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O TOM TAT LY THUYET

1. M@t thanh chiu xodn thudn tiy
khi trén mdt cit ngang ciia thanh chi
ton tai duy nhdat mét thanh phan néi
lwe 1a MO men xodn M,

2. Qui wéc diu ciia néi liec: kKhi nhin vao mdt cat thay M, quay cuing
chiéu Kim dong ho la dwong.




O TOM TAT LY THUYET

3. Dinh ludt Hooke
T = G 4
G: médun dan héi cdt (trwot) cia
vat lieu
v

4. Ung sudt tai mét diém trén mdt cdt ngang ciia thanh tron:




O TOM TAT LY THUYET

4. Ung suidt tai mot diém trén mdt cdt ngang ciia thanh tron:

e

- M _: mémen xodn tai mdt cdit ngang co diém tinh ing sudt

- 3, : mémen quan tinh cwc ciia mdt cat ngang co diém tinh dng sudt

- P : khodng cach tir diém tinh irng sudt dén tam mat cit



O TOM TAT LY THUYET

5. Sw phan bé irng sudt trén mdt cit ngang hinh tron dic:

4

* Ung sudt lon nhat trén mdt cat:




O TOM TAT LY THUYET

6. Sw phan bo irng sudt trén mdt cat ngang hinh vanh khdn:

* Ung sudt l6n nhdt trén mt cat:

D -
~_ M _ D _ M
T = z = z
m axXx
J, W,
Y
. A A g > v, I\ d
. modun chong xoan cua mat cat ro= Tz -




O TOM TAT LY THUYET

7. Phan 6 ieng sudt trén thanh chiu xodn:




O TOMTAT LY THUYET http://www.amesweb.info/StressConcentrati

.n A , X onFactor/StressConcentrationFactors.aspx
8. Hién twong tdp trung wrng sudat

2.0 [T T T T T T T 1111
T r
19 i 44(*_{3" |
= F_ld
Y 18 | W p—
max K N -
W, 1.7 11‘ \
LVEA
1.6 \
\
AVENAY
K15 &) [ D/Id =|2'|5 T
N C 200
1_4 L1
1 1.67 T
I |
1.3 1.25
1.11 1
1.2 |
1.1 =
1.0
0.00 0.05 0.10 0.15 0.20 0.25 0.30



O TOM TAT LY THUYET

9. Bién dang goc

=> GA4c xoay twong doi gitra hai mat cat cach nhau chiéu dai L:
- M,: mémen xodn néi lic
- G: médun trwot (cdt) ciia vit lidu

- J,: momen quan tinh cuc cia mat
cat ngang



O TOM TAT LY THUYET

9. Bién dang goc

;M
a. Neéeu ==

GJ,

const trén toan chiéu dai L:




O TOM TAT LY THUYET

9. Bién dang goc

M

b. Néu = const trén tirng doan L;:

GJ,

AM
A4 4M
pa %
=
Bl
w
()
C

3M, 3IM



O TOM TAT LY THUYET
9. Bién dang goc

c. Néu GJ, = const trén ting doan L;:




O TOM TAT LY THUYET
10. Ung sudt trén mdt cat nghiéng

T

-




-
S

-
=

OM TAT LY THUYET

[
3

Vd

Or

= T 5in 29

n

o)

T cos 2?

T

L

T
—-

N\

min

max



O TOM TAT LY THUYET

10. Ung sudt trén mdt cdt nghiéng

Pha hiiy cua vit liéu déo

Phé hiiy cua vit liéu gion

Phé hiiy ciia thanh go




O TOM TAT LY THUYET

11. Phan t6 bi bién dang trwot

=> Quan hé giita modun dan hoi E va

modun truot G:



O TOM TAT LY THUYET

12. Piéu kién bén

13. Piéu kién cirng

GJ,

max

IA



O TOM TAT LY THUYET

14. Ung suat trong mdi néi bu 16ng-dinh tan

C
B h
Cat don
D

* Ung sudt cdat trung binh phéat sinh trén mdr
cdt cua bulong

r = \% v Luc cat
= F. Dién tich bj cat

<




O TOM TAT LY THUYET

14. Ung suat trong méi noi bu 16ng-di

* Ung suat ép miit (dap) phat sinh giira buldng va tim noi:

5 = Pb P, Luc ép mat
F. Dién tich bi ép mat




O TOM TAT LY THUYET

14. Ung suat trong méi noi bu 16ng-di

> = Pb P, Luc ép mat
F, Dién tich bi ep mat




O TOM TAT LY THUYET

14. Ung suat trong méi néi bu 16ng-dinh tan

E H
L0 T8 e
C
P P K
<= B A —r PL_""
B e
= Lo P/2
. "l Cat doi [;g
—
G ] J
* Ung suat cit phat sinh trén mat cit cia buldng:
T V ( T d 2 \
ave . 'V = P;F, T2 |
: 'E e |:S \ 4 )
— * Ung suat ép mat (dap) phat sinh giira bul6ng
V Va tam noi:
o
—_—] T TelTITe--l
~— o =5 P = P:;F ~td



Bai tap 1: Xac dinh mdmen xodn M, phat sinh trén cac mdt cit a-
a, b-b va c-c.




* MO men xodn trén mdt cdt a-a

2 M, ~0= M * = 80N .m

z



ZMZ:O:M:b):GON.m



* MO men xodn trén mdt cdt c-C

2 M.=0= M =90N.m

z



Bai tip 2: Vé biéu d6 mO men xedn M, phat sinh trong truc bang
phwong phap mdt cat.




* Sor do tinh

600N .m 400N .m




600N .m 400N .m

(a)
A THY , M 400N .
* Xet mdt cat a-a: : m .

0=z =0,6m

a 1

= A
2M,=0= M ™= 400N

z . ) .m
- 1
M 600N .m 400N .m

2kN .m / m

* Xét mdt cdt b-b:

| Z, | 0,6m

(2,=0= M )= ~200N.m

[z, =0,8m = M © =1400N.m



M = 400N .m
2, =0= M °) = T200N.m

M "= ~2007% 2000z, N.m T 1 ° ]
[z, =0,8m = M > =1400N.m

600N .m 400N .m

~“200N.m



Bai tap 3: Vé biéu do mOmen xodn M, bing phwong phéap vé nhanh

300N.m 500N .m

i

300mm

N (%\@

400mm
\\
500mm

TSy




* V& biéu dd ndi luwc bang phwong phap vé nhanh

Néu trén so dé tinh cO ngdu lwe tip
trung, biéu do M, c6 buwéc nhdy, gia tri
mmmy DUWOC nhiy bt?ng gia tri ngc:;u luc tap
trung. Nhdy vé dwong Khi ngdu lwc quay
cung chiéu kim doAng ho, nhdy yé am khi
ngdu lwc quay nguwoc chiéu kim dong ho

M, cuoi doan bang M, dau doan cong
hop ngdu lwe phan bo trén doan do
(ngdu lwe phan bo cung chiéu kim
dong ho dwong, ngwoc chiéu Kim dong
héo am)



300N .m

®

300N .m 500N .m

300mm

500N .m

200N .m

500mm

400N .m




300N .m

300mm

500N .m

400mm

200N .m 400N .m

500mm

Nhay

(")
0
()

Nlétdy

|

TBOON .m

Nhay Nhiy

.

I(_ZOON .m

400N .m



Bai tap 4: Vé biéu do mOmen xodn M, bing phwong phéap vé nhanh










Bai tap 5: Vé biéu do mOmen xodn M, bing phwong phéap vé nhanh




E
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z —
s R
N
£ =
S 2
z N
0N
N
Ny




600N .m 400N .m

P Aaaaa [

R

0,6m

; M R 200.°.50.0,8 16 N\;H_E’l
74Vhay : m Nl;csly | ay

400N .m

“160N .m J

- 200N .m



Bai tap 6: Truc chan vit ciia tau thity c6 chiéu dai 30,5 m dwoc lam
bang thép A992 dung dé truyén mét cong sudt 1865 kKW tir dong co
dén chan vit véi toc dé 1700 vong/phut. Biét rang truc cO dwong
kinh ngoai 203mm va bé day thanh 9,5mm. a) Tinh #ng sudt tiép
lon nhat phat sinh trong truc. b) Tinh goc xodn ciia truc




* Ngdu lire do dpng co sinh ra:

_ 30P _ 30.1865 _
M = = =10,476kN .m

T n 71700

* Ung sudt tiép lon nhat phat sinh trong truc:

_ |\/|Z _ M _ 10,476.1000 .
4 . . - —0,00438
" W 4 4 4 4 4 4
g — D  d — 230 9,5
32 32
D 230
2 2

* GOC xodn cua truc:.

M L _ 10476.30,5.1000

- — 0,0155rad
7T

75.— 230* "9 5°
32

@:

GJ,

KN

2
m m



Bai tap 7: Truc dé cac banh ring chiu cac ngdu lwe nhw hinh vé. Truc
lam bang thép ¢ [r] = 65 MPa; G = 75GPa. a) Xac dinh dwong kinh truc
theo diéu kién bén. b) Tinh goc xodn twong doi ciia mdt cit tai A SO vdi
mdt cdt tai D.




500mm

400mm

500mm




250N .m 75N .m 325N.m 150N .m * Theo diéu kién bén
D C A
|r _ M, < 7
- 500mm 400mm 500mm . max W,
150N .m
. - 250(kN .mm) < 65 kKN
Ty 1000 mm?’
175N .m 16
250N .m
= d Z26,956mm — d__ T 27mm
* Tinh goc xean twong doi giira A va D
_ Z"‘ [ Sy ) ~150.500 " 175.400 ~ 250.500 _
¢ = L Z J - = ~0,0306rad

T

75 —27"°

32

)



Bai tap 8: Truc tron dic dwong Kinh d chiu lwc nhw hinh vé. Truc lam
bang thép co [r] = 65 MPa; G = 75GPa. a) Xac dinh dwong kinh truc theo
diéu kién bén. b) Tinh goc xodn ciia mdt cat tai A so véi ngam C,




600N .m 400N .m
2kN.m /' m




400N.m  * Theo diéu kién bén

A
|r _ M, < 7
m axX W
O,6m . d m ax
1400N .m
., 1400 _ 65
400N.m T 1000
—d
16
M |
~ 200N .m
= dZ47,869mm = d__ T 48mm
*Tinh goc xodn giira Ava C
S [ S ) _ 400.600~0,5.200.800 7 0,5.1400.800 _
@ = L : J = - = 0,0184rad
ERRA 75 —48"

32



Bai tip 9: Truc ciia may trén cO mdt cdt ngang hinh vanh khdn dwong
kinh ngoai 115 mm, bé day thanh t. Truc 1am bang thép cé [z] = 75 MPa;
G = 75GPa. a) X&c dinh bé day thanh ciia truc theo diéu kién bén. b) Tinh
goc xodn ciia truc.




M_ =10846N.m . .
C 10846N.m M, * Theo diéu kié¢n bén

s
|z' = M z < 7
6m Wp m ax
- 10846 . 75
N B 7T 4
f 0 — 115"~ 115~ 2t 1000
6779 N .m 32 115
4,.5m -
2
I A
_____________________________________________ ~ s _ _
~ 4067 N .m t=8,772mm t . 9mm
4067 N .m
* Tinh goc xodn ciia truc
_ 22: : Sy ! _ T4067.4500 " 10846.6000 _
@ = L : J = — =0,1311rad
NG s 15t - 115 2.9

32



Bai tap 10: Truc rong tir A dén B va dic tir B dén C. Truc c6 dwong kinh
ngoai 80 mm va c6 bé day thanh 10 mm. Truc lam bang thép co [7] = 75
MPa; G = 75GPa. a) Xac dinh tdi trong cho phép theo diéu ki¢n bén. b)
Tinh goc xedn ciia truc.

500mm




2M v * Theo diéu ki¢n bén

A
|r _ M, < 7
) S i) 2Omm =. o WP m ax
py - 3M . 75 kN
T 2
1000 mm
—80°(mm’)
= MM 2513 270 kNmm— < MFS) = 2813 2kNmm
m ax V4 m ak ax T
— 80"~ 60" —_g80°
, i , i} 32 16
* Tinh gocC xodn cua truc 40
_ Z"‘ [ Sy ) _150.500 ~175.400 ~ 250.500 _ _
v = L Z J - — = 70,0185rad
A 75 —27°

32



Bai tap 11: Truc thép dwong kinh 60 mm dwec dé trén cac é lin nhan tai
D va E. Néu thép co [r] =80 MPa; G = 75GPa va goc xodn twong doi giita
hai mdt cdt tai Ava C bi gidi han sao cho khong vt qué 0,05 rad, xac
dinh gioi han cua tdi trong, M.




2M /3 M M 13 * Theo diéu ki¢n bén va diéu

kien cirng

C B A
3 1,2m | 1,1m |
I o ] f
E M /3 'T _ M, < 7
4 m ax Wp
MZ' | m ax
[QAC|SO,05rad
“2M /3
fam 73 _ 80
T s 1000
Bl (M <
16 M = 5089,38kN .mm
< = 3
|||\/| /3.12100 2M /3.1200 < LI\/I £11010,678kN.mm
| p = 0,05
{ 75.—60"
32

— M __. T 5089,3kN.mm



Bai tap 12: Truc thép A36 dai 2 m c6 mdt cat ngang hinh vanh
khan CO duwong kmh ngoai D, bé day thanh t = 3 mm. Truc dung dé
truyén mét cong sudt 25 kKW tir dpng co M dén bom P véi toc dé 400
vong/phut. a) Xac dinh dwong kinh ngoai toi thiéu ciia truc néu
thép A36 c6 [z] =80 MPa. b) Tinh goc xoedn ciia truc.




P~ 25kW ;n = 400v/ p;L = 2m;t = 3mm; ¥ T 80MPa;G ~ 75GPa

* Theo diéu kién bén

M
( |z' - |M, < T
\ o Wp m ax
20 P 30.25000 \
.m
M " n ” 4 4 1000 mm°
— D'~ D 2.3
32
D
2
= D Z 44,105mm = D_._ T 44,2mm
30.25000
] v oL — 2000
* GOC xoan cua truc. ¢ = ~_— = . 400 = 0,096rad
4
CJo 5 442 44,2 2.3

32



Bai tap 13: Truc thép A36 mdt cat ngang hinh tron dwong kinh d =
40 mm, bi ngam tai hai dau A va C. a) Xac dinh irng sudt tiep lon
nhat phat sinh trong truc. b) Tinh goc xodn ciia mdt cdt tai B.

* Phwong trinh twong thich bién dang: ¢ ,_ = o



300kN .mm
C B
B 400mm s 600mm
" 300kN .mm
M A
120kN .mm
“180KkN .mm

* Ung sudt tiép lon nhat trong truc: |*

(t)

max

* Phwong trinh twong thich
bien dang:

0] = @ () + @ (Nc) =
AC AC AC O (*)
[ ~300.400
Q(t) =
} ac
) GJ,
| pney — M ,.1000
L AC
GJ,

- 300.400 . M ,.1000

*) ~ ~ 0
GJ, GJ,
— M, T120kN.mm
_ M, _ 180 _ kN
= T ——— 70,0143
Wp m ax _403 mm

16



300kN .mm M

A
C B A
< 400mm L 600mm _
s - .
120kN .mm
M z
~180kN .mm
* GOC xodn ciia mdt cdt tai B:
_ 120.600 _
? e ~ 0,00381rad
T
75.— 40"
32
_ 7180.400 _
? . ~ 0,00381rad
T
75.—40"

32



Bai tap 14: X&c dinh teng sudt tlep phat sinh trong tdm kim logi va
ung sudt ep mdt giira chay va tdm kim loagi.

— __|

60mm

A
\

120mm




60mm

120mm

* Ung sudt tiép phat sinh trong tam kim logi:

Vv 40 B ,
r = = = 0,0254kN / mm
F 7 50.10

S

* Ung sudt ép mat phat sinh gifa chay va tdam kim loai:

_ P, _ 40 _ ,
o = = = 0,0203kN /mm

b T

b —50
4

2



Bai tip 15: Hai truc dwoc noi véi nhau bing chéot A va chiu lwc
nhw hinh vé. a) Tinh #ng sudar phap phat sinh trong cac thanh. b)
XAc dinh wng suat tiép phat sinh trong chét. ¢) Tinh #ng sudt ép
mdt phat sinh giiza chét va

5kN




* Ung sudt phap phat sinh trong cac thanh:

N 5 )
|7, 7 - = = 0,00397kN /mm
|:

‘ 407

% 4

| N _ 5 B ,
o = = = 0,00707kN /mm
| 2 F e

L —30°



T = = = 0,00509kN /mm?




P 5 B )
~ 0,00625kN / mm
d.t2 25.32
P 5 B )
~ 0,00454KN / mm
2d.tl 2.25.22



Bai tip 16: Xac dinh cac kich thwde ciia cac tdm dém hinh vudng
tai Ava B dé do dwoc cac tdi trong nhw hinh vé. Biét rang wng suat
ep mdt cho phép ciia ciia nén bang 2,75 Mpa.

9kN 9kN 13kN 9kN 6 kN
1,5m 1,5m 1,5m 2,0m




* Xét can dam:

9kN 9kN 13kN 9kN 6 kN
1.5m I 1.5m I 1.5m 2,0m
N ! ! v |
A B/
NA NB
(2 M, =0= ~9.1,513.3-9.4,5* N_.4,5°6.6,5=0 = N, = 29,333kN

* Kich thwde ciia tim A:

N 16,666 (kN 2. 75 KN B
o = _—4&= 2( ) < ( —) = aZ77,848mm =~ a_ = 77,9mm
a.a a 1000 mm
* Kich thwoc cua tam B:
_N. _ 29,333(kN) _ 2,75 kN
o = 2= = )= b2103,278mm=— b_ . —103.3mm

b 2 min

b.b b 1000 mm?°



Bai tap 17: Tay quay dwoc giit c6 dinh vdi truc bang chot AB c6
dwong Kinh 3 mm. a) Xac dinh wrng suat tiep phat sinh trong chot.
b) Tinh #ng suat ep mar phat sinh giiwa chot va tay quay.

B
ZOer -
\_ _\\
- 10mm
A
200mm e 200mm

20N



200mm 200mm

Y

20N 20N

* Lwe cdt phat sinh trong chét:  20.400 = v .10 = v = 800N

* Ung sudt tiép phét sinh trong chét:

Vv _ 800

T = = = 56,588N /mm°
T T

2—d° 2—3°
4 4

* Ung sudt ép mat phat sinh gia chot va tay quay :

vV 800
o = = =53,333N /mm°

d.t 3.5




Bai tap 18: Hai mdt bich dwoc néi véi nhau bang 10 bu 16ng dwong
kinh 20 mm. Cho d = 250 mm, xac dinh gioi han ciia ngau luc T.
Bieét rang cac bu l6ng co [r] = 85 MPa.




d = . == .
- > d 25Omm,db 20mm;

n~=10; ¥ T 85MPa

S ez A X A _ d _ T
* Lwc cattac dung lén moibu long: 17 =nv.—= v =
2 1250
* Theo diéu kién bén: __ V. _T /1250 _ _ _ 85
T T
42 502 1000
4 4

= T =33379,421kN.mm = T T33379,4kN.mm



Bai tap 19: Phan tir dan dé mai lién két véi ban ma chiéu day 26 mm
bang chot c6 dwong kinh 22 mm. Hai bdn ciia phan tir dan co bé day t =
14 mm. a) Néu P = 80 kN, tinh i#ng sudt ép mdt lén nhdt phat sinh trong
chot. b) Néu teng sudt cit t6i han ciia vit ligu 1am chét 1a 190 MPa, xac
dinh giéi han ciia tdi trong P. Khi tinh ldy hé sé an toan FS = 3.

Roof structure

Truss
member

End P
plates

Pin ﬁ_ﬁ—t= 14 mm
Gusset

B
plate — l«—26 mm




End P
plates

, P 80 ,

Pin —— t= 14 mm e - ~ 0,1398kN /mm
\_[[t‘ﬁ] Codt 22.26

Gusset

B
plate 26 mm

* Ung sudt ép mdt gitva chot va ban ma:

* Ung sudt ép mdt giiva chot va bén bién:

_P/2 _ 40 _ ,
o = - ~ 0,1298kN /mm
P P d.t 22.14
21K * Ung suat ép mdt lén nhdt trong chot:
[[«— f= 14 mm
[[- © <0,1398kN /mm’
—> [«—26 mm o
A * Xac dinh gioi han ciia P theo dé bén cat-
P = 80kN __ P _ P _ _ _7 _190 1
T T )
)47 oo FS 3 1000
4 4

= P = 48,1501kN = P__ = 48kN



Bai tap 20: Néu P = 15 kN, tinh iéng sudt tiép phéat sinh trong cac
chot tai A, B va C. Tat cd cac chot co cung dwong Kinh 18 mm.

1,5m 2m




* Xét can bang thanh AB:

BC AYA
Sb\ —
A
B X,
’ 1,5m 1,5m 2m
| | |
(2 M, 0= ~N,_sin30°5%15.3,5%15.2 =0 = N,. ~ 33kN

. A BC

12 F, =0~ "N, c0s30° "X, =0~ X, ~28,5788kN

BC

=0~ N__sin30" "30TY, =07~ Y, ©13,5kN

C

* Ung sudt tiép trong chét tai A: (cdt déi)

o \/xj+YA2 _ \/28,57882+13,52
A T T
2—d° 2 —18"
4 4

= 0,0621kN /mm°



* Xét can bang thanh AB:

BC 1 1 AYA
Sb\ —
A
B X,
’ 1,5m ‘ 1,5m ’ 2m
| | |
(2 M, 0= ~N,_sin30°5%15.3,5%15.2 =0 = N,. ~ 33kN

. A BC

12 F, =0~ "N, c0s30° "X, =0~ X, ~28,5788kN

BC

|
[ZF =0~ N,.sin30° 730 Y, 0= Y, T13,5kN
y B A A

* Ung sudt tiép trong chot tai B tai C: (cdit doi)

N 33
T o= BE = = 0,0648kN /mm?°

B T T
2—d? 2-—18°
4 4




Bai tap 21: Thanh AB tuyét déi cirng dwoc giiv béi thanh BC va
chiu lwe nhw hinh vé. Biét rang thanh BC c6 [¢] = 150 Mpa; E =
200 GPa, Cac chot tai A, B va C co [r] = 80 MPa. a) Xac dinh chiéu
day ciia thanh BC va dwong kinh ciia cac chot tai A, B va C theo
dieu ki¢n bén. b) Tinh chuyén vi thang dirng tai B.

C

38mm

3m

0

RER NI

kN

| 2y

4m |
| |




* Xét can bang thanh AB:

N
BC
YA
5kN / m A
0
\A6O ¥ ¥ ¥ L7 XA
B A
4m ’
|
(2 M 0= "N, sin60%4+542=0= N, = 20//3kN

( A BC

12 F “0= N c0s60° " X, 0= X, =10 //3kN

X BC

LZ F. =0~ N__sin60° ~"5.4%Y =07 Y, T10kN

y BC

* Tinh thanh BC:

20
= ———= 0 =015

. J3.381

= t22.0257mm =t =21mm

min

Theo diéu kién bén: |°

Z Imax




38mm

y

‘ 4 m

* Tinh chét tai A: (cdt don)

3m

Theo diéu kién bén: = = 1=



38mm

A

f Y Y Y Y Y VY Y

Y YY VY Y

5kN / m

4 m |

* Tinh chét tai B va C: (cdit déi)

Theo diéu kién bén:

3m



38mm
3m
et -
FRnnnnn
SkN / m
I W
| |
* Chuyén vi thang dirng tai B:
20 3000
P N, L, _ J3 sin60° 5 goamm

sin60’° E__F__sin60’ 200.38.2.1.sin60°

BC BC



