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CAC KHAI NIEM MO PAU

0.1. Nhiém vu cua mon hoc

Strc bén vat liéu la khoa hoc tinh toan ky thuat dé bén, d6 cing,
do 6n dinh cua cac chi tiét may, cac két cau, cong trinh.

- D6 bén: 1a kha nang clia két cu chiu dwoc mot tai trong nhéat
dinh ma khéng bi pha héng trong mét thdi gian dwoc goi la tubi
tho cua két cau.

- D6 cung: 1a kha nang clia két ciu chéng lai tac dong cua lwc
tac dung vé& mat bién dang. Bu do6 cirng tirc 1a bién dang cla két
ciu nam trong gi&¢i han cho phép.

- D6 6n dinh: 1a kha nang clha két cdu bao toan dwoc trang thai
can bang ban dau khi chiu tac dung cua luc.

Nhiém vu cia mén hoc nham dwa ra tinh toan t6i wu dam bao
két cau chiju lwc da bén, du cierng, On dinh v&i chi phi thap nhat.
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0.2. Poi trgng nghién ciru

DPéi twong nghién clru clla mén hoc 1a cac két cau lam tir vat
lieu thye nhuw: sat, thép, gang, go, bé téng cot thép, ... goi la cac
vat ran thwc.

Trong qua trinh chiu lyc, vat rén thwc bi bién dang va mén SBVL
co xét dén bién dang nay.

Chua y: Trong co hoc ly thuyét dbi twong nghiém ctru 1a vat ran

tuyét dbi, khéng xét téi bién dang, ma chi quan tdm chuyén
déng, can bang.

0.3. Phwong phap nghién ciru

- Ly thuyét két hop véi thwe nghiém.

- M6 hinh hoéa: thanh cac chi tiét khoi, tam, thanh.
Gi¢i han mén hoc ta sé gtdm chua yéu t&i chi tiet dang thanh.

Pinh nghia vé thanh:

Cho hinh phang F c6 tam O va mét dwong (d) ¢d d6 dai lén hon
nhiéu kich thwdc hinh F.

Pé hinh F dich chuyén dao cho tam O luén trwot trén (d) va mat
phang (F) luén vuéng géc v&i tiép tuyén cha (d) tai O.

Hinh phang F quét Ién dwoc goi la thanh.

(d) dwoc goi la truc cua thanh.

Hinh phang F dwoc goi 14 tiét dién ( mét ct ngang) cla thanh.
Thanh thwéng chi dc biéu dién bang dweéng truc.
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0.4. Céc gia thuyét vé vat liéu

- Vat liéu c6 tinh lién tuc, ddng nhét va dang hwéng.
Cho phép ta xét trén mét phan tdé dé suy rong cho ca vat thé.

- Vat liéu c6 tinh dan héi tuyét dbi.
Te 1a sau khi ngirng Iwe tac dung, vat thé tré vé nguyén
trang thai ban dau.

- Bién dang cla vat thé dwoc coi la bé so kich thwéc né.
Twc la ta coi diém dat lyc trwde sau bién dang ko doi.

“Nguyén ly doc lap tac dung”

M6t vat thé chiu tac dung cta nhiéu lwc thi cac dai lwong
(rng suat, bién dang,...) bang tdng cac dai lwong do tirng
lwe tac dung gay ra.

0.5. Kh4i niém chuyén vi va bién dang
Xét vat thé (T) chiu luc:

Xét diém A thudc (T). Sau khi vat thé chiu
lwe, A > A, do dai AA duwoc goi la chuyén
Vi dai.

-Xét doan thang AB thudc (T). Sau khi vat
thé chiu lwc, AB > A’Bi, goc tao boi
(AB,A'B’) dwoc goi la chuyén vi goc.

- B thay déi AB’ — AB dwoc goi la bién dang dai.
£p=2 i;AB dwoc goi la bién dang dai ty doi theo phwong AB.
-Xét thém diém C sao cho géc ABC vudng tai A, sao bién dang
hiéu hai géc AB'C’-ABC dwoc goi la bién dang goc y.
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Chuwong 1
LY THUYET NGOAI LUC & NOI LUC

1.1. Khai niém vé ngoai luc

- Lyc 1a dai lyc véc to co phwong, chiéu, do Ion va diém dat.

- Néu mét trong 4 dai thong sb trén thay dbi theo thi gian ta cé
lwec ddng, trai lai ta cé Iwc tinh.

- Cac lyc do mdi trwdng bén ngoai (tai trong) hay do vat thé
khac tac dong Ién vat thé dang xét (luc lién kéf) dwoc goi la
ngoai luc.

Phan loai:

- Lwc tap trung (P) 1a lwc tac dung 1&n vat thé tai mot diém. Pon
vi la (N)

- Lwc phan bé (q) la lwc tac dung 1én vat thé trén mot dién tich
du 1&n. Bon vi la (N/m2). Trong bai toan phang ta xét lwc phan
b theo chiéu dai, don vi N/m.

- M6 men tap trung (M) Ia mémen tac dung Ién vat thé tai mot
diém. Pon vj la (Nm)
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TABLE A-3 S| PREFIXES

Multiplication factor

Prefix Symbol
tera T
giga G
mega M
kilo k
hecto h
deka da
deci d
centi c
milli m
micro [
nano n
pico p

1012
10°
108
10°
102
10!
107!
18"
1073
106
10°°

i =

= 1000 000 000 000
= 1 000 000 000
1 000 000
1000
100
10
0.1
0.01
0.001
0.000 001
0.000 000 001
0.000 000 000 001

Note: The use of the prefixes hecto. deka. deci. and cent1 1s not recommended in SI.

SI and Metric Units

1 gal = 1 centimeter per second squared (cm s
for example. g = 981 gals)

1 are (a) = 100 square meters (mz)

1 hectare (ha) = 10.000 square meters (1112)

1erg =107 joules (7)

1 kilowatt-hour (kWh) = 3.6 megajoules (MJ)

1 dyne = 10> newtons (N)

1 kilogram-force (kgf) = 1 kilopond (kp)
= 9.80665 newtons (N)

1 centimeter (cm) = 102 meters (m)

1 cubic centimeter (em®) = 1 milliliter (mL)

1 micron = 1 micrometer (pm)= 10 meters (m)

1 gram (g) = 10> kilograms (kg)

1 metric ton (t) = 1 megagram (Mg) = 1000 kilograms (kg)
1 watt (W) = 107 ergs per second (erg/s)

1 dyne per square centimeter (dyne em?) =10" pascals (Pa)
1 bar = 10° pascals (Pa)

1 stere = 1 cubic meter (1113)

Notes: 1 joule (J) = 1 newton meter (N-m) = 1 watt second (W-s)
1 hertz (Hz) = 1 cycle per second (cps) or 1 revolution per second (rev/s)
1 watt (W) = 1 joule per second (J/s) = 1 newton meter per second (N-m/s)
1 pascal (Pa) = 1 newton per meter squared (N/m"~)
1 liter (L) = 0.001 cubic meter (m3 ) = 1000 cubic centimeters (cm3 )

ThS T66 Minh Ti



Truong PHLN-CS2 Bai giang SUC BEN VAT LIEU 1

1.2. Cac loai lién két

*) Gbi twa di dong, lién két don: I e
han ché 1 bac tw do, do vay phat sinh 1 phan ;;
lwe lién két. Z

*) Goi twa co dinh, lién két doi: I
han ché 2 bac tw do, do vay phat sinh 2 phan —
lwe lién két.

*) Ngam, méi han:
Han ché 3 bac tw do, do vay phat sinh 3 phan
we lwe lién két.

N

Thanh can bang can han ché du 3 bac tw do
theo phuwong hop ly.(>3 thanh CB siéu tinh)

*) Cac trwdng hop thanh can bang co ban:

5 . : ‘
——- =
Simply supported beam C

“antilevered beam

T ——"
i e
Overhanging beam I ,‘I >Te Ls >
() Continuous beam

= 1. ; ’

J
L |

{e) Beam fixed at one end |
and simply supported

( ) Fixed beam
at the other end Lf'
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1.3. Xac dinh phan lwe lién két

Bé xac dinh phan Iyc lién két ta coi thanh 1a ran tuyét doi. Xét
can bang thanh trong khéng gian ta cé 6 phwong trinh:

ZFX =0, ZFY =0, ZFZ =0
ZMX =0; ZMY =0, ZMZ =0
Xét bai toan phang trong toa dd Oxy chi con 3 phwong trinh:

ZFX =0, ZFY =0, ZMZ =0

Tién hanh giai cac hé phwong trinh can bang trén ta tim duoc
phan lyc lién két.

V&i bai toan siéu tinh ta can tim thém cac phwong trinh lién
hé chuyén vi dé cé thé xac dinh dwoc phan lwc lién két.

Hay xac dinh phan luc lién két?

P,=qa v
YAT q M=q/az$‘ ° 4 P2
X C B
s a L) ar

Cac phuong trinh can bang thanh:

Giai hé phuong trinh

ThS T66 Minh Ti 10



Truong PHLN-CS2 Bai giang SUC BEN VAT LIEU 1

Hay x4c dinh phan luc lién két cic trudng hop sau?

1.4. Khai niém n@i luc, ing suit.

Xét vat thé chiu tac dung cda cua
ngoai lyc.

Twdng twong cat vat thé lam 2
phan A va B.

Xét can bang cho phan A:

Phan A c6 thé can bang v&i cac
ngoai lwc la do phan B tac dung Ién
phan A mét hé lyc dwoc goi la hé
noéi luee.

Xét diém AF quanh diém M trén
mat cat co ndi lwc AP ta cé:

.. AP dP
p = lim =
AF—0 A F dF

dwoc goi la tng suét tai M
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Ta dwng _rpfjt hé truc toa dé Oxyz v&i Oz vudng goc véi mat cat
Goii , ],k la cac véc to don vi twong (rng trén cac truc
Ox,0y,0z.

Khi d6 (rng suét tai M c6 thé dwoc biéu dién nhw sau:

p=0.k+7 0i+7T ]

P ]

Trong d6 ta goi: 70\ :._ﬁ

O _ la rng suat phap. .. "

p p > 7

T..» T, 1a cac (g suét tiép. "‘/A
U'ng suat tiep cé chi sO dau? ’
chi phwong phap tuyén cua /
mat cat, chi s6 th( hai chi 7

h > . P3 ] [LLfC]
phwong song song cua (ng dvi= .
suat tiép do. fchié?u dgﬂ

1.5. N@i lwe trong thanh

Xét mot thanh chiu tac dung béi ngoai luc. DPé xét ndi lwc trong
thanh ta cat thanh l1am 2 phan A va B. Phan A c6 thé can bang
do hé ndi lwc ctia phan B tac déng lén.

Hé ndi lwc nay thu gon vé tam mét cat dwoc mot véc to luc
chinh R va mémen chinh M.

R chiéu Ién truc z dwoc lwe doc N,
R chiéu lén truc x, y duoc luc cat Q,
va Q, '

Momen chinh chiéu |én cac truc x, y
dwoc goi la mémen uén M,, M,,
momen trén truc z dwgc goi la
mémen xoan M,.

*) Chu y: Khi mét thanh cha yéu chiu uén duoc goi la dam.
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*) Quy wéc dau cac thanh phén néi luc:

- Céc ndi lvc N,, Q,, Q, mang dau dwong khi ching gay ra
rng suat dwong. Cu thé khi phap tuyén ngoai cua mat cat
cuing chiéu duong cda tryc z thi N,, Q,, Q, mang dau duong
khi ching cung chiéu dwong cuia truc z, x,y, va ngwoc lai

- Mémen udn M, va M, mang dau
dwong néu chung lam thanh cang
vé phia dwong cla cac truc x, y.

- Mémen xodn M, mang dau duong
nhin vao mét cat thay né quay theo
chiéu kim déng hd.

*) Quy wdéc ddu céc thanh phén néi luc:

- Trong bai toan phang, vd khi tai trong tac dung trong mét
mét phang Oyz thi ndi lwc chi gdm 3 thanh phan N,, Q, M,
v@i dau dwoc quy wdc nhw sau:

- N, dwong khi huwéng ra ngoai mat cét

- Q, dwong khi cé chiéu quay phan to dang xét on clockwise.

- M, dwong khi lam cang th&¢ nam vé phia dwong cua truc y.

Nz>0 Q>0

= ==
z v 2 <

vy vV vy

va nguwoc lai thi mang dau am.
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1.6. Twong quan giira ndi lwe va ng suit trong thanh

Ta c6 thé néi rang, ndi lwc 1a lwc phan bé bé mat véi cuwong
dé chinh la cac wng suat thanh phan twong rng. D6 do ta cé
thé tinh ndi lwc nhw sau:

N.=[o.dF; Q =[r.dF; Q,=[z,dF
F F

F

M, =[o.ydF; M,=[o.xdF;M.=|(t y—7,x)dF
F F F

1.7. Biéu d0 ndi lyc trong thanh

*) Dinh nghfa: Biéu db ndi lwc 1a dwdng biéu dién sy bién
thién cta ndi lwc theo vi tri clia mat cat trén thanh.

Biéu dién:

Hoanh dd la dwdng // truc thanh.

Tung dé la dd I&n cua ndi lwc tai mat cat vi tri twong wng.

Biéu d6 Iwc doc (N,) va lyc cat (Q,) chiéu dwong Iy phia trén

truc hoanh.
Biéu d6 mémen udn (M,) lay chiéu dwong phia dwéi.
Vidu 1:
AN
N 70kN
. 80kN 20kN/m 50kN
;K - "; "; "; "; ’_ P ———
™ 2m 5m 3m
A C D B
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AN
3 70kN
~N]  80kN 20kN/m 50kN
< St >33 S N
h 2m Sm 3m
A C ' D L
A—
80N 20kN/m
« < > —> —>—>
y4
80kN 20kN/m 50kN
¢ « > —> —3—3—3>—3 >
2m 5m Z
L _____________________________________________________________________________________________ _@ (N,)
A C D i
Vidu 2: P=150 (kN)

c o
2m 3m

*) Xac dinh phan luc lién két:
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P=150 (kN)

2m 3m

Q)

ThS T66 Minh Ti
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Vidu 3: q=50 (kN/m)

3m

*) Xac dinh phan luc lién két:
3: q=50 (kN/m)

v

Y, 3m

YB
v
O —
Ya 1 z
3: q=50 (kN/m)
J J |
P —
Y, 3m A
® Q)
©
@ (M
ThS 766 Minh T
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Vidu 4:

2m

<\:n=1 50 (kNm)

3m

*) Xac dinh phan luc lién két:

ThS T66 Minh Ti
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Vidu 4:
M=150 (kNm)
3m ‘YB

@o (kNm)

LG
M=150 (kNm)
2 3
YA ‘ m m ‘YB

ThS T66 Mirnh Ti
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viduo: q=6kN/'m  P=16kN
Wilbbin iy .
[ }
| C ,. D, gB
o 2m >!< Lm >!( Im “"

*) Xac dinh phan luc lién két :
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Vidu 5:
/q=6kN,:’m P=16kN

o pell }\4—4an1

Ya= I} ¢ 2; D3 “Y]3=
< 2m sleAm i Im

Ap dung phwong phap mat cat:
Chia dadm lam 3 doan AC, CD, DB.

AC: CD: DB:
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1.8. Twong quan giira ngi luc Q,, M, va luc phan b g

-Xét mét thanh chiu lwc trong mat phéng Oyz. Cac ngoai lyc
tac dung vuéng goéc voi truc Oz(quy wéc dau clha ngoai luwc
hwéng Ién 1a mang dau dwong). Tach ra mét doan phéan té

cua thanh nhw hinh vé.
-Xét CB phan t6 ta co: TN .
»L:(Q +dQ_)—Q.—qdz:0 %“'“""' N »
T NP,
dQ, B 1 2
= dz —1 v

(dz)
2

(dz)’ :
M,—(M,+dM )+Q dz +g— =0 B qua VCB bac cao ¢

“Dao ham cia mémen udn la bang tri s6
dM > Y 5 > N
= y L=Q, cua lwce cat, va dao ham cua luc cat thi
“ bang cwong doé cua lwc phén bo.”

1.9. Phwong phap vé nhanh biéu do ndi luc theo nhin xét
“Tién hanh vé di tr tréi qua phai”
*) Biéu do luc cat Q,:
- Tai dau c6 luc tap trung, thi & d6 cd buwédc nhdy dang bang do

|&n lwe tap trung, va chiéu nhay theo chiéu cla lyc tap trung.
-Néu co Ic phan b bac n thi bieu d6 Q, la dwong bac (n+1).

- Tai dau co Iyc phan bo di xudng thi biéu d6 Q, ciing di xudng va
ngwoc lai. Lwong di 1én hay di xudng ding bang dién tich cla

lwc phan bé trén doan d6 (doQ, = qu2=dién tich lwc phan bd q).
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*) Biéu d6 mémen uén M, :

- Tai dadu c6 moémen trung thi & dé c6 bwéc nhay dung bang do
I&n cia mémen tap trung, Mémen tap trung lam cang thé nao thi
biéu d& nhay vé phia dé.

- Néu c6 Iwc phan bd bac n thi bieu dé6 M, la dwong bac (n+2).

- Néu M, c6 dang dwdng cong thi phia 16m clia biéu d6 M, sao
cho né hirng lay cac mii tén cua lywc phan bo q.

- Nhin biéu dé lwc cét, néu trén doan dang xét lwc cat dwong thi
biéu dé6 M, ddng bién (di xudng vi chiéu dwong ctia M, ta chon
phia dwdi) va ngwoc lai néu lwc cat am thi biéu dé di Ién (nghich
bién). Lwong bién thién dung bang dién tich cta biéu dé lwc cat

trén toan doan d6(doM, = [Qdz = dién tich bidu db Qy).

Vi du 6: 12 kN/m 24 kN
*) Xac dinh phan 4 Loy n
Iue lién két : B ég
«—1.6 m—f«—1.6 m——F—1.6 m—
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Vidu 7:
*) Xac dinh phan
Iuc lién két :

Vidu 8:

4 kN/m 8 kNr 4 kN/m
& _ ‘_l m 4 L I
Im
B KN
«—2m 2 m—«—2 m—4«—2 m—
3 kN 1.0 kN/m
4 FEERETREY!

«08m>«08m+~—16m——

ThS T66 Minh Ti
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Vi du 9: V& biéu db mémen dém tinh dinh nhiéu nhip.

A

\ 4

40 kN

1.5 kN/m

.

v N

B

LI.O m—{«1.0 mJ‘— 20m—

40 kN

M
-«

|

|~» 10m—=>«<10m-

40 kN

A Y

BKNmM

P=?

1.5 kN/m

F Y Vv

L—z.om—4

ThS F66 Mirnh Ti
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BAI TAP: Vé biéu dd ndi lwc lwe cit va mdémen.

6.0 kN 2.0 kKN/m 40kN 1.5 kN/m

p  J C B A Y i J' B
]
0.5m
’-—1.0 m-—>=1.0 11'1--'—2.0 m——> LI_O m—<«10 mJ— 20 mll

I* 5.0m an 1.0 m—=

|~—2m **—2m I- 2m Em—'l

L/b=? Dé mémen gilra ddm =0 a=? Dé mémen dat min
q g
4,.”HHLH HD FEEERREER Ll
‘ B C ‘ N B
— b ! L e ‘r‘ a |
I L |
P 2P
. , ~ X |- d
- x=? Pé luwc cat max? !
-x=? BDé mémen max? A 15
(P=10kN, d=2.4m L=12m)  +> AN
|
- |
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Chuwong 2
KEO, NEN PUNG TAM
(]

Bolt

Cylinder
& N\
L’ _
T = ,f i

\
\

f,

N

B | .. Ep & e

Chamber

A<

Compression

Howe Bridge Truss Pratt Bridge Truss

Howe Roof Truss Pratt Roof Truss
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2.1. Dinh nghia
- M6t thanh dwoc goi la chiu kéo nén dang tdm / JE',"’_:

néu trén moi mé&t cat ngang cta thanh chi cé

thanh phan lwc doc N,

1
i1 16 in.

-Lwc doc N, cob thé tim duwoc thbng qua

phwong phap mat cét.

- Trong thwc té: cac xa chdng, cot dién, thanh gidng, day
vang cau treo... la cac trwdng hgp chiu kéo nén dang tam.

2.2. Ung suit trén mit cit ngang

1

*) Thi nghiém:
- Xét mot mau thanh chiu kéo > Q ~

e 1 [

dung tam.

- Trwée khi kéo: vach Ién mau cac
dwong thang // va L truc thanh. khi kéo

. |mé¥cét ngang |

- Quan sat mau sau khi kéo:
Puwéng // truc van // truc. kic
gitra ching khéng dbi. ( =
Pwong 1 truc thanh van 1 k
nhwng khoang cach da thay déi

= Gia thuyét vé bién dang:

- M&t cat ngang: ludn phang va - véi truc thanh.

-Th& doc: ludén // truc thanh, ko chén ép, tac dung Ién nhau.

-Qua trinh bién dang tuan theo dinh luat Hooke: 0. = E¢.
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*) Céng thirc tinh (rng suat: . -
- Dwa trén gia thuyét vé bién dang: :

Gia thuyét vé men-> cac (rng suét tiép bang khong.

Gia thuyét vé thé doc >0,= o, =0, chicon o,

Theo cdng thirc lién hé noi Iwc va irng suét ta co:

N, = _[ o.dF
F LA
Trong do6: o, =Eg, = const trén toan mat cat F nén:
N.
N, =IJZdF=GZF:>O'Z = FZ

2.3. Bién dang thanh chiu kéo, nén dung tam

Thanh chiéu dai L chiu kéo (nén) sé

dan ra (co lai) mét doan AL dwoc goi

la bién dang doc thanh.

*)Cong thire tinh bién dang AL :

Ta cé& J

e =2 pr—ed=Ta=N g
dz E EF

:ALzIAdzzI%dz

I
Trong d6 E dwoc goi la médun dan héi hay hang sé Young.
Tich EF dwoc goi la dé cirng chiu kéo, nén cua thanh.

Dién tichbiuds N,
EF

rd > 1
Néu doan co EF ko ddi: = AL = —dez -
EF
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*) Hé sb poisson:
Khi thanh bi kéo dang tdm bdi lwc P theo
phwong z, phwong z bi dan ra véi bién §
dang ty déi 1a €, thi phwong vudng goc x, = §.
y bi bién dang co lai v&i bién dang ty dbi:
&, = Ey ——lIE

Z
Hé sb p dwoc goi la
hé sb poisson — tén
cla ngudi tim ra né.

Hé sé poisson mét sb vat liéu:
Hinep=0,25-0,33; Ug3ng=0,31-0,34; Uop 5,==0,47

2.4. Vi du tinh thanh chiu kéo, nén dung tam

Vidu 1: Cho a=60cm, b=24cm, c=36cm. F=15cm?, E=200GPa
P,= 270kN, P,= 180kN, P;= 130kN,

Hai.

- ng suét trong thanh? A__B__
- A pp=? y B C D
- P, thay d6i? D& A,,=0. — NN
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Vidu 2: lPA Tinh U'S trong thanh va chuyén vj tai A
A
F1
E|
i
B "
F
E, L,
C _Y
Vidu 3: lPA Tinh US trong thanh va chuyén vj tai A
A
Fiq Ly
E,
I
B’ -
g il L
F
Ezg Ly
C
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Vi du 4: Tinh chuyén vi tai C?

—( ®
4|
P
Ly
» a e R
T D
+—( eB oD Eg)
P,
L, v )
F2
v Ct (@)
Py

Vi du 5: Cho L=3m, F=3900mm2,E=200GPa l“’
a) P= 650kN. Hoi Ag=? c P
b) [P]= 2. Biét [Ag]=1,5mm.
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Vidu 6: Cho Fge=11,1mmZ2,F-=9,28mm?, E=200GPa

f—15m—f—15m—p—21m—

Tim chuyén vi tai A, D?
AC' BP o) — ?D
f
P, = !;kN 24m P, = 3,6kN
|

Vi du 7: Tim chuyén vi tai C, biét do cirng cla thanh la EF.

A A h
a
l P
c —
L
b
B Y y
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Vidu9:

A horizontal rigid bar AB is pinned at end A and supported by two wires (CD and
EF) at points D and F’'(Fig. 2-18a). A vertical load P acts at end B of the bar. The
bar has length 36 and wires CD and EF have lengths L, and L,, respectively.
Also, wire CD has diameter d; and modulus of elasticity F;; wire EF has
diameter d, and modulus £,.

(a) Obtain formulas for the allowable load Pif the allowable stresses in wires
CDand EF, respectively, are o and o. (Disregard the weight of the bar itself.)

(b) Calculate the allowable load P for the following conditions: Wire CDis
made of aluminum with modulus £ = 72 GPa, diameter ¢, = 4.0 mm, and
length L, = 0.40 m. Wire £F'is made of magnesium with modulus £ = 45 GPa,
diameter d, = 3.0 mm, and length L, = 0.30 m. The allowable stresses in
the aluminum and magnesium wires are o1 = 200 MPa and o» = 175 MPa,
respectively.

C
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The aluminum and steel pipes shown in the figure
are fastened to rigid supports at ends 4 and B and to a rigid

. T plate C at their junction. The aluminum pipe is twice as
4 E E /Steel pipe  long as the steel pipe. Two equal and symmetrically placed
I 1§ loads P act on the plate at C.
pl B lP (a) Obtain formulas for the axial stresses o, and o in
v bl the aluminum and steel pipes, respectively.
‘ | ] (b) Calculate the stresses for the following data: P = 12 k,
i cl . cross-sectional area of aluminum pipe 4, = 8.92 in.%, cross-
: : sectional area of steel pipe 4; = 1.03 in.?2, modulus of
; : elasticity of aluminum E, = 10 X 10° psi, and modulus of
E E elasticity of steel E; = 29 X 10° psi.
: il _~Aluminum
4 | :/ pipe 1in=2,54cm
5 ; 1kip(k)=1000 pound(lb)
: : 11p=4,45N
B | | 1psi=6890Pa(N/m?)
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2.5. Thi nghiém kéo, nén vat li€u

Dé kiém tra co tinh mot vat liéu sau khi ché tao - tién hanh thi
nghiém. Thi nghiém kéo, nén la nhirng TN° don gian giup ta
xac dinh gi¢i han pha hdy cua vat liéu.
Mau thi nghiém:

Kéo: Nén:

LLLLRLALAL A GLLLLLALALRLL

Vat liéu ndi chung chia [am 2 nhém:

- Vat liéu gion nhu: gang, béténg, gém... bi pha hay & BD nhd.
- Vat liéu déo nhu: thép, nhém,... bi pha hiy & Bdang lon.

*) Muc dich thi nghiém:

- Xac dinh kha nang chiu lwc.

- Xac dinh kha nang chiju bién dang.

- P6 thi quan hé bién dang va luec.

- So sanh dac tinh gilra cac vat liéu khac nhau
*) Cha y:

Khi thi nghiém can gia tai cham dé quan sat

qua trinh bién dbi ciia mau.
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*) Két qua thi nghiém KEO:

a
El’
- - ’.
Ultimate— | 2D
stress 07
) . S\ ! E
Yield stress N B Chay S 1 Fracture
. 7 I
Proportional | /|4 /! l
limat (2 LA v/
\:’ I N )
' 1 X
I I Kéo VL DEO v
O ' 1
Perfect Strain Necking
Linear plasticity hardening
region or yielding
A, B can quan tam.
Oa= Oe Og= Oben

Kéo VL GION

Piém A, B, D
can quan tam.
Oa= Ote

0-B Ochéy

cj-D O-bo:en

BD ty dbi:
L-1,
L

&= 100%
0
Do thét ty dbi:

W= 4 - AOl()O%

0

Tuy vay do vat liéu gid bién dang rat
it trwdc khi pha hay nén:
> Khé phat hién dwoc diém A.

>Gidi han bén VL gidn kha bé so voi
vat liéu déo.

ThS T66 Minh Ti
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*) Két qua thi nghiém KEO: Bién dang mau

|
1

Arms N

LA LA RAL L LU LLAALEL

VL DEO

L AR LALEY LLLAATTRRRAL

) i)

VL GION

SIS i

*) Két qua thi nghiém NEN:

o (ksi)
80 /
60 /
40 | _
Nén VL DEO
20 (—4 { ¥
o o
00_* 02 " 04 ¥V 06 0.8

2

VL Déo: van c6 xd dwoc Oye, Ocnay
nhwng khé xac dinh dwoc gidi han
bén do VL déo chju dwoc bién dang
rat lon.

VL Gion: ta van chi xac dinh dwoc
gi¢i han bén, nhwng no lén hon
nhiéu so v&i gidi han bén khi kéo.

VL GION

ThS F66 Mirnh Ti
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KEO (kN/cm?) | NEN (kN/cm2)
Vat liéu
(ka cm?) Ochay Obén | Tchay Obén

Thep 4 = = o

CT3 2,110 0,24+0,3 24 38+47 24 - 21+23
m (1,15+1,7).104 0,2+0,3 12+29 12+38 - 50+140
Bé téng " | 0,025 -

(0,47+0,31).104 0,10,2 --- £0.175 - 1+7 -

Hop

kim 1,12.104 0,33 70+80 80+90 - -——- 22+15

Titan

*) Két luan:
- Vat liéu déo chiju kéo va nén déu tbt.
- Vat liéu gion chiu kéo kém hon VL déo, nhwng lai chiu nén tot.

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

*) Ung suét cho phép [o]:
-VL déo: 18y O pnep=01=0nay -
-VL gion: 1ay Oy, phép=10]=Open.

*) Ktra diéu kién bén:

zmax ? Z min

O-w
lo)- %

-VL déo: max!c
\ n

k
o]
L. . — h i <
-VL g|0n. O, ax < [O-]l\ & _11 |O-z,111111 =0 a

n >1 dwoc goi la hé sé an toan.(sao can n?).

n I&n thi an toan nhwng ton kém vat liéu va nguwoc lai.
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Chuong 3
TRANG THAI UNG SUAT

3

y .
D L > )
/ | | Tl N
Toy | Txy ‘
Ox : 'y o Ox O Ox
‘- et | —m— < 9] 3
/Vi' ! !
7 I Ty
- o7 *pT Ty =

3.1. Khai ni€ém
- Vat thé chiju lwc, cit mot men qua M, tai M ¢é véc to (Png suét
toan phan p,.
- Qua M c6 vo sb cat mat cat
khac nhau, (rng v&i méi men
do ta cling c6 mot véc to rng
suat tai M.
-Tap hgp cac véc to wng
suat tai M dwoc goi la trang
thai (rng suét tai M.
- Trong tép hop cac véc to
&ng suét tai M, chi c6 3 véc
to U'S trén 3 mcn doc lap.
- D& nghién ctru rng suét tai moét diém ta xét phan té hinh hép
vé cuing bé bao quanh diém dé.
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- 3 véc to US ddc lap trén 3 mat cat vubng géc véi nhau.

- Gan hé truc Oxyz I&n phan tb.

Zz
- Chiéu véc to US trén mdi mat hinh ©:
hép 1én 3 truc ta dwoc 3 thanh phan. T_ tZY,I

- 9 thanh phan trén biéu dién cho ta

TTUS tai mét diém:

C, Ty T
17, =|t,0, T,
T, T, O

T,dwoc goi la ;en-xo’ (rng suét.
Do phan té6 CB, =M=0 nén ta cé:

Z

vz
o,
tx: J——h Y
it
o/ v /#—-
y
L

=8y 62=Coy C=0e Dinh luat doi (rng ctia trng suat tiép.

3.2. Miit chinh — Phuong chinh - Ung suat chinh

ZI

U~z Phuwong chinh
/C;u:p

T

- Mat cat trén d6 chi co U'S phap duwoc goi la mat chinh.

Khi d6 (rng suét toan phan p vuéng géc véi men. o,=p
- Phwong phap tuyén ctia mat chinh dwoe goi la phwo’ng chinh.
- ng suét twong tng trén mét chinh dc goi la tng suét chinh.
- Phan té chi c6 ng phap trén cac mat dc goi 1a phan té chinh.
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O3
- Ng ta chtrng minh dc: tai 1 d luén c6 3 mat chinh vudéng goc
v&inhau. Trén dé c¢6 3 U'S chinh ky hiéu la: 0,>0,>0,.

- Néu chi c6 1 U'S chinh # 0 ta goi la TTU'S BON.

- Néu chi cé 2 U'S chinh # 0 ta goi 1a TTU'S PHANG.

- Néu tat ca 3 U'S khac 0 ta goi la TTU'S KHOL.

3.3. Trang thii rng suit phing

.

-TTUS phang dwoc xd bdi 3 théng sb o, o, va (,=C,. Tlr do
ta ¢ thé xd dwoc (rng suét trén mcn béat ky(//z)
*) Quy woc dau:
- 0y, 0, mang dau dwong khi chiéu hwéng ra ngoai phan té.
ny'ny mang dau dwong khi né nam trén mat duwong thi
hwéng vé chiéu dwong, nam trén m&t am hwéng vé chiéu am
_cua truc. Ngweore lai la am.
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*) Xd irng suat trén mcn bat ky(/z).
Xét mcn co vécto phap tuyén u véi (u,x)=6.
Ta st dung pp mét cét dé tim o, va g, :

Xét phan t6 CB ta co:

2 X=0:
o, Fcosf—7 Fsinf—o Fcosf—7, Fsinf=0
$Y=0: (1)

o f'sinf+7, FcosO—o Fsin@—r, Feosd=0
, (2)
Trigt tiéu F,cha § g, =C,, lAy:
(D.cos@+(2).smB=? ; (2).cos@—(1).sinf="?

_ 2 . 2 -
o,=0,c08 0+0 sin" 0+7, sin20

o.-0,
S *sin 26+ 7, cos26

la CT xd cho ta gtri (*ng suét trén mcn

bat ky. Dac biét:

Khi 8=0°: 0, = o, va ¢, = ,,

Khi 8=90°: 0, = 0, va {,, =- ,,

Bién dadi pt trén ta co:

o - o.t+0o, +0'x—0'y
! 2

cos20+7, sin26

y

sin 20+ 7, cos26
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>—=017,=0>1220_ =
do

Tinh gié tri (’ng suét phap o, ?
Khi d6 a=6+90°
o,+0, 0,-0

o, = - > cos260 -1, sin26
2 2 !

—o0,+t0,=0,+0,

“Trong truong hop US phdng téng US
phap trén hai mcn L+ v&i nhau luén Ia
hang sb6 va khéng phu thudc géc 6

Ma chi phu thudc vao??

d 0,—0, .
O :2[— 5 - sm29+rxy60529]:21w

do ZTX),

o.—0
“Trong US phéng khi U’S‘ phap datycwc
tri thi do la US chinh va bang:

2
o +0 o0
— _ y x y 2
Tmax =O120) =7 i\/{ ) ]*’Tw

min

2
tai goc: 6’5=%actg( i }

o -0

X v
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dt

Tinh: —% =7

inh: =)

d 0,—0, .

o = 0820 -7, sin26

dé 2 ’

T 0,-0,

= —2=0&1g20 =— ~=—cotg26,

0 27

“Trong US phang US tiép dat cuc trj
bang:

2
0,—0, o,—0
T =i[x }]+r;,=i—‘ :

taigoc: 6. =6_+45°

*) Vidu 1: Xd US trén phan tb khi quay goc 15° on clockwise.
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*) Vong tron Mo tng suét:

o,+0, 0,-0, .
o, = + cos20+1_ sin26
2 2 g
c.—0, .
T =- ~sin260 +7_cos26
uv b xy - [O'I+o'y ]
.0
2
o +o. ) c.-c Y
Mo, ———2L| ) = —2 | +1]- 3
2 2 O-x_o- 2
R= ~ | +7,
pt c6 dang pt dg tron trong hé truc L 2

(Oo,C,,) tdm C ban kinh R dwoc goi
la vong trén Mo (ing suét.
P(o, , ) dc goi la diém cuyc.

*) Vong tron Mo tng suét:
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*) Vidu 2 : Vé vong 70 30
tron Mo U'S ctia phan /\h —
t& cho nhw hinh v&. A P10-40)
I 10 MPa 40
B 4
o ‘/ C Oy
I ‘ l 50 MPac— '
—|| o - .
40 MPa \
I «—20—> PZ B
50—k 10>

*) M6t so truong hop TTUS phang déc biét.
- Trwot thuan tuy (pure shear): 0, =0, =0
_o,to, o.,-0O

o, = +——=c0s20+1,, sin20
2 2 g
c,—0, .
Ty =— sin 26 + 7, ,c0s260
2

o, =1, 8in20

T, =7,,0820

O-max/m — iTXy

T =T

max Xy
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*) M6t s6 truong hop TTUS phang déc biét:
- Trwot irng suat don :(, = o, =0
o +to, O©0,—0 ,
o, = ~ 4+ ~c0s26 +1,,sin 20
2 2
o_— O'y

T, =—— sin 20 + 7, ,c0s20
2

o = %(1+c0526')

G 2

3.4. Quan hé @rng suat va bién dang

*) TTUS don: y
Hang so lién hé gdbm posion p va moédun E.
o (o)
gxz—x;gyzgzz—ﬂEx Oy Ty
— O— —

*) TTU'S phang:

Hang sé lién hé gébm posion p va médun E, G. v

gx%(ox_wy);gy%(oy_wx)

£, =—%(O’x +0'y); Y =%y & .,I 5 f* T
Trong d6é: G = 5 (f+ ) -:
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*) TTUS truot thuan tuy:
Hang soé lién hé la médun trwot G.
r
gngy:gzz(); Ve =—
*) TTUS khoi:
Hang s6 lién hé gbm posion py va médun E, G.

1_ —

_ _ T,
E. = Z _O'x U(O'y +0, )_ Ve :E
— 1 [ ] . Tyz
<6‘y—E_O'y—U((TZ+(Tx)_ va  (7.=
1 ] — rzx
gZ:E O'Z—U(O'x+0'y)_ Vo=
3.5. Cac thuyét bén
*) Khai niém:
O TTUS don dé ktra bén ta lam:
z I l O-:h
VLdéo: maxlo |lo . -S[O']:—
| = zmax zmin | | n
k n
. o, . o,
VLgion: o, <[c] ==* va |o,,[<[c] ==
n i n

Trong do: cac [o] dé tim dwoc qua TN kéo nén don gian.

V&i TTUS phang, khéi ta khé xac dinh dwoc diéu kién
bén do d6 ng ta dwa ra cac thuyét bén — la cac gia thiét
vé nguyén nhan gy ra sw pha hay vét liéu. Ttr dé tim ra

(rng suét turong duong dé cé thé kiém tra bén.
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TB4: Thuyét bén thé nang bién déi hinh déng( TNBPHD)
“Nguyén nhén co ban gay pha hay vat liéu la TNBPHD”

\/0'12 +0, +0; —0,0, 0,0, —0,0, <[0]
Han ché: chi phu hop vat liéu déo.
TB5: Thuyeét bén TTU'S t6i han — Thuyét ben Mo:
“Thuyét bén dugc xay dwng tor KQ thi nghiém - vé vong tron Mo
= vé duong bao gidi han = mién an toan = Thuyét bén Mo’

[O-]kéo o, < [0'] -

[O-]nén C:

o,

Han ché: ko xét dén o,. yw 5

A

O, — C
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Chuong 4

PAC TRUNG HINH HOC
MAT CAT NGANG

128

Truong hop nao dé uén hon?tai sao? l
y

=T
3
i

(a)

(b)
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4.1. Momen tinh

*) Dinh nghia: ' i ty F
- M& men tinh cua hinh F doi v&i diém O: "
S, = [oMidF -
F
- M& men tinh cla hinh F d6i v&i truc Ox, Oy: |
X

@)
"

szjde;Sy:J$dF g
F F

The nguyén cda S 1a [chiéu dai]3. S cé thé >0,=0 hodc <O0.
Néu truc x co S,=0 thi truc x dwgc goi la truc trung tam.
Néu diém G c6 S;=0 thi G dwoc goi la trong tam.

Giao hai truc trung tdm dwoc la trong tam.

*) Cbng thire xac dinh trong tam:

S,
S, =Y F %=
SJ'

> 3
S =x .F
y G

| F

*) Cach xd trong tdm hinh dwgc ghép tir cac hinh don gian:
Budc 1: Chon mdt hé truc tao do ( bat ky), sau do tinh cac
moémen tinh cua ttrng hinh nhé déi v&i hé truc vira chon, va
tinh dién tich cac hinh nhé.
Budce 2: Tinh toa dd trong tdm G trong hé truc toa dd vira chon
theo cdng thirc sau:

_ S:!;E _ Zsy(%') ) _ SJ:Z _ ZSJJ[i)

:r, - 1y, - -
’ FZ ZE:’) ¢ FE ZE:’J
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*) Vi du 1: xac dinh trong tam.
- Chon hé truc toa do. - =
- Tinh mémen tinh S cla tirng hinh. =5

Hinh vuéng: —

rl

S . =

yl

Tam giac:

Suy ra trong tam:

*) Vi du 2: xac dinh trong tam.

Hinh khoét réng coi nhw hinh
binh thwdng véi dién tich am.
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4.2. Momen quan tinh

*) Binh nghia: ' ty .
- Mén'ien quan tinh déc cwe clia hinh F doi _

v@i diém O: Jp _ _[deF "

- Mémen quén tinh cFl]a hinh F dbi v&i truc 7

e = Iyng; J, = szdF 0 =

F
- Mémen quén tinh ly tdm dbi v&i hé truc Oxy: J w = Izde
Néu J,,=0 thi hé truc Oxy dc goi Ia hé tryc gt chinh.
Néu hé truc gt chinh c6 géc O=G thi dc goi la hé truc gt chinh

trung tam.

*) Tinh chét:
-Thir nguyén cla J la [chiéu dai]4

- Jps Jy Jy 1udn >0. nhwng J,, co thé >0, =0, <0.
- H|nh co truc doi xirng thi truc déi xirng cung véi mot truc
vudng goc tao nén hé truc quan tinh chinh.
- Hinh dwore gédm tir nhiéu hinh don gian thi tinh J, S hinh I&n
bang téng tir cac hinh nhé: y

&:iq g:ig
i=1 i=l1

=iﬁ g:iﬁ
=1 i=l1
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4.3. Cong thirc chuyén truc song song

S =5 +al;S =S5 +0F Voo ty .

J =J +2bS +d’F /ﬁ
X,

J =J +2bS +b°F <
v y y

e

J =J +aS +bS +abF

uv Y x Yy «b
o

- QD P

A 4

Néu hé ban dau oxy c6 gbc 0=G trong tam: O

-~

J =J + a’F
i, =J +b0°F
J = me + abF

.

4.4. Cong thirc xoay truc

u=Xxcoso-+ysino
V=Y COSO-XSIno

S IvdF j(ycosa Xsma)dF S cosa — S sina
F

S = J. I(Xcosa + ysin a)dF S, sina + 5 cosa
F F
J + Jq J - v o
J, = 2 5 ~cos2a —J sin2a
J g J =
i, = 5 L ¢ =2 L cos2a + J-ry sin 2a
J —J .
J = : Lsin2a + J, cos2a
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4.5. Dic trung hinh hoc mét so hinh don giin

*) Hinh chi¥ nhat: y
3 3
go=0, g U0
“ 12 A
*) Hinh tron:
7 - zR'  nd'
e =
2 32
~R'  rxd

J :J —_ —_
E ¥ 4 64

*) Hinh tam giac:
g = O G+
‘ 12 g 12

4.6. Vi du tim dac trung hinh hoc

(a) y Tim mémen qt chinh trung tam J,, J, ?
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Tim mémen qt chinh trung tam J,, J, ?

¥

0,5d

Yo

Tim mémen qt chinh trung tam J,, Jy r
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Chuong 5
XOAN THUAN TUY

M. =E[W(Nm/s)}
w| radls

- Xoan thuan tay la trwong hop thanh chiu lwc ma trén moi mat
cat ngang cla thanh chi cé ndi lwc mdmen xoan M,

- Quy wéc dau: M, mang dau dwong khi nhin vao mat cat
ngang thay chiéu M quay cung chiéu kim déng hd.

- Xoan thuan tay xay ra khi thanh chju mémen hay ngau lyc
nam trong mat phang vuéng goc véi truc thanh.
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*) Biéu d6 médmen xoén: 1a dwdng biéu dién sy bién thién cua
moémen xoan theo vi tri cia mat cat trén truc.
- Xac dinh bang phwong phap mat cat.

) Vidu 1: , ] My,
Cho truc AE c6 thé quay ko ﬁqi qi (N

ma sat quanh A,E. o l 2l 3
M,=275Nm, M,= 450 Nm, EA; = T o o
M,=175 Nm. ="B C D~

Vé biéu dd mémen xoan?

Tai dau A va E mdémen bang bao nhiéu?

*) Nhan xét:

. {'J

ML

275Nm

60
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*) Biéu & mdmen xodn: Ma M,=500Nm  M,=200Nm
Vidu 2: - m=150 Nm
- Xac dinh phan lyc lien | '
két tai ngam: W S
MA= . 3a | a=0,2m
MA

m=150 Nm/m

M,=500Nm

m=150 Nm/m

*) Biéu d mémen xoén: Ma=210Nm

Vidu 2: m=150 Nm/m
S ARSI —
*) Nhan xét: SRR v
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*) Biéu d6 mémen xoan:

Vidu 3: M,=120Nm
m=400 (Nm/m)

C1:Tinh pluc lién két M,

M,=300Nm M,

[

roi vé theo chiéu >

0.3

0,3m

C2:Vé ngay tir dau tw do
thpo chiéu €& sé ko
can tinh plyc lién két.

tSOONm
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XOAN THUAN TUY THANH TRON

5.1.Thi nghiém xoiin thuin tiy thanh tron

MA&u thi nghiém:

Cac dudng
doc truc

Cac dudng
tron ngang truc

Kep m&u vao mam cap:

6
F
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So sanh mau TRUOC thi nghiém:

Va SAU thi nghiém:

Mo ta qua trinh bién dang:

> Gia thuyét
vé bién dang

SAU ,»” |

Gia thuyét vé mat cat ngang: trwdc va sau khi chju xodn mat
cat ngang ludn tron, phang va vudéng goéc voi truc ctaa thanh.
Khoang cach gitra ching khéng dbi.

Gia thuyét vé ban kinh: trwéc va sau khi chiu xoan ban kinh
tai moi mat cat ngang khéng dbi.
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5.3. Ung suit khi thanh tron chiu xoén

Mb ta qua trinh bién dang:

/

> Cac &rng
suét‘phép
bang O

-> ’Chi’cé rng
suat tiép z_,
khac O

Tnax =7

(b)

ThS T66 Mirnh Ti 65



Truong PHLN-CS2 Bai giang SUC BEN VAT LIEU 1

Hinh dang méu bi pha hay khi chiju xoan t&i han:

Tinh T,
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Tinh T, : /“\
Ta co: = _pdy (L5
7, =y.G= G \
dz \_/
Mat khac:
M, =IfzrdF-p=Ipd¢GdF-p t,= wck P
7 F dz rJ
p
_ Gd;‘w I prdF = Gd¢ J, o la ban kinh
z dz tai diém can
- N\ 49 _ M. |innus tidp.

momen quan
tinh déc cuwc
cua men. (Jp)

dz GJP

*) Biéu d6 (rng suat tiép - (rng suat tiép I&n nhat:
Cp ty 1€ thuan voi p va c6 phwong vudng goc voi ban kinh.

C.ax t@i cac diém nam trén chu vi (p=R):

J . .
W, = Ep la mémen chong xoan ctia men. L. o

n(D*-d*) aD* 4ot 4
J = = l-a”) = 0.1D"(1-a
7 32 32 (1) (1)

J 3 _ 4
W, :_P:M:().zﬁ(l_a‘*) d
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5.4. Bién dang ciia thanh tron chiu xoin

TaCéZ d—(P=£:>d¢= MZ dZ

dz GJ, GJ,

=0 :J‘ M, dz GJ, dod cirng khi xoan.
¢ co don vi la radian.
Nxét: ¢ chinh la dién tich biéu d6 M,/GJ, chiéu xudng truc z.
Néu trén doan thanh c6 GJ, va M, const thi:
M.
GJ,
Néu trén thanh gdbm nhiéu doan c6 GJ, va M, const thi:

s (M ]
Ve ;[GJP ]

5.5. Piéu kién bén va diéu kién cirng thanh tron chiu xoén

)<

€0:

* Didu kién bén: max(|1) =m [
Cach xac dinh &ng suét tiép cho phép:

- Theo thi nghigm:  [¢]=—
n

—

o]
- Theo thuyét bén U'STLN: [f] =

- Theo thuyét bén TNBDHD: [7]=
*) Diéu kién cirng:

max(|6’|) = max(g/[—;

P

Sl o

[6] c6 don vi I
Jg 4] radian/[chidu dai].
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5.6. Cac dang bai toan co ban tinh thanh tron chiu xoéin

*) Bai toén kiém tra: Moi thong sb d cho, ktra bén, cirng?

max(|1:|) =max[|\l\$: JS[T]; max(|0|) =max[2§1 ] S[H]
*) Bai toan thiét ké: Tim théng sé kich thué'c men?
max(|MZ )

W, >

1] = b= #0.2[r](1—a4) =12} Ta chon:

D> max([D] .[D],)

. ZTQ]Z:}Dzi/o.l[ew](l—.sz‘*)c; -2l

*) Bai toén tim tai trong cho phép: Biét vat liéu, kich thwéc men.
M, <W,[1]=[M,]

M <anfo=pu], S

5.7. Vi du tinh thanh tron chiu xoén

*) Vi du 1: Truc dwdng kinh d=30 mm, quay ko ma sat quanh A,
E.Tai C c6 mbmen dénT2= 450 Nm, tai B va D
c6T,=275Nm and T,=175 Nm, chiéu dai Lgc=500 mm
and L;p=400 mm, modun G = 80 GPa.

Determine ., trén truc va goc xoan twong déi @gp?

y 5 T

:?k )
AIEER
N |
I'”i" gy,
I"“’I"
o)

D

| B
—Lc—1Lcp™

*) Gidi vi du 1: dé tim ., trén truc ta ap dung cong thirc:

o)~ 2]
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*) Vi du 2: Truc dwéng kinh d=50 mm. Céng suéat déng co’ truyén
tai A 1a P,=50 kW, tan sb f=10 Hz. Banh rang B va C yéu
cau coéng suat P;=35 kW and P=15 kW, (Cho G=80 Pa.)

Determine ., trén truc va goc xoan twong dbi @,.?

'-—1.0 m~—‘ ’7 1.2 ma‘
Motor Ty=T96N-m  Tz=557N-m  T-=239N.m
il B o= (‘ e
I B P s

50 mm
N

*) Vi du 3: Cho tryc bac (d;=30mm; d,=20mm) chiu xo0an b&i
mémen T,= 500 Nm, T,=200 Nm, chiéu dai L,=600 mm and
L,=400 mm, modun G = 80 GPa.

Determine ., trén truc va géc xoan ¢ tai dau tw do C?

I

.

] )
/ i A’ RN
| L R

*) Vi du 4: Tim x dé gbc xoan tai dau tw do @,= TL/GJp

X 7
s 8 Iy Iy T
2

e —

1 2 3
<« x L - x—>
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5.8. Vi du tinh thanh tron chiu xoin siéu tinh

s ¢ ,Ips B
T, - / L Ip
R—— == TO ——

*) Vi du 5: Xd goc xoan tai C?

L, Lp

20 mm 25 mm
« | rc l B
e —

e— 225 Mﬁl-
*) Vi dU /: dy Ipy “ Ipp .
-Tim a/L? d& ndi lvc M, 4l N re M:
trén hai doan=nhau? [ >
-Tim a/L? dé U'S tiép Ion | To
nhat trén hai doan=nhau? a ’

» L >
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*) Vi du 8: Tim gdc x0an I&n nhét trén truc.
To 2Ty

A (BN [N b

*) Vi du 9: Tim x dé goc xoan tai B,C dat max? Tim max?
I Iy

U [N
e S B v

*) Vi du 10: Tim x? dé hai dadu ngam c6 mémen lién két =nhau?

|-t— 25 1n. «— 251n. —'|

|4 |30 ) B|

24 3.0
m. in.

*) Vi du 11: Xd gbc xoan tai B?

@
/Tube 2 /\B

Bar (1) h > Bar (1) —
. T
End dp d»
plate
Tube (2) -
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Chuong 6

UON PHANG

|- 350 mm -

6.1. Khai niém chung

A B

-Tai trong tac dung Ién thanh, khién thanh bj cong di, ta noi
thanh chiu uén.

-Bg biéu dién truc ca thanh khi chiu uén dc goi la dg dan hoi.

- K/c tir vi tri ban dau ctia méi diém trén tryc toi vi tri diém do
trén dwong dan ’hc“)i du'cyc goi la chuyén‘vi .

- Géc tao bai tiep tuyén cua dg dan hoi v&i dwdng nam ngang
dwoc goi la goc xoay ¢@. Xét chuyén vj bé ta cé: g=y'.

- Thanh chi yéu chiu uén dwoc goi la dam.
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-N&i lwe xuét hién trong ddm tén tai ca /e cdt va mémen udn.
Néu chi tén tai mdmen ubn ta goi dam chiu uén thuén tuy.

- Trong chwong nay ta chi quan tdm t&i ddm c6 méat phang dbi
xirng(Oyz) va céc tai trong tac dong 1én dam déu thudc mp dbi
xieng Oyz thi khi d6 ta goi dé la ddm chiu uén ngang phéang.
Mé&t phéng ddi xirng chira tai trong khi do dc goi la mp tai trong.

6.2. Uon thuan tay

-Néi lwc xuét hién trong dam chi tdn tai mémen udn ta néi dam
chiu udn thuan tay.

M, M, P P
A B
-& T A ¥ ¥ B
v ‘ A
< (0 —>| -~ a—-‘

P

Pa
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*) Thi nghiém:

- Xét mdt mau thanh chiu ubdn
thuan tay.

- Trwde khi ubn: vach Ién mau cac
dwong thang // va L truc thanh.

- Quan sat mau sau khi uén: M M
Puwong // tryc tré thanh dwong <>
cong van cung // truc. k/c gitra
chung khéng dbi.
Pudng L truc thanh van L .
= Gi3 thuyét vé bién dang:
- Mét cét ngang: ludn phéng va L véi truc thanh.
- Thé doc: ludn // truc thanh, ko chén ép va ko tach xa nhau.
- Cac goc vudng trudc sau bién dang van vudng.

*) Quan hé bién dang:

- Quan sat mau ta thdy co6 cac thé
co lai, c6 théd gian ra, danh gioi
gitra hai vung do la mét thd ko bi
bién dang = thé trung hoa.

- Giao tuyén th¢ trung hoa véi men

dwoc goi la dwdng trung hoa. (‘)
- Gia thiét bién dang bé, ta coi cac Q\EE%,

mcn van phang.

-Vay ta c6 thé twédng twong udn Puéong
Lép trung hoa trung ho

thudn tay 1dm quay cac men quanh
dwdng trung hoa. =
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*) Quan hé bién dang: _
- Xét phan té tao bdi 2 mcn (mn-pq)
sau khi chiu udn thuan tay, ching tao &
v&i nhau géc do, ban kinh cong p ta
co: T
pde=dz

- Xét thé e-f cé tung dd y so v&i truc 11 e A
trung hoa. sau bién dang: 5

SauBD

M
ef = dz = plp—ef = (p+y)dp (-

(p+y)dp—pdp

= 8z =
pdo p

=ile =

*) Ung suét dam chiju ubn thuén tuy:

- T gia thuyét rat ra twr thi nghiém:
Cac goc vudng sau BD van vudng suy
ra khéng ton tai trng suét tiép.

Céc thé tuy bi cong nhwng van gitr k/c T
ko d6i v&i nhau > o,=0. ’ !
Chi con lai 0,70 > TTU'S phéan t6 chiu [ T |

udn thuan tay la TTU'S don.
*) Tim o,. Ta co:

M, =jyazdF=IEgzde=£Iy2dF=
F F pF

1 M,
,o_EJz

Yo,

y) M M
=0 =FEg =E| = |=E—=y =>lo, =—"y
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*) Ung suét dam chiju ubn thuén tuy:

M

r O‘z = -

Trong do: J,

M, la mdémen ubn, quy woc dau “+” khi lam cang tho
dwong va nguoec lai.

Y

y la tung d6 cla diém dang xét t&i truc trung hoa.

J, la mémen gtinh cia mcn v&i truc trung hoa Ox.
*) Ung suét I6n nhét trén men:

Ta nhan théy 0, la dwdng béc nhat theo y.

0, dat min, max tai diém xa truc trung hoa nhét.
M

z o0 Mr Mz‘ k M‘J‘
o =—= =— ; O = = ok
min J—I ymﬂx W: max JT ynmx Wj
ymﬁ_x 1 1A - A A ¥
W, === dwoc goi la mémen chong uon cta men.

*) Mémen qtinh va mémen chéng udn ctia mét sé6 men:
Tl:'

- ¥

b2 |

l—5—
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*) Vi tri dwong trung hoa:

Puwong trung hoa tai d6 0,=0. Ta co:

M M
Nz=}[0'2dF=I[JI ydF = 7 ide=o

= Ide =5 =0
F
- Puwong trung hoa di qua trong tdm cda mcen.

*) Kiém tra bén:

. ( 1 _ O-ch
Vl_ deo- lllax l O-zmax ? zmin |; S I:O-] o
n
k
O
. N . —_ b
VL gion: o, . = [O-]k T
n
n
O,
— b
|O-z1nin g [O-]n T

n

*) Mét cét ngang tiét kiém vat liéu:

Dwa trén cong thirc (rng suét dam chiju un >céc diém cang
xa dudng trung hoa thi chiu trng suat cang Ion.

Tw day nguoi ta thay voi cung lwong vat liéu, nén dwa ching
ra xa dwong trung hoa dé co hiéu qua tot nhat. |

i % H

N

=

" Vatliéu gion Vat ligu déo

—
X

— - — i
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6.3. U6n ngang phing

-

(a) Before deformation

(b) After deformation

- N0| lwc xuét hién trong dam bao gom ca lyc cat Q, va mébmen

udn M, ta néi ddm chiu uén ngang phang.
- Ldc nay ngoai U'S phap:

Con co6 thém ca (ng suét tiép.

Tim (rng suét tiép bang cach xét phan té chiéu dai dz.

- Xét phan té theo phwong ngang ta cé cac luc:

< v Q M+dM$ MU\E? (7w |
1 | . C A N
< 7 ) A
Q+dQ - 3
dz A e — i
n m n n
M m my
F =|odF = | = ydF — — T,
F F Yz \ P — 1 T 2
M, +dM N
F F T dz
F, =7bdz Phanté CB > Fy=F,- F,
Ta co:

F;=r.bdz=F—F=

=7= I L
i FdzbJ l Y I,
Trong do:

Q Ia lyc cat trén men.
S la mémen tinh cta dién tich cat,
b la chiéu dai cat.
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*) Ung suét tiép trén men hinh chir nhat:

6Q, [hQ QJ 3Q . %
— —-y T — Yy ],1

T = =
bh’ | 4

=

*) (Png suét tiép trén mcen hinh tron: />\ .
Qy 2 2 — 4Q9 | i
reg ) e U

(STE
lJl:"

(1

| =

- S . 4 R
*) M& réng cho hinh vanh khan: r = Qfn+nntr
max 3F 732 + 7‘22

*) Png suét tiép trén men hinh chiy 1
Q, (s, —0,5dy%)
Jd

- Phan long hep: 7, =

@éT |

G gl i mile

l Tzx <— |
1 ]
o =
! y
EENEER - Phanchandé e, - 271,

2J

-t
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*) Kiém tra bén dam chiu uén ngang phang :

N — :__ Gm?\-'i:l-gmm
a s % o
B T, 2 < 1 = Trmax
o ]1 | Tmax l ﬂ:“
h h = Trox - Tg
> | .8 v ? N - a4k
|'; b _"| o - - Cym:"_D—-Gr‘mcm i
-Tai K, N: TTUS don: 0O, £ [0],; Ormax < [0 [
‘ USTLN:[7] <+
- Tai O: TTUS trwot thuan tay: ¢ < [(] 2 GJ
S |

TNBDHD : [z‘]

- Tai B: TTUS phang dé&c biét. Ap dung cac thuyét bén:

USTLN: \Jo? +47% <

Vidy 1: Tim Opay s Cnax?
Biét dam mcn tron, d=7cm. )

d=7¢| ‘

*) Vidu 2: Tim 0,5, i,
g=5,8 (kN/m)

L=4 (m)

b=140 (mm)

h=240 (mm)

o]

12 kN/m

TNBDHD : o? + 37 <[ o]

o trong dam:

1.6 m——{=—1.6 m—

o

-~
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D=7cm

*) Vidu 3: Timo,, ? T
|
|
|

*) Vi du 4: Cho [0]=110 Mpa. Héi d=? hodc a=? d& dam du bén.
Bé qua &nh huéng cla luc cat.

P=225KN] ;5.

q = 58 kN.“‘m L

NHmmn [ 4h /e
NN

*) Vi du 5: Khung ABCD cé men tron dwdng kinh d. Chiu lyc
P=40N. H&i d=? dé khung d0 bén.
Cho [0]=30 Mpa. b= 37 mm

Bé qua énh huéng cda luc cat.

—I=5m—

6b

Pf—zb—-‘

¥) Vidu 6: Dam AB chiéu dai L=450mm. Chiu lwc P=400N. Hoi
d=? dé dam du bén.

Cho [0]=60 Mpa. , 4 2
B6 qua énh hudng cua luc cat. % 4‘1
P
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*) Vidu 7: Cho L=3,6(m), P=6(kN). Tim [b]?
a) Theo [0]=8,2 Mpa. 3p .
b) Theo []=0,7 Mpa. n-I

2

ulb-q

A = %P "';f 00 mm

*) Vi du 8: Cho [0]=7,5 Mpa. Tim [q]=? Bé qua a/h cua lyc cat.
L=915 mm:; t=22 mm; b=305 mm /i,

BC=0,4L. T TEN cN| [° J
b
) L ”
(a)
q
_i Y L 4 k. l Y v k. Y D
2 A
L
(b)
*) Vidu 9: Tim 0, kéo, nén trong dam: —
P=6,2 (kN), L=3,2 (m), d=1,25 (m) P i
b=80 (mm), t= 25 (mm) , ) hy
h=120 (mm), h;=90 (mm)  “A Y |
Y
| : ]
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6.4. Chuvyén vi ctia dim chiu uén

*) Phuong trinh vi phéan cta duong dan hoi
Tacd: {1 Mm

T

» EJ
Theo hinh hoc vi phan ta cé: 1 Y o
P (1 + y"")
Bd qua VCB béac cao ta co:
-5 Z
EJ.

Ta thay y” luén nguoc (7 l
dau so v&i M, nén suy ra: M. >0 M, <0

" _M I d d h‘ y y” <0 y’! >O

= = | la ptv an hoi.
( EJ ptvp dg

*) Mét sé phwong phap xac dinh ptvp dwéng dan hoi :
- Phwong phap tich phéan khéng dinh han.

- Phwong phép théng sb ban dau.

- Phwvong phap ham gian doan.

- Phwong phap van nang.

- Phwong phap mémen dién tich.

- Phwong phap dam gia tao.

- Phuwong phap nhan biéu db vé-ré-sa-ghin.
- Phwong phap néng lvong.
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*) Phwong phap tich phan khéng dinh han:
Tw ptvp dg dan héi ta cé:

= = '——I M, dz+C

81, """,

: M
= p=y :—IE; dz +C

e
y = J‘(—J‘ EJTT dz + O}Jz + D

Céc hang so C, D duoc xd théng qua diéu kién bién.

- Ngam: chuyén vi, géc xoay bang 0.

- Géi twa: chuyén vi bang khoéng, goc xoay KHAC 0.
Két luan: Tim biéu thirc M, - tinh tich phan dwa trén dk bién.

y" —

Vi du 1: Tim d6 véng, goc xoay tai dau B .
Mémen udn: 2 EJ,=const |
, 2
Ptvp dg dan hoi: o I B
DK bién
Goc xoay:
D6 vong:
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*) Phwong phép théng s6 ban dau:
Noi dung cua p? la xay dwng pt dg dan hai trén ttrng DOAN.
Moi doan cé cung EJ=const, cung quy luat chju lwc.

LA A A l FYYYYY l’"lrllul’l‘
C
g 3 doan g i 4 doan ;}/4/’

-Méi doan sé& khac nhau mét biéu thire Ay(z):

x Vns1(2)= Ya(2)*AY(2)
Khai trien Taylor cia Ay(z):

Ay(z) = Ay(a) + % (z—a)+ %(z —a) + Ay’ (a)

Trong do:
Ay(a), Ay'(a) la bwdc nhay cua do vong, goc xoay tai z=a.
( Dam théng thuong la lién tuc nén Ay(a)= Ay’(a)=0) ).

’ M M
Ay (O}) — n(a’) _ n+1(a) Ay(4)(a) _ q_n (UJ) _ q_n+1(ﬂ)
E”J” E”“ n+l Ean Erﬁ-lJrH-l
Ay‘"(a) — Qn(a) _ Qn+1(ﬂ) Ay(s)(a) — qn(a) _ qn+1(a')
Ean En+1Jn+1 Ean En+1J-n+1

Thay vao ta co:

: 1| M (a) M _(a)
= + A + A — + — n _ n+l _ 2 +
Y, (2)=y (2)+ Ay +Ay (2 —a) 2{ EJ B (z—a)

n+l" n+l

+ l Qn(a) _ Q71+1(a') (Z —(1',)3 + l qn(a’) _ qw.+l(a') (Z _ (1)4 + .
3! Ean E-n+1Jw+1 4! En!]-n E J

n+l" n+l
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0 5

El Jl

|
y(2) =y, +yz+—

V&i:
2![_

2 1 l: QO } 3 1 l: 4q, } s 1 { CI;,
24— - 2+ —| - 2 +=|-

st| B |© Tl EJ T 5| EJ,
Trong do: Yy Yo M, @y 45,9, dwoc goi la thdng sb ban dau.
Déc biét voi ddm co EJ khong dbi:

r A
= +Ay +A —a)— -
Yun(2) =9, (2) + Ay, + Ay, (2 —a) =20, EJ3! EJAl

Trong do: AM, AQ, Aq, Aq’ la buwéc nhay tai men dang sét.
Chu y: lyc hwéng 1én la dwong, mémen clockwise la dwong.

Két luan: Chia doan = xac dinh théng sbé tai dau mbi doan.
-> ap dung cong thtrc.

Vi du 2: Tim d6 véng, goc xoay tai dau B.

P
& EJ.,=const .
; »
/A [ B
Vi du 3:Tim d6 vong,goc xoay tai dau B.g-6kN'm  P=16kN
7 M=4kN
' ‘ :\ y j}‘! YYVYVYYY l’(-‘ 2! [) 3{ %B
Thoéng s6 ban dau cac doan: 2 om e tm o im o

I<
Doan 1(2=0) |Poan 2 (2=2) | Doan 3 (z=3)

y,(2) =
y,(2) =

y,(2) =

= y,(z) =

2 +...

M A A
— (2 —a)’ —Q"” (z—a)* - S (z—a)' +...
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*) Phwong phap ham gian doan: )
M‘uc tiéu cta pp la xay dwng biéu thiec mémen udn M, cho toan
dam. Dya trén ham gian doan:

<z B a)n _ {(z - a)n khi z > a
0 khi z<a

Tw day ta co thé:
- Xay dwng mét ham duy nhét cho toan dam.
-> Dé dang tim dc biéu thirc mémen udn M, tlr viéc tinh tich
phan tir biéu thire g(z).(Han ché cha pp tich phan ko dinh han)
= Chi can tinh tich phan hai 14n dé tim dé véng.
Nhuwoc diém: chi 4p dung cho dam véi EJ khong doi.
Chu y: lwc hwéng 1én mang diu dwong, mémen clockwise
mang d4u dwong. Nguoc lai mang dau am.

- Xay dwng mot ham duy nhét cho toan dam:

%EJ_HLH_LRL q(z)=—q

2m 3m im

i - 4(2)=—4(z- 2)’
| q q(z)=—q{z=0)" +q(z-2)’

Vi 3

iw g

9(z)==q,(z=0)’ +¢,(z=2)" =g, (z =5’
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P=150 (kN)
Y,=90
] - A4 __________ -IYB=60
Al E JdiS
S ['»)
C —f
2m 3m
0, =9% 0, =60
P=150 (kN)
Y,=90
]-- M _ -IYB=60
Al B |l B
ASEa ['»)
C ¥ S amm
2m 3m
M =90z M =300—60z

N

- Tim biéu thirc M. (2):

- Tim biéu thirc q(z) trén toan dam.

- Tich phan q(z) cdng v&i lwc tap trung cho ra Q,(z).

- Tich phan Q,(z) cong v&i mémen tap trung cho ra M,(z).

=]
Ya

q(z)=—q (z — 2a>0 AT
0, (z2)=—q (z —2a>1+YA <Z — 0>0 —P(z—a)o+1fB (z —2a>0

—
M (z) —%(z—Za)erYA (z—O)l—P(z—a>l +Y, (z—2a>1+M(z—a>0
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Vidu4: Tim y(z),9(z) ?

/q=6kN m P=16kN
y M=4kN
y ,! YYY YYYY ’ !
A 1 C 1 D
||x% 2m Sledm ! Im S| 5
YA

Yg
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*) Phwong phap dam gia tao: '
Dwa trén mqgh gitra do vong, géc xoay va mémen uodn:

dp _ _—M, dy _
dz Y EJ. ’ dz v
va magh gitra néi lwc va lwc phan bé:
d@) dM
- =q ; L=0
dz dz Y
T day ngudi ta dwa ra y twdng, néu tao ngoai lwc gia tao:
-M
qgt = EJT (D Qt b y -

Lién két clia ddm gia tao > dwoc xd théng qua giéu kién bién.
Nhu vay ta co thé ap dung phuong phap mét cét quen thudc dé
tim dé vong, géc xoay cua dam.

Mét s lién két trong dadm gia tao suy ra tir DK bién (ddm thuc)
é y=0 * ! M,=0
%0 07757- t;aéo Q,#0

j =0 y#0 M, =0 M, # 0

-0 ¢ #0 Q, =0 Q.0

y=0 y=0 5/ y#0 » M,.=0 Mg=0" Mg #0

gt gt
7;;— 9#0 ¢ #0 ¢ #0 7Ar€lgt#0 Qu#0  Qu#0

M#O M;ﬁo

Vi duy 5: Tim dd vong, goc xoay tai dau tw do cia damAB.

Mudn tim dd véng goc xoay tai dau
z vy 2 A T o / EJ,=const
ta cat mat cat tai do roi tim ndi lwc % y Z
7
Qgt! Mgt- /;ﬁ\ ! B
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Nhuoc diém: chi co loi thé khi biéu d& mémen M, dé tinh dién

tich va tim tong tam.
Dién tich, trong tdm mot s6 hinh don gian:

213 \

2b/3
T Chii y: Néu ko dat cuc tri thi céng >
h thirc S van ding nhumg z bi sai. h G
G 3
.|. i | < > l_
== _’l ] o VR Qu—
i [ >
z, = ll; Si= li’l 3 9
4 3 =1 F=—_M
] 2

6.5. Vi du tinh chuvén vi ciia dim chiu udén
)Vidu1l: a/L=?Dé yz=0

. L =
A B
D |
C
Fa—.
P
* T . -
) Vidu 2: Assuming that d = 10 mm, L = 6 m, E = 200 GPa,

and 7 = 198 x 10° mm", calculate the magnitude of the
loads P so that the beam just touches the support at C.

.
"
J1EN
P
"o
&y

E

AT g
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*) Vi du 3 : Tim chuvén vi tai gitva dam.
My

N

B

& A

| : |

!——a

—

a —

l
|

P TP
L

*) Vi du 4: tim chuyén vj tai C?

Biét thanh AD c6 EF=900kN, dam AC c6é EJ=75kNm?2,
A B C
AN
0.5m YP=800N
— 0.5 m—*L— 0.75 m—vl
D
*) Vi du 5: tim chuyén vi tai C? P
A = e
kg
I
*) Vidu 6: tim chuyén vi tai D? goc xoay tai B
y
g = 20 kN/m P=120kN
_{rrlrlerlC vD B
| T
!- 10 m >t 5m——~—5m——‘
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