iD nkAu
1/2 8m L 4dm 2mL 4m /%
A B C p 4t
1
SE o o SE ko'
1/8 8m L 4m 2mL 4m /%
Giai:

Budc 1: Lap trang thai “k”
Tinh cac phan luc tai ngam A tuong tng véi tiing trang thai.

Budc 2: Tinh chuyén vi theo cong thic (*):

Tinh Ay, =) +RiAi =- %.a 4.0 = - %.(a+8(p)

—la+1 = 2,
PEA g - Q 2 )

Ta thay Ay, < 0 =>Vdy chiéu chuyén vi ciia D nguoc véi chiéu luc don vi p
=1.
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Vi du 2: Tinh chuyén vi thang diing tai diém D va chuyén vi ngang tai E clia
két cau. Biét 4 = 12.¢

D E D E

£
™
¢
B 2 B lllel O
% 0
P 2m ¥ 3m /II/A i
D E
=1
2 B HkEH 1
1
Lap trang thai “k”
Tinh Ay =+2. ¢

AE==22¢p+1.A+1.A =22. @
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4.5. PHUONG PHAP NHAN BIEU PO NOI LUC VEREXAGHIN

Khi tinh chuyén vi tai mot diém trén két cau do tac dung cla tai trong gay
ra, chuing ta phai gia quyét viéc tinh tich phan:

ds ( xét trén moOt doan thanh ).

[= J-W.Mp

Néu EJ = const va cdc ham MKk ; Mp Ia ham lién tuc, c6 it nhat mot ham Ia
bac nhat thi ta c6 thé thay thé viéc 14y tich phan bing phuong phdp nhan biéu
do.

1 P

Mait khac: Mp.ds = dQMp ( vi phan dién tich Mp ).
1 P

=>[=— . |Mk.dOM
EJ J. P

voi Mk =y, = x, . tgx

Vay:

1 ° 1 ) 1
= —.|x tga.dOMp = — .2 | X, .dOMp = — .tec. x,. OM
EJ ! k19 p EJ 4 _E!: K p EJ g k p
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1
=[=—y,.0M
= Yk Y

Mk.-Mp ds = 2 .QMp . Qyc
EJ EJ

=> [ = I

Trong dé: y, 1a tung do & biéu doé dudng thang ing véi trong tam & biéu do
lay dién tich.

Chu y cac truong hop cé thé xay ra:

- Phuong phap nhan biéu d6 chi thuc hién dugc khi ca hai biéu d6 1a cac ham
lien tuc. Néu mot trong hai biéu do 1a ham khong lién tuc thi ta phai chia thanh
hai hay nhiéu biéu d6 lién tuc.

- NéuM,, Mk cling la ham béc nhit thi ta c6 thé 14y dién tich cta biéu d6
ndo ciing dugc sau d6 nhan véi tung do biéu do con lai ting véi trong tam cua
biéu d6 da 1dy dién tich.

- Mot trong hai bi€u d6 M, Mk la dudng cong, bi€u d6 con lai la dudng
thing thi dién tich phai duoc 14y trén biéu d6 dudong cong.

- Neéu hai biéu do cing mot bén (cung chiéu, ciing dau) thi ta 14y dau (+),
nguoc lai dau (-).

- Biéu d6 phuc tap ta phai chia thanh nhiéu bi€u d6 don gian dé nhan.
Vi du cac truong hop nhan biéu dé co ban:

1. Mp, Mk ciing I1a dang hinh chit nhat.

a @ C( Trong tam)

/2

b yk=b

| ®)

(MP).(W) = +(al)b ( Dién tich Mp.yc ;i )

= +(bl).a (Dién tich Mk .ycy, )
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2. Mp va Mk c6 mot biéu d6 12 A; mot biéu do 1a chit nhat.

=

/3

b yC=b

, ®)

(Mp).(MK) = J_r(%a.l).b

3. Mp, Mk cling c6 dang tam gidc:

oC

Vi) = Lan2
(Mp).(MK) = (ab

4. Mp, Mk : Mot biéu d6 dang hinh thang, mot biéu dé dang hinh chif nhat.

a\
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(M,).(Mk ) = 1.c

(a+b)
2

5. Mp, Mk : Mot biéu do hinh thang, mot biéu d6 dang tam gidc.

Cachl: Chia hinh thang thanh mot hinh chit nhat + 1 tam gidc.

Vi) = | Laopal2 1
(Mp).(Mk ) = [E(a b).l}3.c+(b.l).3c

Cach 2: Chia hinh thang thanh hai tam giéc.

Vk) = AanZerdont
(Mp).(Mk ) = (2.a.l).3c+(2b.l).3c

6. (Mp), (Mk ): Mot Parabol bac 2; mot tam gic.

a Parabol Bac 2
2C

/4

Vi) = LanZesdond
(Mp).(Mk ) = (3.a.|).3c+(2 b.I).3c

7. Mp 12 hinh phtc tap, Mk 12 bac nhat ( hinh thang ).
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Chia biéu d6 Mp (hinh a) thanh 3 biéu d6, sau d6 1an lugt nhan vé6i (My).

Ta c6: (Mp).(MK ) = (%.a.l).yb —(%b.l).yC —(% f1).y,

*) Dién tich va toa do trong tam ctia Parabol bac n:

a Parabol Bac n
eC

| xc |

Dién tich: Q= Ll.a.l ; Trong tam C: X__ b

n+ n+2
Vi du ap dung

Vi du 1: Cho két c4u (hinh v& ). Hay tinh chuyén vi ngang tai D; chuyén vi
gbc xoay tai C.
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10 KN/m
40
D vV VvV V.

20

4m

E 0.5

Giai:
Lap trang thai don vi “k”
V& (Mp); (M) va (M )

Thuc hién nhan bi€u do:

AD =L (Mp).(M o) = L[1.4.40.3.z 14040-1L 40422 +32o.4.1}
EJ EJ|2 3 2 3 3
160 A ) NPT 2t
=> AD:_E <0 => Chiéu AD hudng tu trdi sang phai.
1 — 1 1 21 I 1 21 2 11
= —Mp.M,)=—|——=440.—.—+404.—+—-404.—. —+—-.204.—.—
e EJ(p)( ) EJ{z 3°2 2 2 323 22}
5 4o = 280
3EJ

Vi du 2: Tinh chuyén vi thang twong déi theo phuong thang diing giita hai
diém 1 va 2. EJ=hs.
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1 1'
' 1
S 3m . 3m ’3/7 4m ’

3
P=1@

KN.m

Gidi:

Lap trang thai “k”

Dé tinh chuyén vi dudng tuong doi gitta hai di€ém ta dat mot cap luc don vi
p=1 cling phuong nguoc chiéu vao hai diém do.

Dé tinh chuyén vi géc xoay tuong doi giita hai mat cat ta dat mot cap
momen don vi M =1 nguoc chiéu nhau vao bai mat cat do.

V& cdc bi€u do6 M; ; M, .

Nhan biéu do:
A, = L.(Mp).(M_k) 5602354 60385+ | 1.60.3.(3,5 + 3.0,5) +
EJ EJ|2 3 2 2 3
L1 00424221041 4]
EJ|2 373 2
Tur d6 co:
1816.67
Ay, = EJ
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4.6. PHUONG PHAP TAI TRONG PAN HOL.

1. Khai niém:

Xét két cau chiu tac dung cua trong nhu hinh v€. Duéi tac dung cua tai trong
két cau sé bi bién dang. DE tinh va vé bi€u d6 do vong cua két cau ttheo mot
phuong nao do6 ta c6 thé dung phuong phép tinh chuyén vi tai ting diém sau d6
no6i lai vdi nhau, véi cach nay ta phai 1ap di 1ap lai mot bai toan tinh chuyén vi
nhi€u 1an, mat rdt nhi€u thoi gian. Phuong phdp tai trong dan hoi chinh 1a
phuong phdp tinh va vé& bi€u d6 do vong nhanh va don gian.

Pz Piu Pi P w2 Pis

et | b4

i 2 ] i i+ ] : +3
| |
M 2 M i
-1

Biéu dé Mé men

M +3

M M1 M iz

WI-Z Wi-1 W/' W/+7 W/+2 W/+3

~
1€

Y} A7 a a ~
172 H j i EEE Biéu dé do vong
|

yi oym Ym I7

di-2 di-1 di di+1 di+2

Xét mot phan t6 chiéu dai ds tai di€ém i chiu tdc dung cua tai trong Pi va luc
cat tai 2 bén mit cat. Ta c6:

P=Q-Q,
Trong do:
Q, :—diiMil+dliMi
Q=g Mg M.
Vay: P :_dliM”J{diith]MﬁéMm (D)

115



Néu ta so sanh véi biéu d6 mo men do céc tai trong tap trung tdc dung trén
dam ftinh dinh sinh ra thi ta thay hinh dang cta biéu d6 do vong giong nhu biéu
d6 mo6 men do cac luc tap trung nao dé (W, goi 1a tai trong dan hoi) tic dung
trén mot dam gia.

Vay ta c6 biéu thifc x4c dinh W, twong tu nhu biéu thiic (1).

1 1 1 1
W, = _d_i Yiat [d—l"raj Yi +d._ Yin (2)

i+1

W, chinh 1a tong chuyén vi géc xoay tai di€ém i cau két cdu. D€ xdc dinhWi
ta thuc hién nhu sau:

e Lap trang thdi gia bang ciach cho cap ngiu luc don vi tic dung tai

diém i.
Dam that Dam Gia
A B A B
gA B A B 3
d |~
A B C A B &
~ E

m b s

e Lap cdc biéu thic noi luc cua két cau & trang thai thuc (Do tai trong
gay ra).
e Lap cac biéu thitc noi luc cia két cdu & trang thai gia.

Xéc dinh chuyén vi theo cong thiic:

| e R a

MM. NN.

(*);

Trong d6: MiQ, N;i 13 cdc ham noi luc clia két ciu & trang théi gia ( trang

thai do mot doi ngau luc don vi dit tai di€m ).

NN.

Poi voi két cau dan:
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M pMi
EJ

Daéi vé6i két cau khung, dam: (W, = ZI ds

e Sau khi tinh dugc Wi ta dat ching tai i trén dam gia. Néu Wi>0 thi
chiéu ctia Wi huéng tir trén xuong dudi.
e V& bi€u d6 mo6 men do Wi gay ra trén dam gia ta duoc biéu d6 do
vong cua két cau.
Vi du: Cho két céu chiu tac dung cua tai trong nhu hinh vé. Hay tinh va vé
biéu d6 do vong cua két cdu biang phuong phap tai trong dan hoi.

30KN 6 KN/m
¢ ; ; - S 3037 ‘I/ : y Vv v,v ¥
L i | odiet | : ! 2 ) ¢ >
A p  2m v 4m v 4m v
A d d A
1 1+1 i3
1 1
T T® o
o Mo
M
W W Ws W,
i-1 i 1+1 J/ /]\ T
L) ;
< E

NP2

T S
1/ 1/di 1/di 24/EJ

16E) AT
w
< o ; 1+ ¢ @ 152/E.
1 Biéu do dé véng (Biéu dé mémen gid) 364/E)
Giai:
Chia dam lam 5 doan, d= 2m.
Vé biéu do M,
Tinh Wi theo cong thic:
S' S . 2 9
=—_ (M. +2M.)+—_(2M. + M. két qua cua (M,)x(M.
i 6EJ ( i-1 |) 6EJ ( i |+1) ( q ( P) ( 1))

i i+l
Vi d=2m va EJ=hs nén:

1
Wi :E(Mi—l+4Mi+Mi+l)
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28 24 72 32
=S5 W= Wo=—oh Wo=-Io
EJ EJ EJ EJ

Wl

b

Dit tai trong dan héi 1én dam gia va vé bi€u d6 mo men ta dugc dudng cong
dan hoi cta két cau.
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