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sUC BEN VAT LIEU

Muc dich cia mon hoc nham trang bi cho sinh vién nhitng kién thic
co ban vé viéc tinh toan, thiét k& cac chi ti€t may, két cau cong trinh.

Chuong 1. NHUNG KHAI NIEM CO BAN
I. NHIEM VU VA POI TUONG CUA SUC BEN VAT LIEU
1. Nhiém vu

= Tinh to4an vé do bén, do cting va do 6n dinh cua cic bo phan cong
trinh hoac cac chi ti€t may. Khi thiét ké cac bd phan cong trinh hoac cac
chi tiét may, ta phai thoa man cac di€u kién sau:

- Chi tiét khong bi pha hong hay dam bao diéu kién bén.

- b6 bién dang cua chi ti€t khong vuot qua muc do cho phép hay dam
bao diéu kién ciing.

- Chi tiét luon git duoc hinh ddng ban dau hay dam bao diéu kién on
dinh.
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Vdt ran bién dang: vé vat |. \
liu 14 cdc vat thé co tinh ‘
dan hoi tuyét doi, vé mait Hinh 1.1
hinh hoc cht yéu la cdc thanh. Ngoai ra cac dang
kl’,lflC nAhu’: tam, vo, 6{1g day, dia, v.v. Thong thudng Hinh 1.2
xét mot trong ba cau Truc thanh F - dién tich mat cat ngang
hinh sau: '

— Khoi: (hinh 1.1)
= Tdm va vo

(hinh 1.2) ’ a)
—> Thanh (hinh 1.3) Hinh 1.3

I. MOT SO GIA THUYET CO BAN VE VAT LIEU

1. Gia thuyét vé su lién tuc, ddng nhat va dang huéng

Dudi tdc dung cuia ngoai luc moi vat ran thuc déu bi bién dang, nghia
12 bién déi hinh dang va kich thudc, d6 1a vi ngoai luc 1am thay déi vi tri
tuong doi von c6 giita cdc phan tlr cau tao nén vat ran y.



= Tinh lién tuc: vat ran duoc goi 1a lién tuc n€u moi phan t6 bé tuy y
ctia né déu chita vo so chat diém sao cho trong vat thé khong c6 16 réng.

— Tinh dong nhdt c6 nghia 1a tai moi diém trong vat thé, vat liéu co
tinh chat Iy - hoa nhu nhau.

= Tinh ddng hudng 13 tinh chat co - 1y cta vat liéu theo moi phuong
déu nhu nhau.

2. Gia thuyét vé su dan hoi

= Vat ran dugc goi 1a dan hoi (hay ro hon, dan hoi tuyét doi) néu cé khd
ndng phuc hoi hoan toan hinh dang va kich thudc von cé sau khi ngoai luc
thoi tac dung, bién dang duoc khoi phuc hoan toan sau khi hét ngoai luc
duoc goi la bién dang dan hoi.

= Vat dan hoi tuyén tinh 1a vat ma bién dang la dan hoi va ti 1& bac nhat
vGi noi luc. Nhitng vat dan hoi khac duoc goi 1a vat dan hoi phi tuyén.

3. Gia thuyét vé bién dang va chuyén vi bé

— Bién dang bé c6 thé hiéu 1a n6 nhd dén mic nhu nhiing dai luong vo
cung bé. Chuyén vi 1a rat bé so vdi kich thudc ctia vat thé.

— T gia thuyét nay ta c¢6 thé xem diém dat cta ngoai luc 1a khong
thay d6i khi vat thé bi bién dang va ta c6 thé viét cac phuong trinh tinh
va dong ctia mot vat dugc coi nhu & trang thai khong bién dang. Ciling tir
gia thuy€t cho phép ap dung nguyén 1y cong tac dung hay nguyén 1y doc
lap tac dung doi véi vat chiu tic dung cua nhi€u hé tai trong khac nhau.

Nguyén Iy cong tdc dung phat bi€u nhu sau: Mot vat hay mot hé dan
hoi khi chiu tdc dung dong thoi clia nhiéu nguyén nhan khac nhau thi
mot dai luong (chuyén vi, ting sudt, bién dang) cta vat s& bang tong cac
dai luong d6 do ting nguyén nhan riéng ré gay ra.

III. NGOAI LUC VA SO PO HOA KET CAU
1. Khai niém ngoai luc
— Ngoai luc bao gom tdi trong (tinh va dong) va cac phdn luc lién két.

= Tai trong 12 ngoai luc cé phuong, chiéu, tri s6, diém dat va tinh chat
da biét trudc.

Phan loai theo dic diém dat luc theo thdi gian ta cé tdi trong tinh (tri
s0 thay d6i dan dan tir 0 d€n mot gid tri xdc dinh, sau d6 khong thay doi)
va tdi trong dong (cé tri s6 thay doi tir khong dén gia tri cudi cung hoic



thay doi theo chu ky khong c6 gid tri 6n dinh). Tai trong dong gay ra luc

quan tinh, con tai trong tinh thi coi la khong.

Phan loai tai trong theo hinh thuc tac
dung:

- Luc tdp trung: 1a nhitng luc tac dung tai
mot diém cua vat thé (Iuc P trén hinh 1.4).

- Luc phdn bo theo chiéu dai, bé mdt, thé
tich: luc tic dung theo chi€u dai, b€ mat, tac
dung trong moi diém cua vat thé (hinh 1.4)

- Ngdu luc tdp trung (momen tdp trung)
hoac phdn bé (hinh 1.5).

2. Lién két va phan luc lién két

Lién két 1a nhiing di€u kién hinh hoc hay
dong hoc rang budc chuyén vi tu do cua vat
khao sat. Cac vat duoc noi véi vat khao sat lam
can chd chuyén vi cia vat khao sit goi 1a vat

gay lién két. Tac dung tuong hd gitta vat khao
sat va vat gay lién két goi la luc lién két. Luc ma
vat gay lién két dat vao vat khao sat goi l1a phan
luc lién két. Phan luc lién két cing phuong, trai
chiéu v6i chiéu chuyén vi bi can trd. Cic lién
két thuong gap gom lién két goi tua (di dong, cO
dinh), g6i dan hoi, lién két ngam ciing, ngam
trugt, ngam dan hoi, ... (hinh 1.6).

Phan luc lién két duoc xdc dinh nho cac
phuong trinh can bang tinh hoc:

Vi bai toan phéang ta c6

q, kN/m? P
b
yd 1{' %/V V%V Yly
a) i)
q=q,.b (kN/m) |P
b
b
z dz p
milln
C) Q(Z)
A a
l
Hinh 1.4
P M=P.a
E —
a —_— _—em —_— —_——_——_ . —. N _____ —
) —
P
m (kKN/m?)
| e e el
b) —_ —_——— - _— e == ] —_
] —J ]
a b
Hinh 1.5

a) ZX =0, ZY =0, ZMO =0 (x khong song song véi y, O la bat ky)
b) > U=0, > M, =0, > M, =0 (ABkhong vuong géc véi truc u)
¢) > M, =0, > M, =0, M. =0 (A, B, Ckhong théng hang)

Vi bai toan khong gian:

ZX:O, ZY:O, ZZ:O, ZmX=O, Zmy:O, Zmzzo

3. So d6 hoa két cau

— Hinh 1.7 1a hai so d6 tinh dugc rut ra tir dam thuc tuong tng, dugc

so d6 hoa boi mot duong truc va cac lién két.



Lién két goi tua di dong (lién két don)
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IV. NOI LUC VA UNG SUAT
1. Noi luc

— Phan lyc tic dung p,
tuong hd dé chong lai tdc
dung cta ngoai luc goi la
noi luc.

= Phuong phdp mdt cdt

P4

x4c dinh noi luc. Hinh 1.8 Hinh 1.9
Cac thanh phan néi luc (hinh 1.10) va quy uéc vé dau (hinh 1.11):
P

Hinh 1.10

Luc doc N,; luc cat Q,, Q,; momen uén M,, M,; momen xoan M,.

N, N, M, \M

N, N, Q ,Q, /MO
e X
Hinh 1.11
2. Ung suat

= Cuong do cua noi luc
tai mot diém ndo do trén
mat cat dugc goi la tng

—

suat toan phan, ky hiéu P
(hinh 1.12).
= Ung sudt trung binh

tai diém M ky hiéu la: Hinh 1.12
_ AP
P =AF (1.1)



. . . AP
= Ung suit toan phan tai diém M: P = AI%LHOE [luc/chiéudai®] (1.2)

Trong hé théng don vi quoc t€ (SI) don vi tng suat 12 1 N/m?, don vi
nay ciing goi 1a Pascal (Pa). Ngoai ra con phd bién mot s6 don vi tng
suat khac va quan hé gitta cac don vi nay nhu sau:

1 bar = 0,1 MPa = 1 daN/cm? = 1 kG/cm? = 10° N/m>.
1 MPa =1 MN/m? = 10 daN/cm? = 10 kG/cm? = 10° N/m?>.

— Ung suéit toan phan P phan 1am hai

thanh phan (hinh 1.12): Gng suat phap, ky v @
hiéu G, ing suat tiép, ky hiéu T: | oF ) z
cSZ
2 2 / /
p=vo +1 (1.3) £

— C6 thé phan tng suit P thanh ba phan X T\
theo 3 truc toa do la ung sudt phdp o, va iing F
sudt tiép t,,, 1,y (hinh 1.13). Y

— Trong Stc bén vat liéu, ngudi ta thuong Hinh 1.13

hay tach ra tir vat thé tai diém dang xét mot thé tich vat chat ¢ kich thudc
vo cung bé, goi 1a phdn t6 thé tich. Hinh dang phan t6 dugc chon phu hop
v6i hé toa do dung dé tinh toan. Trong hé toa do Dé cac, phan t6 1a hinh
hop chit nhat c6 cidc mat vuong goc vé6i cac truc toa do (hinh 1.14). Cac
thanh phan tng suat duoc ky hiéu theo cac phuong cua hé truc toa do.

Hinh 1.14 Hinh 1.15

Quy udc dau cua ng suat: tng sudt phap va ti€p thé hién trén phan
t6 thé tich (hinh 1.14) déu 1a tng suit duong. P6i v6i bai todn phang, ta
cO quy udc dau cua tng suat nhu sau (hinh 1.15):

= ng suat phdp duogc coi 1a duong néu né di ra khoi mat cat.



= ng sudt ti€p duoc coi la duong néu khi quay phdp tuyén ngoai clia
mat cit cing chiéu kim déng hé ma chiéu clia né tring véi chiéu cua dng
suat tiép.

= Quan hé gitra tng suit va cac noi luc c6 hé thic sau:

Q, = [1,dF;Q, = [1,dF;N, = [0,dF; M, = [ yo,dF;
F F F F

M, = JXGZdF; M, = I(xrzy —~ yrzx)dF (1.4)
F F

IV. BIEN DANG VA CHUYEN VI

1. Bién dang dai va bién dang goc

= Su thay do6i hinh didng ) sy
va kich thuéc cua vat thé khi - !
chiu tic dung cta ngoai luc N T % |“‘T‘"J['—";
dugc goi chung la bién dang. " ol il -

Bién dang duoc phan thanh dx Zb‘(‘l- J:\yxy
hai loai: bién dang dai (bién dx+Adx__| |

dang thing) va bién dang  ° b) Y

goc (bién dang truot). Hinh 1.16

— Do thay d6i chiéu dai clia cic canh phan t6 tich ra nhu trén hinh 1.16
goi 1a bién dang dai. Vi du Adx goi la bién dang dai tuyét doi cua canh dx
ctua phan to (hinh 1.16a).

Ad . 0 N so v <. 2 so 2
g, = d—X l1a bién dang dai tvong doi hay bién dang dai ty doi cua canh dx.
X

= Do thay do6i vé goc cua cdc géc vuodng clia phan t6 dugc goi 1a bién
dang goc. Vi du vy,, 1a bién dang goc cta géc vuong trong mat phang xy (hinh
1.16b).

= Bién dang co bdn duoc phdn loai theo thanh phdn noi luc trén hé
truc quan tinh chinh trung tam.

a. Kéo (hoac nén) dang tam (hinh 1.17):

= Hé noi luc & mat cit ngang tuong duong véi mot luc doc N,

P, P, Pi—IN, P P PN,
- - -l —_— e - -
& K
y y
Hinh 1.17



b. Cat (hay truot) (hinh 1.18)
= Hé noi luc & mat cat

ngang tuong duong voi lp
mot luc ngang Qy (hoic -I_a.y
Q). — S—
c. Xodn (hinh 1.19). __r y ‘
s e 2 P —
= Hé ndi luc ¢ mat cat a) Hinh 1.18 by P

ngang tuong duong vdi
mot ngau luc ¢c6 momen M, ndm trong mat cat

M
/7
rd
£
b
LY

Hinh 1.19
d. Uén (hinh 1.20).
= Uon thudn tuy: Hé noi luc & mit cat ngang tuong duong v6i mot ngau
luc c6 momen M, (hoac M,). Udn ngang: Q,, M, (Q,, M,)

— —_—

M/ ) \_?‘\M S . > "

Hinh 1.20

2. Chuyén vi dai va chuyén vi goc

o doi tu vi tri cli sang vi tri mé&i
ctia cac diém trong vat thé bi bién {
dang goi 1a chuyén vi dai. Géc tao \
boi hai vi tri cli vA mé6i ciia mot doan Chuyén vidai
thang nao d6 trong vat thé bién dang
goi 1a chuyén vi géc. Hinh 1.21

Chang han ta xét mot vat thé bi bién dang duéi tdc dung clia cdc ngoai
luc nhu hinh 1.21. Goi A’ va C’ 1a vi tri sau khi bién dang cua hai diém
A va C trong vat thé. Khi d6 ta c6 AA’ 12 chuyén vi dai clia diém A, con
géc tao bdi AC va A’C’ 1a chuyén vi géc.



VI. LIEN HE VI PHAN GIUA NOI LUC VA NGOAI LUC

= Ta nhan thdy gitta cudng do tai trong phan bd, luc cit va momen
uon s€ c6 moi quan hé vi phan nhat dinh.

1 Yo P<T\" ity

[ 2 M, + dM, i M, + dMy
E e et 0D G-
3 dz
1:1+da,, My 1;,,+da,
—dz— —dz—
a) b) c)
Hinh 1.22

= Thuc vay gia st cho dam chiu luc bat ky nhu trén hinh 1.22a. Xét
can bang cua doan thanh hinh 1.22b:

Q,+P-(Q,+dQ,)=0; M, +dez+M+P%—(MX +dM, )=0
dz

= B0 qua luong vo cing bé: Q,dz va PE so v6i M, va M, ta rut ra
diéu can nhan xét: [dQ, =P; dM =M
— Xét can bang cta doan thanh hinh 1.22c:
d
Q,qdz—(Q, +dQ,)=0; M, +Qy.dz+qdz72—(Mx +dM,)=0

dz*
= Néu bo qua lugng vo cing bé qT , ta dugc:
dQ, d’M_(z) dQ,(z)
. = =((z
dz =Q; dz’ dz 1@ e

— Vay dao ham cua luc cat bang cudng do cua tai trong phan bo theo
chiéu dai va dao ham cua momen uén bang luc cat. P6 1a su lién hé vi
phan gitta cuong do tai trong phan bo, luc cat va momen uon.

VIL BIEU PO NOI LUC

— Biéu d6 noi luc 1a biéu thi su bién thién cta cdc thanh phan noi luc
theo vi tri cia cdc mat cat doc theo truc thanh.

= Mot s6 quy udc vé cac biéu dé noi luc d6i vé6i bai todn phang khi tai
trong nim trong mit phang qua truc thanh yz, trén mit cit ngang c6 ba
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thanh phan noi luc N,, Q, va M,. Véi thanh thang ta c6: tung do duong
cua biéu do luc doc N, ky hiéu (N,) va luc cdt Q,, ky hiéu (Q,) duoc vé
vé phia trén truc hoanh (dwong chudn). Biéu dé moémen uén M, ky hiéu
(M) vé vé phia tho bi cdng (M, >0), do do tung doé duong cuiia M, duoc vé
xuong phia dudi duong chudn.

1. Pé vé biéu do noi luc can thuc hién theo trinh tu sau:

= Xac dinh cac thanh phan phan luc lién két can thiét
= Phan doan va dung phuong phdp mat cat xac dinh cdc thanh phan
noi luc trén tung doan thanh.
= Dua vao quy luat phan bé tiing thanh phan noi luc vé biéu dé noi
luc cho tung loai ndi luc.
— Kiém tra lai biéu d6 noi luc
2. Pé vé nhanh va kiém tra biéu dé noi luc can:

Duia trén cdc nhdn xét vé budc nhdy:

— Tai mat cét ¢6 dat luc tap trung, bi€u do luc cat c6 budc nhay, tri
sO budc nhay bang tri s6 luc tap trung.

— Tai mit cit ¢ momen tap trung, biéu d6 momen udn co budc
nhay, tri s6 buéc nhay bang tri s6 mémen tap trung.

Dua trén cdc lién hé vi phdn giita ngoai luc va noi luc:

= Trén doan thanh khong ¢6 luc phan bo (q = 0), bi€u do luc cit Q,)
1a hang s6, mémen uon (M,) 1a dudng bac nhat.

= Luc phan b6 q=const = Q, bac nhat, M, la dudng bac hai.

—> Néu trén doan thanh ma q(z) 1a da thic bac n = Q, 1a mot duong
bac (n+1) va M, 1a mot dudng (n+2).

= Trén doan thanh c¢6 >0 (huéng lén) thi Q, dong bién, trén doan
thanh c6 q<0 (huéng xu6ng) thi Q, nghich bién.

= Trén doan thanh c6 Q>0 thi M, dong bién, trén doan thanh c6
Q,<0 thi M, nghich bién. Tai mat cat Q, = 0, M, dat cuc tri:

+ Cuc dai khi q < 0 (c6 chiéu huéng xudéng q ¥)
+ Cuc tiéu khi q > 0 (c6 chiéu huéng 1én trén qT)
Dua trén tinh doi xiing va tdc dung cua tdi trong:

= Bé 16m cua bi€u d6 momen uén M, luon hiing 14y chiéu tdc dung
cua luc phan bo.

— Truong hop hé c6 két cdu doi xing chiu tai trong doi xing, bi€u
do M, s& déi xing, bi€u d6 Q, s& phan doi xing qua truc doi xting
ctia hé. Néu két cau doi xing chiu tai trong phan d6i xing thi biéu
d6 luc cat doi xing va biéu d6 momen udn phan doi xing.
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3. Vi du minh hoa

Vidu 1.1.: V& biéu d6 luc doc ciia mot thanh chiu luc nhu hinh 1.23a.

Gidi

Pé x4c dinh luc doc N,
trén mot mat cit ngang nao
d6 trén thanh AB, ta ap
dung phuong phap mit ct.

1. Phan doan va xac
dinh luc doc trong cac doan

DPoan AC (hinh 11.23b):
Cat bang mat cat 1-1, gii
lai phan trdi, roi thém vao
mat cat mot thanh phan luc
doc N, . Tu phuong trinh

can bang hinh chiéu >Z =

P,= 10kN, = 5KN/m
P,= 8kN 1,2 /O 2 /\l 3 Py= 12kN
-‘T-——————J-'--'—-—I——L- .-'-B
a 1 c 2P 3
) 1M ol 1M 2m
P, Nz1
- - - ]
b)
P, i f‘P? N2z
C) ——t— — — = —plf——
Nz:’. /q P3
d) =
8kN 7
s8kNA| B | |V =
°) ()
2kN 2kN »
12kN
Hinh 1.23
(a)

0 cta phan dang xéttac6: N, -P,=0< N, =P, =8kN

N, > 0 ching t6 chiéu lyc doc gid dinh huéng ra khoi mat cat 1a ding

va goi d6 1a luc kéo. Néu luc doc mang gia tri am thi la luc nén.
Doan CD (hinh 1.23c): Dung mait cat 2-2, xét phan bén trai. Tur

phuong trinh can bang hinh chi€u 2>Z = 0 ciia phan dang xét ta c6:
NZ2 ‘P] +P2=0® N22:P1 ‘P2='2kN

(b)

N, < 0 chiing t6 chiéu lyc doc ngugc véi chicu gia dinh huéng ra khoi

mat cat va goi dé 1a luc nén.

Doan DB nhu trén hinh 1.23d (0 < z < 2m): Dung mit cat 3-3, xét
phan bén phai. Tir phuong trinh can bang hinh chi€u >Z = 0 cla phin

dang xét ta co:

N, -qz+P;=0& N, =q.z—-P;=52-12 (kN)

Bicu thiic (c) 1a ham bac nhit theo z, khi z=0 thi N,

=2thi N, =- 2 kN.

2. V& biéu do6 luc doc (hinh 1.23¢)

3. Kiém tra lai biéu d6: Vi du tai mat cat A, C va B ¢4 luc tap trung
bi€u d6 luc doc c6 bude nhay, gid tri budc nhay bang luc tap trung.

(c)

- 12 kN, khi z
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Vidu 1.2.: V& biéu d6 momen xoan cua thanh chiu luc nhu hinh 1.24a.

Gidi

I. Xéac dinh
phan luc lién két
can thiét: Bo qua
ma sit & trong O
dé thi momen
phai luc quay
quanh truc z tai B
va E s& biang
khong.

2. Phan doan va
xdc dinh momen
xoan: Chia thanh
thanh 4 doan AB,
BC, CD va DE,
sau d6 lan luot
x4ac dinh momen
Xx0dn trén  cac
doan bang phuong
phdp mat cat.

Mz= 20kNm Ma= 10kNm

M; = 15kNm s
1m=15 3 E F
2) | weerd, I wy
A I/;WBVI c I3 /07”7
O,SmJ‘ m 0,8m 210,5m
M M.,
b) 4
Z
M1 m Mz2 rAzS %/
c) eyl = d)
77777y | /l/| 77777
z z .
10kNm - |_10kNm
. o T ®
15kNm N ~10kNm
Hinh 1.24

Poan AB (0 <z < 0,5m) nhu trén hinh1.24b: Dung mit cat 1-1, chon A
lam goc, xét phan trai:

M, +M,=0&M,

= —M, = -15kNm

Doan BC (0,5 < z < 1,5m) nhu trén hinh 1.24¢: Dung mat cét 2-2, chon
A lam goc, xét phan trai:

M, +M, -m(z—0,5 =0 M, =52-17,5
Doan CD (hinh 1.24d): ding mat cat 3-3, xét phan phai:
M, -M,=0< M, =M, =10kNm

Doan DE: M, =0

3. V& biéu d6 momen xodn (hinh 1.24e).

4. Kiém tra lai bi€u d6: Vi du doan BC c6 momen phan bo bing hing
s thi biéu d6 momen xodn phai 12 bac nhat. Tai cdc mat cat A, C va D
c6 momen tap trung thi biéu d6 momen xoan phai c¢6 budc nhay, gia tri
budc nhay bang gia tri mémen tap trung.
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Vidu 1.3.: V& biéu do6 noi luc cua thanh chiu uén (ddm) nhu hinh 1.25.

Gidi

1. Xac dinh cac thanh phan phai luc: Coi thanh tuyét doi ciing va xét

su can bang cua thanh dudi tdc dung clia céc tai trong va phan luc:

Zz:zAzo, Z, =0,
> Y=-Y,-2,5qa+3qa—Y; =0 = 1Y, =-1,5qa
ZmA =2,5qa.a—qa’ —3qa.4,5a+ Y..6a=0 Yy =2qa
P=2,5qa =qa?
qa § M=qga -

q
g A LIB2<CN T T T T Je
1| 2 3 4 ’%
Z, % [
Ye
v, | @ a a_r 3a ]

qa

b) =

U_Lg_Eﬂ 5qa W .1
2qa
5qa’ |
0,5qa*
0 | ()

0,5ga* @Pp
2
1,5qa M\_.]lsqaz

max—

€3]

Hinh 1.25
2. Phan doan va xac dinh noi luc biang phuong phap mat cat:
Ta chia dam thanh 4 doan AB, BC, CD va DE

a) Doan AB (0 < z < a) nhu hinh 1.25d, xét can bang ctia phan trai:

Y Y=15qa+Q, =0<Q, =-1,5qa

Zmol =M _ +1,5qaz=0< M, =-1,5qa.z
b) Doan BC (a < z < 2a) nhu hinh 1.25¢, xét can bang ta c6:

ZY =1,5qa-2,5qa+Q, =0<=Q, =qa

D> m, =M, +1,5qaz—2,5qa.(z—a)=0< M, =-2,5qa’ + qaz
¢) Doan CD (2a < z < 3a) nhu hinh 1.25f, xét can bang ta co:

14



Z:Y:I,Sqa—2,5qa+Qy =0=Q,=qa

Zmo3 =M, +1,5qa.z—2,5qa.(z—a)—qa’ =0 < M, =-1,5qa’ +qaz

d) Doan DE (0 < z < 3a) nhu hinh 1.25g xét can bang ta c6:
ZYz—Qy+zq—2qa:O<::>Qy =qz—2qa

Zmo4 =—M, —q(z)’/2+z2qa=0< M, =—qz’/2+2qaz

Yﬁ=1.5qa

=
3
—-“
I e s —
R
I
]

2) -
O
Qy
z YE=2qa

Hinh 1.25
3. V& cdc biéu d6 noi luc (xem hinh 1.25b, ¢).
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Vi du 1.4.: Cho mot dim chiu luc nhu hinh 1.28. V& bi€u dé noi luc

Q,, M, bang phuong phap nhan xét.

Bai gidi:

1) Xac dinh phan luc lién két:

ZmA (i):YB.3a+M+P.a—q.a%:O =Y, :—%

Chiéu Yy nguoc lai hinh vé. Ta déi chiéu Y xudng dudi.

YFE=Y,-Y,+P-qa=0=Y, =Y,

Vay chiéu ctua Y, gilt nguyén.

2) Phan doan, x4c dinh ndi luc trén cac doan

3) V& biéu d6 noi luc
a) Biéu d6 luc cat.

qa>O
2

<0

Trén doan AC c6 tai trong phan bo déu q = const, vay biéu do luc cét

12 ham bac nhat. Tai A c6 luc tap trung Ya =

g.a

la duong. Tai C c6 luc

tap trung P=q.a hu’Omg lén trén nén bi€u doé Q cO budc nhay ding bang
M=qa?

£
8\4&:

P. Trén doan CB, bi€u d6 luc
cat 1a hiang s6 va bang phan
luc lién két tai B.

b) Biéu d6 moémen uon.

Trén doan AC biéu d6
momen 1a ham bac 2, duong
parabol c6 bé 16m hiing 14y
chi€u cuta tai trong q. Trén
doan CB, biéu dé6 M, 1a ham
bac nhat. Tai B, m6 men c6
gia tri chinh bang mo6 men
tap trung M lam cang thé
dudi. Tai D, ta c6 Q, = 0 nén
M, dat gia tri cuc tri.

Trén hinh 1.28 biéu dién
bi€u d6 Q, va M, clia dam.

0

yV

Hinh 1.28

'

(%)
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Bang 1. Bi€u d6 noi luc cia mot s6 dam don gian

P

-

©

®

A

r
-

{11’1
lr_
Q

f

m

ﬁ.ﬁfﬁz’k

Mo
t_a b p
|H||/||9l|||Hl®

P

Tl o 3

Pb

[ath

/
Pa

a+b

Teer @

®

4
IR EER!

1

afl2

Efﬁjmhﬂ:&féz:ﬂ

)z

@

a’’l8
a+b
P ‘ q
1 / a_ T L ”- A o
P 2 qa
Pal ld 1/ qa’/2t __‘}3
PITTEIT] @ H|||e+11[||qaﬁ£@

\Pa

@
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Chuong 2. TRANG THAI UNG SUAT - BIEN DANG

I. KHAI NIEM VE TRANG THAI UNG SUAT

— Trang thai tng sudt tai moét diém caa vat thé dan héi chiu
luc 1a tap hdp tat ca cac tng ]
sudt tac dung trén tat ca cac
mét v cung bé di qua diém T, ‘dz /
d6, dic trung bdi tenxo doi . 4/
xting cdp 2 c6 6 thanh phan N
tng suit doc lap (hinh 2.1): ! /*Z

GX Txy sz —T

T (o) o T r-\.,/ %

v Oy Ty (2.1) X7 C y
T, T, O .7

ZX zy z

nhu biéu thi trén cac mit cia dx \ Ty
phan t6 toa d6 Cdxdydz. Ty

— Qua 1 diém ta ludn tim Hinh 2.1
ba mat vuéng géc vé1 nhau cod
ting suat tiép bang 0, cac mit d6 14 mdt chinh, phap tuyén mét
chinh goi 1a phuong chinh, ting suit phap trén cac mat chinh goi
12 dng suit chinh c,, 6, va c3:

o, > 0y, > Oy (2.2)

— Can cl vao cac tng suét chinh ta phan loai trang thai tng
sudt nhu sau: Trang thai iing sudt khér (hinh 2.2a), trang thai
iing sudt phang (hinh 2.2b), trang thai ing suat don (hinh 2.2c¢).

Gy o2

a O 01 -.. B \ -. o4 o4

G2 G2

a) b)
Hinh 2.2
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II. TRANG THAI UNG SUAT PHANG

1. Ung suat trén mit nghiéng bat ki

— Tach mdt phan t6 tai diém K khéi vat thé dan hoi chiu luc
(hinh 2.3a). Gia thiét m#t vudng goéc véi truc z 1a mét chinh (o, =
1,.= 1,,= 0), cac mit con lai c6 ca ting sudt phap va ting sudt tiép.

)‘! ) tyx

dFcosi AdF Gy
/’Tuv

Hinh 2.3

— Xét su can bang cta phan td hinh ling tru day la tam giac,
mat bén nghiéng. Phuong trinh tong mémen cac luc véi O:

dx d
> M, = rxydydz? — TydedX?y =0= Ty = Tix (2.3)

— Luét doi ing cua iing suét tiép, phat biéu nhu sau: “Néu trén
mét cdt nao do co dng sudt tiép thi trén mdt cdt vudng goc voi no
ciing phai c6 iing sudt tiép cé cung tri s6 nhung doi chiéu’.

= Goi dién tich mat AB la dF, khi d6 dién tich méat AC la
dFcosa va dién tich mat BC la dFsina. Lap cac phuong trinh
hinh chiéu sau ctia phan t6 ABC 1én céc truc u va v ta cé:

Z U =0, dF - (c,dF cosa)cosa + (t, ,dFcosa) sin o —

- (o, dFsina)sina + (t, dFsina)cosa =0
Z V=1,dF - (c,dFcosa)sina - (1,,dFcosa)cosa +
+(o,dFsina)cosa + (1, dFsina)sina =0

= Sau khi rat gon, st dung dinh luat dé1 Ging Gng sult tiép ta
dugc gia tri cua 6, va 1,,:
G, +06, G©,-GC

X

y :
G, = 2 + 2 cos 20 — T, s1n 20 (2.4)

G, — O,

T =

uv

sin 2a + T, cOs 20 (2.5)
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= R6 rang 1a khi o = 0 (hoac n/2) thi 6, va t,, ¢6 gia tri bang o,,
T,y (hodc G, T,

2. Ung suat chinh va phuong chinh

= Mat chinh dudc xac dinh thong qua géc nghiéng o, sao cho
ing sut tiép trén do6 bang 0:

Gx — O . Tx
Lsin 20, + 1,, cos20, =0 = tg2a, = - (= tgB) (2.6)
G, — O, |
= a, :EJrk.E
2 2

= Ta thay o, c6 hai nghiém la o, va a, (ing véi k = 0 va k = 1)
léch nhau 90° = ta ludn c6 hai phucng chinh vuéng géc véi nhau.
Thay o, va o, vao (2.4) ta sé dudc cac tng suit chinh can tim, dé6 1a
nhiing ing sudt phap cuc tri, vi

do, _2[GX -0,

1o sin 20, — T, COS 20(0) =-21, =0

GX +Gy n GX —Gy ? 9
Thay o, vao (2.6) ta c6 : |Omax =7 5 = 2 Ty (2.7)

min

— Ung suét tiép cuc tri xac dinh bang dt,/da = 0:

dt G, —O : G, —C
=2 ~cos20 -2t sin20 =0 = tg2a = :
do 2 ! 2y
= So sanh vé1 (2.7), ta dudgc:
1 T
tg2a = — =—cotg2a, > a=0a, +k.—
d tg2a, 82% 0 4 (2.8)

Két Iuin: nhiing mét cé ing suit ti€p cuc tri tao v6i mat chinh
1

mot goc 45°. Thay (2.8) vao (2.5) v6i €0820 =+ ————=ta dugc:
J1+tg 2a

Thax = i%\/(Gx — Oy )2 T 41)2137 (2.9)

min

_ cymax — O

— Tinh theo ting sut chinh ta c6: Tmax = * 9 = (2.10)

min
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III. VONG TRON MO (MOHR) UNG SUAT

1. Co s6 cua phuong phap va cach vé vong tron MO (ing suat

— Xét mot phan td véi cac tng suit o,, o, T,, d4 cho nhu hinh
2.4a. Lap hé toa d6 Oct (hinh 2.4b) theo ty 1& nhat dinh. Trén truc
hoanh o dat cac doan OE = o, va OF = o,. Tt E dung doan ED =1
vudng goc véi OE. Vé vong tron c6 tAm C 1a trung diém cua doan

(O + Gy R , . O, — Gy ? 9 e
EF | 0C=——— va ban kinh CD (CD=R = 5 + Ty ), goi la
vong tron Mo ing suit (Mohr).
T Tma)(

A

D

T4

Hinh 2.4
— Pé xac dinh cac tGng sudt o, va t,, trén mit xién c¢6 phuong u
lam véi truc x mot géc o cho trude (hinh 2.4a) hay 14y trén vong
tron vita v8 mot diém P (thudng goi 1a diém cuc) ¢ hoanh d¢ o, va
tung do t,, (hinh 2.4b), roi tit P vé tia song song véi phuong u cho
cit vong tron tai diém M. Toa d6 ciia M chinh 14 céc Gng sudt o, va

T,y Can tim.
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2. Xac dinh (tng suat chinh va phuong chinh

— Céc giao diém A va B cta vong tron Mo véi truc hoanh Oc 1a
nhiing diém c6 hoanh do 16n nhat va nho nhat, tung d6 bang 0:

2
G, +0 G,—GC )
m T 2 i\/( . ) e &1

= Phuong cta cac tia PA va PB 1a cac phuong chinh can tim
cua phan to (hinh 2.4a).
= Theo hinh 2.4b dé thay luén luén cé:
Omax T Omin = 20C =0, + 0, = héng (2.12)
“Téng ting sudt phap trén hai mat vuéng goc voi nhau Ia hang s&°.
= Gol a; va ay la géc cua phuong chinh tht nhat va phucng
chinh tht hai d61 vé6i truc x. Theo hinh 2.4b, cé:

_FP T, _FP 1,
tga, = 7a 5, o, tga, = g = —— (2.13)
= Truong hop kéo (nén) diing tAm ling suit ti€p 16n nhat:
1
|Tmax = |Tmin :EGZ (214)

d6 14 hai mat vudng gbéc véi nhau, 1an lugt lam véi truc z mot goc
45° va 135°.
3. Hai trudng hop dac biét

— Trang thai trugt thuan tuy: phan t6 ma trén cAc mit chi c6 tng
suit tiép (hinh 2.5a). Lic nay vong tron Mo c6 tAm trung véi goc
toa do (hinh 2.5b). Cac ting suét chinh (ing su&t phap cuc tri)
khac ddu nhau va c6 gia tri bang gia tri cua tng suit tiép:

c,=—0c=|1l, 5,=0 (2.15)

Cac phuong chinh xién géc 45° so vé6i ting suat tiép (hinh 2.5a).

. I maxt
y P g

Eal : P D
T O3 ;_— T 9 T
- c%:l ‘o 2 % ° : > x A c

o Vo, T G1 ° 3 a1 o o2 © .

t o3 T o2f D
OMax —sle—0mn
a)
b) a)
Hinh 2.5 Hinh 2.6

— Trang thai tGing sudt phing dic biét 14 trang thai c6 mot thanh
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phan tng suit phap, vi du 6,=c, 6,=0 (hinh 2.6a). Vong Mo ciua TTUS
nay vé trén hinh 2.6b. Tri s6 Ging suat chinh (tng suit phap cuc tri) 1a

2 2
01:§+1’(§j +T2, 02:0, 5323_\’(§J +T2 (216)

IV. LIEN HE GIUA UNG SUAT - BIEN DANG
1. Bién dang dai (dinh luat Huc téng quat)
= Xét phan t6 chinh nhu hinh 2.7, hay tim bién dang dai tuong

do1 €; theo phuong I ctia phan to. I
Bién dang do o, sinh ra: ¢, =% }“2 o
Bién dang do o, sinh ra: g,, = —u%
G1
Bién dang do o, sinh ra: €,;, = —u% RS !
— Bién dang dai (tuong d6i) theo " /
phuong I do cac ba ing suit o,, 6, va oe
o5 sinh ra: g, = g;; t €5 + 5. 12
= Lam tuong tu ta dudc bién dang Hinh 2.7

(tuong d61) theo phuong II va phuong III cua phéan to:

1 : 1r

81:E_61_H(62+63)_ SXZE_GX_M(Gy—i_GZ)]
1- 1 1r

e, =—|o, —u(o + 0o E,=—=| O _M(GZ+GX)

> EL? (03 +01)] hoic ]13_ ’ | (2.16)
1. ~ —

83=E—63_M(61+G2)_ SZZE_GZ_M(GX—i_Gy)]

E: moduyn dan héi cta vat lieu, [luc/(chiéu dai)*].

u: hé so Poat-xong cua vat liéu, c6 gia tri 0+0,5.

= Cac hé thiic bac nhit (2.16) trén day gitia bién dang dai va
tng sudt phap la noi dung cta dinh luit Hic téng quat d6i véi
vat ran dan hoi tuyén tinh.

2. Bién dang géc (Pinh luat Hac vé truot)

= Xét bién dang cuia phan t6. Duéi tac dung cua tng suat tiép
phan t6 bi bién d6i hinh dang va trd thanh hinh binh hanh (hinh
2.8). Theo dinh luat Huc, gifia ing suat tiép t va goéc trudt y co
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lién hé sau: v, = Gy; (1,)=1, 2, 3) (2.18)
trong d6 G 1a hé s6 ty 1é goi 1a moédun dan )
héi khi trugt [luc/chidu dai?], dé 13 hing . N
sO vat liéu, dugec xac dinh tu thi nghiém. . R
Mbodun G lién hé véi E va u nhu sau: \ P | 7
— E -
2(1+ ) i
Xét phan t6 v6i hé truc toa do x, y, va z. T
Quan hé {ing sudt va bién dang géc la: Hinh 2.8
T T T
Yz zZX

Xy . _ . _ X
R C -l CR L)

— Quan hé gita tng suit va bién dang (2.16), (2.17) hoac
(2.18) bi€u dién bang dinh luat Hic tong quat.

yXy =

3. Bién dang thé tich ty ddi (dinh luat Huc khdi)
— Goi dx, dy va dz 1a cac canh cta phéan t6 va V, 1a thé tich ban
d4u ctia phan o, ta cé: V, = dxdydz

— Sau khi bién dang, chiéu dai cac canh thay doi sé 1a (dx +
Adx), (dy + Ady) va (dz + Adz). Thé tich sau khi bién dang:

V,=V,+ AV = (dx + Adx).(dy + Ady).(dz + Adz)=

Ad Ad Ad
21212 s o)

— Vi bién dang 14 bé nén cé thé bd qua cac dai luong vo cung bé
bac 2 trg 1én. Cuéi cung ta dude: V, =V (1 + ¢, + ey +¢,)

— Goi 0 1a bién dang thé tich tuong d6i cia phan té, ta co:

V.-V, 1-2 1-2
92 1V 0 :8X+8Y+Sz: M(GX+Gy+GZ):—MZ
0
, B E
= Tong ing suat phap la: X= -2 0 (2.20)

— Cong thic trén biéu dién lién hé bac nhat gitta bién dang thé
tich tuong do1 va téng cac ting sudt phap, goi 1a dinh luit Hic
khor.
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V. VIDU AP DUNG

Vi du 2.1. Ung sudt toan phin trén mit cit m-n di qua mét diém
cta mot vat thé trong trang thai ting suét phang p = 3000 N/cm? ¢
phuong tao thanh mot géc 60° véi mat cit. Trén mat vudng géc véi
mét cit nay chi c6 dng suit tiép (hinh 2.9).

Tinh tng sudt phap va tng sudt tiép trén mat cit tao thanh goc
45° v61 mét cat m-n. Tinh Ging suit phap 16n nhat tai diém dé.

Gial .

Ta thiét lap hé truc xy trén mét cat m
m-n va hé truc uv trén mat cat .
nghiéng nhu hinh 2.9. Khi d6 cac ~
thanh phan ing suit trén cic méit cua |
phan t6 ¢ trang thai ing suit phing: X

: 450

c, = psin60° =3.0,86 =2,6kN /cm”

T, = —pcos60’ =—-5.0,5=—-1,5kN/cm’

o, =0 Hinh 2.9
Ap dung cong thtic tinh Ung suit
trén mét cit nghiéng véi o = -135°, ta co:
6, +0, ©,—0, , ,
Cu =" + 2 cos 20 — 1., sin 20 ~ 2,8kN/cm
o, — Gy .
Ty =" g  sin2a +1ycos2a~1,3 kN/cm?

Ung suét phap 16n nhat tai diém d6 1a:

G, +0, G, -0, S
Omax= o 9 * Ty ~ 3,28 kN/cm?

Vi du 2.2 Tai mot diém trén méat mot vat
thé chiu luc ngudi ta do dudc bién dang ty doi |» . m
theo cac phuong om, on, ou nhu sau: 450 145
€, =2,81.10";¢,=-2,81.10"; ¢, = 1,625.10™"

Xéac dinh phuong chinh va tng suit chinh

tai diém &y. Cho biét u = 0,3; E = 2.10* O
kN/cm?2. Hinh 2.10
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Giai

Ung suét phap phuong m, n:

—l — = 1 — = -4
tn = (6, —uo,) 5107 (6, —0,30,)=2,81.10

1 1 )

¢, = (0, ~1o, ) = 5= (0, - 0,30, ) =-2,81.10"

-  0,=432 kN/em?; 6, =—4,32 kN/cm?
Bién dang theo phuong u:

1 1

€, :—[Gu —u(cm +0, —Gu)]: 210" [Gu —0,3(4,32—4,32—Gu):|

E
Theo dau bai ta c6 €, =1,625.10™
-  0,=2,5 kN/em?

Ung suét tiép t,,, tinh tit cong thic:
_Ont0, , 0y =0

G, 2 L cos2a— 1 sin 2o
L 25-h2 5 4,32 4327432 945 —1_gin2.45°

= Tmn = _295 kN/sz
Gia tri Gng suét chinh tai diém cho trudc:

Gmf = m ; O i%\/(cm —Gn)2 +41% =
=292-%92, 1 J4,32-4,32) + 42,5
2 2

o, =5kN/cm’
—

o, =-5kN/cm’
Phuong chinh:

2t _ 225 1 a, =15
. -0, 4,32+4,32 3 —

tglo = — i
o, =105
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Chuong 3. KEO (NEN) BPUNG TAM

I. PINH NGHIA VA CAC GIA THUYET

1. Dinh nghia
= Thanh bi kéo (nén) ding tdm (hinh 3.1) la thanh ma trén
mol mdt cdt ngang chi c¢6 mét thanh phan néi luc 12 luc doc N,

ndm trén truc thanh. P 1T P
Vi du: Hinh 3.1 1a cac thanh chiu kéo
va nén dung tam khi chiu lvuc P doc P [—————— 1P en
truc thanh.
= Dé biét su bién thién ctaa luc doc Hinh 3.1

N, theo truc thanh, ngudi ta 1ap mot d6 thi biéu dién, goi 1a biéu
dé Iue doc.

= Trong thuc t& ta thuong géip cac chi tiét may, cac cau kién
trong cong trinh nhu cot, tru may, bu léng, can pitténg trong xi
lanh, ... 1a nhiing dang thanh chiu kéo (nén) ding tam.
2. Cac gia thuyét tinh toan

Dé dua ra cic gia thuyét don gian hoa

qua trinh tinh todn, nguoi ta 1am thi nghiém Mat cat ngang Thé doc
ctua thanh chiu kéo ding tam (hinh 3.2). 1

Quan sat thi nghiém ngudi ta dua ra hai

- . ' p P
gia thuyétsau: Ee==a

= Gid thuyét MCN phdng (gid thuyét Hinh 3.2

Béc-nu-1i) MCN cua thanh truée va sau
khi bién dang van luén thang va vuéng goéc véi truc thanh.

= Gid thuyét vé cdc thé doc: Trong qua trinh bién dang cac thé
doc ludn thang, song song véi truc cua thanh va khéng tac
dung tuong ho 1én nhau.

II. UNG SUAT VA BIEN DANG
2. Ung suat

= Trén MCN cta thanh ta thiét 1ap hé truc toa d6 Oxyz nhu
hinh 3.3a. Tach mot phan t6 hinh hop vo cung bé c6 cic méit song
song v61 mat phang toa do (hinh 3.3b).
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= Dua trén hai gid thuyét trén ta rdat ra két luan la sau khi
bién dang, phan t6 chi
c6 bién dang dai, khong
c6 bién dang goéc. Do do
phan t6 khoéng c6 ting
suat tiép, chi c6 tUng
sult phép.{) Mét khac ‘ =
dua vao gia thuyét thé | oudF
doc, ta thay cac thé doc a) y \ b)
khong ép 1én nhau va Hinh 3.3
cing khong day nhau, nghia 1a o, = o, = 0, vy phan td chi con
thanh phan ting suat phap o, (hinh 3.3a).

s, A
&

&)

Y Y .
o | P g N

/ Z % ] Z,n
a) dz b) dz du

Hinh 3.4
= Bién dang dai ty d6i theo phuong truc z (hinh 3.4):
_du
&, = Az (3.1)

= Dinh luat Hic do nha khoa hoc Anh, Robert Hooke tim ra
nam 1660:
c, = Ke, (3.2)
trong d6, hé s6 ti lé E dudc goi 14 médun dan hoéi Young.
= Mat khac, ta cé:

N

N, =|o0,dF=0,|dF =0 F o ==

N o« A NZ
= Trong tinh toan thudng viét: |0, =+ B (3.4)

2. Bién dang doc va bién dang ngang
N
= T cac cong thic (3.2) va (3.3) suy ra: ¢, = EF (3.5)
o A7 Lo NZ

= Bién dang doc tuyét doi Al: Al = Igzdz :j EF dz (3.6)

l

/
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EF = const:

Nzl le

i=1

Al =

= Bién dang ngang (bien dang ty do61) theo phuong ngang x
hodc y dudc ki hiéu la ¢, hodc g, dudgc xac dinh tu thi nghiém:
& = & = —lg, (2-8)
trong d6 p 14 hang s6 ti 16, dudc goi 14 Aé s6 Poatxéng (do nha bac
hoc Phap Simon Denie Poisson, 1781-1840). V61 moi loai vat liéu
gi tri cia p ndm trong khoang 0< p < 0,5. V6i thép p = 0,3.
Vi du 3.1: Vé biéu d6 luc doc cia mét thanh chiu luc nhu
(hinh 3.5a) , 2 B 1
Gidr: a) Zc‘, T | —1A g
1. Xac dinh phan lic T rriom 1 Fi=dokN
taiC: P, -P,+Z:=0 ’a 2a
= Zc= -P;+ P, =20 kN,
c6 chiéu nhu hinh vé. b)
2. Vé biéu do: !
+ Xét doan AB: -
(hinh 3.5b) (0 < z < 2a) z
Xét can bang:
> Z=N, -P, =0 9 —= v,
— N, =P, =40kN >0
+ Xét doan BC:
' ) NARISINEN
(hinh 3.50),(2a <z, <3a) /
Xét caAn bang cua 20kN Hinh 3.5
phan phai, ta dudc:

> Z=N, +P,—P =0
Suy ra: sz =P —P, =40-60=-20kN <0. lyc nén.

Tuong tu ta c6 thé xét cac méit cit ti phan trai, chon goc toa
do tai C (hinh 3.5d). Két qua thu dudc ciing gidng nhu trén.
Biéu d6 noi luc nhu trén hinh 3.5e.

Vi du 8.2. Mot thanh thép dai 4m (hinh 3.6a) c6 tiét dién
29
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vudng moi canh a = 20mm chiu hai luc P, = 40kN & miut A va P,
= 60kN ¢ diém gitta B. Cho biét E = 2.10°N/mm?, p = 0,25, 1, = 1,
=1 =2m. Hay tinh chuyén vi clia mut thanh va bién dang tuyét d6i
cta kich thuéc ngang tai mét cit nguy hiém.

Gidi:
1. Lap biéu db luc doc
2. Chuyén vi clia mit thanh:
N,1 N,I

Al=Al +Al, =——+ =
EF EF
1

:—(NZ +N, ): 4,5mm
EF* ™ ;

Cac mét cit nguy hiém thudc
doan BC: ting suat phap bang:

- - N, _100.10°

* F 400

Bién dang doc (tuong doi) cua

doan nay bang:

= 250N / mm?

e, =2 = 29 _00125=0,125%
E 210

s

N |
N |

—

—_
—

Bién dang ngang: ¢, = ¢, =- pg, = - 0,25.0,00125 = -0,03125%

Bién dang tuyét d6i cua mit cat ngang (lugng co):
Aa=¢ a=-0,0003125.20 =-0,00625mm
Bién dang ngang rat nho so véi bién dang doc.

II1. TEINH CHAT CO HOC CUA VAT LIEU

— Tinh chat co
hoc cua vat liéu 1a

d

nhiting tinh chat —

Zn

vat 1i thé hién

trong qua trinh -
bién dang duéi tac

L

dung cua ngoai luc.
= Thong thuong,

Hinh 3.7

ngudi ta chia vat liéu 1am hai loai: vat Iiéu deo va vat liéu gion
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1. Thi nghiém kéo vat liéu déo

MaAu thithay mau thi nghiém (hinh 3.7).
Quan hé gitia lugng gidn Al va luc kéo P dude biéu dién bang
biéu do kéo (hinh 3.8). Qua trinh bién dang gébm 3 giai doan:

= Gial doan thit nhat: giai doan t7 1é hay giai doan dan héi

OA. Giéi han ti 1é hay gi6éi han dan héi o,:

P
Su=h  (3.9) P
0

= Gial doan thir

har. giai doan chdy p,

deo. P
Ung sut: Py
o - Fc

c F) (3.10)

dudc go1 la gior han

D61 véi thép so 3:
G,; = 200MN/m?
S = 240MN/m>
6 = 420MN/m?

chay (déo). Trén mit 59
mau sé thiy xult
hién nhiing duong

Hinh 3.8

gon nghiéng véi truc thanh mot géc khoang 45° (hinh 3.9).
= Giail doan thit ba (giai doan cung c0):

2. , P (N
Ung suét cuc dai: O = F_B dudgc goi la gio1 han bén.
0

ot
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2. Thi nghiém nén vat liéu déo

— MAu tht thudng hinh 3.11a. Biéu dé nén (hinh 3.11b) c6 gi6i
han ti 1&, giéi han chay nhung khong c6 giéi han bén.

Al /

a)

Hinh 3.11 Hinh 3.12

3. Thi nghiém kéo va nén vat liéu gion

= Vat liéu gion chiu kéo rat kém, nén bi pha hong dot ngot
ngay khi d6 gidn con rat nhd. Hinh 3.12 - biéu d6 kéo (P-Al). Khi
bi nén ciing bi pha hong ngay khi bién dang con nho.

P
= Vat liéu gion chi c6 giéi han bén: s =4~
0

IV. TINH TOAN VE KEO (NEN) PUNG TAM
1. Ung suat cho phép va diéu kién bén

. , 1
— Ung suét cho phép [c]: [o]= 590 (3.14)

R e s 1en ) _ _Och
= Nhu vay do1 véi vat liéu deo: [G]n = [G]k T,

(3.15)

= D61 v6i vat liéu gion, vi kha nang chiu nén tét hon chiu kéo
cp > clé, nén ta c6 hai tng sudt cho phép khac nhau:

Gh oX
[o]y =2 ; ol ==> (3.16)

= Hé s6 an toan n thuong 16n hon 1.
— P& dam bao su lam viéc an toan khi thanh chiu kéo (nén)
ding tAm, Gng suit trong thanh phai thod man diéu kién bén:

N
G, = FZ <[o] (3.17)
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2. Ba loai bai toan co ban

— Tu bat ddng thiic (3.17), ta ¢ ba loai bai toan co ban sau:
a. Kiém tra bén (bai toan loai 1)

e N,
= Diéu kién bén cua thanh: 0, = F <[o] (3.18)
= D61 véi cac vat liéu gion la:
NZ YA
ax F < [G]k; Gmin = < [G]n (3.19)
b. Chon kich thu’dc mét cat ngang hay thiét ké (bai toan loai 2)

= [G] =|F] (3.20)

— DPé ddm bao an toan va tiét kiém, chi nén chon F x4p xi ty s6
N,/[c] chiing 5% la du.
c. Tai trong cho phép (bai toan loai 3)
N, < F[o]=[N,] (3.25)

= TU diéu kién ciing, cing din dén ba loai bai toan tuong tu.
VI. BAI TOAN SIEU TiNH

= Trong cac bai todn tinh dinh chi cin dua vao cac phuong
trinh can bing tinh hoc dé xac dinh noi luc. Trong bari toan siéu
tinh néu chi dua vao phuong trinh cdn bang tinh hoc thi khéng
du giai duge nodi luc ma phai dua thém vao mdot sd phuong trinh b6’
sung lap dugc nho viéc xét diéu
kién bién dang cua co hé. SO LLLILLLLLI LG40
phuong trinh bé sung goi la bic
siéu tinh cua co hé. . . . .
Vi du 3.8. Tim tng suit phap §>o\ 0 o
trong cac thanh EB va FC lam
bang cung mot loai vat liéu

dung dé treo mot thanh AD A N N,

tuyét do61 cting (hinh 3.13). Cac | B c D

thanh treo c6 dién tich m#t cdt 7, ~—— T ;

F = 12cm? B ~— ®
Gidi e
Thay lién két bang cac phan Hinh 3.13 P

lyc lien két Y,,Z,,N,,N,; Lap
phuong trinh can béng:
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Day 1a bai tap toan siéu tinh bac 1. Diéu kién tucng thich bién
dang (AL, = BB, Al, = CC’, A ABB ~ A ACC): AL, = 241,  (b)

N,/ N,/
Theo cong thic (3.7) ta co: Al = E—i?’ Al, = E;‘
Thay vao biéu thtic (b), dé thdy: N, = 2N,

LN, = 8160 90N N, =192 _ggkN
5 6 2

Ung suédt trong cac thanh EB va FC la:

G, = I;I} = 12?160_4 =8.10'kN/m* =80MN/m’; 5, = 25, = 160MN/m?
Vi du 8.4. Dam tuyét M&L
o .~ 5. 56x56x5
do1 cting AB dudgc giti boi r .
cac thanh thép c6 o, = R n\ > L sasans
24 kN/cm? (hinh 3.11). il S i"’ r
X4c dinh tai trong cho ' f - !
phép [ql. A % B lc
Bist n = 1,6; E = 2.10' Z / A/'B, _Ab
kN/cm? a=2m; b=3m. " ¢
Bai giai . e b
Ly tong mémen Ccac Hinh 3.11
luc d6i véi diém A, ta co:
— 3
Zm(A)(F)—N1.2+N2.5 4.3.2+2)=0 @)

Phuong trinh phu tim dudc ti diéu kién hai tam gidc déng
AL 2 NI N,
=—=5 =2

dang ABB'~ACC’, ta cb6: 3 ~— = = b
ANg Al, 5 TEFE "EJR (b)
trong d6: E;,=E,=E; F,=F,=F; 1,=181; 1,=1
. . 21 84
Gial phuong trinh (a) va (b) ta dudc: N, 1 d N, 1

Do N, > N,, nén diéu kién bén phai xuat phat t& N,. Theo
(3.25) ta c6:N, =F[o].
Tra bang thép géc 56x56x5 c6: F = 5,41cm?
c, 24

Do L°] === I5kN/em® = [q] = %44 =42,5kN/cm
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Chuong 4. DAC TRUNG HINH HOC
CUA MAT CAT NGANG - CAC THUYET BEN

A. DPAC TRUNG HINH HOC CUA MAT CAT NGANG (MCN)
I. KHAI NIEM

= Thi nghiém kéo (nén): kha ning chiu tai cua thanh phu
thudéc vao dién tich MCN. Thi nghiém uén, xodn,...: kha ning
chiu luc cua thanh khong nhiing phu thuéc vao dién tich MCN,
ma con hinh dang va su b6 tri MCN.

Vi du thanh tron rong (hinh 4.1a) chiu dude M, gap 2 lan thanh
tron dic cung dién tich MCN. Thanh hinh ch@ nhat dat ding
(hinh 4.1b) ting suat nhd hon 4 1an khi dat ngang (hinh 4.1c) véi

cung dién tich MCN.
/ 3 /
- P g . /

9\/ , /

| - X — iz

D U

Hinh 4.1
= Do d6, ngoai dién tich MCN, ta can xét dén nhiing dai lugng
khac dac trung cho hinh dang MCN vé méit hinh hoc, d6 la
momen tinh va mémen quan tinh.
II. MOMEN TINH CUA MAT CAT
NGANG

— Hinh phing F ndm trong mat VY
phang toa do Oxy (hinh 4.2).
— Nguodi ta goi tich phéan:

y

ImendF (41)
F (o) X
14 mémen dién tich hén hop cip (m+n)
cta hinh phing F d6i v6i hé Oxy. Hinh 4.2
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— Khim =0, n =1 tich phan (4.1) c6 dang:
S, =[ydF| (13 (4.2)

F

— Khim =1, n = 0 tich phan (4.1) c6 dang:
S, = [xdF (m?) (4.3)
F

= S, va S, dudc goi la mdémen dién tich cdp m¢t hay mémen
tinh ctia hinh phang d61 véi truc x va truc y.

= Khi Sy = Sy = 0 thi truc X, Y v i v
dude goi la truc trung tam. Giao
diém cua hai truc trung tAm 1a trong dF
tdm cua hinh phang. (hinh 4.3).

— Coéng thtc xac dinh toa do cua |

e
trong tam C cling tuong tu nhu céng 7 / S -
thic xac dinh toa d6 cta khoi tam: ° \/ /‘/
X

S, S,

XC :?, YC _? (44)

= Neé&u dién tich F bao gom nhiéu Hinh 4.3
dién tich don gian F;:

n
Z x; K
_ =l

|
O c X

Z y:F
_ i

Xp =Sk Ve =g (4.5)
trong doé x;, y; 1a toa do trong tam cua dién tich F,.
IIL. MOMEN QUAN TINH (DIEN TICH CAP HAI)
— Khi m =n =1, tich phan (4.1) c6 dang:
Jy = ixde (m?) (4.6)

ducc goi la mémen dién tich hon hop cip hai, hay mémen quén
tinh Ii t4m cua hinh phing d61 v6i hé truc Oxy.
= Khim =0, n =2 hoacm =2, n =0, cac tich phan:

J, = [y’ dF| vy |J, =[x"dF (4.7)
F F

dudc goi 14 mémen qudn tinh (hay mémen dién tich cdp hal) cua
hinh phang F d61 véi truc x hodc truc y.
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= dJ,, co thé duong hodc 4m, con cac J,, J, ludn ludén duong.

Téng:

J, +d, =[(v*+x*)dF = [p*dF =J,
F

F

(4.8)

dudgc goi 14 mémen quan tinh doc cuc d61 v6i goc toa do O.
= Néu J,, = 0 thi hé truc dugc goi la Aé truc quan tinh chinh.

Néu J,,=0, S,=S,=0 thi ta c6 hé truc quan tinh chinh trung tam.

IV. CONG THUC CHUYEN TRUC SONG SONG CUA MOMEN QUAN TINH

— Coéng thiic chuyén truc song song
momen quan tinh cua hé truc OXY vdéi
hé truc trung tam oxy (hinh 4.4):

Jy = dJ, + Fb?
Jy =dJ, + Fa’ (4.9)
Jxy = J,, + Fab
— Chiing minh cac céng thic (4.9)
nhu sau:tacdé, X=x+a;Y=y+b (a)
— Theo dinh nghia:
Iy = [Y*dF, J, = [X*dF, dy, = [XYdF (b)

= Thay (a) vao (b) suy ra:
Jx = J,+2bS +Fb* Jy = J +2aS +Fa?

V. CONG THUC XOAY TRUC CUA MOMEN QUAN TINH

= Cho biét J,, J,, J,, cta hinh

phing F d6i véi he truc Oxy Hay |
tinh J,, J., J,, cia hinh phang F d6i
v61 hé truc Ouv (hinh 4.5). Ta c6:

u = xcoso + ysino

V = ycoso, — Xsina
J, =jv2dF; J, =ju2dF; J o :juvdF

F F F

— Thay u, v & trén va khai trién
cac tich phan nay, ta dudc:

Y

JXY

y

\ <

Hinh 4.4

J,+aS+bS +Fab
= Khix va y la cac truc trung tam thi S, =S, =0 = (4.9).
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—-d

+ Y cos2a —dJ_ sin2a
2 w

—dJ

~cos2a +dJ, sin 2a

Yy

sin 2a +dJ  cos2a

(4.10)

Néu hé truc Ouv 1a hé truc quan tinh chinh (J,, = 0) thi phuong
cac truc quan tinh chinh rat ra tt cong thic thi ba cua (4.10):

tgo = —

J -J,

2J

(4.11)

VI. MOMEN QUAN TINH CUA MOT SO MAT CAT NGANG

1. Hinh chir nhat (hinh 4.6)
Hé truc doi xting Oxy 1a hé truc quan tinh
chinh trung tam.

2 ) ;
Ta co: J, = Jy2dF - I yzbdyngy?’
X F 72

h

h
42

_h
5 2

/

!
|
!

Gk

g bRl |y b
hay: T g | 2 DTy (412
3. Hinh tron (hinh 4.7)
e e 1A R J
Da1 véi hé truc trung tdm Oxy: J, = J, = 5
R4
trong do: |J, = "= ~0,1D*
R* =D*
on: |J, =J, =——=""-~0,05D"
nén: |J, =, == 6d (4.13)

4. Hinh vanh khan (hinh 4.8)

Dé61 v6i hinh vanh khan cé duong kinh ngoai

D va duong kinh trong d:

=0, =1, =R (1w =005 (1),
Véin = d/D

(4.14)

Honh
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VIIL. VI DU AP DUNG

Vi du 4.1. Xac dinh vi tri
trong tam C, va cac moémen
dién tich c&p hai J,, J, cia mat
cat cho trén hinh 4.9 (don vi la
cm).

Giai

Coi mat cit da cho 1a hiéu cua
hai hinh chi nhat ABCD (ki B
hiéu la 1) va EFGH (ki hiéu la ‘
2). Taco: S, =8 -8 Hinh
trong d6: S, =Fy, =(100x 60)(6—20j =180.000cm”®

y

A

S? =F,y., =(30x 40)[20 + 4—20] = 48.000 cm”
Do d6: S, =180.000 — 48.000 = 132.000cm?; S, =8!-8?
trong d’é S; = FlXC1 = (100 X 60)(%) = 3000000m3

S? =F,x., =(30x 40)(50 + ?’Z—Oj =78.000cm’

Vay: S, = 300.000 - 78.000 = 222.000cm?
Toa d0 trong tam C, cia mat cat 1a:
S 222.000 S, 132.000

“2 = 46,25cm ; y, =2 =220 975
*e. = F T (100x60) (30 40) Ve, TR T 4800 o
J =l g
3 3
rong o 7! :bl;l _100x60° o oo
3 3
g2 = bi}; +Fys =902 4 (3040).40°= 20,8 x 10°%cm*

Do d6: J, = (72 - 20,8)10° = 51,2 x 10°cm*; J, =J! - J?
_h;b} _60x100°

trong d6:  J . =20x10°cm"
3 3
J? :.hlz;z +Fx? = 4030 +(30x40).65" = 5,16 x 10°%cm*

Vay J, = (20 — 5,16)10° = 14,84 x 10°%m".
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B. CAC THUYET BEN
I. KHAI NIEM

= D061 véi cac chi tiét may duge bén an toan thi trang thai
tng sudt ¢ moi diém khong dude vugt qua trang thai tng suét
nguy hiém cua vat liéu (trang thai ting suit giéi han - o, va 1,).

— Ung suft gi6i han cta trang thai tng sudt don dé dang
dudc xac dinh bang thuc nghiém. Vi du, d6i véi vat liéu déo ting
sudt gi6i han 1a giéi han chay o, (ho#c 1), d61 v6i vat liéu gion
12 o3 (hay t). Tuy nhién, thuc té€ ngudi ta hay tinh theo ting
suét cho phép [c] (hay [t]).

— Kiém tra bén & trang thai tng suit don, trugt thuan tuy:

G =01 £[0] 5 [0l =|os|<[0] 5 Tan <[t (4.19)

—Khi kiém tra bén & trang thai tng sudt phic tap (phing,
khoi), can lam cac thi nghiém ph4 héng & trang thai ting suét.
Viéc xac dinh trang thai ing sudt giéi han bang thuc nghiém
rat kho khan thuc t€ c6 khi khong thuc hién duge, vi:

¢ SO lugng thi nghiém phat rat nhiéu, dap tng ty 1é o,, o, va
G3

¢ Trinh d6 ky thuat va thiét bi chua cho phép thi nghiém
trang thai tng suit phic tap.

= Do d6 ngudi ta dua ra cac thuyét bén, nham dua trang thai
ing sudt phtc tap vé trang thai ting suit don tuong duong. Goi
ting sudt chinh cua trang thai ting suit don tuong dudng 12 o4
(6.4 lién hé véi cac tng suit chinh o,, 6, va c;). Diéu kién bén
c6 dang:

0.4 < [O] (4.20)

= Thuyét bén cho phép thiét lap moéi quan hé gitia Gng suit
tuong duong véi cac ting suidt chinh. N6i mot cach khéac, thuyét
bén 1a nhiing gia thuyét vé nguyén nhan phé hoai cta vat liéu,
trén co s dé cho phép ta xac dinh dudc dé6 bén cua vat liéu 6
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moi trang thai tng suit khi ta chi biét do bén cua vat liéu 6
trang thai tng suit don.

= Duéi day ching ta sé nghién cttu nhiing thuyét bén co ban
nh&t va pho bién nh4t.

II. CAC THUYET BEN
1. Thuyét bén itng suat ti€p 16n nhat (USTLN)

= Thuyét bén USTLN do Culong (Coulomb) dua ra nam 1773. Thuyét
nay cho rang: vat liéu bi phd hoai 12 do tng suat ti€p cuc dai ctia phan to
0 trang thai Gng suat phuc tap dat dén tng suat ti€p nguy hiém ctua phan
td & trang thai tng suat don.

= Hai trang thdi itng sudt phiic tap va don sé c¢é do bén tuong duong
néu ting sudt tiép lon nhdt ciia chiing bang nhau.

= Diéu kién bén 1a: t,,, <[t4n] (a)
. N G, — Gy max o [G]
= Ta biét Tms == (chuong 3), 7" =7, [Tion | = = (chuong 2)
= Do d6 diéu kién bén theo gia thuyét ting suat tiép 16n nhat:
g = 0, — 03 < [0O] (4.22)

— Trong truong hop tng sudt phing dic biét (hinh 4.10), ta co:

G,=0C_,. = %G-i— %\/Gz + 471 : O3 =0, = %G —%\/02 + 41 (4.23)
= Diéu kién bén theo gia thuyét ting suit ti€p 16n nhAit:

Gy = Jo? +41% < [G] (4.24)

= Thuyét bén USTLN rat phu hop véi

vat liéu déo nhung lai khong thich hop |
doi véi vat lieu gion. Thi€u sét cua A : c
thuyét nay 12 khong ké dén ung suidt o o
chinh o,. i T
Y .
— Thuyét USTLN cho phép giai thich R4

vi sao vat liéu bi nén déu theo tat ca cac
phuong c6 thé chiu dugc nhitng 4p suat Hinh 4.10

rat cao, vi trong truong hgp nay thi 6,=c,=-p = du 4p suat p c6 16n téi
dau o, cling luon luon bang khong.
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2. Thuyét bén thé nang bién do6i hinh dang (TNBDHD)

— Thuyét bén TNBDHD do Huybe dua ra nam 1904. Thuyét nay cho
rang: vat liéu bi phd hoai 1a do th€ nang bién do6i hinh dang cta phan t6 &
trang thai tng sudt phac tap dat d€n TNBDHD & trang thdi tng suit
nguy hi€ém ctia phan t6 & trang thdi ¢ng suat don.

= Hai trang thdi ting sudt phiic tap va don sé cé do bén tuong duong
néu thé ndang riéng bién doi hinh dang cua chiing bang nhau.

— Trang thai Gng suat khoi:

_1+p
Upg = 3E
— Trang thai Gng suat don:

2 2 2
(cl +0, +0; — 0,06, —G,0, — 0301)

1+p
Upg :S—EGth

= Diéu kién bén c6 dang:

Gy = \/Gf +6. + 0. — 06,0, — 6,0, — G40, < [G]k (4.25)

— Trong trudng hgp trang thai tng sudt phang dic biét:

G, =V’ +37° <[o] (4.26)

— Thuyét bén TNBDHD phu hop d6i vé6i vat liéu déo, nhung d6i véi
vat liéu gion thi cling khong thich hop. Mat khac thuyét nay van chua
giai thich duoc su pha hoai cta vat liéu khi bi kéo déu theo 3 phuong.

IIL. AP DUNG CAC THUYET BEN

— Trong thuc t€ tinh toan, viéc chon thuyét bén nao la phu thudc vao
loai vat liéu str dung va trang thdi ting suat cua diém kiém tra. Néu 1a vat
liéu déo ta dung thuyét tht ba hoac tha tu, vat liéu gion ta nén dung
thuyét bén Mo.

— Gan day xuat hién nhi¢u thuyét méi lién quan chu yé&u dén cac loai
vat liéu md&i nhu chat déo, soi thuy tinh, chat déo nhiéu 16p, v.v.

= Céc nghién cttu thuc nghiém va 1y thuyét cho thay riang céu tric cua
tinh thé vat ran bién dang c6 anh hudng 16n dén bién dang va pha hong
cua vat liéu d6. Néu bo qua anh huong do6 thi két qua tinh toan theo cac
thuyét bén sé bi sai l1éch. Do d6 nguoi ta dang ti€p tuc nghién ctu vé van
de nay.
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Vi du. Kiém tra bén cta phan t& vat thé chiu cac tng suit:

o, = -4kN/em?*, o, = -6 kN/cm?®, o, = 3 kN/em?, t1,= 1,,=2
kN/em?, 1, = 1., = Ty, = T,y = 0. Cho biét [c] = 12 kN/cm®.

Giai: Néu coi 6, = 3 kN/ecm? 12 mot ting suét chinh ctia phan
to thi hai tng suit chinh con lai:

2 2
- :(SXJr(Syi G, — O, L :_4_6i -4 +6 L 92
min 2 2 ¥ 2 2

Crax = -2,764 kN/cm?® ;
G = -7,236 kN/cm?
Nhu vay:
o, = 3 kN/cm?;
G, = -2,764 kN/cm?;
G5 = -7,236 kN/cm?
Theo thuyét bén USTLN:
Oy = 0;-03=3—(-7,236) = 10,236 < [o]
Theo thuyét bén TNBDHD:

2 2 2
Gy = \/G1 + 0, +0; — 0,06, — 0,0, — 6,0, =8,888 < [G]

Nhu vay phan t6 da bén theo ca hai thuyét bén.
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Chuong 5. XOAN THUAN TUY THANH THANG

I. KHAI NIEM VE XOAN THUAN TUY

1. Pinh nghia

= Mot thanh chiu xoan thuén tuy khi /‘
tréen MCN chi ¢6 mot thanh phan noi
luc 12 mémen xoan M, (hinh 5.1).

T

= Ngéu luc P-P tao ra moémen xoan, /
cO gia tri bang P.a. /
2. Lién hé giira momen xoan ngoai luc - e
vOi cong suat va sé vong quay Hinh 5.1
= Cong do momen xoan ngoai luc M
(Nm) thuc hién khi truc quay mot géc a theo thoi gian t: A = Ma

A Ma N
— Do d6 cong sudt N (watt-W): N = " = e =Moo M= Py
trong d6 ® - van téc goc (rad/s); n la toc do [vong/phit (v/ph)].

; Tn
= Van toc goéc: ®= Erad/s

. N
= Néu cong sudt N tinh bing kW thi: M =9549—(Nm)

n

= Néu cong sudt tinh bang ma lyc thi: M= 7162§(Nm) .
3. Cac gia thuyét tinh toan

Quan sat doan thanh tron chiu xoan (hinh
5.2) trudc vi sau khi bién dang, thdy: ([ [ [

= MCN ban diu phang va thang géc véi NN N
truc thanh thi sau khi bién dang van phing va
thang géc véi truc thanh, khoang cich giita @) Trudc bién dang |
c4ac mit cat khong thay doi.

— Céac ban kinh cua thanh truée va sau khi
bién dang van thang va cé do dai khong déi. -——-

= NO6i mot cdch van tat, khi thanh tron
chiu xodn, chi xdy ra hién tuong quay ciia
tiét dién ngang quanh truc thanh. Nhan xét
nay da duoc Ili thuyét va thuc nghiém xac Hinh 5.2
minh la dung.

i

b) Sau bién dang
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IL. UNG SUAT TREN MAT CAT CUA THANH TRON CHIU XOAN

= Khao sdt mot thanh tron chiu xoan thudn tuy (hinh 5.3a).
P

¢ZL /

B/

a) Y Hinh 5.3 b)
T
— Téch tir thanh mot dban dai dz (hinh 5.4)
—> Theo quan h¢ giita ndi luc va ing suat ta co:
Mz = JTpde (a) 4
F :

— Mait khiac theo dinh luat
Hic:

T, = G.y (b) 4
T, 1a Ung sudt ti€p trén MCN tai \
diém céch trong tam mat cit mot 3 4
khoang bang p. - dz -

—> Theo hinh 5.4, ta cé: .
Hinh 5.4
Y RIgy = pdo
dz ©)

vGi do 1a géc xoan tuong doi gitta 2 mat cat 3-3 va 4-4; dz 1a khoang
cach gitra 2 mat cat do.
do ,
— Ky hiéu: 0= 4, 1 g6c xodn ty d6i.

— Thay (c) vao (b) r6i vao (a), ta co:

M
M, =[GOp’dF=GOJ, = 0= o (5-1)
F .

p

= Thay (5-1) vao (c) r6i vao (b), tacé: |0~ P (5-2)
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— Ung sudt tiép 16n nhat: Tmax = W (5-3)

—_P

trong dé: W, goi 1a modun chéng xoan cua mat cat ngang co thi

R
nguyén la (chiéu dai)’; R 1a ban kinh ctia mit cit ngang.
J, nD’
- P6i véi hi on: W =—L= ~0,2D’
Doi v6i hinh tron: W, R 16
nD’ d
- DG6i v6i hinh vanh khan: W, == —(1-1") 0,20’ (1-n") ; n=—

— Biéu d6 tng sudt biéu dién nhu trén hinh (5.3b). Ta thay tng suat
ti€p phan b6 theo quy luat bac nhat phu thuoc vao khoang cach p dén
trong tam mat cit ngang.

IIL. BIEN DANG

— Bién dang tai mit cit z cua thanh tron khi xoan dugc thé hién bang
gbc xoan tuong doi gitta hai mat cit ngang cdch nhau mot don vi chiéu dai,
goi 1a géc xodn ti doi, tix (5.1) ta ¢6:

_de _ M,

=1, a1 g (rad/m) (5-4)
= Gé6c xo0an tuong doi gitta hai MCN cach nhau mot khoang dz la
M
do=—>=—dz
® GJ

P
= G6c xo0an tuwong doi gitta hai MCN cach nhau mot khoang / goi 1a
goéc xodn tuong doi cua thanh:
/

MZ
0= 0 GJp dz (rad) (5-5)

= GJ, dugc goi 1a d¢ ciing xodn. Né&u trong sudt chiéu dai / cta thanh,

2 s Mz A A - A A N P DN N
ty sO ISR khong doi hoac khong doi trong tung doan c6 chiéu dai /;:
p

_ MZ] — X MZli
PTG, | hoac = LG (5-6)

Tir cdc cong thic trén ta thady khi chiu xoan, diac trung hinh hoc cua
MCN khong phai la dién tich F ma la momen doc cuc J,,.
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IV. TINH TOAN VE XOAN THUAN TUY

— Dam bao di€u kién bén va di€u kién cing.

1. Piéu kién bén

M
= Diéu kién bén :|Tmax

— zmax < [T]

p

[t] 1a ting sudt tiép cho phép cua vat liéu, xac dinh nhu sau:

[t] _ [G]k

2

= Pai v6i vat lieu déo: []

= Diéu kién bén trén todn thanh khi dudng kinh thay déi:

hoac [t]= N

[o],

Ten n . a .o T
=—, vat liéu gion: [1]= -

Tmax ) (;/I]: ]max S [T]

= Vi cong thic (5.7) ta ¢6 ba loai bai toan co ban sau:

a. Kiém tra bén: theo cong
b. Chon kich thudc mdt cdt

c. Tinh tai trong cho phép:
2. Piéu kién citng

thuc (5.7).

ngang: |W, =

-

MZ[

W

p

]

M, < W,[t] = [M,]

(5.7)

(5.8)

(5.9)

(5-10)

(5.11)
(5.12)

— Go6c xo0dn ti d6i (hay bién dang xoan) 16n nhéat khong vuot qua gidi

han cho phép:
B, = o <[]
Gd,

[rad/chiéu dai] hodc [do/chiéu dai]

(5.13)

trong do6 [0] 1a gbéc xodn ti déi cho phép (tra bang). Néu [0] duoc cho

bang (do/chiéu dai) = cong

[0] rad/chiéu dai =

= Theo cong thic 5.13 ta cling co6 ba loai bai toan sau:

thic quy doi sau:
T
180"

[6] do/ chiéu dai

a. Kiém tra diéu kién cing: theo cong thic 5.13

2 MZ
b. Tinh kich thudc mdt cdt ngang: |J, = G[6] = |:Jp:|

c. Tinh tdi trong cho phép:

M, < GJ.[0] = [M,]

(5.14)

(5.15)
(5.17)

— Khi tinh todn theo ca di€u kién bén va cing, diéu kién nao c6 anh
hudng nhiéu hon thi 1ay két qua theo di€u kién ay. D6i véi thanh manh,
diéu kién cing thuong c¢6 anh huéng nhicu hon.
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V. BAI TOAN SIEU TINH VE XOAN

— Mot thanh tron bi ngam & hai dau chiu tac dung ctia ngau luc M, nhu
hinh 5.5a. V& biéu d6 noi luc clia
thanh. Mo
~ e b
= Ngau luc lién két M, va
M;. Dé xic dinh ching, chi c6
mot phuong trinh can bang tinh
hoc:

<
@

AA\\\\\ \\\f\\\\

Q
~

Ma

7
)%

Mo
M,-M,+My=0 () a My e 5

NN
X

O
N

— Muon giai bai todn siéu
tinh (bac mot) nay, phai dua vao
diéu kién bién dang cta thanh dé
lap thém mot phuong trinh bo il
sung. Tudng tugng bo ngam A -
va thay thé€ biang phan ngéu luc i
M,, ta duoc thanh tinh dinh
(hinh 5.5b). Hinh 5.5

— Diéu kién thay thé 1a géc xoin ¢, phai bing khong, dé€ bao dam su
tuong duong vé bién dang véi thanh siéu tinh da cho, do do:

—MAa+(—MA+MO)b

- + = =
(pAB (PAC (pCB GJ ) GJ ) (b)
b
Giai phuong trinh trén, dugc: M, = a+b M, ()
2 M
thay (c) vao (a), suy ra: Mg = a+b 0 (d)

= (Néu M, va M; tinh dugc & trén mang thém dau am, thi ching cé
chiéu ngugc véi chiéu gia thiét ban dau).

—> Sau khi xac dinh dugc cac phan ngau luc M,, M; s& vé dugc biéu do
momen xoian M,(z) ctia thanh nhu hinh 5.5c.

VI. Vi du ap dung

Vidu 5.1: V& biéu d6 M, cho thanh chiu luc nhu hinh 5.6.
Bai gidi
1. Phan luc tai ngam C: ZMZ =0—>M_=900Nm
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2. Chia dam thanh hai doan:

- Doan AB cat thanh 6 mat 399 Nm 600 Nm 2000Nm/m

cit z,(0<z, <40cm) va xét su /
can bang phan trdi, ta tim

M,

dugc M, =300 Nm.
- Poan BC cit thanh & mat

« 40cm Ll 60cm —

/////

M,= 900 Nm

cat z, va xét su can bang phin 300 Nm /(ﬂﬂ
phai ta co: HERR

M, =900 - 2000.z, =
.2 N 300 Nm
V€& biéu do M, nhu trén
hinh 5.6, !

Vi du 5.2: Cho mot truc Hinh 5.6
MCN hinh vanh khan N,

1 No Nz N3
(duong kinh d, D) chiu luc / / /1
nhu hinh 5.7a. Céc puli 1, _ _ o Y

2, 3 1a b1 dong c6 cong
suat N, = 40 ma luc, N, = 40 mé Iy
20 ma luc, N; = 30 ma b

30 mé I

Iyc, puli O 1a chi dong. 50 mé e —] 6# D

Cho biét n =1000vg/ph, 20 méa Iyc

n = d/D = 0.6, [1] = 4500 ‘

N/cm?, G = 8.10° N/em?, Hinh 5.7
0°=2%m. X4c dinh D, d.

Bai gidi: Biéu d6 cong suat duoc vé trén hinh 5.7b.

Mit cit nguy hi€ém c6 N, = 50 mi luc

7162 716200

M = N =
= Z max n 1000

50(Ncm)

M
Chon kich thuéc theo diéu kien bén (5-11), ta cé: W, 2 [Tj

D’ 716200.N,

16 716200.N
:>WP_ (1_n4):—:>D23 6 0
16 n[r]

(-1

Chon kich thuéc theo diéu kién ciing, ta ¢6: O = 7 =[°]

nD* (") > 716200N, x100x180
3 VST TG o D=34%m

So sanh ta chon: D=3,64; d=3,64.0,6 = 2,18cm.

:>JP:

~ 3,64cm

b)
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Chuong 6. UBN PHANG

I. KHAI NIEM VE UON PHANG

fo s . Ma P P
1. Khal ni¢m -chung\. MQ'.[ 000 (I
thanh chiu u6n (goi la dam) khi 3, R AN '
truc ctia thanh bi u6én cong dudi a) PT py IP
tdc dung clia ngoai luc, vi du dam Hinh 6.1

ciu, truc banh xe hoa, 6t0,.. Hinh 6.1 biéu dién mot s6 dam chiu uon.
= Mat phang chia cdc luc va
momen duoc goi 12 mdt phdng tdi  ©ueng til trong
trong (hinh 6.2).
= Puong tai trong la giao tuyén
gilta mat phang tai trong va MCN
cua thanh.

2

= Mdt phdng qudn tinh chinh
trung tdm tao nén badi truc cua thanh
va mot truc quan tinh chinh trung
tam cua MCN.

= Truc cta dim sau khi bi uén cong van nim trong mot mat phang
quén tinh chinh trung tam thi su uén dé dugc goi 14 uén phdng.

Hinh 6.2

2. Phan loai uon phang = Pl
. > . < . .a) % | . 3
— Uobn phang chia ra lam hai loai: A C D B
) o prats S ; i g ” -
uon thudn tuy va uon ngang phang. pl ’ I°
¢ N , 2 ~ A C 1 D B
— Uo6n thuan tuy phang: Trén b) | I - I
MCN cua dam chi ¢6 mot thanh phan P P
momen uén M, (M,) nam trong mat T

phang qudn tinh chinh trung tam.

©

Poan CD trén hinh 6.3 mo6 ta dam # o
chiu uon thuan tay. P Pa
= U6n ngang phang: Tréen MCN 0 ,(ﬂ% /mh\ @

cua n6 c6 hai thanh phan noéi luc 1a
lyc cat Q, va momen udn M, (hoac
Q, va M,). Trén hinh 6.3, doan AC va DB chiu uén ngang phang vi trén
cdc mat cat ngang c6 ca lyc cat Q, va momen uén M,.

Hinh 6.3
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IL. DAM CHIU UON PHANG THUAN TUY

1. Thi nghiém va cac gia thuyét
= Xét mot dam chiu uon phang thuin tdy nhu hinh 6.4.
tho doc  mgt cat ngang

a 24
R I -

b) My M, vy
ya b
(Zwr ))

Hinh 6.4
= Quan sit mot doan dim chiu udn phang thuin tuy c6 MCN hinh
chit nhat truéc va sau khi bién dang (hinh 6.5).

|

Truée khi bién dang Sau khi bién dang

Hinh 6.5

Tu c4c thi nghiém dim chiu uén phang thudn tuy = mot s6 gia thuyét

= Gid thuyét vé MCN phdng (Bécnuli): MCN cua thanh truéc va sau

bién dang van phang va vuong géc véi truc clia thanh.

= Gid thuyét vé cdc thd doc: trong sudt qua trinh bién dang cac thé
doc ludn song song v6i nhau va song song vaéi truc thanh.

— Ngoai hai gia thuyét trén ta con gia thuyét vé bién dang bé, MCN

hau nhu khong bi bién dang.

Pudng
trung hoa

2. Quan hé bién dang

= Quan sat bién dang cua
dam chiu u6n phang thuan tdy
nhu hinh 6.4 ta thay: thd trén ab
bi co lai, thé dudi cd bi gian ra.
Do d6 chac chan phai ¢c6 mot thé
khong co, khong gian goi la tho L8p trung hoa
trung hoa. Cac théG trung hoa tao Hinh 6.6
thanh mdt trung hoa (lop trung hoa). Giao tuyén ctia mat trung hoa véi
MCN goi la duong trung hoa (truc trung hoa) (hinh 6-6).
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— Xét mot MCN nao do va chon
hé truc toa do nhu hinh 6.2 v6i truc
Ox la truc trung hoa. Trén MCN chi
c6 ung suat phap, khong c6 ting suat
ti€p vi theo gia thuyét vé MCN
phiang va v6i nhan xét cdc gobc
vuong sau khi bién dang Vé,n gitt a) b)
nguyén, nghia la trén mat cat cua Hinh 6-7
phan t6 hinh hop dugc tach ra nhu &
hinh 6-7 khong thé c6 ting suat tiép (t = 0).

= Xét doan dam dz
dugc cat ra boi hai mat
cat 1-1 va 2-2.

Vi thé trung hoa khong 0, 0,
bi bi€n dang: l:

1 2

0,0, =Az — 0,0, = p.A¢ ';’ ;
= Xét moédt théd mn A
(hinh 6.8): Truéc khi
bién dang ta cé: a) Hinh 6.8 b)

mn = Az = pA@ .
Sau khi bién dang, ta ¢6: mn=(p+y)Ae
= Do bién dang dai ty doi cia th mn bang:
. _(P+ty)Ap—pAp _y (@)
’ pAG p a

2. Ung suat trén MCN

—Theo dinh luat Hic: ©, = Eg, (b)

— Thay (a) vao (b), ta dugc: |O- = E (6-1)

o |«

= Trén moi MCN ctia u6n phang thuan tuy thanh phan luc doc N, = 0.
Do do ta co:
_ _ E
NZ—IGZdF—O:sz—Ide:O ©)
F Pr

52



= Pang thic trén duoc thod man, khi: Ide =S5, =0 (d)
F

trong d6 S, 1a mémen tinh cia MCN d6i véi truc trung hoa.
= Vdy truc trung hoa la mot truc trung tam cua MCN.

Ta c¢6 quan hé gitta méomen uén M, va ting suét phap o,:

E E 1 M
M, =|o,ydF =— [ y*dF =—J_ —=— 2
l p l p * 7 |p EJ, (6.2)
So sanh (6.1) va (6.2) ta suy ra cong thic tiing suit phap trén MCN:
— MX
6. = j y (6.3)

3. Biéu dé uing suéat phap, img suét kéo va nén 16n nhét

— Tai mot MCN bén kinh p ¢6 tri s6 x4c dinh, E 1a mot hang s6. Vay
quy luat phan bé tng sudt phap trén MCN la phang nhu trén hinh 6.5a.
Tu cong thic (6.2) ta thdy tng suat phdp la ham bac nhat theo y va
khong phu thuoc vao x, do d6 ta chi cin bi€u dién su bién thién cua o,
theo chiéu cao ctia MCN (hinh 6-9b). Giao tuyén clia mat phang ng suat
v6i MCN chinh la truc trung hoa (dudng trung hoa). R4 rang tng suit
phép trén cdc dudng thing song song véi truc trung hod c¢é tri s6 nhu
nhau. Do d6 ta c6 thé v& bi€u d6 phan bo ting sudt phap nhu trén hinh
6.9b.

( Tmin
§
. 5f
L
o
amax
b)

Hinh 6.9

= o, ¢0 tri s6 tuyét d6i 16n nhat tai cac diém mép trén hay mép dudi.

— Ung sudt kéo va nén lon nhdt: ta xét hai dang mat cit sau:
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a) Néu truc trung hoa 1a d6i xing chia doi chiéu cao cua mat cat
ngang, vi du MCN 1la hinh chit nhat, hinh tron, ch@t I, ... ta co

k 1 _ .
ymax - ymax - ymax .

_ Kk . _
Gmax - szax s cSmin - szax
Mx MX
max min max .
J. W,

trong d6: Wy =—— 12 momen chéng uén ctia MCN, thit nguyén
(chiéu dai)’.
b) MCN ma duong trung hoa khong chia déu chiéu cao (hinh 6.10):

k
(0}

z

n
#o]

max

— Ki hiéu khoang cach hinh hoc (gia tri tuyét doi) tir diém xa nhat t6i

max

truc trung hod 12 ¥y, va Yoo %
— Ung sudt kéo (nén) 16n nhat: | Y /ff l Ymax .
. MM, i
s =[O0 s =T g (6.6) /\u ‘r‘_'
g (o
R P LU ||
trong d6, dai luong: W = i" ; W = Lon
T Y max Y mas vy
momen chong udn khi kéo va khi nén cia MCN Hinh 6.10

doi véi truc trung hoa.
= Moémen chong uén cua vai hinh don gian:

J 2bh®  bh?

3 Y A : W = X = =

Hinh chir nhat: W, h2 12h 6
J nd’

< . W — X z0,1d3'
Hinh tron: W, 12 30 ;

< N . nD’ 4\ _ 3 4\, d
Hinh vanh khan: W, ETE (l—n )~0,1D (1—n ), =5

4. Diéu kién bén cuia dam chiu udn phang thuan tay
— Dam lam tir vat liéu déo, do kha nang chiu kéo va nén nhu nhau

(o =ot), nén [o], =[c], =[c].
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Theo (6.5), ta c6 di€u kién bén: |Max |G,

= 1\\; <[s] (6.13)

X

A N N A DN [N N k 9 . [ g LN A A
= Dam lam tir vat liéu gion, vi o, # 6, = phai viét 2 dicu kién bén:

(6.15)

n

maxc, = z/lvi‘( < [G]k (6.14); ‘min GZ‘ = M); < [G]

= Tim vi tri MCN c¢6 tng suét phdp 16n nhat. Néu dam ¢6 MCN khong
thay d6i va vat liéu clia dam 1a déo thi 1y & MCN ¢6 momen uén 16n
nhat. Trudng hop ddm c6 MCN thay déi ta phai 1y MCN c¢6 (ing suat
phap 16n nhat. Trudng hgp dadm lam bang vat liéu gion ta phai tim MCN
thoa man cac biéu thic (6.14), (6.15) (kéo - nén).
5. Hinh dang hop ly cua MCN

Hinh dang hgp 1y cua MCN la hinh dang sao cho véi cung mot tai
trong cho trudc thi dam cdu tao ton it vat liéu nhat hoac cung khoi luong
vat liéu, kha nang chiu luc cia ddm 1a 16n nhat.

= Néu dam lam bang vdt liéu déo thi MCN phai d6i xing qua dudng
trung hoa, vi [o] =[c] nén yi, =yh..

= Néu dam lam bang vdt liéu gion thi MCN phai thoa man diéu kién:

_lsl,
o],

PGi v6i vat lieu gion [o], <[c], do d6 |y,

k
‘ymax

n
Ymax

<

n
Ymax ¢

Nhu vay d6i v6i dam lam bang vat liéu gion thi MCN hop 1y ¢6 dang
khong doi xiing qua truc trung hoa, chang han MCN chit T, hinh tam
giéc, ...

= B6 tri mdt cdt ngang: Qua biéu d6 ung suat phap tréen MCN cua
dam chiu u6n nhu trén hinh 6.9 ta

thdy & nhitng diém cang gin truc P

trung hoa thi tng suat phdp cang ) duong
nho, nghia 1a tai nhiing chd dé vat x taitrong
liéu chiu tai rat it. D& tan dung kha  x [\__"| ]

nang lam viéc cla vat liéu nguoi ta r—y_jj

thudng bo tri MCN chit T, I, [, ... du,f,,\ng ti trong by

Ngoai ra viéc bo tri dinh hudng Hinh 6.11. B6 tri MCN

mit cat d6i v6i mat phang tai trong a) khong hop 1y; b) hop 1y
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cling c6 y nghia rat 16n. Vi du MCN chit I b6 tri lam sao truc trung hoa
tring véi mot truc (x chang han) ma doi véi truc d6 J, =7, (hinh 6.11).

n

=|0

= Diéu kién dam c6 dé bén déu: (O,

zmax

I1I. DAM CHIU UON NGANG PHANG
1. Pinh nghia

= D4m chiu u6n ngang phang khi trén MCN cta dim ngoai thanh phan
momen uén M con cé thanh phén luc cat Q. Cac thanh phan d6 nidm trong
mat phang d6i xing ctia dam.

— — 5 Qy
y
\
a) B,an qéu b) Sau bién dang c) Sau bién dang
(trudc bién dang) udn thuan tuy udn ngang

Hinh 6.12

V6i dam chiu uén ngang phang: thanh phan ng suit phip do moémen udn
va ung sudt ti€p do luc cat gay ra. Hinh 6.12 mo ta hién tuong udn ngang
(truc bi uén cong), 1am cho cic MCN ban ddu khong con phang nita ma bi
vénh di trong qud trinh bién dang. Di€u nay ching to6 trén MCN cua dam
da xuat hién Gng suat tiép.
1. Ung suat phap

Trong uoén phang, luc cit = tng suat tiép. Cic ng suat ti€p phan bo
theo chiéu cao mat cat khong déu. Do anh hudng dd, cac bién dang gdéc
cling c6 tri s0 thay déi theo chiéu cao ciia MCN p
lam cho mait cat sau khi bi uén khong con phang i

nita ma hoi bi vénh theo chit S (hinh 6.13). Néu lyc 77
cat bang hing s6 thi MCN déu vénh nhu nhau = Z
su vénh khong anh huéng dén do dan hoac do co é
= cong thic tinh tng sudt phap (6.2) van con ding é
MX
trong truong hop uén ngang phang: 6. = J yl. Hinh 6.13
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2. Ung suat tiép

—> Xét MCN hinh chit nhat: Gng suét ti€p trén MCN la 1, va 7, (hinh
6.14a). Theo dinh luat doi tng Ung suit ti€p (mat ngoai dam khong chiu
ngoai luc theo phuong z) = t,, =0, c6 nghia tai diém xét cé 1 = 1,,.

1 2
y T | My +dMy ‘%/
o]
AN § < ’ B l > 021\ X//fg T Y
Tip | MX [~ 1~ S~
N [ Q Q DR ST °
G 2
}c \/ z
y zX dz F 'y
a) b) 1 2 C)
Hinh 6.14

Tir 1y thuyét dan hoi (gia thuyét Jurapxki) ta c¢4: tit ca cdc ung suat ti€p
tréen MCN déu // v6i luc cit va tng suat ti€p phan b6 déu theo chiéu rong
cua MCN.

= Téch tir ddm mot doan c¢6 chiéu dai dz (hinh 6.14b, ¢), sau dé bang
mat cat ABCD song song va cdch mit phang Oxz mot khodng y chia doan
thanh nay thanh hai phan va xét phan khong chita goc O (ABCDEFGH).

= Goi 6, va o, 1a ung suat phdp trén cdc mat cat 1-1 va 2-2, b°= AB va F,
la dién tich cia mat cat ABEF, b° chiéu rong clia phan dién tich do tai diém
céach truc trung hoa y. C6 thé thay:

M, M, +dM,
y; 0, =———
J 2 J

= Xét su can bang phan t6 phan dudi, ta c6:
YF =[c,dF-[o, dF+1,b.dz=0 )
FC FC

Gz] =

(a)

N de 2
— Thay (a) vao (b) va chu y rang 4 Q,, ta co:
Q,.y

Ty =Ty :ﬁ" J b dF

[ ydF = (6.16)
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trong d6 S:(y) la momen tinh cua dién tich F, d6i véi truc trung hoa x.Véi
mit cat 12 dai chit nhat hep:

c _
Sx =6k 6.17)
€ - toa do trong tam phan ti€t dién bi cat d6i véi truc trung hoa.
— Cong thic (6.16) dugc goi 1a cong thitc Juravxki (1855).
3. Ung suat tiép clia mot sd mit cit don gian
a) MCN hinh chit nhdt (hinh 6.15): Ta c6:

2 3 b
Sizk h__y2 T _ﬂ :b*=b
2\ 4 12

- sz%fﬁ(l‘ﬂ " HM;H ?rm

—> Biéu d6 phan bg tng suit ti€p trén /// /%\Fc

MCN (hinh 6.15): 7
. . 2 tzy bc'b [ Twumcda
= Tmnx tal cadc diém trén truc trung phéin tiét dign bj ciit
hoa: Hinh 6.15
. 3Q, 3Q,
b) MCN hinh tron
— 7IR4 . e — 2 2, Qe 2)\¥? 2 2
JX—4,b—2R—y,S }:”Zy 37TR4(R—y)
— Biéu d6 phan bo (ing suat ti€p
trén MCN cho trén hinh 6.16: ‘
T o= Q4% 6.19 |
"R 3F| (19 J—
. R . n ~ ? 2 . = y
4. Didu kién bén cta dam chiu ° ' T
~ " 2 " / // max
uodn ngang phang okt
? DCA)I' VGl \dém-chlll ulf)qn ngang T/me oda £
phang, viéc tim vi tri diém nguy Hinh 6.16
inh 6.

hiém va viét diéu kién bén c6 phic
tap hon. Dua vao bi€u d6 phan b6 tng suat phap va ti€p, doc theo chiéu
cao ta thay trén hinh 6.18a.
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A Omax
| + G"—|A |—"G _"C_
1° o~—4[B]f~o _
0 _ _ .. 0 _ T o usl .
max [J] el | z
|
C 0-min
y a) b)
Hinh 6.18

o Trang thdi iing sudt don & cac di€m ngoai mép xa truc trung hoa nhat
- diém A (C):

=M"<[G] 6.20
W - ( )

X

— Diéu kién d6i vé6i vat déo: max|c,

X

. .o k M n Mx
= Vat liéu gion: Maxoc, = Wk <[o],; max‘cz‘ W <[s], (6.21)

e Trang thdi iing sudt trucot thudn tity & nhitng diém trén truc trung hoa

- diém O (hinh 6.18b):
max t < [1:] (6.22)

e Trang thdi 1ng sudt phdng ddc biét: diém nguy hién (diém B) la
nhitng diém nim gifta truc trung hoa va mép ngoai ciing cia MCN, nén
diém nguy hi€ém trén mat cit phai chon sao cho ca ¢ va t cing déng thoi
16n. Vi du MCN chit I: diém nguy hiém 12 diém ti€p gidp giita long va d&

Mat cat nguy hiém: dya vao bi€u dé luc cat (Q,) va momen uén (M,),
ta phai chon mot hoac mot s6 mat cat cé6 M, va Q, cing déng thoi 16n.

Diéu kién bén: dua vé€ tng suat tuong duong 6,4 max 64 < [c] (6.23)

= Vi du theo thuyét bén tng suat ti€p 16n nhit, dng sudt tinh todn

tuong duong tai diém B, c6 dang: G, =/0ks +4Tm) (6.24)
5. Cac dang bai toan co ban:

— Bai todn kiém tra bén: kiém tra ca ba loai trang thdi (ing suat nhu
trén.

— Xac dinh tai trong cho phép.
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— Chon kich thuéc cia MCN

Trinh tu khi chon kich thu6c MCN hoac xac dinh tai trong cho phép:
ddu tién ta xuat phat tir di€u kién bén ctia phan t6 & trang thdi ing suit
don (diém A hoidc C) theo cong thiic (6.20), (6.21) d€ chon so bo tai
trong hoic kich thuéc MCN. Sau d6 ta kiém tra diéu kién bén d6i vdi cac
phan t6 con lai (truot thudn tdy va trang thdi ¢ng suat phang dac biét).

6. Diéu kién citng ciia dam chiu udn phang
— Khi ch€ tao cac bo phan cua cong trinh (cau, dam chiu luc cta cac

toa nha, ...) = cén kiém tra xem bién dang 16n nhat cua két cdu khong
duoc vuot qua gia tri cho phép duoc quy dinh bdi yéu cau cua thiét ké.

— Bién dang 16n nhat d6 1a: yT*‘" <[f]; % <[0]

trong d6 V.. Oma 12 d0 vOng va goéc xoay 16n nhat ctia dam; / l1a
chi€u dai cua dam. [f] la gia tri cho phép ctia d6 vong trén mot don vi
dai. [0] 1a gia tri cho phép cua gbc xoay trén mot don vi dai.
7. Vidu ap dung

Vi du 6.1: Mot dam bang vat liéu ¢6 tng sudt phdp cho phép khi kéo
[6], =3,5kN/cm®va nén [o] =11kN/cm?, chiu lyc nhu trén hinh 6.19a.

7

Kiém tra do bén ctia dam.

M=4, 5kN.m

) 9 .

1 o "%
)

Q %

b) )
Hinh 6.19
Bai gidi: Trinh tu cac budc thuc hién
- V& biéu d6 momen uon, cho tri s6 maxM, = 4,5kN.m
- Tim cac dac trung can thi€t cia MCN (hinh 6.19¢), ta dugc c4c tri sO:

N
N

NN\
7.33

10

J. =370cm*; y* =2,67cm;y" =7,33cm
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7 e M . k .
- Tinh céc gid tri Maxc,;maxo,

M
maxck =G, = ] * Yra = 3:25kN/em’ <[o], ;

Vay dam du bén.

M
max G’ =cy = ] Yo = 8,92kN/em’ <[c].

X

Vi du 6.2: Cho dam chiu luc nhu trén hinh 6.20. Chon duong kinh cta
dam cho hai trudng hop: ddm c¢6 MCN khong déi, dim c6 ba bac nhu
hinh 6.21. Biét /=80 cm, P=5kN, [c]=16kN/cm*, [t]=8kN/cm’(Bb qua
anh hudng cua luc cat).

P P 400
A B
d,

ﬁ& 172 172 “f“

F 1 d,
( T |

I3 %9 1 s0 | 200 |._s00

|
NP e »
) | P
L~ ry =20P
Hinh 6.20 Hinh 6.21

Bai giai

- DAm c6 MCN khong déi. Theo diéu kién bén co ban (6.13), ta cé:
0,1d*>M, .. /[o]

trong d6: M, =5.80/4=10"kN.cm = d>3/10%/(0,1.16) = 4cm

- Dam ba bac (hinh 6.21). Tri s6 d,, d, dugc xac dinh theo cong thic
(6.20)

Doi véi doan giita: maxM_ =10"kNem

Doi voi doan hai ddu: M, =30.P/2=30.5/2="75kNcm

Tur diéu kién bén co ban (6.13), ta co:

2
0,1d} Z%Adl =4cm; 0,1.d] Z%Adz =3,6cm

Vi kich thuée da chon dam lam viéc du bén.
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IV. CHUYEN VI CUA DAM CHIU UON
1. BDuong dan héi, dé véng va géc xoay

— Khi didm chiu uén
phang, truc cia dam bi
uon cong goi la duong
dan hoi (hinh 6.22).

— Chuyén vi ding
cua MCN tai K goi la
do vong y(z) ctia dam.

?@

Hinh 6.22

—G4c lap boi ti€p tuyén vGi dudng dan héi tai diém K’ va truc cla
dam trudc khi bién dang goi la goéc xoay ¢(z).

2. Phuong trinh vi phdn gén ding cua duong dan héi

= Tur (6.2) ta c6 ban kinh cong p cuia duong dan hoi dugc xac dinh boi

cong thuc: z
1_M,
p EJX (a) Mx>0 Mx<0
= Mt khéc ta c6: (( K
L, Y yV y'<0 y>0
SEE S (D) .
P (1+y7) Hinh 6.23
" Mx
= Tir (a) va (b) suy ra: Y (2) =~ (6.28)
= DAu “-” do m6 men udn (y?~0 do bién dang la vo cung bé) va do

16i (16m) cua dam la trai dau nhau (hinh 6.23).
3. Phuong phap tich phan khéng dinh han

= Muon tinh géc xoay va do vong tai mat cat bat ky cua dam, ta lan

lugt tich phan phuong trinh (6.28) hai lan:

Z_ng dz+C,

(6.29)

(6.30)
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= C4c héang so tich phan C, va C, xdc dinh tir cac diéu kién bién tai
cdc mat cat dat lién két va diéu kién lién tuc cia do vong va géc xoay tai
vi tri ti€p gidp gitta cac doan dam.

Vi du 6.3: Xét dam cong-xon chiu Mo
moémen u6én M, tai dau tu do (hinh 4 |1 ’/>
6.24), biét do cing ctia dam EJ, = const. 4 l1 , A
Tinh do vong va géc xoay tai diém A. - i -

Bai giai: ' Hinh 6.24

. inh 6.
Xét mat cat 1-1, ta c6: M, = M,
Thay vao (6.28) va tich phan lan luot hai 1an ta duoc:
" MO Mo M 2

=——. y=—27+C, . y=—22+Cz+C
YT TRy Y TR TR YT 0y A
y(1)=0 M,/ M,/

iéu kién bien: z=1: =<:C,=—2; C,=——-

bicu kién bién: {y' (1)=0 TR T 2E)

Vay do vong, géc xoay tai A la: y(0)=- oy —y(0) =

1y dC g 8 y 1 . ZEJX > A EJX

Dau “-” ching t6 diém A chuyén vi 1én trén, nguoc chiéu duong cua

truc y. G6c xoay tai A quay nguoc chiéu kim dong ho.
3. Phuong phap ham gian doan

— Phuong phdp ham gian doan cho phép biéu dién momen uén thanh
bi€u thitc duy nhat trén toan chiéu dai cia dam, va chi ¢6 2 hiang so tich
phan xac dinh tir diéu kién bién = viéc tinh todn do vong gbéc xoay tai
mat cat bat ky trén toan dim duoc don gian hod rat nhiéu.

— Ham gian doan duoc dinh nghia nhu sau:

<x—a>n :{(x—a)n khix >a

) voix € R,ne N,n>0, a=const € R.
0 khix<a

— C6 nghia 1a ham gidn doan chi c6 gia tri khac 0 khi d6i s6 1a khong
am. Khi d6 cdc d4u ngodac nhon c6 thé coi nhu ddu ngoic tron thong
thuong. Con khi déi s6 am thi ham gidn doan bang 0.

= Tu dinh nghia ham gian doan ta c6 tinh chat sau:

d n n— n X—a "
&<x—a> :n.<x—a> 1; j<x—a> dx:%—kC
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— St dung ham gi4n doan ta c6 thé bi€u dién momen uén ciia dim doi

vGi cac loai tai trong khac nhau: Mo M,
a) Mo men tdp trung 0 £ Ao . z
M, =—M,.(z—a)’ | a | 7
F4
Dau “-” vi m6 men uén lam cang
P
thé trén. l M
b) Luc tdp trung 0 > 2
M, =—P.(z-a) 2.
N ’ ’ o z
¢) Luc phdn bo déu dén hét chiéu q
dai dém.: EEEEREEEE
) 0] ) ] —»
M. = q.<z—a> a | |/M,
2 P4
,d) Lfrc phdn bé déu trén mot doan T ? I7FT)
cua dam 0 -
2 2 1 1 1 1 1 |
v _d{z-a)  a(z-b) - tidesd
) 2 2

= Ap dung nguyén 1y cong tic tic dung ta s& viét duoc biéu thic
momen udn cho dim vé6i tic dung dong thoi chia nhi€u tai trong khac
nhau. Thay biéu thic ciia M, vao (6.28) vao tich phan lan luot hai 14n
giong nhu phuong phap tich phan khong dinh han ta s€ thu dugc do
vong, gdc xoay tai mat cat bat ky. Hai hiang s6 tich phan dugc xdc dinh
tir cac diéu kién lién két cia dam.

Vi du 6.4: Tinh do vong, gic xoay tai diém giira cla déim.

Tir hinh 6.25, ta c6: HHHHHH]'B

" EJ = CONST s
Bl === 0) 4 (o) M:: @ | - *
EJ.. ':‘£<Z—0>2+ﬂ<z—0>3+cl Hinh 6.25
4 6
EJX-Y=—% Z—0>3+i<z—0>4+c 7z+C
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Vay do vong va géc xoay tai C:
4

Ye =I5 )T 384RT ¢ 2
4. Phuong phap tai trong gia tao (phuong phap do toan)
—> Lién h¢ vi phan gitra noi1 luc va ngoai lyc nhu sau:
d’M (z) dQ,(z)
"2( =———=q(2)
dz dz
= Con phuong trinh vi phan duong dan hoéi c6 dang nhu sau:
d’y __M, N d’y _ dy’ __M,
dzZ EJ, dz2 dz  EJ,

X

— Ta thay c6 su twong dwong nhau, vi vy néu tao ra mot tai trong gia
tao |du =—EJX , bang PP mat cat xac dinh duoc Qg va Mg, trén dam gia
tao = d6 chinh 13 @6 vdng va goc xoay trén dam thuc twong Gng.

— Piéu kién lién két ctia dam gia tao va dam thuc phai c6 mbi twong
quan sao cho gia tr1 Q4 va My, trén dam gia tao phai dung bang gia tri do
vong va gbc xoay trén dam thuc twong irng (bang 6.1).

Bing 6.1. DAm thwe va dim gia tao twong tng

Dam thuc . Dam gia tao
pal 2 pal A
R E— f
h | - |4
—= 3 ~
e Py ! B,

3
4

— - 3

5 = 1

— Trinh tu giai bai toan bang phuong phép tai trong gia tao :

- V& biéu d6 moémen udn M, cho trén dam thuyec.

- V¢ dam gia tao véi cac lién két phu hop voi di€u kién do vong, goc
xoay tuong ung trén dam thuc

Q
Q

65



- Piat biéu d6 M, 1én dam gia tao, nhung chu y 1a tung d6 bang
M,/EJy, chiéu miii tén cua tai trong gia tao huéng vé phia thd cang

MX

By )

- Xac dinh Qg va My = d§ vong va goc xoay cua dam thuec.

ctia dam thuc (do d6 thoa man 9y = —

= Pé tién loi trong qua trinh tinh toan sau ‘nay, chung ta xac dinh
truc dién tich va hoanh do trong tdm cuia mot sd biéu do (bang 6.2).

Bang 6.2 - dién tich va hoanh d¢ trong tam cta mot s0 hinh

P 1 1 3
ac - Q=—hl- 7z == ==
y WM Bae 2 30T R
1 1 n+1
Q=——nhl- .z, = |
Bac n: n+l1 ° n+2 > 42
) . 3 5
* ].H:' Bac 2: nghlj legl Z2:§I
n n+1 3n+1
e n: Q=——-=~nl-z = |-z = I
Bacn: 2= a = 2T 00

Vi du 6.5: Xac dinh d6 vong va goc xoay tai ddu mat D ctua dam chiu
luc nhu hinh 6.25a. Biét d6 cting EJ = const.

16.10%EJ 10YEJ
[
- 4
P=8.10°N q=4-’9"wm P d) 3 Pry
H CL AT T ¥ 1338 O ANy MY
2m 6m 4 2m \18.10%EJ
W 16.10%/EJ
16.10°Nm 16.10°Nm A -16.
e) B
b) |
R 0'Nm Yay Y "4-“) Ye
16.10°Nm 16.10°"Nm 16.10"/EJ
¢) ° F’ﬁ*m\ f %ﬂ% 16.10"/EJ /P_\_BéI)Mgt
"'N.__\__J_'f ’// YA D
18.10°Nm Ya= 12.10%EJ  Qua
Hinh 6.26

Gidi: Biéu d0 mdmen udn M, cta dim dugc v& trén hinh 6.26b va
duoc phan tich nhu hinh 6.26c. Dam va luc phan b gia tao dugc ve€ o
hinh 6.26d. Ta chia dim don gian nhu & hinh 6.26¢ va 6.26f.

Phan luc tai A va B cia dam gitra la :
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2
16.6—3.18.6 10° 12.10°

2 ‘Bl El_

Chiéu cua Y, Yg nhu trén hinh 6.26e. Tai B trén doan dim BD chiju
mot luc gia tao tap trung cung tri sO nhung nguoc chi€u véi Yi. PO vong
va goc xoay tai D:

Y, =Y; =

o —op - 12.10° 16102 _28.10°
Yp =¢p =Qq = EJ 2EJ. = EJ. (rad)

X

_12.10° ) 116.10° 2 136.10°

=MP = 2+ 2.—2=——(m
Yo =M =T 2y Ty 2T gy
V. BAI TOAN SIEU TINH
— Cung nhu trong cac bai toan vé A B
kéo, nén va xoin, & day ta cung gap L

nhitng bai toan siéu tinh vé udn = cén

phai thiét 1ap thém phuong trinh bién
dang A
= Vi dy, cho ddm chiu lyc nhu Re

hinh 6.27. Siéu tinh bac 1.

= Dua V‘E‘lo diéu }(ién do vong tai B ql'l
cua dam bang 0 dé 1ap phuong trinh s
bién dang:

yg=0 . E

— Dua vao phuong phap do toan ta
chon dam gia tao va tai trong phan b HWE
gia tao nhu hinh 6.27. M6omen gia tao
tai B do tai trong qgt gay nén 12‘1'

1al 3 1R,
“T32E]°4 2 El 3

— Tri s6 cia mémen gia tao do
chinh 1a d¢ vong tai B. Vi diéu kién
d6 vong bang khong ta c6 phuong
ql® Ryl

R, =gl
SEJ 3EJ = Re =34 Hinh 6.27

trinh:

= Khi d3 c6 Ry ta dé dang vé duoc
biéu d6 ndi luc cia dam
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Chuong 7. THANH CHIU LUC PHUC TAP
I. KHAI NIEM

= Khi trén MCN cua thanh xuat hién tir hai thanh phan noi luc trd 1én thi
goi 12 thanh chiu luc phiic tap. Vi du, mot truc truyén vira chiu xodn vira chiu
uon, ...

= Téng quat nhat khi thanh chiu Iyc phitc tap, noi Iuc trén MCN c6 thé c6
6 thanh phan (hinh 7.1).

— Phuwong phdap tinh: 4ap dung
nguyén ly cong tiac dung: ring sudt hay

bién dang do nhiéu yéu to (ngoai luc,
nhiét do, do liin cua goi tua, ...) gdy ra
dong thoi trén mot thanh thi bdng tong N
, » . N o o X \ Qx — ¢
ung sudt hay bién dang do tung yéu to Z M
gdy ra trén thanh do. M, Q 7<: ’

~ ~ MANL/ Z
I1I. UON XIEN Y

Hinh 7.1

1. Dinh nghia

= Khi trén moi MCN chi ¢6 hai thanh phan n6i luc 1a M, va M, nam trong
cdc mat phang quén tinh chinh trung tam ctia MCN (hinh 7.2). Khi chi y dén
luc cat trén MCN c6 thé c6 céc thanh noi luc M,, Q,, M, va Q,.
b)
a)

Puong tai

at  phang
tai trong

Hinh 7.2
= Goi M 1a vecto tdng ciia cac vecto M, va M,, nam trong mat phang V
chita truc z, nhung khong tring véi mot mat phang quén tinh chinh trung tam
nao. Giao tuyén clia mat phiang nay v6i mat phang cat ngang goi 13 duong tdi
trong. Phan M thanh 2 thanh phan:
M, = Msina; M, = Mcosa,
= Trong udn xién duong tai trong di qua trong tam nhung khong trung véi
mot truc quan tinh trung tdm nao (hinh 7.2b ).
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Dé tién cho tinh todn ta quy udc dau cho cdc thanh phin noi luc sau:
Moémen uén M,, M, mang ddu dwong néu né lam cdng vé phia chiéu duong
cua truc y, x (hay gdy ra ting sudt kéo ¢ mién cé tung do y, x duong) va nguoc
lai sé mang ddu dm.

2. Ung suét phap trén MCN
— Theo nguyén ly cong tic dung, ting suat phap tai mot diém bat ki trén

M M
MCN c6 toa do x, y duoc tinh theo cong thic: S, = ] . Y+J—yX (7.1)

S y

= M,, M coi la duong khi lam cang phan chiéu duong cta tryc y, truc x.
—> Trong ki thuat ngudi ta diing cong thifc sau dé khong cin chi y dén dau
Pl Bl

X y

= Ta sé& chon dau “+” hoic dau “-“ tru6c moéi s6 hang tuy theo cic moémen
uon M, va M, gay ra tng suét kéo hay nén & di€ém dang xét.

= Néu goi a la géc cua duong tai trong hop véi truc X (hinh 7.2b):

tga = M,/M, = M, = Msina; M, = Mcosa

= Go6c a. duge goi la duong khi quay tir chiéu duong truc x dén dudng tai
trong theo chiéu kim dong ho.
3. Phuong trinh duong trung hoa

= Tu (7.1) ta thay phuong trinh duong trung hoa:
M M M y

X Yy
J J M

cua M,, M, vatoadox,y: 0, =% (7.2)

J
y+—=x=0 (7.3) hay Y=- J—XX = x.tgp (7.4)
X y X y
trong dd th:—&J—X h thZ—LJ—X (7.5)
& ¢o M, J, ay tga J, ’
= Pudng trung hoa 1a mot dudng thang di Puong
qua trong tam cua MCN va khong vudng géc A B trung
v6i dudng tai trong nhu trong uoén phang. /hoa
= Tu bi€u thic (7.5) = d6i v6i cdc MCN ™" 0 x
c6 vO sO hé truc quan tinh chinh trung tam nhu =
hinh tron, cic da gidc déu canh, ...(J,=J, nén
tgatgP = -1) thi khong xay ra hién tugng uén D C
xién phang. Vi dudng tai trong s& = v6i mot y
truc quan tinh chinh trung tam, con dudng
trung hoa s€ trung v6i mot truc quan tinh O max
chinh trung tam tha hai vudong géc véi duong
tai trong. Bai todn khi d6 chi 12 uén phang.

=W

Hinh 7.3
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4. Biéu dé umg suét phap trén MCN

= Theo (7.1) mat {ing suat 12 mat phang, nén tng sut phap phan bs déu
trén duong thang song song véi duong trung hoa. Do dé ta cé thé vé biéu do
phan bo tng suat phap trén MCN trong hé toa do nhu hinh 7.3. Truc tung la
duong trung hoa, truc hoanh vuong goc v6i dudng trung hoa.
5. Diéu kién bén

— Diém nguy hiém 1a céc di€ém xa dudng trung hoa nhat vé phia kéo hoac
nén = trang thai Gng suat cta diém nguy hiém 1a trang thai tng suat don.
MCN nguy hiém dugc biét dua vao bi€u d6 M, va M, lua chon mat cat khi c6
ca M, va M, cuing dong thoi 16n.

= Diéu kién bén c6 dang:

- Dai véi vat lieu déo: |o|  <[o] (7.6)
- DGi vé6i vat lieu gion:|o| _<[s].  (7.7) |o].. <[o], (7.8)
G :‘M_xy ‘+M‘X . o oy ‘My X (7.9)

max Jx k Jy k|, min Jx n Jy n .

= Néu MCN cua thanh 1a hinh chit nhat hodc nhitng mat cat cd hai truc
do6i xing nhu hinh hinh 7.4:

Xu = %ol = X = 3] =[] = Vi /// =
| Goin| M| (7.10) / ;
Cpax = |Opinl; O —t . ¢
max min ! » max W W / “
] ] % =
trong dé:wx:‘—XQ Wy:‘—y (7.11)
max Xmax H,‘nh Z4
= Trudng ho‘p nay di€u kién bén s¢ la:
Vat liéu deo ‘M ‘ ] ‘M +M [ ] (7.13)
i W W W, W,

= Tur diéu kién bén trén ta suy ra ba bai todn co ban sau:
- Kiém tra bén theo (7.6) hoic (7.7) hoic (7.8).
- Tim tai trong cho phép. Goi [P;] 1a tai trong suy rong cho phép, ta c6:

M, =k [P]: M, =Kk,[P] (7.14)
k,, k, 1a cdc hang s6. Tir diéu kién bén, vi du theo (7.12) ta suy ra:
k, [P.] k,[P]_ k
1 P /| = +—=
w, w, slel hay [P][ol| ey (7.15)
- Chon kich thuoc MCN
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= Vi chua biét tri s6 J,, J,, Xy, X, ¥io Yo = ta c6 thé chon thi tinh theo uén

phing do thanh phdn mémen doi héi kich thudc 16n, réi thir dan.
— Dai v6i cac mit cét (hinh 7.4), ddu tién ta c6 thé tinh theo cong thiic:

W >MX+CMy B C—W"
T o] vor L= W, (7.16)

= D06i v6i hinh chit nhat ¢6 chi€u cao h va bé rong b thi C = h/b. Déi véi
mat cat hinh chit I lic dau c6 thé 1ay C = 8, va hinh chit U 1ay C = 6, sau do
kiém tra tinh todn lai.

Vi du 7.1: Cho dam chiu luc nhu hinh 7.5. X4c dinh s6 hiéu mat cat dam
thép chit I, vi tri duong trung hoa. Cho P = 2400N; q = 4000N/m; | = 2m;a =
30°% [o] =16000N/m*.

Bai giai: Mat cat nguy hiém tai ngdm co:

|2
M :q7+PIcosoc = 12160 Nm

A

X

M, =Plsin o =2400Nm
Thir lan thit nhit ta 1ay C = 8.
Theo cong thuc (7.39):
M, +CM 3
W >———2=196cm
[o]

Ta chon mat cat chit I s6 20 c6 cac gia tri
nhd6 hon va gin nhat W, =184cm’;

W,=23,lcm’.
Thfl’ lal Gmax = _Gmin
M cFmin
O ax =&+—y=17OOON/cm2 Hinh 7.5
X y
Vi Gma’[c—_]["]loo _ 1700016000 5 6,2% > 5%
()

Do d6 ta l1dy mat cat s6 20a c6 W, = 203cm’ , W, = 28,2cm’
Khi dé:
M, My _ 1216000 240000

O max = + - + = 14500N/Cm2
W, W, 203 28,2
Ung suat nho hon:
G, —[0]100 _ 14500—16000100:_9,4%

(o]
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Vi gitta thép c6 s6 hiéu 20 va 20a khong con s6 hiéu nao khac nén ta chon
dam thép ¢6 s6 hiéu 20a.
Xac dinh vi tri dudng trung hoa. Tra bang véi 1(20a) ta c6 J,=2030cm*;
J,=155cm* Do d6 tai mat cat ngam, phuong ciia dudng trung hoa la :
JM e 2030x2400
J,M 155%12160

Xmax

hay B =+68"50
III. UON - KEO (NEN) PONG THOI

b

1. Dinh nghia
— Mot thanh dugc goi la chiu uon - kéo (nén) dong thoi khi tréen MCN clia
thanh c6 cdc thanh phan ndi luc 1a lyc doc N,, moémen uén M,, M, (hinh 7.6).
= Vi du 6ng khéi vira chiu nén do trong lugng ban than G, vira chiu uon
do tai trong gi6 q (hinh 7.7).

-

y
Hinh 7.6 Hinh 7.7

2. Ung suét phap trén MCN
— Ung sudt phdp tai mot diém trén MCN dugc xdc dinh theo cong thiic:

c,= N, + M, + M, X
TF Ty i (7.18)
M
hoac ©:~ NZ' 1+ M-Xz y+—7X (7.19)
: F N1} N,1§ :

trong do: F - dién tich MCN;
i, i, - ban kinh quan tinh chinh:

X X s Yy y
J, J,- momen qudn tinh chinh trung tm cia MCN;
X, y - toa do ciia di€ém tinh ting suat.
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= Quy udc dau cua N, (chuong 2), cia M,, M, nhu trong uon xién.
— Cong thuc ky thuat c6 dang:

\M |
o,=x% ‘x‘

F oo ], (7.20)

¢

— C4c gia tri déu lay gia tri tuyét doi. Con lzi'y dau “+” hoac “-” truéc moi
s0 hang tuy theo luc doc 1a kéo hay nén va cic momen uoén M,, M, giy ra

ting suét kéo hay nén ¢ di€ém dang xét.
3. Phuong trinh duong trung hoa
= Tur (7.18) ta suy ra phuong trinh duong trung hoa la:
N, , M, M A
F J

X y

o

¥ %

hay:1+—7y+ x=0 (7.22) %

N.,i; N2

= DPuong trung hoa la mdt duong
thang khong di qua trong tam cla c
MCN nllu’ trong uon xién. o=N/
4. Biéu doé ung suéat phap trén Yy
MCN

= Tuong tu nhu trong uon xién do
mat cit tng sudt la phing, nén tng Hinh 7.8
suat phdp phan bo déu trén dudng

Ly + Jyx:O (7.21) 2 oueng ung hoa

thang song song v6i dudng trung hoa. Biéu d6 phan bd ting suat dugc vé nhu

hinh 7.8.
5. Diéu kién bén

— Piém nguy hiém la cdc diém & chu vi, xa duong trung hoa nhat vé phia
kéo hoidc phia nén. Trang thai ting sudt cia di€ém nguy hiém 1a trang thdi tng

suat don = diéu kién bén 1a :

- D6i véi vat lieu déo: [0]_ <[o] (7.23)

- Dboi véi vat ligu gion: ‘G max [ ] ‘ win = [G ]n (7.24)

do: Omax =+ ‘ ‘ X 7.25

trong dé F Jx 1, ~[x| (7.25)
M,

Ome =E P [x] (7.26)

X;, ¥ 12 toa do ctia diém chiu kéo cdch xa dudng trung hoa nhat.
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X,, ¥, 12 toa do ctia diém chiu nén cdch xa dudng trung hoa nhat.
= Néu MCN cua thanh c6 dang nhu trén hinh 7.4 thi i luan tuong tu nhu
trong udn xién ta co:

o) =+ z + ‘My‘
max - F Wx Wy (727)
o Nl My
min - F WX Wy (728)
Vi du 7.2: Cho mot thanh chiu luc nhu hinh 7.9a. Tim gia tri G¢ng suit G,,,,
va G, Vi tri duong trung z P
hoa va v& biéu d6 phan bs & 1™ b)
ting suét phdp trén mat cat ‘ A
nguy hiém. Cho: P, = 160 x .
kN; P, = 4kN; P, = 240kN; Coiin - -

. . . n x
g=2kN/m; 1=2m; b=12cm; A o
h=16 cm. //

Bai gidi 4
Mait cat nguy hiém tai B
dau ngam. Vi tri duong 9 f !
trung hoa va biéu d6 tng d
suat phap dugc vé trén hinh Owa
7.9b. <
Luc doc: Hinh 7.9
N, =—P, - P, =—(240+160) = —400kN
Momen udn:
Ph 2 4
M, | = +A 60x8+ 22X eg0kNem
2 1002
M, | = Fib %1—160x6+4x102 =1360kNcm
Gia tri ing suat phap 16n nhat va bé nhat theo (7.27), (7.28) la:
M M
G = It +‘ y‘:_ 400 +1680><26+1360><26:4,75chm
F W, W, 12x16 12x6 16x12
N,| M| M
N M M| 400 1680x6 13606 - 8.9lNem

™ F W, W, 12x16 12x6’ 16x12
Vi tri dudng trung hoa: dudng trung hoa cit truc x va truc y tai cac diém:
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. h2 b2
2 2 .2 2
 1.=—=213cm". i =—=12cm
trong do D) D

N,<0 M >0 M >0

Khi thay bang s6 ta dugc: X, =3,53cm ; y, =5,07cm
IV. UON - XOAN PONG THOI

1. Dinh nghia

= Mot thanh goi 1a xoan va uén dong thoi. Khi tréen MCN cua thanh ¢6 hai
thanh phan noi luc 12 mémen xodn va mémen udén (hinh 7.10).

2. Ung suét trén
MCN tron - diéu
kién bén

= Ung sudt phéap
do moémen udn gay
ra. Ung sudt ti€p do
momen xoan gay nén
phan bd nhu truong
hop xoan thudn tuy
(b0 qua anh hudng
cua luc cat Q).

= Diém nguy

Hinh 7.10

Hinh 7.11

hiém trén mat cat nguy hiém 1a giao diém cta dudng tai trong vé6i chu vi:
diém A hoic B (hinh 7.11). Ung suét phdp va tiép c6 gid tri:

A _|._B

M| _ JM? +M;

o

max ‘ Gmin

W

u

W

u

(7.29)

MZ
W (7.30)

p

=> Vi phan t6 & trang théi (ng suat phang nén diéu kién bén c6 dang:

thmax < [G]

(7.31)

= Vi du theo thuyét bén ting suat tiép 16n nhit ta cé: 6, =vo’ +41°
= Thay cdc gia tri cia ¢ va 1 theo (7.29), (7.30) vachi y W, =2W,, ta c6:

) \/M§+M§+M§ M

Omax W,

u

W b

u

W M, :\/M2 +M? +M; (7.32)
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—> Theo thuyét bén thé ning bién déi hinh dang :

M2 +M?+0,75M. M
o, =NG’ +37° =\/ VyV _ Wtd véi M, :\/Mi +M; +0,75M; (7.33)

u u

= Theo thuyét bén Mo ta c6: 6,4 =0, —0.0; < [G]k

s [of [o]'
trong do: c,=—*= (—j +10 0=
T2 2 [G]
£ l-a l+a
vGi M, =74/Mi +M? +T\/M’2‘ +M: +M; (7.34)
M,, dugc tinh theo cac thuyét bén thich hop (7.32), (7.33), (7.34).
Vi du 7.3: Mot truc truyén bang thép chiu luc nhu trén hinh 7.12. Trong
luong Puli G = 3kN, cong suat va so vong quay cua moto la: N = 50kW, n =

500vg/ph. Kiém tra bén truc theo thuyét bén thé nang bién doi hinh dang biét
[G] =12kN/cm’,

Hinh 7.12

Bai giai: So d6 chiu luc clia truc biéu dién trén hinh 7.12a, trong dé:
14
0= _ 3100 5 4adrs: M= =0,955x10"Nm = 95, 5kNem
30 30 ®
Luc cang day dai x4c dinh theo di€u kién can bang cia momen xoan:
MoTD_tD_tD - 2M_2x955_, jo ;
2 2 2 D 80
T =2t,=2x238=4,76kN; P=T, +t, =4,76+2,38 = 7,14kN

Ung sudt turong duong tinh theo thuyét bén thé nang bién déi hinh dang:
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2 2 2
M, M2 + M2 +0,75M?

Gy

W, 0,1xd’
Mat cit nguy hiém tai C vé phia CB, tai d6:
Gl Pl

M, == 75kNem ; M, == 178kNem ; M, =95,5kNem
Céc bi€u do noi luc duoc biéu dién trén cac hinh 7.12b, c, d.
Thay so vao ta duoc:
J75° +178 +0,75x95,5°
- 0,1x6’
Vay truc thoa man diéu kién pén.
V. THANH CHIU LUC TONG QUAT

1. Pinh nghia: Mot thanh chiu luc t6ng quat khi trén moi MCN cuia nd ¢6
day du sau thanh phan noi luc

Oy =9,72kN/cm’ <[c]=12kN/cm’

= Vi anh hudng cua luc cit bé so v6i anh hudng clia cac thanh phan noi luc
khéc, nén thudng ta bo qua anh hudng cta luc cit.
2. Thanh mat cat ngang tron

= Vi N, gay ra tng suat phan bd déu trén
MCN nén ciling giong nhu thanh MCN tron chiu
uon déng thoi véi xoan, cdc diém nguy hiém vén
1a cic diém A, B (hinh 7.13).

— Ung sudt phép tai cic diém d6:

‘MU Nz ‘Mu Nz
Gmax :—+_; Gmin =—— t+t—
W, F W, F
O cic diém nay ngoai gia tri ing suat phap cuc y
tri, con ¢6 Gng suét ti€p 16n nhat do xoan gay ra: .
Hinh 7.13

) |m,
max
W, 2W,
= Cac phan t6 A va B & trang thai ting suét phang.Viéc kiém tra bén céc
phan t6 nay theo cac thuyét beén da trinh bay & chuong 4.

3. Thanh mat cat ngang hinh chir nhat

— C4c diém nguy hi€ém duoc xét thy theo gid tri clia cdc ndi luc tdc dung
trén MCN tuy theo vat liéu thanh la déo hay gion.

— No6i chung diém nguy hiém 12 cic di€ém géc, di€ém gitta canh dai va giita
canh ngan. Viéc phan tich diém nguy hi€ém nhu trong phin u6n-xoin dong
thoi.
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