Chuong 4. Bdic trung hinh hoc ciia mdt cdt ngang - Cdc thuyét bén

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 thudc vao dién tich MCN,
ma con hinh dang va su b6 tri MCN.

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

cung dién tich MCN.
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= 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 phdng F ndm trong mat VY
phang toa do Oxy (hinh 4.2).
— Ngudi ta goi tich phan:

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, =[vdF|  (m?) (4.2)
F
— Khim =1, n = 0 tich phan (4.1) c6 dang:
S, = [xdF (m?) (4.3)
F

= S, va S, dudc goi 1a mémen dién tich cdp m¢t hay mémen
tinh ctia hinh phing d6i 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 cta hai truc trung tam 1a trong dF
t4m ctia hinh phéng. (hinh 4.3).

— Coéng thtc xac dinh toa do cua

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

S S.

XCZ—Y; yC:? (44) 0

= Néu dién tich F bao gom nhiéu Hinh 4.3
dién tich don gian F;:

n
Z x; K
_ =l

c X

Z y:F
_ i

Xe =S e =55 (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)

dugc 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 hoac m =2, n =0, cac tich phan:

J, = [y’ dF| vy |J, =[x"dF (4.7)
F F

dugc 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 ho#c Am, con cac J, J, ludn luén 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 A truc quan tinh chinh trung tam.

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

— Céng 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 cong 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? Jyy =
= Khi x va y la cac truc trung tam thi S, =S, =0 = (4.9).

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 cé:
u = xcoso + ysina
vV = ycoso — Xslno

J, =jv2dF; J, =ju2dF; J., :juvdF
F F F

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

y

\ <

Hinh 4.4

J,+aS+bS,+Fab

Hinh 4.5
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J +J, J -d .
J, = 5 L+ ~cos2a —d , sin 2a
J +d, J —d .
J, = L — ~cos2a +dJ, sin 2a
2 (4.10)
J_ =% Tgin2a+d_ cos2o
uv 2 Xy

Néu hé truc Ouv 1a hé truc quan tinh chinh (J,, = 0) thi phuong
cac truc quan tinh chinh rit ra ti cong thic thi ba cuaa (4.10):
2dJ
Xy
T (4.11)
X y

tgo = —

VI. MOMEN QUAN TINH CUA MOT SO MAT CAT NGANG
1. Hinh chir nhat (hinh 4.6)

Y+ dF
|/ >
. VAR
Hé truc do1 xiing Oxy la hé truc quan tinh 22
chinh trung tam. al oo
h h O! X
S SN 5
Tacé:JX:.F[de:jhybdyngy . i
_E 9 b
] bh? ] hb? Hinh 4.6
hay: T o | = v T g (4.12)
3. Hinh tron (hinh 4.7)
e se A A J
Do1 v61 hé truc trung tam Oxy: J, =J, = E"
nR*
trong do: |J, = 5 ~0,1D*
nR* =D*
én: |J,. =dJ_ = = ~0,05D*
nén:|J, =, == 6d (4.13)

4. Hinh vanh khan (hinh 4.8)
D61 v6i hinh vanh khan c6 duong kinh
ngoai D va duong kinh trong d:

J, =d, =%Jp =%(1—n4)z0,05D4(1—n4);

Vé6in=d/D (4.14) Hinh 4.8
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VIIL. VI DU AP DUNG

Vi du 4.1. Xac dinh vi tri 50 30
trong tam C, va cac moémen A 7
dién tich cép hai J,, J, cia méit /
cat cho trén hinh 4.9 (don vi la

7

NN

cm). 5
Giai /// -
Coi miét cit dd cho 1a hiéu cta /A// N x
hai hinh chii nhat ABCD (ki B 100 C

hiéu la 1) va EFGH (ki hiéu la ]
2). Taco: S, =8 -8 Hinh 4.9

trong d6: S, =Fye, = (100 x 60)(6—20J =180.000cm®

S? =F,y., =(30x 40)(20 + 4?0] = 48.000 cm”

Do d6: S, =180.000 — 48.000 = 132.000cm®; S, =S! -8

trong do: S, = Fxq = (100 X 60)(%) =300.000cm?

<
<
<

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

Vay: S, = 300.000 - 78.000 = 222.000cm?
Toa d0 trong tam C, ciia mat cat la:

S :
X, =— = 222.000 =46,25cm : y, :SX :M:Qﬂjcm
*F  (100x60)—(30x40) T F 4800

J,=dt-J2

3 3
trong d6: " = bl;l _100x60° _ o 105

3 3

g2 = bf; +Fys =902 4 (3040).40°= 20,8 x 10%cm*

Do d6: J,= (72 -20,8)10° = 51,2 x 10°cm* ; J, =dJ, - J?
_hb! _60x100°
3

3 3
J2 =—h12;’2 + F,x¢, :%430%0).652 = 5,16 x 10°cm*

Vay J, = (20 - 5,16)10° = 14,84 x 10°cm*.

=20x10°cm*

trong d6: Jy
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B. CAC THUYET BEN
I. KHAI NIEM

= D61 vébi cac chi tiét may dude bén an toan thi trang thai ting
suft 6 moi diém khoéng duge vugt qua trang théai tng sudt nguy
hiém cta vat liéu (trang thai tng sut giéi han - o, va 1,).

— Ung suét giéi han cua trang thai Gng suat don dé dang dudge
xac dinh bang thuc nghiém. Vi du, d6i véi vat liéu déo Gng suét
gi6l han 1a giéi han chay o, (hodc 1), do1 v6i vat liéu gion 1a op
(hay tp). Tuy nhién, thuc t& nguoi ta hay tinh theo ting suit cho
phép [c] (hay []).

— Kiém tra bén & trang thai ting sudt don, trugt thuan tuy:
=loy|<[o],; T <[t]  (@19)

CTmin

C ax:GlS[G]k; ‘

m

—Khi kiém tra bén & trang thai ting suit phiic tap (phang, khéi),
can lam cac thi nghiém ph4 hdéng é trang thai ting suat. Viéc xac
dinh trang thai ing suat giéi han bang thuc nghiém rat kho khin
thuc té c6 khi khong thuc hién dugc, Vi

¢ S6 luong thi nghiém phat rat nhiéu, dap tng ty 1é 6,, o, va o,

¢ Trinh d6 k§ thuat va thiét bi chua cho phép thi nghiém trang
thai ting suét phtc tap.

— Do d6 ngudi ta dua ra cac thuyét bén, nham dua trang thai
ing suit phiic tap vé trang thai ting sudt don tuong duong. Goi
ting suit chinh cua trang thai tng suat don tuong duong 13 o4 (o4
lién hé véi cac ting suat chinh o,, 6, va c;). Diéu kién bén c6 dang:

0.4 < [0O] (4.20)

= Thuyét bén cho phép thiét 1lap modi quan hé gitia Gng suat
tuong duong véi cac ting sudt chinh. N6i mot cach khéac, thuyét bén
14 nhiing gia thuyét vé nguyén nhan pha hoai cta vat liéu, trén co
sG d6 cho phép ta xac dinh dugc do bén cta vat liéu 6 moi trang
thai ting suit khi ta chi biét do bén cua vat liéu & trang thai tng
suat don.

= Dué6i day chung ta sé nghién ctiu nhiing thuyét bén co ban
nhét va pho bién nhAt.
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II. CAC THUYET BEN

1. Thuyét bén tha nhat (thuyét bén irng suat phap 16n nhat)
= Thuyét bén thi nhat do Galilé dua ra ndm 1638. Thuyét nay
cho riang, vat liéu bi pha hong 1a do ting suit phap 16n nhat gy ra.

— Thuyét bén nay phat biéu nhu sau: “Hai trang thai ing suit
phiic tap va don cé do bén tuong duong néu ung suit phip Ién nhat
cua chung nhu nhau’.

= Diéu kién bén theo thuyét nay: (4.21)

th = cFmax = cSl S [G]k }

=oy| < o],

Gy = ‘G

min

Do1 véi vat liéu déo [6], =[],

— Thiéu s6t 16n nhat 1a thuyét bén nay 1a khong ké dén anh
hudng cua hai tng suat chinh con lai. Ngoai ra, thuc nghiém cho
thay thuyét nay khong thich hop véi vat liéu déo. Con do61 véi vat
liéu gidn chi cho nhiing két qua phu hdp khi c6 mot ting suit chinh
rat 16n so v4i cac tng suit chinh con lai.

2. Thuyét bén thir hai (thuyét bén bién dang ty déi I6n nhat)

= Thuyét bén tht hai do Maridt dua ra nim 1682. Thuyét ndy cho rang:
vat liéu bi pha huy la do bién dang dai tuong d6i cuc dai ctia phan t6 o trang
thai (mg sut phuc tap dat dén blen dang dai twong ddi ¢ trang thai nguy
hiém cta phan té & trang thai Gmg sut don.

= Hai trang thdi tng sudt phic tap va don sé c6 do bén twong dirong néu
do bién dang ti doi lon nhdt do chung gady ra bang nhau.

G,y =0, —M(G2 +G3) < [G]k }

= ‘03 (cs1 + o, )‘ [G]

— Piéu kién bén: (4.21)

= Uu diém cua thuyét bén tht hai 13 c6 ké dén anh hudng cia ba tng suat
chinh 6, 6, va 3. Song ciing nhu thuyét bén thir nhat, thuyét nay ciing
khong thich hop doi véi vat liéu déo. Con doi véi vat licu gion thi nd chi cho
két qua phu hop khi 6,> 0 va o3 < 0.
3. Thuyét bén thir ba (thuyét bén (rng suat tiép 16n nhat)

= Thuyet bén thir ba do Culong (Coulomb) dua ra nam 1773. Thuyet nay
cho rang: vat liéu bi pha hoai 13 do mg suat tiép cuc dai cia phan t o trang
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thai (mg suat phuic tap dat dén ung suat tiép nguy hiém cua phan t6 & trang
thai tng suat don.

— Hai trang thdi tmg sudt phirc tap va don sé c6 do bén twong dong néu
itng sudt tiép 16n nhat ciia chiing bang nhau.

= Diéu kién bén 1a: t,,, <[t4n] (a)

Lo

2 (chuong 2)

— Ta biet Tmax = (chufdng 3), T =5 2 [Taen

= Do d6 diéu kién ben theo gia thuyét ting suat tiép 16n nhat:
O = 0; — 03 < [O] (4.22)

— Trong trudng hop tGng suit phing dic biét (hinh 4.10), ta co:
G, =0, . = %G-l— %\/62 + 4717 : O3 =0, = %G —%\/02 + 417 (4.23)

= Diéu kién bén theo gia thuyét ting suit ti€p 16n nhAat:

G4 = Jo? +417% < [G] (4.24) I

— Thuyét bén mg suit tiép 16n nhat rat phu hop \ : o
vo0i vat liéu déo nhung lai khong thich hop d6i véi c |11
vat licu glon Thiéu s6t ciia thuyét nay 1a khong ké - : ﬁ'_ __J1v
dén tmg suét chinh o,. s —

= Thl}yét Athl’].’ 3 chP théR giai thich Yi s20 Vjcflt Hinh 4.10

liéu bi nén déu theo tat ca cac phuong co6 thé chiu

dugc nhitng &p suat rat cao, vi trong truong hop nay thi 61=c3=-p = du ap
suat p co lon t61 dau oy cling ludn ludn bang khong.

4. Thuyét bén thit tu (thuyét bén thé niang bién ddi hinh dang)

— Thuyét bén thé ning bién d6i hinh dang do Huybe dwa ra nim 1904.
Thuyét nay cho rang: vat liéu bi pha hoai la do thé nang bién d6i hinh dang
ctia phan t6 ¢ trang thai img suat phirc tap dat dén thé ning bién d01 hinh
dang & trang thai ing suat nguy hiém cta phan té & trang thai Gmg sut don.

— Hai trang thdi tmg sudt phirc tap va don sé c6 do bén twong drong néu
thé ndng riéng bién doéi hinh dang ciia ching bang nhau.

= Trang thai iing suat khéi: Uy, = 13+—EM(Gf +0, + G, — 0,0, — 0,0, — 6361)
. Z 1+p
= Trang thai ing suat don: Uy = 3 Cu
= Diéu kién bén c6 dang:
Gy = \/Gf +6. + 0. — 06,0, — 6,0, — 0,6, < [G]k (4.25)
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— Trong trudng hgp trang thai tng suit phing dic biét:
G, =Vo’ +37° <[o] (4.26)

= Thuyét bén thir tur phi hgp doi voi vat liéu déo, nhung doi voi vat ligu
gion thi cting khong thich hop. Mat khac thuyét nay van chua giai thich dugc
su pha hoai cua vat liéu khi bi kéo déu theo 3 phuong.

5. Thuyét bén thir nam (thuyét bén Mo)

= Thuyét bén Mo dua ra 1an dau tién vao nim 1882 va sau d6 phat trién
chi tiét vao nam 1990. Thuyét nay cho rang: vat liéu bi pha hoai 1a do trang
thai Gmg suat dang xét vugt qué trang thai ing suat gidi han tuong Gmg trong
ho vong tron tng suat gidi han.

— Thuyét bén Mo dya vao duong bao ctia ho vong tron tmg suit gidi han
dé xac dinh trang thai Gmg suat gidi han cho timg trudng hop cua trang thai
mg suat. Néu 1am nhiéu 1an thi nghiém voi cac Gng suét chinh khac nhau thi
ta dugc mot tp hop cac vong tron giéi han (hinh 4.11a). Pé vé chinh xac
vong Mo gi6i han ta phai 1am mot s6 lugng 16n thi nghiém, diéu nay kho
thuc hién, do d6 thuong chung ta chi dua trén mot s6 luong thi nghiém tbi
thiéu rat tin cdy, nhu thi nghiém kéo ding tim, nén dung tam. Pudng cong
gidi han dugc thay thé gan dung bang tiép tuyén chung cua hai vong tron
g suat t&i han (hinh 4.11b).

Vong tron nén Buéng cong gigi han
Vong tron xoén

Vong tron kéo

a)
Hinh 4.11
= Nguoi ta dd ching minh diéu kién bén theo thuyét bén nay 1a:
k
Gy =0, — 003 =< [G]k vO1 o = zﬁ (4.27)

0

= Thuyét bén Mo viét cho trang thai ing suat phang dac biét:

G, =0, — 00, :[%4‘%'\,(0)2 +412}—o{§—é (6)2 +4r2}
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\ \ 1-a 1-a
= Piéu kign bén: 04 =0+ ——Vo +41 <[o], (4.28)

— Thuyét bén Mo c6 wu diém 1a phu hop véi ca vat lidu déo va giom,
nhung c6 nhugce diém 1a bo qua anh hudng cua trng suat chinh 6, va don gian
duong cong gi61 han thanh duong thang.

III. AP DUNG CAC THUYET BEN

— Cho dén nay ngudi ta da xay dung nhiéu thuyét bén khac nhau, mdi
thuyét bén dé ra mot quan diém vé nguyén nhan pha hoai cua vat li¢u.

= Trong thuc té tinh toan, viéc chon thuyet bén nao 1a phu thudc vao loai
vat liéu st dung va trang thai img suat ctia diém kiém tra. Néu 1 vat liéu déo
ta dung thuyét thir ba hoac tht tu, vat li€u gion ta nén dung thuyét bén Mo.

— Gan day xuat hién nhiéu thuyét méi lién quan chi yéu dén cac loai vat
liéu m&i nhu chat déo, soi thuy tinh, chat déo nhiéu 1dp, ...

— Céc nghién ctru thue nghiém va 1y thuyét cho thdy rang cdu trac cta
tinh thé vat ran bién dang c6 anh huéng 16n dén bién dang va pha hong cua
vat liéu d6. Néu bo qua anh huong d6 thi két qua tinh toan theo cac thuyet
ben s& bi sai 1éch. Do d6 hién nay, nguoi ta dang tiép tuc nghién ctru vé céac
van dé nay.

Vi du. Kiém tra bén ctia phan t8 vat thé chiu cac tGng sudt:
o, = -4kN/cm?, o, = -6 kN/cm?, o, = 3 kN/cm?, 1,,= 1,,=2 kN/cm?,
Tix = Ty = Ty = Ty = 0. Cho biét [c] = 12 kN/cm?.

VZ
Giai
Néu coi 6, = 3 kN/cm? 1a mot ting suat chinh ctia phan t6 thi hai
ting suat chinh con lai:

2 2
- :csx-kcryi G, — O, L :_4_6i —4+6 L 92
min 2 2 ¥ 2 2

Coax = -2,764 kN/cm? ; o, = -7,236 kN/cm?
Nhu vay: o, = 3 kN/em?;, o, =-2,764 kN/cm2; c; = -7,236 kN/cm?
Theo thuyét bén thii ba: 6,4 = 6,—0;=3 — (- 7,236) = 10,236 < [c]
Theo thuyét bén thu tu:

_ 2 2 2 _
G4 = \/61 + 0o, +0; — 06,06, — 0,0, — 6,6, =8,888 < [G]

Nhu vay phan t6 du bén theo ca hai thuyét bén.
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