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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10

A L L —
NH.ANH

NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.
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SU’C BEN VAT LIEU 1

Giang vién: TRAN MINH TU
Email: tpnt2002@yahoo.com
* Cell phone: 0912101173
Tai lieu hoc tap
— Strc bén Vat liéu. PGs L& Ngoc Hoéng
NXB Khoa hoc K§ thuat

— Bai tap Strc bén Vat liéu. PGs Td Van Tan
— www.nuce.edu.vn\

E-learning\Khoa Xay dung\TranMinhTu
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Strc bén Vat liéu1 - 2010

Sé tin chi: 3
S tiét ly thuyét va bai tap: 52
S6 tiét thi nghiém: 3

Panh gia hoc phan

Chuyén can: 10%

Bai tap 16n: 10%

Bai kiém tra gitra ky: 10% (Cubi chwong 5)

Thi nghiém: 10%

Bai thi két thuc hoc phan: 60%

HOC TAP NGHIEM TUC LA CHIA KHOA
CUA THANH CONG
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QUI BINH VE BDANH GIA HOC PHAN

« Diém danh gia hoc phan (BPHP) gém diém
qua trinh (PQT) va diém thi két thic hoc phan
(DKT)

 Diém qua trinh hoc tap (BQT) tinh theo thang
diém 10 (lam tron dén 0,5)

« Diém thi két thac hoc phan (PKT) tinh theo
thang diém 10 (lam tron dén 0,5)

 Phong dao tao qui dinh nhw sau:

DHP = 0,4xDQT + 0,6xDKT
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QUI BINH VE PANH GIA HOC PHAN

- Diém qua trinh hoc tap (PQT), bd moén Strc
bén Vat liéu qui dinh nhw sau:

« DQT gom 4 mdédun, moi mé dun danh gia theo
thang diém 10

— Diém chuyén can (BCC)
_ Piém Bai tap Ién (PBTL)
_ Piém Thi nghiém (DTN)
— Diém kiém tra gitra ky (DGK)

DQT = (DCC+PBTL+DTN+DGK)/4 |
(lam tron dén 0,5)
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Chwong trinh mén hoc Strc bén Vat liéu1

Chuong 1: Nhitng khai niém chung

1.1. Nhiém vu va d6i twang nghién ctru ctia moén hoc

1.2 . Ndi luc — Ung suét — Bién dang — Chuyén vi

1.3. Cac gia thiét trong mén hoc SBVL - Nguyén ly doc lap tac dung.
Chuong 2: Ung Iuc trong bai toan thanh

2.1. Khai niém vé (ng luc.

2.2. Cach xéac dinh (‘ng luc trong bai toan phang - Phuong phap mat cat
2.3. Biéu do6 ung luc.

Chwong 3: Thanh chiu kéo (nén) dung tam

3.1. Khai niém.

3.2. Ung suét, bién dang va chuyén vi clia thanh chiu kéo (nén) dung tam
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Chwong trinh mén hoc Strc bén Vat liéu1

3.3. Thé nang bién dang dan hoi

3.4. Cac dac trweng co hoc cua vat liéu.

3.5. Diéu kién bén, diéu kién clrng, ba bai toan co ban.
3.6. Bai toan siéu tinh

3.7. *M6t sb hién twong phat sinh trong vat liéu khi chiu luc
Chuong 4: Trang thai rng suat va thuyét bén

4.1. Khai niém vé trang thai 'ng suat tai moét diém,
4.2. Trang thai ing suat phang (Giai tich va db thi)
4.3. Quan hé *ng suat - bién dang (Pinh luat Hooke) .
4.4. Thé nang bién dang dan hoi

4.5. Cac thuyét bén.
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Chwong trinh mén hoc Strc bén Vat liéu1

Chwong 5: Pac trwwng hinh hoc clia méat cat ngang

5.1. Khai niém chung.

5.2. Mémen quan tinh khi chuyén truc song song

5.3. MGmen quan tinh khi xoay truc.

5.4. Cach xac dinh hé truc va cac mémen quan tinh chinh trung tam

Chuong 6: Thanh chju xoan thuan tay

6.1. Khai niém - Cach xac dinh mémen xoan

6.2. (’ng suét, bi€én dang va chuyén vi ctia thanh tron chiu xoan.
6.3. Diéu kién bén va diéu kién cirng cua thanh tron chiu xoan
6.4. Bai toan siéu tinh

6.5*. Xoan thanh c6 mat cat ngang hinh chi¥ nhat

6.6*. Thé nang bién dang dan hoi ctia thanh chiu xoan

6.7*. Lo xo hinh tru budc ngan
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Chwong trinh mén hoc Strc bén Vat liéu1

Chuong 7: Thanh thang chiu udn phang
7.1. Khai niém chung
7.2. Thanh thang chiu uén thuan tay
7.3. Thanh thang chiu uén ngang phang
7.4. Chuyén vi ctia dam chiu uén: Do vong, géc xoay
7.5. Phuong phap tich phan khéng dinh han
7.6. Phuong phap thong s6 ban dau

7.7. Bai toan siéu tinh
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Tai liéu tham khao chinh

» Strc bén Vat liéu. PGs L& Ngoc Hong

* Giao trinh SBVL cua cac trwdng dai hoc:
Thuy loi, Bach khoa, Giao théng Van tai

« Cac bai giang cua BPai hoc Auckland,
Pearson Press, ASCE, ...

« Mechanics of Materials — Ferdinand Beer
— E. Rusell Johnston — Jr. John DeWolf

 Lecture Notes: J Walt Oler — Texas Tech.
University
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Xay dwng dan dung

Nganh xay dwng dan dung — xay dwng cac
co s& ha tang cho muc dich dan sw

« Cobng trinh nha & dan dung va cong nghiép

« COng trinh cap, thoat nwdc, dap nuwdce

« COng trinh cay xanh, thap truyén tin, truyén hinh

« Codng trinh dwdng sat, dwdng cao toc

« Cong trinh cau, dwdng ham

« COng trinh twdi tieu nwdc, cong trinh sbng va
bien

« (COng trinh giao théng dwong bo

» _Cong trinh nha cao tang, khu céng nghiép, ...
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Qui trinh thwc hién

» Planning ...Lap ké hoach

« Design ...Thiét ké kién truc

« Construction ...Thiét ké két cau

« Operation/Maintenance ...Thi cong va bao
dwong

« Rehabilitation ...Phuc ché

July 2010 Tran Minh Tu - University of Civil Engineering 13(63)



® G A W N

Chwong mé& dau

Nhiém vu va doi twong nghién cu clia mén
hoc

Phan loai vat thé nghién ctru theo hinh dang
Ngoai Iwc - Phan lwc va lién két

Khai niém vé chuyén vi va bién dang

Noi lwc - PP mat cat - Ung suat

Cac gia thiét cia mén hoc
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1.

Nhiém vu va doi twong nghién cu clia mén hoc

1a. Strc bén Vat liéu - mon co s& ky thuat:

Strc bén vat lidu 1d mén hoc nghién
clru sw chiu lwc cla vat lieu dé deé ra
cac phwong phap tinh toan, thiét ké
cac chi tiét may, cac bd phan céng
trinh dwéi tac dung cua ngoai luc
nham thod man cac yéu cau dat ra vé
dd bén, dd ctrng va 6n dinh
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1. Nhiém vu va doi twong nghién ctu cia mén hoc

« Dam bao db bén:
— Céc chi tiet may hay cac bé phan cong trinh
lam viéc bén virng, lau dai: khong bi v&, n,...
« Dam bao dé cirng
— Nhing thay doi vé kich thuéc hinh hoc cla
cac chi tiet may hay bo phan céng trinh khéng
vwot qua gia tri cho phep.
« Dam bao diéu kién 6n dinh
— Dwéi tac dung cla ngoai lwc, cac chi tiét may
hay b phé‘n cbng trinh bao toan dwoc hinh
dang ban dau
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KINH TE >< KY THUAT

. =

|PHAT TRIEN MON HOC |
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1. Nhiém vu va doi twong nghién ctu cia mén hoc

* Xé&c dinh (ng suat, bién dang, chuyén vj trong
vat thé chiu tac dung cua ngoai luc
- Ba bai toan co ban
— Kiém tra diéu kién bén, ctrng, 6n dinh
— Xac dinh kich thwoc va hinh dang hop ly cua
cac chi tiet may hay bo phan CT
— Xac dinh tri sO tai trong I&n nhat ma cac chi
tiet may hay bo phan cong trinh co thé chiu
duorc
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1. Nhiém vu va doi twong nghién ctu cia mén hoc

Cao hoc

Co hoc vat ran tuyét doi

Ca hoc vat ran bién dang

Co hoc thuy - khi

Tinh hoc boéng luc hoc

sUC BEN
VAT LIEU

Khéng nén duagc Nén duoc
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1. Nhiém vu va doi twong nghién ctu cia mén hoc

CO HQC CO SO
CO HOC /

VAT RAN
TUYET DOI

e e SsU’C BEN VAT LIEU
CO HOC VR

- .
CO HOC KET CAU

CO HOC % LY THUYET DAN HOI

VAT RAN
BIEN DANG
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1. Nhiém vu va doi twong nghién ctu cia mén hoc

DAl CUONG
(29%)

KIEN TH(’C NGANH
VA CHUYEN NGANH
(37%)

GIAO DUC 1:

CO HOC
KIEN THU'C / €O 5y
CO SO NGANH SUC BEN
(34%) \ VAT LIEU
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1. Nhiém vu va doi twong nghién ctu cia mén hoc

« Cohoc co s&

Vat ran tuyét doi

(1) Phwong trinh can bang
2F,=0; 2F,=0; 2F,=0;
2M,=0; 2M=0; 2M,= 0

(2) BDong hoc: > )F =ma

« Strc béen vat liéu

)’ Vat ran bién dang

(1) Phwong trinh can bang
2F,=0;2F,=0; 2F, =0;
>M=0; 2M = 0; 2M,=0

(2) Quan hé (rng suat - bién dang:

o = E¢
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2. Phan loai vat thé nghién ctu theo hinh dang

« Vat thé hinh khoi:
Co kich thwdc theo ba phwong cung Ilon
twong dwong nhau.
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2.Phan loai vat thé nghién clru theo hinh dang

« Vat thé hinh tam va vo:
Cé kich thuwdc theo hai phwong rat I&n so voi
phuwong thtr ba
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2.Phan loai vat thé nghién clru theo hinh dang

« Vat thé hinh thanh:

Cé kich thwée theo mét phwong rat Ion
sSo V@i hai phwong con lai
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2.Phan loai vat thé nghién ctru theo hinh dang

— Thanh:a chi tiét don gién va pho bién nhat
Poi twong nghién clru cua mén hoc SBVL

* Phan loai thanh theo hinh dang truc thanh:
— Thanh thang
— Thanh cong
— Thanh khong gian
 Phan loai thanh theo hinh dang mat cat ngang
— Thanh tron, chir nhat, vuong,..
— Thanh dé&c, réng,...
— Thanh tiét dién thay déi, khéng déi, ..
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3. Ngoai luc - Phan lyc va lién két

3a. Ngoai lwc

—La nhirng lwc tac dung cua moi
trwdng bén ngoai hay cua vat thé
khac |&én vat thé dang xét

—Vi du: swrc gio, ap lwc nworc, luwc
cang day dai lén truc truyén
dong,trong lwc,...

« Ngoai luwc Tai trong

Phan lyc
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3. Ngoai Iwc - Phan Iwc va lién két (tiep)

 Tai trong:
La nhirng Iwc cha ddng, biét trwde,
dwoc lay theo cac qui dinh, tiéu
chuan

. Phan lwc :
La nhirng lwc thu dong, phat sinh
tai vi tri lién két vat thé dang xét
voi vat thé khac
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3. Ngoai lwc - Phan lwc va lién két (tiép)

» Phan loai ngoai luc: theo tinh
phan bo
— Lwc phan bo thé tich: y [N/m3]  Lwe

tap trung

— Lwc phan bd bé mat: p [N/m?] \

_ Lwc phan bé chiéu dai: g [N/m] = I.

— Lwc tap trung: [N] % k\:: .
* Phan loai tai trong: theo tinh Lue

chat tac dong Lm phin thé tich

bo dwong

— Tai trong tinh
— Tai trong dbng
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3. Ngoai lwc - Phan Iwc va lién két (tiep)

3b. Lién két - Phan luc lién két

— Céc vat thé bj rang bubc véi nhau hodc véi dat
b&i cac lién két. Théng qua lién két cac vat thé
c6 tac dung lvc va phan lwc véi nhau hoac voi
dat => Luc lién két

— Gi&i han: Bai toan phang — thanh co6 ba bac ty
do = 3 khd nang chuyén ddng, lién két ngan
can chuyén dong theo phwong nao thi cé phan
lwe lién két theo phwong d6

— Ba loai lién két thwong gap:
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3. Ngoai Iyc - Phan Iyc va lién két (tiép)

>Lién két goi twa di ddng (lién két don)
Cho phép thanh quay quanh mét khép va co
thé di ddéng theo modt phwong nao do

zzzzzzz T Steel @
TETETITTS

[ . & L S P g 7
& L & L
i e Wiulic

e _ o

Rubber

Foundation cf
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Lién két goi twa di ddng (lién két don)

July 2010 Tran Minh Tu - University of Civil Engineering 32(63)



3. Ngoai lwc - Phan lwc va lién két (tiép)
>Lién két goi twa co dinh (khép)

Chi cho phép thanh quay quanh mot khop,
ngan can moi chuyén dong tinh tién

i
g

H —= 0O

A
*VA
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Lién két gdi twa co dinh (khép)
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3. Ngoai Iwc - Phan Iwc va lién két (tiep)

. Lién két ngam (han)
Ngan can moi kha nang chuyén déng

.- | ;- H> @
Column (
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Lién két ngam (han)
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Khép cau (3D)
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Ngam (3D)
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Cac lién két co ban cla dam

Simply supported beam

Cantilevered beam

Overhanging beam
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3. Ngoai lwc - Phan lwc va lién két (tiép)

e Cach xac dinh phan luc

— Coi thanh nhw vat ran tuyét doi, xét sy
can bang cua thanh dwdi tac dung cua
tai trong va phan lwc

— C4c dang diéu kién can bang tinh hoc :
¢« 2X=0,2Y=0;XM-=0;x }fy, Cbatky
¢ YU=0,5M, =0,5M,=0; AB X u

« XM, =0,ZM; =0, XM= 0; A, B, C khong
thang hang.

« Baitap vi du
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3. Ngoai lwc - Phan lyc va lién két (tiép)

« Bai toan tinh dinh
—DPé xac dinh phan Iyc lién két hoac noi
lwc trong cac thanh chi s&* dung cac
phwong trinh can bang tinh hoc
* Bai toan siéu tinh
— Chi st dung cac phwong trinh can bang
tinh hoc, chwa thé xac dinh hét phan
lwe lien két hoac ndi lwe trong cac thanh
— Viét thém pt phu => Dk bién dang
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4. Khai niém vé chuyén vi, bién dang (1)

« B& phan cong trinh, chi tiét may: vat ran thuc
=>dwoi tac dung ngoai lwc => Hinh dang, kich
thwde thay doi

- Bién dang
— Sw thay ddi hinh dang, kich thwéc cia vat thé
dwdi tdc dung cua ngoai lwc
« Chuyén vj

— Sy thay doi vi tri cia diém vat chat thudc vat
thé dwdi tdc dung cda ngoai lwc
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Vat ran bién dang

Undeformed body Deformed body
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4. Khai niém vé chuyén vi, bién dang (2)

a. Chuyén vi
AA’, BB’ - chuyén vi dai

¢ - chuyén vi goc

Deformed body
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4. Khai niém vé chuyén vij, bién dang (4)

b. Bién dang

Hinh thu

Zm—W

Tinh chat

A0

-+ Bién dang dai
)+ Bién dang goc

/\- Bién dang thé tich

r

» Bién dang dan hoi
» Bién dang déo (dw)
L+ Bién dang nhot
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4. Khai niém vé chuyén vi, bién dang (5)

- Biéen dang dai: Sw thay doi chiéu dai

- Biéen dang goc: Su thay dbi goc vuéng

- Bién dang thé tich: Sw thay déi thé tich

+ Bién dang dan hoi: mat di khi loai bé
nguyén nhan gay bién dang

» Bién dang déo (dw): khong mat di khi loai
bo nguyén nhan gay bién dang

» Bién dang nhét: khong xay ra tic thoi ma
bién doi theo thoi gian
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5. Noi lwc. PP mat cat. Ung suat (1)

* Lwc twong tac:

— Lwe twong ho gitra cac phan tlr vat chat
cia vat thé nham gil vat thé cé hinh
dang nhat dinh

« Khi ¢ tac dung ngoai lwc => bién dang =>
lwe twong tac thay doi
5.1. NOI luc:

— Lwong thay ddi lwc twong tac gitra cac
phan tlr vat chat cua vat thé khi chiu tac
dung cua ngoai lwc
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5. Noi lwc. PP mat cat. Ung suat (2)

 Xét vat thé hinh dang
bat ky chiu tac dung cula
ngoai lwc (F,, F,, Fs, Fy)
=> Bién dang => Néi lwc

« D& nghién clru ndi luc

i .
4 section
)

=>

» Cat vat thé bdi mat cat
bat ky chia vat thé lam 2
phan
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5. NOi lwc. PP mat cat. Ung suat (3)

NGi luc j

» Vat thé & trang thai can
bang => moi phan thoa
man diéu kién can bang

 Phan duwdi can bang:
» Ngoai luc
> Noi lwc do phan trén tac

dung vao phan duwdi F
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5. Noi lwc. PP mat cat. Ung suat (4)

. Noi lwc:
v'phan bd bé mat
v'qui luat phan bd?

v’ Xac dinh dwoc hop
e
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5. NOi lwc. PP mat cat. Ung suat (5)

= AA — phan td dién tich
mat cat chra diém K

*AF- hop lwc ndi luc
trén AA
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5. NOi lwc. PP mat cat. Ung suat (6)

5.2. Ung suat tai diém K: n
SN - AF i
= U's toan phan p=lim— o o AF
AA—>0 AA ““I
— |
AA—0 AA |
"ﬂ\F;
- f V4 .4 o . AE t
Ung suattiep  paiietis

AF— A F_, - phap tuyén

= Pon vi:
' A F, - ti€p tuyén

July 2010 Tran Minh Tu - University of Civil Engineering 52(63)



5. Noi lwc. PP méat cat. Ung suat (7)

5.3. Ung lwc — Cac tp trng
lwe trén mcn cua thanh

. Hp’p lwe nOI [uc trén mat
cat ngang - Ung lwc R

» R: phwong, chiéu, diém
dat bat ky => doi vé trong
tam O
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5. NOi lwc. PP mat cat. Ung suat (8)

* N, —Ilwc doc
© Q,, Q, - lyc cat
* M,, M, — md men uon

+ M, —md men xoan

—> 6 wng luwc 4
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5. NOi lwc. PP mat cat. Ung suat (9)

» Céac thanh phan (ng suat
trén mat cat ngang

. (rhg suat phap o,
— chi s0 z — phwong phap
tuyén mcn
» ngsuattiep 7,7,
—chi s0 thr 1: phuong
phap tuyén mcn

— chi s6 th» 2: phuong (rng
suat tiep
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5. NOi lwc. PP mat cat. Ung suat (10)

5.4. Quan hé (rng suat va cac thanh phan ng
lwe trén mat cat ngang

N, =[c,dA] M, = yo,dA
A A

Q, :JszdA M, :IXGZdA
A A

Q,=[r,dA M, =](xz, —yr, )dA
A

A
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6. Cac dang chiu lwc co ban
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7. Cac gié thiét cia mon hoc

. Gia thiét 1: Vat liéu c6 cau tao vat chat lién tuc,
dong nhat va dang hwéng.

.« Gia thiét 2: Ung x&* co hoc cla vat liéu tuan
theo dinh luat Hooke (quan hé& ndi luwc - bién
dang la bac nhat thuan nhat),

« Gia thiét 3: Tinh dan hoi cta vat lieu dwoc xem
la dan hoi tuyét doi. Bién dang vat thé dwoc
xem la bé
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7. Cac gia thiét cia mén hoc (2)

 Dinh luat Hooke
—P0o gian dai cua ld xo ti |é
thuan vo&i lwe tac dung
— L0 x0 s€ quay veé vi tri cU kKhi  ROBERT HOOKE (1635-1703)
loai bo lwc tac dung, cho e
dén khi vwot qua gi¢i han
dan hoi
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binh luat Hooke

Deformation of a Spring

Natural length "
+

The deformation (x)
. / / / ,— of a spring is measured
| relative to its
i unstretched length.

F =k x _..‘ -
| W — -
/\ CUmpressi i

Pé cliing 16 xo "_""'x
(N WWWWWWW\—— ¢

Extension

.rl=(J
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binh luat Hooke

I
|

/

~ 1
/ — I,»fInitial shape

Deformed shape

/

o==Ec¢

=0y

/

\
M6 dun dan hoi /
kéo (nén)

—

Bién dang

OC

M6 dun dan hoi Bién dang dai
kéo (nén) ti doi
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8. Nguyén ly doc lap tac dung

Ung suat, bién dang hay chuyén vi
do mot hé ngoai lwc gay ra sé bang tdng cac dai
lwong do tirng thanh phan ngoai lwc gay ra
riéng ré

- Pieu kién ap dung
—Vat lieu lam viéc trong giai doan dan hoi

—Bién dang bé
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8. Nguyén ly doc lap tac dung

4 m |

8 kN

Y

— ﬂ B
o [ C O EF—= =
©4); q 64), :
y A ‘ v F
C C
\7 4 m | 4 m Al | A A |
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Thank you for attention

Tran Minh Ta — University of
Civil Engineering
E-mail: tpnt2002@yahoo.com
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« Xin chan thanh cam on cac nha khoa hoc,
cac dong nghiép trong va ngoai nwdc Vi
nhirng tw liéu, hinh anh ma tac gia da sw
dung khi xay dwng cac bai giang cua minh.

e Xin chan thanh cam on cac thay cd gido dong
nghiép trong BO mon SBVL da giup d&, dong
gop nhiéu y kién trong qud trinh hoan thanh
tap bai giang
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SUC BEN
VAT LIEU

Tran Minh Tua - Pai hoc Xay dwng

tpnt2002@yahoo.com



Chuwong 1
NOI LUC TRONG BAI TOAN THANH
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Chwong 1. NOi lwc trong bai toan thanh

NOI DUNG

1.1. Cac rng lwc trén mat cat ngang

1.2. Biéu do6 trng lwc — PP mat cat bién thién

1.3. Lién hé vi phan gitra mé men u6n, lyc cat va
tai trong ngang phan bo

1.4. Phwong phap vé biéu do tng lwc theo diém
dac biét

1.5.Biéu do rng lwc ctia dam tinh dinh nhiéu nhijp

1.6. Biéu do rng lwec cua khung phang

&
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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:

i S Tran Minh Tu - University of Civil Engineering



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

7(52)
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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

11(52)
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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, =

13(52)
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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)

14(52)
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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,

18(52)
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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

23(52)
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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
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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
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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)

(39(52) Tran Minh Tu - University of Civil Engineering



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

(43(52) Tran Minh Tu - University of Civil Engineering



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

(44(52) Tran Minh Tu - University of Civil Engineering



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

(45(52) Tran Minh Tu - University of Civil Engineering



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

47(52)
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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

48(52) Tran Minh Tu - University of Civil Engineering



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



Vidu 1.7 (8)
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Vidu 1.7 (9)
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4. Cau hoi???
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Chuwong 2

THANH CHIU KEO (NEN) PUNG TAM




Chwong 2. Thanh chiu kéo (nén) dung tam

NOI DUNG

2.1. Pinh nghia - néi lwc

2.2. Ung suat phap trén mat cat ngang
2.3. Bien dang - Hé so Poisson

2.4. Dac trirng co hoc cua vat liéu

2.5. Thé nang bién dang dan hoi

2.6. U’ng suat cho phép va hé so an toan
— Diéu kién bén

2.7. Bai toan siéu tinh

(304 Tran Minh Tu - University of Civil Engineering



2.1. Pinh nghia

< Binh nghia: Thanh dwoc goi la chiu kéo hodc nén
dang tam néu trén mat cat ngang cta né chi ton tai
mot thanh phan tng lwc 1a N, (N,>0 — di ra khéi mat
cat ngang)

Two-bar assembly

77

4(54 . . . o e . .
e S0 Tran Minh Tu - University of Civil Engineering



Vi du - cac thanh chiu kéo (nén) dung tam
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Vi du - cac thanh chiu kéeo (nén) dung tam
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Vi du - cac thanh chiu kéo (nén) dung tam

Beam and two rods
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2.1. Pinh nghia

<*Biéu do lwc doc:
Phwong phap mét cat, xét can bang mét
phan thanh, lwc doc trén doan thanh
dang xet xac dinh tir phwong trinh can
bang

>Z=0=>N,=..

8 54 ° o ° ° ° ° o
e Sao Tran Minh Tu - University of Civil Engineering



2.2. Ung suat phap trén mat cat ngang

1. Thi nghiém
Vach trén bé mat ngoai
- Hé nhitng dwdng thang // truc thanh
- Hé nhitng dwong thang L truc thanh

méat cat ngang

thd doc

2. Quan sat

- Nhitng dwdng thang // truc thanh
=> van // truc thanh, k/c hai duwong
ké nhau khong doi

- Nhitng dwdng thang L truc thanh
=> van 1, k/c hai dwdng k& nhau thay d8i

9(54)
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2.2. Ung suat phap trén mat cat ngang

3. Cac gia thiét vé bién dang
GT 1- Gia thiét mat cat ngang phang
(Bernouli)
Mat cat ngang truwdc bién dang la phang
va vudng goc vdi truc thanh, sau bién
dang van phang va vuéng goc véi truc

GT 2 - Gia thiét vé cac thd doc

Cac Iop vat lieu doc truc khéng co6 tac
dung twong ho véi nhau (khéng chén
ép, x6 day lan nhau)

: s
Daniel 1. e Derno
&

geb. 29 Fan. 4700

Vat liéu lam viéc trong giai doan dan héi (tuan theo dinh luat
Hooke)

1054 Tran Minh Tu - University of Civil Engineering



2.2. Ung suat phap trén mat cat ngang

:Nz

4. Cong thirc xac dinh ’ng suat
= Gia thiét 1 => 1 =0
= Gia thiét 2 => 6,= 5, =0

mm) Trén mat cat ngang chi cod (rng suat phap o,
. Theo dinh nghia - Lwc doc trén mat cat ngang:

N, = [ o,dA
. ap py (A
Theo dinh luat Hooke: o, =Eeg,

Ma theo gt1: ¢, = const => ¢, = const

— N =0 A ‘ GZZAZ

11(54 . . . P . .
(114 Tran Minh Tu - University of Civil Engineering




2.3. Bién dang - Hé so Poisson

< Thanh chiéu dai L chiju
kéo dung tam

AL - d6 dan dai tuyét doi 5
< Phan t6 chiéu dai dz cé e

do dan dai tuyét doi Adz - - i I
(bieén dang doc) T ok
< Bién dang dai ti doi ]
Adz J‘ o,dz
0

g, =—— = AUZ=¢,d7 = AL=
dz

tN.dz N NI [ EA-

— AL = j‘ z A:const B AL = = do clng
0

12(54)
Tl 2010
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2.3. Bién dang - Hé so Poisson

< Thanh gom nhiéu doan chiéu dai, dé cirng va lwc
doc trén moi doan thwr i la L, (EA),, N

Al Ay F, A
y 2 ) ¥

A

N ..

1354 Tran Minh Tu - University of Civil Engineering



2.3. Bién dang - Hé so Poisson

HE SO POISSON

* Theo phwong z truc thanh —
bién dang doc &,

= Theo hai phwong x, y vudng
goc véi z — bién dang ngang
€y Ey

= Poisson tim duwoc mai lién hé:

E, =&, =—lE

V4

W - hé s6 Poisson

14 54 . . . . . . .
(144 Tran Minh Tu - University of Civil Engineering



Hé so Poisson

Vat liéu Hé so Vat liéu Hé so
Thép 0,25-0,33 |Pong den |0,32-0,35
Gang 0,23-0,27 |Da hoc 0,16-0,34
Nhém 0,32-0,36 |Béténg |0.08-0,18
Pong 0,31-0,34 |Cao su 0,47

15(54)
Tl 2010
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Vi du 2.1 (1)

Bai 1: Cho cac thanh chiu luc nhw hinh vé. As A
Vé biéu do luc doc, irng suat va chuyén vi \ 2 A
clia cac mat cat ngang. ° § . | .
Biét a=1m; A,=1,5A,=2A,=150m2 F,=25kN; 2~ > | 1
F,=60 kN; q=10kN/m; E=10%kN/cm? A§ B ¢ 7 D
Giai: \
1) Xac dinh phan luc: a ) oa Ja |

Giai phong lién két ngam tai A: R,

> Z=R,+F-F,-qa=0 R, N,

=R, =F,+ga—F =60+10.1-25=45(kN) —A’ """"""""""" >

2) NGi luc trong cac doan thanh:
- Doan AB:
N, =—-R, =—45(kN
1 A ( ) RA F2 NZ
- Doan BC: S B SR F— >
A B
N, =F,—R, =60—45=15(kN)
16(54)

Tl 2010
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Vi du 2.1 (2)

. A
- Mat cat trong doan CD: 0<z<a S A, N
N,=F,-R,+0.z=15+10z J ] i
3. Vé biéu do luc doc R, ii F, F,
4. Tinh &ng suét trén cac tiét dién: A§ """"""" g c R 5 >
- Doan AB: \ q
N 45
O-AB: AA38 :—15 :—3(kN/Cm2) a . a a J
- Poan BC:
Oge = Noc =1—5:1,5(kN /cm?) Ry k> N,
10 —p. ... .<_B ..................... -_4_—>
- Poan CD: A Cra
z=0=> N, =15(kN) Z,
N, 15 :
= = =2(kN /cm
= O A1 7’5 ( ) 15: : 25
z=1(m) = N =25(kN) ) | %
— o, = Neo _ 25 _ 5 330N /em?) &
A 7,5 45
17(54) Tran Minh Tu - University of Civil Engineering
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Vi du 2.1 (3)

. A
4. Tinh chuyén vi tai cac doan: — A, A
- Chuyén vi doan AB: 0 < z, < 100(cm) g i
—45 Z, 4 R, \ F, F,
WA+J‘4A3d 104 15. =-3.107z,(cm) % ------------- <—B -------------- C fe—— D»
- Chuyén vi doan BC: 0 =z, <100(cm) J q
=W +jidz = 0,034+ %
E.A 10°.10 a 12 a
, =-0,03+1,5.10*z,(cm) s 2 13,33
- Chuyen vi doan CD: 0 < z, < 100(cm) ’ H
w3=wc+jﬂdz3=—o,015+jwd
0 Al 3 9
W, = 0,015+ 2% 152,452, oy 001167
75000
2,10 A
W, = 3 (3+2z,)

03 0015

4.10™ R x .
>0= Ham Iom quay xuong duwdi. |
Tran Minh Tu - University of Civil Engineering

VV33:
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2.4. Pac trieng co’ hoc cua vat liéu

“*Dac trieng co’ hoc cua vat liéu:
La cac thdng s6 danh gia kha nang chiu lwe, chiu bién
dang cua vat liéu trong tirng triedng hop chiu lwc cu
thé

+Pé xac dinh cac dic trwng co hoc cla
vat liéu: tien hanh cac thi nghiém véi
cac loai vat lieu khac nhau

»Vat lieu ‘ VAt liéu déo | s | Pha hily khi bign dang Ién |

h Vit liu don | === | Pha hiy khi bién bé

19 54 0 . 0 0 0 0 .
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Vat liéu deéo, vat liéu gion

* Phan loai:
Dac diem Ratdéo Déo vira D¢
pha huy: on
Dac diém bién dang:  Ldn Trung binh Bé
Du béo bién dang: Ludn bao trwdc Bao trwdc ,Khon‘(?’
bao truGc

20 54 0 . 0 0 0 0 .
(20054) Tran Minh Tu - University of Civil Engineering



Vat liéu déo, vat liéu gion

= il

TLLLLRLALALLA Hm{_nmml

Necking Failure of a
ductile material
(a) (b)

Copyright © 2005 Pearson Prentice Hall, Inc.

TensileTestingofPlastic.mp4

AT e A
m«,ﬂ,r{«,umj-—-——-—-—-- _,»_-———-——-\{-H,WHI |

Tension failure of
a brittle material

(a)
Copyright © 2005 Pearson Prentice Hall, Inc.

21 54 0 0 0 0 0 0 0
(2154 Tran Minh Tu - University of Civil Engineering



Vat liéu deo, vat liéu gion

Po thi ’ng suét - bién dang

Brittle(Gion)

Moderate ductility(Déo vira

o

High ductility
(Rat déo)

o~

-

Stress

Strain

(¢)2003 Brooks/Cole, a division of Thomson Learning, Inc. Thomson Learning,,, is a trademark used herein under license.

22(54 . . . . .
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2.4. Pac trieng co’ hoc cua vat liéu

Muc tieu lam thi nghiém:
. Xac dinh kha nang chiu lwc
. Xéc dinh kha nang chiu bién dang
. Xac dinh cac “tinh chat vat liéu”
» Dac trwng co hoc (g.h ti 18, g.h chay, g.h bén)
» Do crng, dd mém, ...
» D06 bén udn, dd bén pha hay,..
» Nhiét do, dd am,...
. D06 thi (’ng suat — bién dang: khéng phu thuéc vao
kich thwédc mau thi nghiém => Xac dinh co tinh cua
vat liéu

23 54 . . . . . . .
(23(54) Tran Minh Tu - University of Civil Engineering



Cac phwong phap thwc nghiem (%)

Cac loai may thi nghiém.
Dién - Co.
Thuy lwc.
Mot chiéu.
Nhiéu chiéu
Cac dang thtr nghiém.
Load control — apply force/time.

Stroke control — apply displacement/time
Torsion (torque control or angle cont

Po lwc bang “load cell”
Po bien dang va chuyén vi
Khung trwot lwe
Cam bién chuyén vj (Extensometer)
Cam bién dién tré (single, rosette, array, ...

Cam bién quang hoc (Optical
extensometers)

24 54 . . . . . . .
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Cac phwong phap thwc nghiém (¥)

“* Thi nghiém kéo — nén

» Mau thi nghié!n: hinh dang, kich thwéc qui dinh
theo tieu chuan (TCVN, ISO, ASTM,...)

» Kep mau vao ngam kep

» Gia tai, cha y toc dé gia tai cham

» Ghi lai quan hé lwc kéo (nén) va bién dang dai
twong trng

< Suy ra do thi quan hé (rng suat phap - bién dang
dai ti doi

25 54 . . . . . . .
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dial

bension —
Speimen Mmoo
anid load
- controls

Compression canses
mted> L 1o bulge our

26(54) . A Tniverc . . .
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2.4. Pac trieng co’ hoc cua vat liéu

M3au kéo tru L = 5.do + do

Biéu chinh thang do |

‘Nj_!.';ll‘l‘l kep miu kéo trén .
Tl 8
1 P
Biit v& do thi

\|M§u kéo tru L = 10.do + do

Miu nén tru

Bdng hd hién thi lue ‘

‘Béngmic’i ngam kep miu kéo trén

27(54) . - . . . . . .
PRine Tran Minh Tu - University of Civil Engineering



2.4. Pac trieng co’ hoc cua vat liéu

1. Thi nghiém kéo mau vat liéu déo ﬁ l{‘}

4 @
: Force
? Movable Grip+—
-
- crosshead
: Diameter |*
— < I Gage
. length
Grip+—
10N
28(54)
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2.4. Pac trieng co’ hoc cua vat liéu

D6 thi kéo mau vat liéu déo

thuc (A, thay dai)

fracture

qui wdc (A khong doi)

- e . E

. ,: mién chiy  mién cing co  tien that
maen dan ho

29 54 . . . . . . [
(2954) Tran Minh Tu - University of Civil Engineering



2.4. Pac trieng co’ hoc cua vat liéu

Do thi chia 3 giai doan

1. Giai doan ti Ié: (rng suat ti 1é bac nhat véi bién dang dai ti doi

________________________

fracture

Ung suét 16n nhat - gidi han
ti 1& o

2. Giai doan chay: (rng suat

[

e
'/

N 7 mién chay  mién cing co  maén that
mien dan haa

O¢> Och» Op - dac trirng co hoc
cua vat liéu

khong tang nhwng bién dang
tang

Gidi han chay G, —

gia tri i’ng suat I6n nhat

3. Giai doan cling c6: quan
hé rng suat - bién dang la
phi tuyén (CDE)

Gidi han bén G, —

gia tri i’ng suat I6n nhat

30(54)
Tl 2010
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2.4. Pac trieng co’ hoc cua vat liéu

Gy, Oopy Of - d&c trng ve tinh bén cla vat liéu.
Pac trwng cho tinh déo:

+ Bién dang dai ty doi

g = 'ﬂ_"°100%
L,

<&

L)

» DO that ty doi

W = A=A 100%

0

L, - Chigu dai mau sau khi dut
L, - Chigu dai mau trudc khi dit

A, - Dién tich cho that khi dut
A, - Dién tich tiét dién trudc khi dut

31(54)
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2.4. Pac trieng co’ hoc cua vat liéu

Cac dac trung co hoc ctiia mot so vat liéu

Material Densit Young’s Modulus Ultimate Strength Yield Strength
yp = o, S
(kg/m3 (L0°N/m?2) 6N /2 o
) (10°N/m=) (L0°N/m2)

Steel 7860 200 400 250
Aluminum 2710 70 110 90
Glass 2190 65 50 —
Concrete 2320 30 40 —
Wood 525 13 50 —
Bone 1900 9 170 —
Polystyrene 1050 3 48 —

32(54)
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2.4. Pac trieng co’ hoc cua vat liéu

o= 13 mm

.t!.hmulﬁ.uH-_:mlr'.umm
LLELRLA TR RUEERLLEELLY

i —— i

33 54 . . . . . . .
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0-68 ___________________ l Rupture o@U _______________ Rupture
|
. 40 i | — 40
= 7Y i { < Oy
s s ¢
20 i i 20 (H!
Il 1 I
; > ar '
EYieldE Strain-hardening Necking I
{ | E ! ” I g
t0.02 02 025 f 0.2
0.0012 0.004
(a) Low-carbon steel (b) Aluminum alloy
34(54) Tran Minh Tu - University of Civil Engineering
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2.4. Pac trieng co’ hoc cua vat liéu

2. Thi nghiém nén mau vt liéu déo

35 54 . . . . . . [
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2.4. Pac trieng co’ hoc cua vat liéu

3. Thi nghiém kéo - nén mau vét liéu gion

G A
Phs hiy

€

- Khéng xac dinh dwgc gidi han ti Ié
va gidi han chay, chi xac dinh dwoc
gidi han bén

36054 Tran Minh Tu - University of Civil Engineering



2.4. Pac trieng co’ hoc cua vat liéu

Xac dinh médun dan hoi kéo (nén)
* Dinh |Uét Hooke Quenched, tempered
_ alloy steel (A709)
o=Ee¢ | d

e E — mod dun dan hoi

Hightstrength, low-alloy
steel (A992)

(md dun Young)

— : 1 (A36)
E — tg (P Carbon stee
Pure iron
€
Fig. 2.16 Stress-strain diagrams for
iron and different grades of steel.
37(34) Tran Minh Tu - University of Civil Engineering
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2.4. Pac trieng co’ hoc cua vat liéu

KET LUAN

*Vat liéu déo: kha nang chiu kéo va nén
nhw nhau

“Vat lieu don: Kha nang chiu nén Ié&n
ho'n nhiéu so vé&i kha nang chiu kéo

N

38(54) Tran Minh Tu - University of Civil Engineering



2.5. Theé nang bién dang dan hoi

» X¢ét thanh chiu kéo (nén) ding tam
« Phan t6 cong ngoai luc trén chuyén vi dz

dA=Pdz

cdng nay bang phan dién tich trén do thi trong

khoang dz.
T o eana | * €ONg Ngoai luc cho bién dang z;:
p VT %
| A=[Pdz
z 0

39(54 . . . . .
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2.5. Theé nang bién dang dan hoi

¢ Trong mién dan hoi, néu bé nguy@n nhan gay bién dang => vat thé
tré vé hoan toan hinh dang ban dau

% Nang lwong lam cho vat thé phuc hoi hinh dang ban dau: thé nédng
bién dang dan hoéi U

* Dinh luat bao toan nang lwong

Nang lwong ma hé nhan duwdc tuv bén

2
ngoai s& hoan toan chuyén hod thanh | |y = A = 1 PAL = PL
thé nang bién dang dan hoi tich luy 2 2EA
trong hé

< Thé& nang bién dang dan hoi trén mot don vi thé tich —
Thé nang bién dang dan hoi riéng

U |
U=—=—o0¢
A 2

4054 Tran Minh Tu - University of Civil Engineering



2.6. Ung suat cho phép - Hé so an
toan — Dieu kién beén

% Thi nghiém => (rng suat nguy hiém o, - trong (rng
v&i théi diem vat liéu mat kha nang chiu lwc

o, — vat lieu deo

o, — vat lieu don

- Vat liéu lam viéc an toan khi ('ng suat xuat hién chwa vwot qua ng
suat nguy hiém

- Khi tinh toan, khong bao gio tinh theo (ng suat nguy hiém: vat liéu
khong dong nhat, diéu kién lam viéc thuc té€ khac vaéi PTN, téi trong

vwot qua thiét ké,...=> Hé s an toan

41 Tran Minh Tu - University of Civil Engineering



2.6. Ung suat cho phép - Hé so an
toan — Dieu kién beén

<+ Dung tri s6 (rng suat cho phép dé tinh toan:

|==
n
n - hé so an toan - dic trwng cho kha ning dw
triv vé mét chiu lwc (n>1)
n = n..N,.N,...
. n,- hé sO ké dén sy dong nhat cua vat liéu
. n,- hé so ké dén diéu kién lam viéc, phwong phap
tinh toan,...
. Céc hé s0 lay theo qui pham

o
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2.6. Ung suat cho phép - Hé so an
toan — Diéu kién bén

< Dieu kién de thanh lam viéc an toan => DPieu
kién bén
= Vat liéu déo:

= Vat lieu don:

LY
43(54) Tran Minh Tu - University of Civil Engineering




2.6. Ung suat cho phép - Hé so an
toan — Dieu kién beén

<« Thanh chiu kéeo (nén) dung tam:

< Ba bai toan co ban
a. Bai toan kiém tra diéu kién bén
b. Bai toan chon kich thwdc mat cat ngang

A>‘NZ‘
_[G

c. Bai toan tim gia tri cho phép cua tai trong
‘NZ‘S[G].A

44(54 . . . o e . .
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2.7. Bai toan siéu tinh

“*Hé siéu tinh: 12 hé ma ta khéng thé xac
dinh dwoc hét cac phan lwc lién két va
ndi lwc trong hé néu chi nhé& vao céac
phwong trinh can bang tinh hoc

S0 an so > s6 phwong trinh can bang
m) viet thém phwong trinh bo sung
m) phwong trinh bién dang

*Vidu
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Vi du 2.2 (1)

Bai 2.2: Mot thanh co mét cat thay do6i bac

bi ngam cng hai dau, chiu lyc P va luc ph N 0.6A 08A A ,

an bd déu co cwong dd q = P/a nhw hinh v § ] ;

8. M dun dan hoi ca vatligu la E, dienti R, b /R,
ch mit cAt ngang clia céc doan ghi rén h _A,y._.‘__*_..é ...... D .é;,
nh v&. V& bidu dd ndi luc clia thanh. J - 7
Tinh o, ., Wg, We. a3 | a3 | af3

Giai:
1. Gia st phan luc taingam A, D 1a R,, Ry @ @ @

Phwong trinh can bang:
R, +R, = p+%:% (1) =Bai toan siéu finh

Diéu kién bién dang:
AL,, =AL +AL +AL, =0  (2)

|3
AL =N N, f Nz _ o)
EA EA  § EA

46(54 . . . o e . .
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Vi du 2.2 (2)

* Bang phwong phap mat cat, xac dinh ndi luc § 0,6A 0,84 /
trong cac doan Q q /
LI e EOEY I 2
N, =R, —P AN (2) C (1) go
p \ <;> " /
*Doan AB: 0<z<a/3  Ny=R,-P-—2 AR ORE B PTE.
Thay vao (3) ta co: 4N_1 ........................ _RD>
P 7
al/3 a/3(R —P—fZ) (R ——P) |
AL3:I&dz:j ’ a_g,-__ 6 '8
) EA, ) 0.6EA 0.6EA 3 N
7 < 2 < P C ......................... 'ED’
Ry.(a/3)  (Rp—P)(ar3) Ro—(P@/3) D
EA 0.8EA 0.6EA :
N3 iy P Ry
:>RD:O,8156P :>RA:O,5177P 4 P R— B: C ............................ A—
q . D
Z
47(54) Tran Minh Tu - [Jniversity of Civil Engineering
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Vi du 2.2 (3)

*Twr d6 ta co biéu do luc doc

N 0.6A 084 /
nhw hinh bén N, =0,8156P § ;
_ A / R
; N, = —0,1844P \E s ,_P_..é .............................. .§_D,
N, =—0,1844P ——z
; =—0,18 " (OSzSaN/3) i A§ 9 ZD
. , . 0,8156
! /4 n . _ 1 _ D)
Ung suat I6n nhat: o, = AT A a3 | a3 | a3
0 «
NA2 0.5177P 2 = O =086282 | - @
o5  =—2== =0,8628—
max A 0,6A a ~
. . - 0,1844P
Chuyén vi diém B va C la: 0,5177P
W, =W, + N.L _0,8156Pa :0,2718E (Chuyén dich sang trai)
EA 3EA EA
N, Pa 0.1844P 7 Pa - ..
W, =W, +—22=0,2718 — + 3 _0,3486— (Chuyén dich sang trai)
E EA ,8EA EA
48(54)
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Vi du 2.3 (1)

Bai 2.3: Cho hé thanh chiu Iuvc nhw hinh vé.
Xac dinh luc doc trong cac thanh va chuyén D E
vi diém C. Biét do cing cac thanh la EA,
chiéu cao h
Giai:
1. Xac dinh luc doc:
Tach nut C: Luc doc Ny, N,
Phwong trinh can bang:
Y X=0&-N;sina+N,sina =0
= N, =N, (1)

ZY =0< N,cosa+N,coa—P=0
= 2N,cosa =P (2)

P
2cosa

D+@2)=N,=N, =

49(54 . . . o e . .
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Vi du 2.3 (2)

2. Xac dinh chuyén vi tai C:
Do hé do6i xtrng, C di chuyén theo phwong

thang ding xudng C'.
Khi dé ta co:
AL N L
Yo = 1 AL, = 1
cosa EA
Ma
Nl — P L1 — h
2coso cos
Ph
:> AL] — 5 Ph
2EACOS” a = Y. =
2EACO0S’ o

50(54 . . . P . .
(5054 Tran Minh Tu - University of Civil Engineering



Vi du 2.4 (1)

Bai 2.4: Cho hé thanh chiu luc nhw hinh vé.
Xac dinh luc doc trong cac thanh. Tim chuyén vi
diém C. Biét A=5cm?, E =2.104kN/cm?2,
P= 50kN, H=4m
_Giai:

1. Xac dinh luc doc:

Tach nut C ta dwoc N,, N, N,

Phwong trinh can bang:
D> X =0<—N,;sin30° + N, sin30° =0

= N, =N, (1)

> Y =0 (N, +N,)c0s30° +N, -P =0

= 3N, +N, =P (2) 30°
Pigu kién bién dang N1\§
AL, = AL, = AL,c0s30° = —SAL2

2

2NH 3 N,.H 3
= — Nl 2

J3EA 2 EA 4

51(54 . . . P . .
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Vi du 2.4 (2)

Tw (1)(2)(3) ta giai ra dwoc luc doc trong cac thanh la
N, =N, =0,3263P =16,315(kN)
N, =0,435P =21,75(kN)

Chuyén vi diém C la:

N.H 21.75.400
—CC'=AL =21 _2% —0,087(cm
Ve 2 EA 2.10*5 (cm)

52(54 . . . P . .
52(54) Tran Minh Tu - University of Civil Engineering



4. Cau hoi ???

53 54 ° o ° ° ° ° o
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Thank you for your atfention
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Chwong 3. Trang thai rng suat

3.1. Khai niém ve trang thai irng suat tai moét diém
3.2. Trang thai (rng suat phang
3.3. Vong tron Mohr trng suat
3.4. Trang thai rng suat phang dac biét
3.5. Trang thai (’ng suat khoi
3.6. Quan hé (rng suat — bién dang.
Pinh luat Hooke

3.6. Dieu kién bén cho phan t6 & TTU'S phirc tap —
Céac thuyét bén

@
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3.1. Khai niém ve trang thai (rng suat
tai mot diem (1)

a. Khai niém ve trang thai &r.s tai mot diém
= ng suat /

o diém K(x,y,2)

* mat cat (phap tuyén n)
= Mat cat bat ky di qua K

* (rng suat phap o

* (rng suat tiép t
" Qua K: vd s6 mat cat
Trang thai ’ng suat tai mot diem la tap hop tat

ca nhirng thanh phan rng suat trén tat ca cac

mat di qua diém dé

X

i S Tran Minh Tu - University of Civil Engineering



3.1. Khai niém vé trang thai (rng suat
tai mo6t diem (2)

+Pé nghién cru TTUS
tai mot diém => tach ra
phan to 1ap phwong vé
cung bé chira diem dé
=> gan hé truc xyz =>
trén moi mat vudng
goc veoi truc co 3 thanh
phan (ng suat: 1 tp
tPng suat phap va 2
thanh phan @ng suat
tiep

5(40)
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3.1. Khai niém vé trang thai rng suat
tai mo6t diém (3)

+Chin thanh phan ng suat tac dung
tren 3 cap mat vuong goc voi ba truc
tao thanh ten-xo trng suat

y
— — I ?Y
Gx Txy sz “yx
7l T
_ yz Xy
I,=\tr, o, 7, X /IL*GX
c, T |2/ X
| T zx zy GZ i ’ ~ /

|60 Tran Minh Tu - University of Civil Engineering



3.1. Khai niém vé trang thai &rng suat
tai mot diem (4)

b. Mat chinh — (’ng suat chinh —

phwong chinh

Mat chinh: La mat khong co
tac dung cua rng suat tiéep.
Phwong chinh: la phwong
phap tuyén cua mat chinh.
ng suat chinh: 1a trng suat
phap tac dung trén mat
chinh.

Phan to chinh: (bng suat tiép
tréen cac mat bang 0

IEASON Tran Minh Tu - University of Civil Engineering



3.1. Khai niém vé trang thai (rng suat
tai mo6t diem (5)

d) Qui wéc goi tén cac trng suat chinh:

+Tai 1 diém luén ton tai ba mat chinh
vuong goc v&i nhau véi ba wwng suat
chinh twong trng ky hiéu la o,,0,,0,

+Theo qui wéc: 0,20, 20,

e) Phan loai TTU'S

-TTU'S don

- TTU'S phang

- TTU'S khoi o

Nghién cttu trang thai (‘ng suéat phang

8O Tran Minh Tu - University of Civil Engineering




3.1. Khai niém ve trang thai (rng suat
tai mot diem (6)

« TTU'S don: Hai trong ba (*ng suét chinh bang khéng

< TTU'S phang: Mét trong —
ba *'ng suat chinh bang
khong

< TTU'S khoi: Ca ba wng
suat chinh khac khéng

O,

|90 Tran Minh Tu - University of Civil Engineering



3.2. TTU'S phang (1)

< M&t vuéng goc véi truc z 1a mat chinh c6 (ng suat
chinh = 0 => Chi ton tai cac thanh phan wng suat
trong mat phang xOy

y

1040y Tran Minh Tu - University of Civil Engineering



3.2. TTU'S phang (2)

\/

< Qui wéc dau
Ung suat phap dwong khi cé chiéu di ra khoi phan td

Ung suat tiép cd chiéu dwong khi di vong quanh
phan to theo chiéu kim dong ho

a) Dinh luat do6i trng chia (rng suat tiép

2 M, =0 mmmp |ltyl =]ty

Ung suat tiép trén hai mat bat ky vudng goéc véi nhau
cé tri s6 bang nhau, c6 chiéu cung di vao canh chung

hoac cung di ra khoi canh chung.

TTU'S phang xac dinh béi: o, ,5,,

y’ “xy

(11(40) Tran Minh Tu - University of Civil Engineering



3.2. TTU'S phang (3)

b) Ung suat trén mat nghiéng (//z)
Mat nghiéng c6 phap tuyén u hop
vei phwong ngang x goc o (a > 0:
tw x quay d(?n u theo chiéu ngwoc
chiéu kim dong ho)

(12(40) Tran Minh Tu - University of Civil Engineering



3.2. TTU'S phang (*)

y o u Qui wdc dau :
< a @ « >0 - chiéu nguwgc kim dong ho ;
— Pz' -0, @ 0,>0- hu’c’jng‘ra ‘ |
Xy ® 7 - thuan chiéu kim déng hé

yiu B
| Y F,=0=
ONVY o,A-o, Acos’ a+1 Acosasina
\é ~o,4sin*a+7, Asinacosa =0
Txy fuv ZE/ — 0=

\ 2 :
t,A-1,,Acos’a-o _Acosasina
Asina 5 .
tr  Asin"a+o Asinocosa =0

PR Tran Minh Tu - University of Civil Engineering



3.2. TTU'S phang (4)

TTU'S phang

c,+0, 0,-0, ,
o, = + cos20—71T_Ssin2a
o —0O
T, =——=sin2a+1,,cos 2a

(14(40) Tran Minh Tu - University of Civil Engineering



3.2. TTU'S phang (5)

c) Ung suat phap cwec tri 1a cac irng suat chinh
Ung suat phap cuwec tri khi:

2
da” =0 => thOl:_ Txy 1)
do o,—O0,

Céc trng suat chinh (phwong chinh) xac dinh ti dk:

r,=0 => @)

Te()va2): oa=a, (d.p.c.m)

(15(40) Tran Minh Tu - University of Civil Engineering



3.2. TTU'S phang (6)

Ung suat phap cuec tri la cac ng suat chinh

2
O +0 O —0
— _ X y X y 2
O-max, min 0-1,2(3) o 2 T 2 + Txy
Hai phwong chinh vudng goéc véi nhau .
tga, = -
O —O
ZTxy Hoac: oo
1920 = — t T,
— aa, =
Gx Gy i Gy ~ Oin
&

1 27,
‘ Q, =—arctg| —
2 c,—0,

a =
01,02
a, +90°

(16(40) Tran Minh Tu - University of Civil Engineering



3.2. TTU'S phang (7)

d) Wng suat tiép cwe tri: mat cod &rng suat tiép
cwc tri hop véi mat chinh goéc 459
dr

=0 =>1tg2p4= ikl
da J 2T

—Gy 0
=> f=a,+45
Xy

2
O —O
— X y 2
Tmax,min o i\/( 2 j T Txy

e) Bat bién caa TTU'S phang: tong cac (rng suat
phap trén hai mat bat ky vuéng géc véi nhau tai
mét diém cd gid tri khdng doi

0,t+t0,=0,+0,= const

(L7(40) Tran Minh Tu - University of Civil Engineering



3.3. Vong tron Mohr trng suat (1)

< Biét TTU'S tai mot diém => cac thanh phan (rng suat
tren mat nghiéng, rng suat ch,inh, Qhwp’ng chinh
theo cong thire ...: PHUONG PHAP GIAI TICH

< Bang do thi => vong tron Mohr trng suat
(O + O G

(6, - =)= (=

— ' 2
~C0s2a.— 1, Sin 2o )

®v sin2a+ T, 00820 )2

(r.p2 ==

2
C_+0O : G —O :
(cu- x2 y] +rfw=( xz yj +12, #Ptdu’b’ngtrc‘)n

2
- o, +0 , , o, —O
Tam 1( 5 y,OJ ban kinh R=\/( > yJ +1,

(18(40) Tran Minh Tu - University of Civil Engineering



3.3. Vong tron Mohr trng suat (2) —
Cach dwng vong tron Mohr

TTU'S phang 4T

Ao

A AN,

Diém cuc |
M(Gy’Txy) =E

(19(40) Tran Minh Tu - University of Civil Engineering




3.4. TTU'S phang dac biét (1)

TTUS phang ma 1 trong 2 thanh phan
(ing suét phap o,, o, bang 0 => ky hiéu
cac thanh phan ng suat: c va t

PR

Bl
o ':J__',-r - ""-'L;L*."

Thanh chiu udn ngang phang

c
o = y, T, = 95
z ? zy
I Ib
T
G——
(0) O
T T
—
T
0] 0] : ’
_ _ 2 C,—O 6] 2
O max,min = O13 = Ei (Zj +7 Thax — e 2 3 = \/(E) +71
20(40) Tran Minh Tu - University of Civil Engineering
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3.4. TTU'S phang dac biét (2)

*TTUS trugt thuan tay:
trén cac mat cua phan
to chi cé ng suat tiép

Thanh chiu xoan

c.=0,=0
y
M.
T =7 =
Xy
WP
e S
O-min | Gin O max E

|21(40) Tran Minh Tu - University of Civil Engineering



3.5. TTU'S khéi (1)

S TTUS khoi c6 ca 3 thanh phan trng suat
chinhoc,, 0,03 #0
<+Wng v&i moi cap rng suat (o4, 0,), (04, 03),
(0,5, 05) ta vé dwoc 3 vong tron coé tam C,, C,,
C,.
*LTDH da chirng minh:
= (PNg suat trong mat cat nghiéng bat ky (khéng //
v@i mat chinh nao) twong wng v&i 1 diém nam
trong vung gach chéo

= Cac diém nam trén chu vi dwo’ng tron Cy(o4, oy),
twong ung v&i cac thanh phan (rng suat tren trén
mat // v&i phwong chinh con lai o,

22(40) Tran Minh Tu - University of Civil Engineering
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3.5. TTU'S khéi (2)

llllllllll



3.6. Quan hé trng suat — bién dang (1)

1. Trang thai (rtng suat don

2. Trang thai &rng suat trwot thuan tay

Yy = Ve=Vun=0

G

Txy

P

X

24(40) Tran Minh Tu - University of Civil Engineering
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3.6. Quan hé trng suat — bién dang (2)

3. Trang thai (rng suat tong quat

- Gt: bién dang dai chi sinh ra ng
suat phap, bién dang goc lam phat
sinh rng suat tiép

- Theo nguyén ly cong tac dung

. _o._ 9 _ o
T g THETHE

=é[ax—,u(0'y+0'2)]

25(40) Tran Minh Tu - University of Civil Engineering



3.6. Quan hé rng suat — bién dang (3)

a. Quan hé &ng suat phap — bién dang dai

1r T 1
gxzf_ax—,u(ay+0'2)_ r81=E[0'1—,u(0'2+0'3)]
_ _ 1 ¢ :
gyzé_ay—,u(ax—kaz)_ < 32=E.0'z—.u(0'3+0'1).
_ _ 1l -
52=%_Gz—ﬂ(0x+o-y)_ - TS ulo: +0,)

b. Quan hé &ng suat tiép — bién dang goc

7 _ Txy 7/ _ sz 7/ _ T)’Z
Xy G Xz G vz G
‘ , E
voi E, n, G Ia moé dun dan hoi keo (nén), hé sbé G = 2(1+ )
Poisson, m6é dun dan hoéi truot, lién hé véi nhau H

b&i cbng thirc:

26(40) Tran Minh Tu - University of Civil Engineering



3.6. Quan hé rng suat — bién dang (3)

% Trang thai &rng suat phang:

1r . 1
&y :E_O-x_ﬂay_ 5125[51_/“72]
1 . 1
£, =0, ~HO,_ &, —E[az—,ual]
T
Vo =
27(40)
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3.6. Quan hé rng suat — bién dang (4)

C. Quan hé trng suat phap — bién dang thé tich

V =a,a,a, 02
Y
Vi=a,(1+¢)a,(1+¢,)a,(1+¢;) 0,
V, -V
6 = 1V =& +&,+&,
O, 0
ay

1-2u 1-2u
= 7 (o, +0,+0,)= 3

0

(o0,+0,+0.)

28(40) Tran Minh Tu - University of Civil Engineering



3.6. Quan hé rng suat — bién dang (5)

3. Thé nang bién dang dan hoi

1 1
u=u_+u :—05+577/

O T

Xét phan t6 chinh: t=0 =>

1 1 1
u =EO'181+EO'282+EO'383

2E [0-1 +0; +0; - 2/”(0'10'2"'0'30'2"‘0'10'3)]
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3.6. Quan hé rng suat — bién dang (6)

’ . Hinh dang
Bién dang => thay doi |:> .
Thé tich

01~ Ow

0=0

O) ~ Oy,

O3~ Oy
Thay 60!
hinh dang - Y

(30(40) Tran Minh Tu - University of Civil Engineering
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3.6. Quan hé trng suat — bién dang (7)

TNBD hinh dang u,4

TNBDDH riéng u |:>{ o
TNBD theé tich ug

u-=1u,, +utt

1+
Haa 7 6Eﬂ [(01_02)2+(02‘03)2+(03—01)2J

(31(40) Tran Minh Tu - University of Civil Engineering



3.7. Cac thuyét bén (1)

A. Khai niém vé cac thuyét bén
- TTUS don (kéo — nén dung tam):
diéu kién bén:

O O
O max < [O-]k = 70 ‘O-min ‘ — [O-]n = 70
- TTUS truot thuan tay:
T <|7] = Lo
max — n

- Gia tri cac ng suat cho phép xac
dinh theo (ng suat nguy hiém => t&
thuc nghiém

TTUS phirc tap: can phai thuc nghiém dé xac dinh nhitng *ng
suat nguy hiém cho TTUS tuwong trng => khong thuc hién dugc

(32(40) Tran Minh Tu - University of Civil Engineering



3.7. Cac thuyét bén (2)

“* Ly do:
. S6 lwong thi nghiém I&n (dé dap ng dwoc cac ti 1é gilra cac
(ng suat chinh co thé xay ra trong thuc té)
Ky thuat thi nghiém chuwa thwc hién dwoc
= Khéng tiéen hanh thwc nghiém dwoc =>
Khoéng biét nguyén nhan gay ra sw pha hoai
vat lidu => Gia thiét
= Thuyét bén: Cac gia thiét vé nguyén nhan
gay ra sw pha hoai vat lieu
= Cac nguyén nhan cé thé: trng suat, biéen
dang, the nang bien dang dan hoi,...

33(40) Tran Minh Tu - University of Civil Engineering



3.7. Cac thuyet bén (3)

B. Cac thuyét ben

a. Thuyét bén 1 - Thuyét bén rng suat
phap Ion nhat

- Nguyén nhén vét liéu bj pha hoai la do (g suét
phap Ion nhéat cua phan t6 ¢ TTUS phtre tap dat
toi trng suéat phap nguy hiém cua phén té6 ©
T'TUS don

. Didu kién bén |oa=012[o],  oy=|os|<[o],

« Han ché. Chi phu hop v&i vat liéu don, va TTU'S don

(34(40) Tran Minh Tu - University of Civil Engineering



3.7. Cac thuyet ben (4)

b. Thuyét bén 2 - Thuyéet bén bién dang dai
twong doi I&n nhat (Mariotte)

« Nguyén nhén vét liéu bi phé hoai 1a do bién
dang dai twong doi I6n nhéat cta phan té & TTU'S
phtrc tap dat toi bién dang dai twong doi & trang
thai nguy hiém cta phén t6 & TTU'S don

+ Diéu kién bén: | o,=0,-u(o,+0,)<[o]

o,=0,—pu(o,+0,)<|o]

* Chi phu hop véi vat liéu don

(35(40) Tran Minh Tu - University of Civil Engineering



3.7. Cac thuyet bén (5)

c. Thuyét bén 3 - Thuyét bén rng suat
tiép 1&n nhat (Tresca-Saint Venant)

» Nguyén nhéan vét liéu bi pha hoai la do (g Suat

tiép I6n nhat cﬁa phan to o TTUS phtrc tap dat

toi teng suat tiép nguy hiém cua phéan to o TTUS

don

« Diéu kién bén: -
=01~ [O']

* Phu hop voi vat liéu déo. Thwdng str dung trong
nganh co khi

(36(40) Tran Minh Tu - University of Civil Engineering



3.7. Cac thuyet bén (6)

d. Thuyét bén 4 - Thuyét bén thé nang bién doi

hinh dang cwc dai (Huber — Von Mises)

Nguyén nhén vét liéu bi pha hoai la do thé ndng
bién dbi hinh déng cia phéan t6 & TTUS phirc
tap dat toi thé nang bién ddi hinh dang & trang
thai nguy hiém nguy hiém cda phén té6 & TTUS
don

° 'Dléu klén bén: 0,4 :\/612 "'622 +G§ — 0,0, = 0,03~ 0,0, S[G]k

Phu hop voi vat liéu deo. Str dung trong nganh
ky thuat xay dwng va co khi ché tao.

(37(40) Tran Minh Tu - University of Civil Engineering



3.7. Cac thuyét bén (7)

e. Thuyét bén 5 - Thuyét bén Mohr 8

« Dwa vao két qua thi nghiém => Vé vong tron
(rng suat gi¢i han => Vé duong bao => Xac dinh

mién an toan cua vat liéu
 Diéu kién bén:

O =0, — { } o, <|o], o],

Chi phu hop vat liéu gion

38(40) Tran Minh Tu - University of Civil Engineering



4. Cau hoéi???

39(40 . _ . . .. . ]
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Thank you for your attention
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Chwong 4. Pac trwng hinh hoc ciia mat cat ngang

4.1. Khai niem chung
4.2. Momen tinh va cac moé men quan tinh
4.3. Mé men quan tinh mét s6 hinh don gian
4.4. Coéng thirc chuyén truc song song

4.5. Vi du 3
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4.1. Khai niém chung

 Kéo — nén dung tam:

(’ng suat, bién,dang phu thudéc vao
dién tich mat cat ngang

« Thanh tiét dién chi¥ nhat

kha nang chiu lwc theo hai phwong x,
y khac nhau

« Kha nang chiu lwc cua thanh phu
thudc vao dién tich, hinh dang, cach
sap xep, ...cua mat cat ngang

« (Cac dai lwvgng phu thudéc vao hinh
dang, kich thwéc cla méat cat ngang
- dac trwng hinh hoc cla mat cat
ngang

o @25 Tran Minh Tu - University of Civil Engineering



4.1. Khai niém chung

Hinh dang cac mat cat ngang

FINREN®
<>

_ (525 Tran Minh Tu - University of Civil Engineering



4.2. Momen tinh va cac moé men quan tinh

* Hinh phang, dién tich A
trong hé truc Oxy. Phan
to dién tich dA(x,y)

1. M6 men tinh cua dién
tich A doi v&i truc Ox,

S:jydA Sy:jdi

(A) (A)
P
* Th& nguyén cia mé men %’
tinh & [chiéu daid], gia tri y

cia né co thé 1a dwong, P
bang 0, hoac am.

_&2s Tran Minh Tu - University of Civil Engineering



4.2. Momen tinh va cac moé men quan tinh

*» Truc trung tam: truc c6 mo
men tinh cua dién tich A
doi voi né bang 0.

< Trong tdm: Giao diém cua
hai truc trung tam => mo
men tinh cua hinh phang
doi voi truc di qua trong
tdm bang 0

«» Cach xac dinh trong tam C S S
(Xe, Ye) cla hinh phang:

_(n2s Tran Minh Tu - University of Civil Engineering



4.2. Momen tinh va cac moé men quan tinh

Bai toan xac dinh trong tam

Gia st C(xc, Yc) la trong tam mat cat ngang
Xg, Yo - hé truc diqua C
dA(x,y) trong hé toa d6 xy
dA(Xg,Yo) trong he toa do x,y,

Ta co:
X=X, + Xc
Y=Yt Yc :yC:i
SX:jydA:j(y0+yC)dA A
A A
S S
:Sx:IyOdA+ijdA:yCA XC =7 yC —_X
A A A A

_®2s Tran Minh Tu - University of Civil Engineering



4.2. Momen tinh va cac mo men quan tinh

*Cach xac dinh trong tam cua
hinh ghép tir nhiéu hinh don
gian

Hinh don gian: toa do trong tdm dé xac
dinh

Chon hé truc ban dau Oxy, biéu dién
kich thuwéc va toa do trong tam
C(Xc, Y¢) trong hé truc nay

Néu mat cat ngang A ghép tlr nhiéu
hinh don gian co dién tich A, v&i toa dé
trong tdm moi hinh don gian la
C.( XaYoi) trong hé toa dod ban dau, thi:

Yci

LY
_____ 9C1
o|C,
0C3 R
Xc1 X
s DA
X =Y _ il
C A n
2
s, ;ympﬁ
Ye=—"= n
2A

(9)25
Tuilvy 2010
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4.2. Momen tinh va cac moé men quan tinh

“Chuy

. Chon hé truc toa dé ban dau hop ly: Néu hinh co truc

doi xtrng thi chon truc doi xtrng ldm mét truc cliia hé

truc toa d6 ban dau, truc con lai di qua trong tdm cla
cang nhiéu hinh don gidn cang tot.

. Néu hinh bj khoét thi dién tich bi khoét mang gia tri

am.

a025 Tran Minh Tu - University of Civil Engineering



4.2. Momen tinh va cac moé men quan tinh

2. M6 men quan tinh cua mat
cat ngang A doi voi truc x, y y

L= [ y’dA 1= [ XdA
(A) (A) dA
* Th® nguyén cua mé men | (éj
y
|

quan tinh 1a [chiéu dai4], gia
tri cua né luén luén dwong
3. M6 men quan tinh déc cuc

l,= | pPPAA=T, +1,
(A)

* Th& nguyén clla md men quan tinh déc cuc la  [chiéu
dai4], gia tri cia noé ludn luén duong

_@an2s Tran Minh Tu - University of Civil Engineering



4.2. Momen tinh va cac mo men quan tinh

4. M6 men quan tinh ly tam

:jxydA

Xy
(A) i
Thi» nguyén cua mé men quan tinh 1 @
ly tam la [chiéu dai4], gia tri cia v >
né cé thé la dwong, bang 0,
hoac am. X -

<+Hé truc quan tinh chinh cla dién tich mat cat ngang: la
hé truc ma mé men quan tinh ly tdm cuta dién tich mat cat
ngang ddi vdi né bang O.

Hé truc quan tinh chinh trung tam cua dién tich mat cat
ngang: la hé truc quan tinh chinh, cé6 goc toa dd trung vdi
trong tam mat cat ngang.

(@225 Tran Minh Tu - University of Civil Engineering



4.2. Momen tinh va cac moé men quan tinh

+Tinh chat:
. Néu mat cat cd 1 truc dbi xtrng thi bat ci truc ndo
vudng goc voi truc doi ang do cing lap voi n6 mot

hé truc quan tinh chinh

= jxydA+j(—xy)dA= 0
A A

. Néu hinh ghép:

=i|; =21

@25 Tran Minh Tu - University of Civil Engineering



4.3. Mé men quan tinh mét so6 hinh don gian

< Hinh chir nhat AY
bh* hb® /
| =— |, =—0
2 1 ///4 )V
D inh tron
R4 D4 % / //% > X
| =22 22 01D I %
P 2 32
=1, =73 7D _,05D" { D {
4 64 I
“ Hinh tam giac -
| _b_h3 = X
X 12 ) b )

/1 /|

@25 Tran Minh Tu - University of Civil Engineering



4.4. Cong thirc chuyén truc song song

< Mat cat ngang ngang A trong
hé truc ban dau Oxy cé cac
dac trwng hinh hoc mat cat
ngangla S,, Syi bes Iys 1y -

s Hé truc mé&i O'uv co6 O'u//Ox,
O'v/IOy va:

U=X+Db Vv=Yy+a

= X
X C’éc dac trieng hinh hoc mat
cat ngang A trong hé truc O'uv R
la: u u
_ 2
S, =S, +a.A |, =1 +2aS_+a°A
. 2
svzsy+b,A IV—Iy+2bSy+bA

uv

l,, +aS, +bS, +abA

(15)25
Tl 2010
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4.4. Cong thirc chuyén truc song song

Néu O di qua trong tam C:

I, =1 +a’A
l,=1,+b’A
I, =1, +abA
(16)25 Tran Minh Tu - University of Civil Engineering
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4.5. Cong thirc xoay truc

- Trong nhiéu trwdng hop, can xac dinh cac dac trung hinh
hoc mét cat ngang trong hé truc toa d6 xoay mét goéc nao dé
so Vvdi hé truc ban dau

_@anzs Tran Minh Tu - University of Civil Engineering



4.5. Cong thuwrc xoay truc

- Mat cat ngang ngang A trong hé truc , y

m , i - . v
ban dau Oxy co cac dac trung hinh \
hoc matcatngangla S, S, /, /, /,, \ y @ .

N v~ , - \ ~
- Hé truc mdi O'uv xoay goc q ngudc \“x _ - . \rf_f*"i._
chidu kim dang hd v A

U=Xcoséd +ysind N
V=-XSin@ +ycosé \

- Cac dac trung hinh hoc IX+Iy I —|y _
mat cat ngang trong hé truc = > cos26—1,,sin20
méiowla s, S, 1, 1, |

ol o fuy T T .

| = — Ycos20+1. sin26
2 Y

| —1
I X Ysin260+1. cos26
uv 2 Xy

@a825 Tran Minh Tu - University of Civil Engineering



4.5. Cong thuwrc xoay truc

- Hé truc quan tinh chinh co6 1 ,=0 => Vi 21,
tri ctia hé truc quan tinh chinh xac dinh &N 26 =- |
bdi goéc q, A

- Cac mdé men quan tinh doi véi hé truc

quan tinh chinh : -
|+ —
Imaxmin: : yi . : +|2
’ 2 2 W

- Twong quan gitra /,
/y, ly tong tu nhu tu’dng quan # @tron Mohr quan@

gitta s, {,,va s, s, &,

(1925 Tran Minh Tu - University of Civil Engineering



Vi du 4.6.1. Cho mat cat ngang co
hinh dang va kich thwdc nhuw hinh
vé.Xac dinh cac mé men quan tinh
chinh trung tam cGia mat cat ngang

Gidi: Chon hé truc toa d® ban dau
XoYo Nhw hinh vé. Chia mat cat ngang
lam hai hinh don gian @ va @

1. Xac dinh toa do trong tam, ta co:
- Xc=0 (y, - truc doi xtrng)

Ye1 =90 mm;  y., =20 mm

2 VA Yo A HYLA,
Ve = ZAi = ATA =38 mm

1 20 mm

40 mm

20 mm

30 mm

(20)25
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Vi du 4.6.1

A
1 Yo
- Dung hé truc quan tinh chinh trung tam Cxy r,igﬂ 1'11.,,4_1

- Cac mé men quan tinh chinh trung tam:

l, = Ii + If :(T12b1h13 +A "’112)"'(%b2hz3 +A, a22)
=(£90x20° +1800x 12% ) + (-4 30 x40° + 1200 x 187 )
|, =868x10°mm* = 868x10°m*

I, =1,+1; =%hb>+5hb,’ 20
=(£20x90%)+(%40x30°) o :-'
iy = 90 mmT ?

|, =1305x10°mm* = 1305x10°m* \ 0mm —| e

_ * //ﬂ;" T

o = 20 mm \‘_"‘
30 mm .
(21)25 Tran Minh Tu - University of Civil Engineering
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Vi du 4.6.2

U du 4.6.2. Cho hinh phing cé hinh i
dang va kich thudc nhu hinh vé. Xac
dinh cac mé men quan tinh chinh trung

tdm clia hinh phang 4m
Py n n - ¥
Gial. Chon hé truc toa dé ban dau x,y, Lm
nhu hinh vé&. Chia hinh phang lam hai | 3m—
hinh don gian @) va @ Yo
--1m-
Y ¥ Yo i :
0.5m| =
1
® ‘ m
e [ A1 2m N
OJER % " @ |1
@ A2 L) I f X0
! 05m 3m—

(22)25 Tran Minh Tu - University of Civil Engineering



Vi du 4.6.2

1. Xac dinh toa do trong tam:

Ta co: i= X: [m] y. [m] A [m2] YA [m?]
1 0,5 2,0 4 8
2 2,0 0,5 2 1
6 9
ty

ZXOA_E_]_
Xc SA 6 (M) e = ZA

2. Qua C, dung hé truc quan tinh trung tam Cxy:

3. Cac m6 men quan tinh doi vdi hé truc quan tinh
trung tam Cxy:

a,=-0.5m; b,=0,6m; a,=1m; b,=-Tm

1.5m

@

1m

3m—

X0

(23)25 Tran Minh Tu - University of Civil Engineering
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Vi du 4.6.2

3 y
A:>Q:1é-ﬂl§4263%wﬁ) e
3 ]
oA 0 524-133(m*) o,
T
2_2-13 2 o 4 4m
A =1 =S+ 2=2,17(m")
[}
3 ) 1
12 = 124422 2.67(m*) o — -
- m -

|, =1 +1>=6,33+2,17 =8,5(m*)
|, =11+12=1,33+2,67 =4(m")

y

I, =1y +1;, =0+abA +a,h,A, =-3(m")

4. Cac mdé men quan tinh déi véi hé truc quan tinh
chinh trung tam Cuv:

@425 Tran Minh Tu - University of Civil Engineering



Vi du 4.6.2

4. Cac mb6 men quan tinh doi véi hé truc quan tinh chinh trung tdm Cuv:

| +1 L —1,Y |41 | _1 V.
== Y4 || 2| +12 =10(m* T St BT -y
1= \/( > j , =10(m") == \/[ - )+|Xy_ 2,5(m*)

5. Goc xac dinh hé truc quan tinh chinh trung tam Cuv:

21,, VR, 1Y
tan 26, :—I | =1,333 1me
y_ X A

a, =26°34
= +90° = 116°34

C
1.5ml/ \ @) A
4 '
3\n 1

(2925 Tran Minh Tu - University of Civil Engineering



4. Cau hoi???
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NOI DUNG

5.1. Khai niem chung

5.2. Ung suat trén mat cat ngang
5.3. Bién dang cua thanh trén chiu xoan
5.4. Didu kién bén

5.5. Diéu kién cirng

5.6. Thé nang bién dang dan hoi

3 34 0 . 0 0 0 0 .
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Vi du thanh chiu xoan

(b)) Lug-wrench shaft in torsion.

(e} Use of a lug-wrench.

5 34 ° o ° ° ° ° o
_ 56 Tran Minh Tu - University of Civil Engineering



5.1. Khai niem chung (1)

1. Dinh nghia

Thanh chiu xoan thuan tuy
la thanh ma trén cac mat -
cat ngang cua né chi cé
mot thanh phan wng lwc la
moé men xoan M, nam
trong mat phang vuong
goc v¢i truc thanh.

Vi du: Céc tryc truyeén dong, cac

thanh trong két cau khdng gian,...

Ngoai lwc gay xoan: md
men tap trung, mO men
phan bo ngau lyc trong
mat cat ngang

_6Ey Tran Minh Tu - University of Civil Engineering



5.1. Khai niém chung (2)

Vi du thanh chiu xoan

7 34 . ° . . . . .
EAS SN Tran Minh Tu - University of Civil Engineering



5.1. Khai niem chung (3)

2. Bi€u d6 mdé men xoan ndi luc

. Qui wéc dau cha Mz
Nhin tr bén ngoai vao mat cat
ngang, néu M, cé chiéu thuan
chiéu kim dong ho thi né mang
dau dwong va nguoc lai.

. Xac dinh mé men xo0an
ndéi lwc trén mat cat
ngang - PHUONG PHAP
MAT CAT
M, ndi lwc trén mat cat ngang
bang tdng mé men quay déi voi
truc thanh cua nhirng ngoai Iwc
& vé mot bén mat cat ZMz:O E=> M, =

- Vidu

8(34)
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5.2. 'ng suat trén mat cat ngang (1)

1.  Thi nghiém

Vach trén bé mét ngoai
- Hé nhirng dwong thang
/] truc thanh
- Hé nhirng dwdng tron
vuong goc veéi truc thanh
- Cac ban kinh

QUAN SAT

- Cac dwong // truc thanh
=> nghiéng déu goc y so
v&i phwong ban dau

- Cac dwong tron vuoéng
goc vé&i truc thanh =>
vudng goéc, khoang cach
2 dwong tron ké nhau
khéng doi

- Cac bk trén bé mat
thanh van thang va co6 do
dai khéng doi

9(34)
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5.2. 'ng suat trén mat cat ngang (2)

GIA THIET

Gt1 — Gt mat cat ngang phang: mét cat ngang
trwoc bien dang la phang va vuong goc voi
truc thanh thi sau bién dang van phang va
vuong goc voi truc. Khoang cach gitra 2 mat
cat ngang la khéng doi.

Gt2 — Gt vé cac ban kinh: Cac ban kinh trwéc
va sau bién dang van thang va c6 d¢ dai
khéng doi.

Vat lieu lam viéc tuan theo dinh luat Hooke

10(34)
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Thanh tron chiu xoan

Original Grid

Deformed Grid
o i'ﬂr'u:.--_"-.:___':"."?--‘" “‘i'ﬂ"’- .

e - -
,====Elumn-gﬂ!’F”t
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5.2. 'ng suat trén mat cat ngang (3)

2. Céng thirc tinh (rng suat
« Tirgtl => £,20 =>0,=0

T gt2 =>¢,=¢,=0 => 5,=6,=0

~Trén mat cat ngang chi cé ng S
suat tiep
=  ng suat tiép cé phwong vudng goc
vOi ban kinh, chiéu cung chiéu mo
men xoan noi lwc

Truc thanh T .

12034) Tran Minh Tu - University of Civil Engineering



5.2. ng suat trén mat cat ngang (4)

X
-
3
c
-
Q
)
c
QA
=k
o,
D
r o)
=
0,
=
D>
=

>

trén mat cat ngang cach tam
khoang p vé&i M, néi lwc da
biét

- Xét hai mat cat ngang céch
nhau vi phan chiéu dai dz.

[A

dz [

13(34)
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5.2. P’ng suat trén mat cat ngang (5)

Trwéc bién  dang
ab//0z; Ob =p

Chiju xoan: ab => ac

do - géc xoan twong doi
gitba hai mat cat ngang
cach nhau dz

Y,- 96c¢ trwot (bién dang - .
goéc) cia thé cach truc |, ~tgy = - = LI0
thanh khoang p ab dz

9:(;_(? - goc xoan ti doi
/

14(34 . . . o e . .
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5.2. 'ng suat trén mat cat ngang (6)

“*Theo dinh luat Hooke

r,=06y= Gd¢
< Mat khac dz

do do
M :erpdA:GEjpsz:G—lp
A

toe dz
g dp _ M, r M,— m& men xoan ndi luc
‘ dz GI < l,— mo6 men quan tinh doc
M cuc ciia mat cat ngang
T, = Ipz P . p — toa dé diém tinh (ng suat

15(34 . . . P . .
(15B4) Tran Minh Tu - University of Civil Engineering



5.2. 'ng suat trén mat cat ngang (7)

Bién thién cua &ng suat tiép theo

khoang cach p la bac nhat =>

Bieu do wng suat tiép

Nhirng diém nam trén cung

dwong tron thi co ng suat tiép
4

r}hu nhaAu..A o | W, ="2/(D/2)=0,2D’

U'ng suéat tiép cwe dai trén chu vi 2

mat cat ngang

T =—— R=—*
I W

W, =I/R 1a md men chong xoan

cla mat cat ngang

[

W, =0,2D%(1-7")

16(34 . . . P . .
(16G4) Tran Minh Tu - University of Civil Engineering



5.3. Bién dang cua thanh trén (1)

“ Da co: _d_¢_ M i
dz Gl = ]
3
. O
X G§’>c xoan (goéc xqay) twong
doi gitra hai mat cat ngang A 5
va B L |

rad

]

Yy
0, - IM 0z j
0

G — mo6-dun dan hoi khi trwot cta vat liéu

Gl, - la d6 cliing chéng xoan ctia mat cat ngang

.9

17 34 . . . . . . .
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5.3. Bién dang cua thanh tron (2)

» Khi trén doan AB chiéu dai L ¢co CI\;/:Z = const

k_f| ‘ik!: ‘HJ M_;
M , L - r . rﬁqél
—_— v | .
|:> Ppg = A ",
Gl —

e Lup—f—Zpe i+ L
= Khi doan AB gébm n doan, trén méi doan
thr i c6 chiéu dai /. :

M, | n (M
(GI Jl—const |::) ¢AB:Z 2 ||,

i = | Gl

18(34 . A - . .
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Bai tap - Vi du 5.1

<* Cho truc tron co dién tich
mat cat ngang thay doi
chlu tac dung cua moé
men xoan ngoai lwc nhw
hinh ve - Vod

1. V& biéu d& md men xoan ndi g
e

2. Xac dinh ftri sO (rng suat tiép
I&n nhat

3. Tinh gbéc xoan cla mat cat
ngang D
Biét M=5kNm:; a=1m;
D=10cm; G=8.10° kN/cm?

2D
\

20 a

1934 Tran Minh Tu - University of Civil Engineering



Bai tap - Vi du 5.1

1. Biéu dé moé men xoan
Poan CD (0<z <a)

M > =3M
Poan BC (0<z,<2a)

M B¢ = 2M

N _
B (Q\
20 a
CH am
I\/lz /
/D
Z1
BC M 3M
M ) /
) z2 . a
15
10 @ Mz
® KNM

20(34)
Tl 2010
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Vi du 5.1

M
2. Tri sO (rng suat tiép I1&n nhat - // Vod
cD 2 A I c 1 Ao
Tep = M, 7= 15X103 =7,5(kN / cm?) {
0,2D° 0,2x10 o .
BC 2
—— = 10>19 _=0,625(kN / cm?) 15
0,2(2D) 0,2)(20 10 @ "
, z . @‘ \KNm
3. Géc xoan tai D
Pp = Pgc T Pcp
0. = M;" xa M B¢ x 2a
D CD BC
Gl Gl
15x10° x10*>  10x10° x2x10°
o, 5x10° x10 0x10° x2x10 _0,02(rad)

= +
8x10°x0,1x10* 8x10°x0,1x20*

21(34 . . . P . .
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(*)Phan tich trang thai (rng suat

Céac phan td6 vdi cac mat song song va
vuoéng goc vdi truc chi chiu truct thuan
tay. (’ng suat phap va ung suat ti€p hoac
dong thdi cd hai co thé ton tai trén cac
mat

Phan t6 a chi chiu trwgt thuan tuy.

Xét phan t6 nghiéng goc 45° so vdi truc,
F = Z(TmaXAO)COS45 — TmaxAO\/E max? Tmax? }

O = TmaXAOI =7 Tinax? () Thax?
459 A AO\/E max

Phan t6 chiu &'ng suat kéo trén hai mat /\ N Z

va chiu ng suat nén trén hai mat =

A

M,
l\IZR (-r__h-'—-—l- —ZR

P Ip

TIHKI\ —

22(34 . A - . .
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(**)Phan tich trang thai (rng suat

« Vat liéu déo, d6 bén trwot kém /\___ /\

thwong bi pha huy do cat. Vat ‘

lieu don chiu kéo kém hon chiu

cat. 2 »
Vo == —2R Oy5° = + T_:R

« Khi chiu xodn, mau vat liéu déo
bi pha hly tai mat cat cé ng
suat ti€p 16n nhat — mat cat
ngang.

e Khi chiu xodn, mau vat liéu don
bi pha hay theo phuwong cé bién
dang kéo 16n nhat — phwong xién
goc 459 so vdi truc

23(34)
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5.4. Diéu kién bén - Diéu kién cirng

1. Dibukiénbén [maxfz |- maxMl<[r]
WIO

[7]= %0 - néu dung thuc nghiém tim <,

7] =% - néu duing thuyét bén 3

7] =% - néu dung thuyét bén 4
2. PDieu kién ctrn

. g gmax:[g/:Z] S[ﬁ] (rad/m)
P maX

Né&u [0] cho bang do/m => d6i ra rad/m

2434) Tran Minh Tu - University of Civil Engineering



5.4. Diéu kién bén - Diéu kién cirng

3. Ba bai toan co’ ban:
s Bai toan 1: Kiém tra diéu kién bén (hoac diéu kién
cwng) _\I\/I ‘

o = g <17

» Bai toan 2: Chon kich thwdc thanh theo didu kién
bén (hoac diéu kién cirng)

e
o Bai toan 3: Xac dinh gia tri cho phép cua tai trong
tac dung (Ia gia tri I&n nhat cla tai trong dat 1&én hé
ma thanh van dam béo diéu kién bén hoac diéu kién
cwng)

M. |< W, [7]

25034 . . . P . .
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5.5. Bai toan sieu tinh

Bai toan sieu tinh

* La bai toan ma néu chi dung cac phwong trinh can
bang tinh hoc thi ta khong the xac dinh hét cac phan
lwe, ciing nhw cac thanh phan néi lwc trong thanh.

* Phwong phap giai: Viét thém phwong trinh bo sung
— phwong trinh bieu dien diéu kién bien dang

= Vi du: Vé biéu dé6 md men xoan ndi Iwc

M
4 yad \
A=
: R
) a ) 24 "

26034) Tran Minh Tu - University of Civil Engineering



5.5. Bai toan siéu tinh

“ Gia st phan lwc tai ngam M, Ma M Mp
A . 8 Vad
My c6 chiéu nhw hinh vé. @J&&g -
“Taco:M,+My=M (1) S .
< Diéu kién bién dang " ” CD
z D
Pap=10 (2)  M;® =M, 7~
M*a M?™2a AB
¢AD:¢AB+¢BD: AB + BD I\/IZ ZI\/ID_I\/I z
Gl Gl
P P M/33
® Gx01x(2d)" Gx0,1xd" O

# M, =i|\/|; MA:gM
33 33

32M/33

27(34 . . . - . .
(27(34) Tran Minh Tu - University of Civil Engineering



5.6. Thé nang bién dang dan hoi

TNBD dan héi riéng do (rng suat tiép:

2
2 7/ 2 7/ ZG _ =
Y

TNBD dan hoi clia thanh chiu xoan:

Z_2 L MZ
uzjudvzjgdvzgf;sdz

Khi M, = const
Gl )

ML
—y ! " 26I,

28(34) Tran Minh Tu - University of Civil Engineering



5.7. Xoan thanh tiét dién chir nhat (1

 Khi bi€én dang, gia thi€t mat cat ngang
phang khéng con dung: bi van, xoan..

» Bai toan xoan thanh tiét dién chii nhat:
giai theo LY THUYET BAN HOI.

O tam va & cac goc (ing suat ti€p bang

0, & phia ngoai irng suat hwdng theo
chu tuyén. Bi€u do6 (ng suét ti€p doc ——— - T
theo chu tuyén nhw hinh vé. Ung suat Tl‘ w l o
ti€p I6n nhat tai diém gilra canh dai... ‘ _T ) ) ) _i
I\/IZ I\/|Z — |<_ —
T — — ] a -
"W qab?
M M
_ « Gocxodn |O=—"= ‘
T1 = )T max Gl,, pGab’

29(34 . . . P . .
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5.7. Xoan thanh tiét dién chir nhat (2

« Cac hé sb o, B, Yy phu thudc vao ti s6 a/b (a >>b)

alb 1 2 3 4 6 8 10 00

o 0,203 0,246 0,267 |0,282|0,299 0,307 0,313 |0,333
B (0,141/0,299 0,263 0,281 |0,299|0.307|0,313|0,333
y |1,0000,795/0,753|0,745|0,743 0,742 0,742 | 0,742

+ Khi ti s8 a/b 16n thi cac hé s6 a, B, y =1/3=0,333

30(34)
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N6i lwc

Wng suat

Phan bo
trng suat

o, = const

P

31(34)
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Kéo (nén) ding tam Xoan thuan tay

Dinh luat

= 7=0
Hooke O Egz /

Bién dang

Bién dang

32 34 ° o ° ° ° ° o
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Cau hoi ?7?7?

33(34 . . . P . .
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Thank you for your atfention
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VAT LIEU

Tran Minh Ta
Pai hoc xay dwng
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Chwong 6

THANH CHIU UON PHANG




NOI DUNG

SB1 — nghién cttu vng suét, bién dang, (I’(h,”’°’"9 2;
chuyén vi trong thanh dwéi tac dung cla eo (nen)
cac trudng hgp chiu lyc co’ ban dung tam
Chwong 5:
Xoan

6.1. Khai niéem chung
6.2. Uon thuan tuy thanh thang
6.3. Uon ngang phang thanh thang

|38 Tran Minh Tu - University of Civil Engineering



6.1. Khai niem chung (1)

< Thanh chiu uon: khi cé tac dung cua ngoai lwc truc
thanh thay d6i do cong
< Dam: thanh chju uon

g S Tran Minh Tu - University of Civil Engineering



6.1. Khai niem chung (2)

< Mat phang tai trong: mat phang chira tai trong va truc thanh

< Mat phang quan tinh chinh trung tam: mat phéng chtra truc
thanh va 1 truc quan tinh chinh trung tam cua mat cat ngang.

< Gi&i han nghién clru: Dam vé&i mét cat ngang cé it nhat 1 truc
doi xirng (chir I, T, chir nhat, tron,...); mat phang tai trong trung

mat phang doi xirng ctia dam => Ubn phang
']

Mt phang
dor xing

True dam
Puong trung hoa

Mat trung hoa cua tiet dien

-
Z

|58 Tran Minh Tu - University of Civil Engineering



6.1. Khai niem chung (3)

< Phan loai udn phang f 1
Uon thuan tay phang A ye c D _
Udn ngang phang mé;wa e ] .
Vp=F | Vp=F

< Vi du: thanh chiu uon
phang ©
- Trén doan BC: M,#0, Qy=0 S

=> Uon thuan tuy phang y @
Trén doan AB,CD: M #O0,
Q,#0

=> Uon ngang phang

Fa Fa

| 6@8) Tran Minh Tu - University of Civil Engineering



6.2. Uon thuan tay phang (1)

800 N 800 N

M M’
USn thuan tay phang

IEASON Tran Minh Tu - University of Civil Engineering



6.2. Uon thuan tay phang (2)

1. Dinh nghia: Thanh goi la chju uon thuan tuy néu
trén cac mat cat ngang cua no6 chi ton tai thanh
phan tng lwc la mémen uén M, (hoac M,) nam
trong mat phang quan tinh chinh trung tam.

Tai trong gay udn: nam trong mat phang di qua truc thanh
va vuong goc voi truc thanh

2. Cac gia thiet vé bién dang cia thanh
a. Thi nghiém

|88 Tran Minh Tu - University of Civil Engineering



Vach trén bé mét ngoai ctia thanh

« Hé nhirng dwérng thang // truc thanh

=>thé& doc

- Hé nhirng dwérng thang vudng goc

v&i truc thanh => mat cat ngang

M
Cho thanh chiju udn thuan tuy phang <

QUAN SAT

- Cac dwong thang // truc thanh =>
dwong cong // truc, khoang cach giira
cac dwong cong ké nhau khéng doi

« Cac dwong théqg vuodng goéc véi truc
thanh => van thang va vudng goc véi

truc thanh

« Cac th& phia trén bi co (chiu nén),

cac thé& dwéi bi dan (chiu kéo)

6.2. Uon thuan tay phang (3)

mat cat ngang thé doc

9(68)
Tuilvy 2010
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) 4
N

-
O
S
>

thanh chi

ang cua

Bién dan

Before deformation

(a)

Horizontal lines

become curved

Vertical lines remain

After deformation

(b)

Tran Minh Tu - University of Civil Engineering
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6.2. Uon thuan tuy phang (4)

GIA THIET y
a. Gia thiét mat cat ngang phang: < >

mat cat ngang trwoc bien dang
la phang va vudng goéc vé&i truc
thanh thi sau bien dang van
phang va vudng goéc v&i truc

b. Gia thiét vé cac thé doc: trong
qua trinh bien dang cac Iop vat
lieu doc truc khong co tac
dung twong ho véi nhau

Vat liéu lam viéc trong mién dan
hoi

Puwong

Ton tai I&p trung hoa: gom cac trung hoa
thé@ doc khong bi dan ciing
khong bi co.

DPDwong trung hoa: Giao tuyen cua
I&¥p trung hoa v&i mat cat
ngang

(11(68) Tran Minh Tu - University of Civil Engineering



6.2. Uon thuan tay phang (5)

3.0ng suat trén mét cat ngang 5 !2
a. Bién dang dai cua thé doc al b
c6 khoang cach y dén thé S - -
trung hoa 1492

Xeét vi phén chiéu dai cua thé do thd trung hoa

doc dz = cd. Sau bién dang
cd co do dai la c’d’.

Bién dang dai ti doi:

Adz _c'd'-cd (p+y)dp—pde

£, = Y
©dz cd pdo P
p —

_Y
‘ ez—p

ban kinh cong cua thd trung hoa

(12(68) Tran Minh Tu - University of Civil Engineering



6.2. Uon thuan tay phang (6)

b. Quan hé trng suat - bién dang
Xét mat cat ngang bat ky, phan
to diéen tich dA chira diem K.
Tach phan t6 lap phwong chira
diem K.

Tw gt 1: goc vuong khéng thay
doi => 1=0

Tw gt 2: 6,=0,=0

=> Trén mat cat ngang chi ton
tai duy nhat irng suat phap o,

Theo dinh luat Hooke

o, =Es, = |o,=EL ) L o9

p p

(13(68) Tran Minh Tu - University of Civil Engineering



c. Céng thirc tinh (rng suat phap
Tai trong gay uon nam trong mét
phang yOz va vuéng goéc véi
truc thanh nén: N,=M,=0 va

6.2. Uon thuan tay phang (7)

M,#0. Ta co:

@ N, =

—

A

adA——jydA 0

.ydA S, =0 I:>

=M, jXO‘ dA——jxydA 0

— jxydA—l =0 =

Y

Puwong trung hoa di qua trong tam

clia mat cat ngang

Hé truc Oxy la hé truc

quan tinh chinh trung tam

14(68)
Tl 2010
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6.2. Uon thuan tay phang (8)

: 1 M,

o El
p —ban kinh cong cua thd trung hoa
M, — m6 men udn ndi luc y

El, — d6 clrng clia dam chiu udn

i@ Thay biéu thic ctiia ban kinh cong M
y X

vao biéu thirc xac dinh (rng suat phap O, = =E= I:> o, = y

y — tung do diém can tinh ’ng suat IX
M,>0: cang thé dwéi

Mx<0:7céng thé trén ‘ M ) ‘ @ thudc viing kéo
=> Pé thuan tién ta thwong dung |o, == M

céng thirc tinh toan |, (© thude vung nén

(15(68) Tran Minh Tu - University of Civil Engineering




6.2. Uon thuan tay phang (9)

d. Biéu do rng suat phap
= Cac diém cang xa PTH thi tri tuyét doi trng suat phap
cang I&n
= Cac diém nam trén DTH thi ¢6 ¢,=0
= Cac diém nam trén dwong thang // PTH thi cé
c,=const

=> Bleu dién sw blen thién cua rng suat phap theo
chiéu cao mat cat ngang

= Biéu do wng suat phap la duong thang di qua goc
toa do => de ve dwoc biéu do chi can tinh &rng suat
phap tal diém bat ky trén mét cat ngang

= Danh dau (¥) de biéu dlen phan (rng suat kéo va dau
(-) biéu dién phan trng suat nén

_16(68) Tran Minh Tu - University of Civil Engineering



Normal strain variation
(profile view)

(a)

y
Gmax x
M7l o
7 _
w Bending stress variation
(c)
17(68) Tran Minh Tu - University of Civil Engineering
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6.2. Uon thuan tay phang (11)

< Mat cat ngang c6 hai truc doi
xwng

7
7 h/2

M
NE, |
7, z

Y

g
Q
3
QD
X

E> O-max = ‘O-min

W = - /X2 - md men chdng udn clia mat cat ngang
bh* 3

Hinh chi nhat: W, =—— Hinh tron: W, =—* =72 _¢1p’
6 D/2 32

d

| ﬂ'D3(1_n4):0,1D3(1_7]4) vGi 77:5

1 = = : WX = X e
Hinh vanh khan D/2- %2

(18(68) Tran Minh Tu - University of Civil Engineering



6.2. Uon thuan tay phang (12)

< Mat cat ngang cé6 1 truc o o
d6i Xl:l’ng //// Y il L
< 3
N W .
max max | k < [ [
Ix WX \4 X
B ‘Mx‘ n | ‘Mx‘ / \Z ykmax
O-min__ I ymax __Wn
X X b, 1 r
| | O max
k n __
Wi = kx Wy = nX r
‘ymaX ymaX

y¥ .. - khodng cach xa BDTH nhat thudc vung chiu kéo

y"...« - khodng cach xa PTH nhat thuéc vung chiu nén

(19(68) Tran Minh Tu - University of Civil Engineering



6.2. Uon thuan tay phang (13)

4. Didu kién bén
Dam lam béng vt liéu déo  max{c

f<[o]
<|e],

max 2 mm

O

min

Dam bing vat liéu gion  T. <[0]
Ba bai toan co’ ban
= Kiém tra dieu kién bén:

O =

max

V<[]

X

= Xac dinh kich thwéc ciia mét cat ngang:

WX > |MX|
[o]
= Xac dinh tai trong cho phép:

M, |<[a]W,
20(68)
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6.2. Uon thuan tay phang (14)

< Mét cat ngang c6 hinh dang hop ly:
- Kha nang chiu lwc clia dam Ién nhat
. Tiét kiém vat lieu nhat

Dam bang vat liéu don: mit cat ngang hop Iy khi dong

thoi thoa man
_IM,]

O-max yrl;ax = [O-]
L “ | yaal Lo, (*)
‘O-min = ‘ M : ‘ yrrl]lax = [O-]n ymax [O-]n

Dam bang vt liéu déo: [¢] =[o]

Mat cat ngang khong
doi x(rng qua truc x
thoda man dk (*)

Mat cat ngang cé
hai truc doéi xirng

.
= el o

n
ymax
21(68)
Tl 2010
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6.2. Uon thuan tay phang (15)

< Pé tiet kiem vat liéu
Tl biéu do rng suat, cang xa DTH trng suat cang Ié&n
=> dwa vat liéu ra xa bTH

7 ///ﬁ
D

770
NN
\

Z

-
<

-
<

Vat liéu don Vat liéu déo

22(68) Tran Minh Tu - University of Civil Engineering



6.3. Uon ngang phang (1)

1. Pinh nghia

Thanh goi la chiu uén ngang
phang néu trén cac mat cat
ngang cla nd doéng thdi cod cap
irng luc la mémen udén M,, luc
cat Q, nam trong mat phang
quan tinh chinh trung tam.

|:> Gia thiét mat cat ngang phang
khéng con dung

23(68) Tran Minh Tu - University of Civil Engineering



Bién dang thanh chiu uon ngang phang

T T T e

(a) Before deformation

(b) After deformation

lv

24(68) Tran Minh Tu - University of Civil Engineering
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6.3. Uon ngang phang (2)

- M& men udn M, => Ung suét phap

 Lyc cit Q, => Ung suét tiép
Ung suat phap o M.,
Trong d6 -1

= Mx Ia médmen udn ndi lwc trén mat cat ngang

= |x & médmen quan tinh cla mat cat ngang doi
vQi truc quan tinh chinh trung tam Ox

= vy latung dé cua diém tinh ng suat

25(68) Tran Minh Tu - University of Civil Engineering



6.3. Uon ngang phang (3)

2. Ung suat tiép:

Véi mat cat ngang dang hinh chi¥ nhat hep b<< h..
Ung suat tiép tuan theo gia thiet Zuravxki:

% C6 phwong // véi phwong Iwc cat Q,, cling chiéu lwc
cat Q,

< Phan bo deéu trén chieu réng tiét dién
% Ky hiéu T,,

“ Cong thwrc Zuravxki ??7?

\.

26(68) Tran Minh Tu - University of Civil Engineering



6.3. Uon ngang phang (*)

< Xét can bang phan to

ZZzO |:> sz —

28(68) Tran Minh Tu - University of Civil Engineering



6.3. Uon ngang phang (4)

X=DTH
——

_ Q5 :
~ bec AC

% Cong thirc ZuravxKki y*
|
|

.

Q, laluc cat theo phwong y tai mat cat ngang.
|, la mémen quan tinh clia mat cat ngang déi vai truc x.
bc chiéu réng ctia mat cat ngang tai diém tinh (*’ng suét

y

AC & phan dién tich bi cat (Ia phan dién tich gidi han bdi chiéu rong mat cat
ngang tai di€m tinh (ng suét va mép ngoai ciia mat cat ngang).

S, 12 mé men finh clia phan dién tich bi cét

29(68) Tran Minh Tu - University of Civil Engineering



6.3. Uon ngang phang (5)

< Png suat tiép trén mat cat
ngang chi¥ nhat
be=b; I, =bh3/12;

1(h h b( h? >r
SC:— _— _— b:— _— 2 !
X 2(2”)(2 yj 2[4 yj /Q
— v N AC
b=b
h

_ :12Qy9 h_z_y2 :6Qy
Y bh*b 2| 4

Tmax

30(68) Tran Minh Tu - University of Civil Engineering



6.3. Uon ngang phang (6)

< Ung suat tiép trén mat cat T
ngang chir | ¢
Trong bang thép dinh hinh, da _ _ T
cho cac kich thwéc h, b. s, > X 5’
d, I,, S, — mé men tinh cua ¥; ¢
tiét dién. Ta co - k' s ha
- Phan bung bc=d Ty
S¢ =8 ——d.
X X5 y Qny

y=0 = ¢__ =
Qy 1 2) max | d
=g —~d. x
sz de( X 2 y 2
Y=i(g—sj=>z'l IQd {s —%d(g—s) ]

(31(68) Tran Minh Tu - University of Civil Engineering



Phan bo rng suat tiép trén tiét dién chiv |

T ]
}
* \
} Tmax
| |/
| |
t f’ﬂﬁ
N
Parabola
Intensity of shear—
stress distribution
(profile view)
Shear—stress fﬂ:}
distribution
(b)
32(68) Tran Minh Tu - University of Civil Engineering
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6.3. Uon ngang phang (7)

4. Diéu kién bén
Xét tiet dién chir nhat chiu uén ngang phang. Biéu do
(Png suat trén tiet dién:

LN O min

7

K, N - trang thai (rng suat don
C- trang thai &rng suat trwot thuan tay
B- trang thai (rng suat phang dac biét

33(68) Tran Minh Tu - University of Civil Engineering



6.3. Uon ngang phang (8)

< Kiém tra bén cho trang thai (rng suat don

Mat cat ngang nguy hiém: mat cat c6 mé men uén Ié&n
nhat (vat liéu déo: tri tuyét doi cua mdé men I&n nhat,
vat lieu gion: mé men am va mé men dwong Ié&n
nhat)

Vat liéu déo:

max ? O-min

f<[o]

<|o],

max {&
Vat liéu gion:

o = [O-]k : ‘O-min

max
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6.3. Uon ngang phang (9)

< Kiém tra bén cho trang thai rng suat trwot thuan tay
Mat cat nguy hiem: Mat cat co tri tuyét doi Q, Ion nhat
Vat liéu déo:

7] — %0 - néu dung thuc nghiém tim 1,
n
max|z,,,|<|7] [c]= ["] - néu dung thuyét bén 3
_M . .
[T] B néu dung thuyét bén 4
Vat liéu gion: Dung thuyét bén Mohr
[o] o],
r  <—F=|¢ o=
max 1+ [ ] [O-]n
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6.3. Uon ngang phang (10)

< Kiém tra bén cho trang thai rng suat phang dac biét

Mat cat ngang nguy hiém: cé tri tuyét doi Mx va Qy
cung Ié&n

Diém kiém tra: diém cé (rng suat phap va (rng suat tiep
cung lon (diem tiép giap gitra long va de vé&i mat cat
ngang chir )

Dam bang vat liéu déo: Gy =+/(c,) +4(1,))" (TB3)

=J(c,) +3(1,,)* (TB4)

Dam bang vat liéu gion:

l-a l+a
TO' +—\/O' +4'Z'Zy_[ ]k
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BAI TAP - Vi du 6.1 (1)

DE BAI:

Cho dam mat cat ngang chir nhat chiu tai trong nhw hinh vé

« Vé biéu do cac thanh phan tng luc

» Xac dinh (ng suét phap cuc dai tai mat cat ngang nguy hiém

 Kiém tra diéu kién bén cho dam, biét [6]=1,5 kN/cm?

20 kN 40 kN

- <

80 mm
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Vi du 6.1 (2)

BAI GIATL:

 Giai phéng lién két va xac dinh cac phan luc

55 46|kN . ; 14 kN ZFV:O:ZMB: RB:4OkN RD:14kN
=20 M= 3511 D 1= ’
20 kN% =2 m * Dung phwong phap mat cat

> « Matcat1-1

> M, =0 (20kN)(0Om)+M, =0 M, =0
« Matcat2-2
D> F, =0 -20kN-Q,=0 Q, =—20kN
> M, =0 (20kN)(2.5m)+M,=0 M,=-50kN-m

« Matcat3 -3 Q,=+26kN M, =-50kN-m
- Matcat4-4 Q,=+26kN M, =+28kN-m

Matcat5-5 Q,=-14kN M, =+28kN-m
Mét cat 6 — 6 Q, =-14kN M, =0

v 4
=
[ ]

‘ 461\:\1? Vg
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Vi du 6.1 (3)

 TU bi€éu d6 cac thanh phan ng luc ta
thdy, mat cat ngang nguy hiém tai B co:
Qux =26kN M_. =[My|=50kN-m
 Ung suat phap cuc dai

~ 6

N . =833.33x10° m’
7 14% | M 50x10° N-m
G p—

max __

mXCOW 833.33x10°m’

X

50
M Z_ o =60.0x10° Pa=60MPa=6kN/cm’

25  Tathay: .., > [0] => Dam khoéng thoa
man diéu kién bén

W, =1bh? =1(0.080m)(0.250m)’
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Vi du 6.2 (1)

Cho dam mat cat ngang thép chit | chiu tai trong nhw hinh
vé. Biét irng suat cho phép cla thép [c]=16 kN/cm2. Hay
chon s hiéu mat cat ngang thép theo diéu kién bén ng
suat phap ctia dam.
50 kN
20 kN

Ilm 1m
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Vi du 6.2 (2)

LA » Xac dinh phan luc lién két tai Ava D
q
i_\l_ﬁ I _' “.‘_}B. < @D > M, =V, (5m)—(60kN)(1.5m)—(50kN)(4m)=0
T 1., ,‘ =V, =58.0kN
o LT T T VD >'F, =V, +58.0kN - 60kN — 50kN=0

32 =V, =52.0kN
. « Vé bi€u do luc cat va mdé men udn ndi luc.

- Z .% QA :VA - SzokN

-

Z=26m
= Qg = —8kN
— ?SM « M& men I6n nhat tai:
" kNm Q=0=>z=26m.
M| =S,(AE) =67.6kNm
— 58
Mmax %)’6/
41(68) Tran Minh Tu - University of Civil Engineering

Tl 2010



Vi du 6.2 (3)

 Diéu kién bén theo (*ng suat phap cla

Thep | W, [mm’] dam:

[27a | 407 T =y SLOIE W T
[30 | 472 M| 67.6kN-m
[30a| 518 o =751 Tokn/em?

I33 597 =422.5x10°m’ =422.5cm’

« Chon s0 hiéu thép tir bang tra

130
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6.4. Chuyén vi cta dam chiu uon (1)

1. Khai niéem chung

Pwdng dan hoéi: Pwéng
cong cua truc dam sau
khi chiu uon

Trong tdm mat cat ngang cla

R K
dam %
K - trwéc bién dang :/(Z)
[« ]

K’ — sau bién dang K’
KK’ — chuyén vi cta trong tam

AONDANNNN

mat cat ngang v(z) - chuyén vi dirng
Bién dang bé: u(z)<<v(z) KK’ <
v(z) => d6 véng: y(z)=> u(z) - chuyén vi ngang

Do vong ctia dam chiu uén la chuyén vj theo phwong
thang dirng clia trong tam mat cit ngang
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6.4. Chuyén vi cta dam chiu uon (2)

AONDAONNNN

- Tai K’ dwng tiép tuyén t v&i dwdng dan hoi, dwéng
vuong goc v tiep tuyen t tai K'=>

- Mat cat ngang dam sau bién dang tao v&i mat cat
ngang dam trwdc bién dang géc ¢ => géc xoay ¢(z)
Géc xoay: goc hop b&i mat cat ngang dam trwéc va sau
bien dang

Bién dang bé: ¢(z) = tge = y’(z) => Pao ham bac nhat
cua dé vong la géc xoay
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6.4. Chuyén vi cia dam chiu uon (3)

2. Phuong trinh vi phan gan ding ctia dudng dan hoi

°Gt: Khi chiu uon vat 1~ M (z) \
liéu thanh lam viéc trong o EI_
mién dan hoi: " M (z)
L 1 n( ) >y = +
*Hinh hoc giai tich: _4 Y& ~+y"(2) El.
, - 23 T
Bién dang be P 1+y'")? )
Z Z
M
} y"(z)<0 M ¥ y'"'(z)>0
.y " (z) = - M X (2) - Phuong trinh vi phan gan dung dudng dan
ET. hoi
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6.4. Chuyén vi ciia dam chju uon (4)

3. Cac phwong phap xac dinh dwérng dan hoi

a. Phwong phap tich phéan truec tiép

Tl phwong trinh vi phan gan ding lay tich
phan lan thir nhat ta dwo'c goc xoay.

d M
(p(z) d}zl HdZ-I-C

Tich phan lan thir hai ta dwoc biéu thirc tinh do
vong

y(z) = j{ —dz+C}dZ+D
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6.4. Chuyén vi caa dam chiu uon (5)

trong d6 C va D 1a hai hang sb tich phan, dwoc xac dinh
nh& vao diéu kién bién chuyén vi .

Diéu kién lién tuc:

Ye- = Ve
wc— — ¢C+
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6.4. Chuyén vij ciia dam chiu uon (5b)

Nhwoec diém: cong kénh vé mat toan hoc
khi dam gém nhiéu doan, do phai giai hé
phwong trinh dé xac dinh cac hang so tich
phan (2n phwong trinh 2n an s6 khi dam
gom n doan)
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6.4. Chuyén vi ciia dam chiu uon (6)

VD 6.4.1: Xac dinh dd vong tai o f
dau tw do cua dim céng-xén Z B
chiu tac dung cua tai tap trung 3 Z | L-z
nhw hinh vé L

Taco: M =—F(L—z)

" MX(Z) F L-z L Z)) - F 2
y (2)=- Bl = |:>(P j dZ+C—E—IX Lz—— [+C

X

F >z cn  rea .
|:> y(z)= (L———}FCZJFD Diéu kién bién

EI 2 6 . F12
Z:O:>¢:O=>C=O :> (PB—(p(Z_ )_ZEIX
* FL

2=0=>y=0=>D=0 » YBZY(ZZL):gEI
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6.4. Chuyén vi cia dam chiu uon (7)

b. Phwong phap tai trong gia tao

Lién hé vi phan gilra cac thanh Lién hé vi phan gitra d6 vong, goc
phan ng luc va tai trong phan bo xoay va mdé men uén noi luc
L0
2
dy dp M,
dz> dz El
M~y
Q~g
M
q(z) » ——=
El,
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6.4. Chuyén vi cia dam chiu uon (8)

=Dung k§ nang tim luc cat va mémen udn ndi luc khi biét

tai trong phan bo dé ap dung vao bai toan tim goc xoay
va do vong.

» Twdng twang chon moét dam khoéng cé thuc - goi la
dam gid tgo va dat tai trong phan bo gia tao

M
y(Z)=——=

X

vao no. Luc cat va mémen udn d dam gia tao do tai trong
gia tao gay ra tai mat cat ngang nao dé chinh la géc xoay
va do vong & dam thuc ban dau tai mat cat ngang doé do tai
trong thuc gay ra. Quy tac dé chon dam gia tao nhw sau
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6.4. Chuyén vi ciia dam chiu uon (9)

< D&am gia tao phai c6 chiéu dai bang chiéu dai cia dam thuec.

% Lién két phéi sao cho diéu kjén bién vé néi lwc tai cdc lién két
trén dam gia tao phai phu hop véi diéu kién bién vé chuyén vi
trén dam thuwc tai cdc vi tri do.

y=0 y=0 Mgt=0 Mgt=0
920 020 | Sot*0 Qgt#0
y=0 y#0 Mgt=0 Mgi#0
¢=0 ¢+0 Q=0 Qqt#0
90 ° Qy#0  Qy#0
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6.4. Chuyén vi cta dam chiu uon (10)

Cac buéc thwe hién:

V@& biéu do mdé men uodn trén dam thwec. Chia
tung do biéu dé cho dd cirng El dé cé trj so
cua tai trong gia tao.

+Néu M_>0 thi 0q:<0 (chieu hwéng xuodng);
M, <0 th| qy>0 (chleu hwong len)

< Thay thé lien két trén dam thuc bang cac lién
két trén dam gia tao theo mau.

“Tinh Q, va M, trén dam gia tao tai nhirng
mat cat ngang can xac dinh doé véng va goc
xoay trén dam thuec.
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P
Vi du 6.2: Cho dam c6 lién két va chiu ,  J
tdi trong nhw hinh vé. Xac dinh d6 ZF 1B
vong taltlét dién dat luc P _ /2 /2 J
Giai: ®
Bwdc1: Vé biéu d6 mdé men udn noi luc W
Buwdc 2: Xac dinh lién két trén dam gia PL
tao, tai trong gia tao, M>0 nén tai trong 4
gia tao hwdng xuéng M Pl W
=TT L ’
. V Bot
Budc 3: Xac dinh noi lyc trén dam gia o Vo ’
tao tai tiét dién can tim doé vong va goc ?
x0a L2 YV
y .
P.’ L PL L1L PL’ PL’
y:Mgt - T T T T T T T — VAgt VAgt:VBgt:1
16EJ] "2 4EJ "2°2°2  48EJ. 6EI,
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Bang tinh dién tich mét so6 hinh don gian

Bic |
e |
Q= _h.rt
¢ 2
z: z.= £/3
[
Béc 2
= 1
(d=_h.Ft
i 3
- | Lo ‘ Z, = £ld
; ! "
Bic n
b ¢ Q=—1_hys
n+l
—z | z.= [(n+2)
Béc 2
T 2 _
C . Ehﬁ
), z.= (3/8).4
i
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6.4. Chuyén vj cia dam chju uon (10)

» Phuwong phap tai trong gia tgo chi c6 wu thé khi
biéu d6 mé men ubn trén dam thuc la céc dién
tich dé xac dinh trong tam va dé tinh dién tich.

e. Phwong phap thong so6 ban dau dé xac dinh
du’o’ng dan hoi

Xét dam chiu udn ngang phang gébm n doan,
danh so thw tw 1,2,...,/7, i+71,..,n tw trai sang phal
PO cirng moi doan a E [, E,l E I . Xét hai
doan ké& nhau the i va /+1 cO ﬁen két dang dac
biét sao cho dd véng va goéc xoay tai day co
bwdc nhay |, tai mat cat ngang gitra hai doan co
lwe tap trung va mo men tap trung, dong thoi luc
phan bd cling co bwdc nhay
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6.4. Chuyén vij ca dam chiu uon (11)

Mo > ) ) < M°<\ << ()
\f‘ W— -|—2& 2 O &) - ( ( T
Yo
}(Pn Z=a -
y (o
| y@
Ay, @
Yy
(P(O)

i+1

< Bang cac phep bién ddi toan hoc (khai trién Taylor ham dé vong tai
z=a), str dung quan hé vi phan gitra cac thanh phan (rng lwe va tai
phan bd, ta nhan dwoc cdng thic truy hdi ctia ham do vong (ham doé
vong trén doan thr i+1 dwoc xac dinh khi biét ham dé véng trén doan

thev 1)
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6.4. Chuyén vij ciia dam chiju uon (12)

< Khi dé cirng ctia dam El=const trén ca chiéu dai

yi+1(z) — yi(z) + Aya + A@a(z _ a) —
EI{ v 2= Q.2 Y, qa<—a>4+Aq'<z—a>5+”}_

2! 4 =5l
> V&i
AMa — I\/Ia Aqa — qi+1 (a) R qi (a)
AQ. = '~ !
=%  Ag,=0.,(a)-q(a)
“ doé vong doan thir nhat
1 B 2 3 Z4 ZS ]
Yi(2) =Y, +¢OZ_E_M 5+Qo§+qoz+qo_+ _
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6.4. Chuyén vj cia dam chiju uon (13)

X Céc théng sO Yy, MO,QO,CIO,CI;)»---‘ goi la cac théng
sO ban dau va dwoc xac dinh tw dieu kién bién.

“ Chuy:
Chiéu dwong cua mé men tap trung, lwc tap trung, tai
trong phan bé nhw hinh veé.
Néu lién két gitra hai doan thir (i) va (i+1) 1a khép
treo thi Ay, =0
Néu hai doan thw (i) va (i+1) 1a lién nhau thi

Ay, =A@, =0

- Vidu
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Vi du 6.4.2:

Dung phwong phap thong
s6 ban dau, xac dinh do
vong tai C va goc xoay tai D
cua dam chiu tai trong nhw
hinh vé.

Bai giai:
1. Xac dinh phan lwc
11 0 z=0 Z=a Z=2a
VB :an VD :an yO -+ O Aya — Aya =
2. Lap bang théng s6 ban dau @, # 0 Ap, =0 Ap, =0
‘ N AN~ MOZO AMa:O AMa:O
Tim y; =>ham do vong y, Q, =0 AQ, =V, |AQ =-P
Tim @y => ham géc xoay v’ g, =—¢ AQ, =( AQ, =
q, =0 A, = Aq;, =0
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Vi du 6.4.2 (2)

Cong thire truy hoi:
Yii(2) =Y (2) + Ay, + Ag,(2-a) -

2 3 4 5
El 2! 3! 41 < 5

z=0 Z=a Z = 2a
= Xét doan 1(AB):0<z<a Yy, #0 Ay, =0 Ay, =0

@, =0 Ap, = Ap, =

4
z _ - -
V() =y, + 02+ M, AM, = AM,

24EIX QO = AQa :VB AQa — _P

= Xét doan 2 (BC): a<z < 2a 0, =—0 AQ, =0 AQ, =0
dy = Ag, =0 AQ, =0

4

qz° q(z—a)’ B Vi (z - a)’
24EI, 24EI 6El

y,(z2)=y, +¢.z+
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Vi du 6.4.2 (3)

Yi(2) = Yi(2) + AY, + Ap,(z-a) -
__{ (z-a) Q(z a) q(—a>4+Aq'<z—a>5+u1

El ) 24 5
z=0 Z=a Z=2a
= Xét doan 3 (CD): 2a<z<3a y, %0 Ay, = Ay, =
@ # 0 Ap, = Ap, =
M, =0 AM _ = AM, =0
Qo =0 AQa — _VB AQa =—P
Gy =0 Ag,=q | Aq, =
0, =0 Ag, =0 Ag, =0

gz q(z-a)' Vy(z-a) . P(z -2a)’
24E1 24EI 6EI 6EI

Y3(Z) — yo + (POZ +
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Vi du 6.4.2 (4)

Ta c6 phwong trinh d6 vong trén trng doan:

4

Z
Y1(Z) — yo + (poZ T ZEEIX
(z)=y. +0 z+ qZ4 _q(Z_a)4 _VB(Z_a)3

ST TRETOMRL 24EL 6EL

4 4 : ’
_ gz’ _qz-a)' Vy(z-a)' Pz-2a)
Ya(Z) =Y, @2+ D4EI. 24EL 6EI_  GFI

—
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Vi du 6.4.2 (5)

= Pé xac dinh 2 thong s6 ban dau la y, va @, ta xét diéu kién lién két clia dam:

z=a => y.(z=a) =0
z=3a=> y,(z=3a)=0

= T hai phwong trinh d6 vong y,(z) va y,(z), ap dung diéu kién bién:

- 5qa* o = qa’
Yo 24EI ° OEIL
= T d6 tinh duac: 7qa*
Ye=Yal ) 24EI
vz =3 =~
Op =Y ; 6EI
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6.5. Bai toan siéu tinh uon

Cho dam chiu luc nhu hinh vé

- S6 phan luc lién két |a 4, trong khi
chi viét dugc 3 pt can bang => Bai
toan siéu tinh

- B6 sung thém pt bién dang: y; = 0

- Twdng tuwong bd gobi twa tai B va
thay bang phan luc Vg

Theo nguyén ly cong tac dung

Ye = ¥Ysq T Yey, =0
Ma

gqL* . _
SE1’ 7BV T T 3E)

Yo =
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6.5. Bai toan siéu tinh uon

Dovay: | 3qL
SV, ="
3
Biéu do ung luc:
9q12/128
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