LE THANH PHONG
CHUONG 6: )
TRANG THAI UNG SUAT VA LY THUYET BEN

I. Cdac dinh nghia.

1. Trang thdi ing sudt.
VAt thé khi chiu tdc dung cia ngoai hre thi bén trong s& phat sinh tng suit, Ta thy trong
trudng hop téng quét, ing sudt tai nhitng di€m khdc nhau ¢6 gid tri khdc nhau. Ngay cd khi
khdo sdt tai mét di€m thi tng suit trén cdc mit ¢t 7 (trén hinh 6.1) khic nhau di qua di€m
dé cling s€ khdc nhau.
TAp hdp tit ci nhifng ing suit trén moi mit cit ngang di qua di€m khio st duge goi la trang
thdi Wng sudt tai di€m dé.
Nhw vdy, d€ xdc dinh trang thdi Wng sudt tai mét diém nio dé thi ta phdi xdc dinh dng sudt
trén tat cd cdc mit cit c¢6 thé di qua di€m d6. Mudn thé thi ta phdi xdc dinh dudc tng sudt
trén miit nghiéng bat k.
Nhitng 1ng suit clia mét trang thdi tng sui't tai mot di€m c6 méi lién hé vdi nhau, P€ nghién
cifu nhitng tng sudt dé, ta twdng tugng tich tai di€ém khio sdt m&t phan t& hinh hép lip
phuong c6 kich thudc v6 cliing bé. Ung sufit tic dung trén cdc mit clia hinh hép dudce phin
thanh cdc thanh phin song song vdi cdc canh cia hinh hép dé.
Gin mot hé truc toa dd sao cho céc truc song song v4i cdc canh cia hinh hép 14p phuong.
Trén cdc mit cda phin t6 s& ¢6 chin thanh phan @ng sudt gdm ba wng sudt phdp o, o,. o,

x* ¥

va sau ung suat nep Tos Ts Thow Tpo Tips

t,, (hinh 6.2). Cdc thanh phan #ng sudt nay dac
trung cho trang thdi ting suAt tai mét diém, chiing 14p thinh mét dai lugng dudce goi la tenxo

tng sudt ky hiéu T_, vi€t dudi dang ma trdn nhu sau:

o, T, T,
To=|T 6y, Ty
TZK rZJ‘ O-Z

Theo dinh luit d&i 1ing ctia ting suit ti€p (5.14) cho ta cdc quan hé:

T (6.1).

xy

=[rls [l =73 leee] =[]

»” rzx

yx|* #
Do d6 trong chin thinh phin 1tng sudt trén c4dc mit cia phin t8 thi chi ¢ s4u thanh phin ting
sudt la doc 1ip tuyén tinh.

Ciéc tng sudt phap dudc ky hiéu kém theo mét chi s& dé€ chi phuong phdp tuyén clia mat cit;
céc 1tng sudt tié€p ky hiéu kém theo hai chi s8, chi s& chi s& thit nh4t diing dé chi phuong phép

tuyé&n ctia mét cit con chi s& thit hai d€ chi phuong ciia ting su4t dé,
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7 iing sudt chinh

phuong chinh
3L
mit chinh
Hinh 6.1: Trang thiidng Hinh 6.2: Trang thiidng Hinh 6.3: Phin 6 chinh.
suf'ttai mat diém. suit téng quit.

2. Mat chinh, phiong chinh, iing suét chinh, phan t6 chinh.
Trong 1§ thuyét din héi, ngudi ta chifng minh dude ring tai mét diém bat ki cia vt thé chiu
lire, bao gidf ciing tim dwde ba mat twong hd vudng gée véi nhau ma trén ba mat dé cdc thanh
phAn wng suit tiép bing khéng. Nhitng mit dé dude goila mit chinh,
Phwong phdp tuyén clia mat chinh dwde goi 14 phwong chinh,
Ung suit phdp tdc dung trén cdc mit chinh duge goi 13 ng sudt chinh va duge ky hiéu 1a o,
o,. 0, theo quy wéc o, = o, = o, vé gid tri dai s6.
Ba phuong chinh 14p thanh mét hé truc Descartes goi 12 hé toa d6 chinh va phén t6 hinh hép
14y tai diém khdo sdt, ¢6 cdc mat tring véi nhitng mit chinh dude goi 14 phin t& chinh xem
hinh 6.3.

3. Phén loqi trang thdi ing sudt.
Mot trang thdi dng suit dude dic trung bdi ba tng sudt chinh. Tiy theo su ton tai clia cdc 1ing
sudt chinh niy ma chia ra cdc loai clia trang thdi Wng sudt,
Né&u cd ba tng suat chinh déu khdc khong, di€m d6 & trang thdi ng suat khdi (hinh 6.4a).
Né&u cé mdt dng suat chinh bing khéng, diém dé & trang thdi tng sudt phing (hinh 6.4b).
Né&u ¢é hai 1tng suit chinh bing khong, di€m dé & trang thdi ing suit don (hinh 6.4¢).

2 2
a) 1 ki b) I C) 1
1 1 1
Hinh 6.4: Phiin loai trang o 9. 8 oL O] G
. e ! oy ! A 1
thaiing suat. M b JLES O B
7 . .

% T L.
Trang thdi wng sudt don da dudce khdo sdt & chwong thanh chiu kéo-nén ding tim. Sau diy
chiing ta chi nghién ctiu trang thdi Wng suit phing, con trang th4i ng suit khéi ta chi trinh
bay nhitng khdi niém cd bdn,

I1. Trang thdi ing suét phing.

1. Trang thdi iing suiit phing téng qudt.
Xét mot diém nio dé thude vit thé ¢é trang thdi Wng suit phing, nghia 13 ¢é mét Wng suat
chinh bing khéng, Tdch tir diém dé mét phin & hinh hop 14p phucng ¢6 mét mit triing vdi
mit chinh vdi Wng sudt chinh bing khéng va chon hé truc toa dé xyz ¢é truc z vudng géc véi
mdt chinh d6, lic nay r,, =z, =0, =0. Trén nhitng mét con lai (khéng phdi la mét chinh)

ctia phin to sé ¢6 nhing ¢ng suat o,, o,, 7, vd 7, . Trang thdi ing suat nhw thé duge goi
14 trang thdi 1ng suit phing téng qudt va dudc bi€u dién trén hinh 6.5, Hai mit chinh con lai
vudng géc voi mat chinh dd biét va song song véi truc z.

Ddu ctlia wng sudt dude qui wde: Wng sudt phdp duong khi hudng ra ngodi mit cit, Wng suit

ti&ép duong khi di quanh phén t& theo chiéu kim déng ha.
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Hinh 6.6: Ung sudt trén mdt cit nghiéng.

Hinh 6.5: Trang thdiing sudt phing.

2. Ung suéit trén mqt cdt nghiéng.
CA4t phéan to khdo sdt trén hinh 6.5 bing mit cit nghiéng song song véi tryc z vi xét sy cin
bing cia phin phén t& nhw trén hinh 6.6. Goi # va v 1A cdc truc phdp tuyén va ti&p tuyén véi
mat cit nghiéng dé, truc « hop véi truc x mét géc o chiéu duwdng qui wde ngwde chiéu kim
déng hé tinh t¥ truc x. Goi ¢ng suat phdp va ti€p trén mat cit nghiéng 1a o, va r,,. Néu dd
biét ¢ng sudt trén cdc mat cia phdnts1a o, 7,7, . ta cin xdc dinh cdc ¥ng sudt trén mat

Tyl oy
nghiéng o, vi 7,,.

L4p phitdng trinh c4n bdng hinh chiéu 1én c4c phwong 1 va v cho ta:
ZU =0 < O-uS[EC'FE) _O-xS[ABED)'COS o+ fxyS[AEED)'SiHa = O-yS[ADFC)'Sina =+ f)uS[ADFC)'Cosa =0.

ZV :0 = f.qu[BC‘FE) _O-xS[AEED)'Sina _rxyS[AB‘ED)'COS o+ O-yS[ADFC)'COS o+ TWS[ADFC)'SiHa = 0 ¥

3 1-cosla
2 i 243
P& ¥ Siuper) = S(perr)-COS & 5 Spupre) = S(pere)- SN [T, :‘ryx ; sin” o = T;
1+cosla . ; ETRC
cos’ o = —————; 2sinacose =sin 2a sau khi bién déi nit gon ta ditde:
c,toc, ©,-0, .
o, = + cos2a—7_ sin2a (6.2).
" 2 xy
ety
T =———"sin2a+71_cosla (6.3).
uy 2 xy

3. Bat bién ciza trang thdi ing suét phéng.
Xét mat ¢é phdp tuyén v vubng gbéc vdi phirdng # vi hdp vdi phwdng x mét gée o — 907,

c.+0, O.—0
o, =y T o ala - 907 ) 1, sin2la - 90°)
2 . (6.4).
c +0. O -0 )
="t Jcos2a+tT_sin2a
2 K
Thie hién phép cdng o, § (6.2) va o, §(64) ta dudc: c,t0,=0,+0, (6.5).

Viy tai mot diém, tong #ng suit phdp trén hai mat vudng géec vdinhau 13 mdt hiing s6 vi goi
13 bt bi&n ciia trang thdi @ng suit phing.

4. Cije tri ciia iing sudit phdp v i gid triing sudt chink.
Tir (6.2) ta nhin thiy ng suit phap 14 mét ham cia géc o, do dé wng suit phdp dat cire tri
khi:

d oc.—0
%u 9= 2| == sin2a+t, cos2e |= 0 (a).
dex 2
Pé tim phwang chinh theo dinh nghia ciia né ta cho:
G,—C

=il %sim 2a+ 1, cos20 =0, tim lai dugce diéu kién (a).
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Vay tng sui't chinh la tng suit phdp cuc tri.
Gidi diéu kién trén ta tim dugc phucng chinh:

27
1g20=— 4 =2a=28tkrx :a1=ﬁ,a2=ﬁi£.
c,.—0, 2

Ta tha'y hai miit chinh vuéng géc v6i nhau va ciing vudng gée v6i mit chinh di biét.

ig2a 1
y1+1g°2a Vi+1g* 2

1tng sui't chinh, déng thai 14 ttng sui't cuc tri:

_o.+o, i%\/(ax_gy)l +472, (6.6).

max

T (6.6) thue hién phép cOng gitfa hai gid tri o, va o, ta cling tim lai duge (6.5).

Pé y: sin2a =+ ; cosZa=1 thay vao (6,2) s& c6 ngay hai gid tri cla

5. Cuc tri ciia iing tiép.
Tir (6.3) ting sudt ti€p dat cuc tri khi:

dr TG . T~ e
Y =0 =>——22cos2a—2t_sin2a =0 = tg2a =———2> thay gid tri ndy ngudc vio
da 2 ¥ 2z,
(6.3) ta dudc:
! z
T =iE\/(0'x—cry)2+4rxy (6.7).

Phdp tuyé&n clia mit ¢ ting sudt ti€p cuc tri hop vdi phuong chinh mét géc
20=90° = a=45".
II1. Vong tron Mohr iing sudt.
1. Phuong trinh vong tron Mohr.
Khit tham s& & trong 2 phucng trinh (6.2) va (6.3) biing cdch:

» O,t0, R B s s v g s . .
Chuyén Ty ¢ phuong trinh (6.2) sang vé trdi; binh phudng hai vé cua hai phucng trinh:

c,+0,Y (o,-c °
o= | = 5 “cos2a -1 sin2ea | .

pang

2.
2 O-x_o-y @
. =| —sin2a+7t_cosZe | .
2 xy

2
DPéay la phudng trinh vong tron trong hé truc (cru,rw)vdi:

- ~ A a P O-x+o-y 2 O-x_o-y 2
Cong vé theo vé va rit gon ta duge: | o, — +7,, = g

o, +0, o.—a + . .
Tam C T,O ban kinh R= P z +7,,. Vong tron nay duge goi la vong tron

Mohr ciia trang thi ting sudt phing.
2. Cach digng vong tron Mokr.

Dung hé truc toa d6 vudng géc o, -7,,.
L4y hai di€ém A vA B trén truc hoanh & ¢6 hoanh d61a &, o, (gidst o, >0)).

Dung trung diém ctlia doan AB chinh la tim C ctlia vong tron,
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Dyng diém Dlo,.7_ ) goi la di€m cyc. Vong tdon ¢6 tim C ban kinh CD 1a vong trdn cdn

2
o -0
dung, CD? =y BC? + BD? = (Tyj +7;, 1a ban kinh R eia vong trdn. Vi tim C, ban

kinh R ta dung dugc vong tron Mohr nhu trén hinh 6.7,

Trnax

Txy

Hinh 6.7: Dung vong tron
Mobhr itng suat.

3. Tim ding sudt trén mdt cdt nghiéng.
Oy

a)

Hinh 6.8: Ung sui't trén mit cit nghiéng,

Xét phin t& chiu cdc 1tng suit trén cdc bé mit nhu hinh 6.8a, Ta dung duge vong tron Mohr
tng sudt nhw trén hinh 6.8c. M&i di€m trén vong tron Mohr Wng sut twdng ng vaéi wng suat
trén mot mit cit nghiéng nao d6. Tir diém cuc D ké dudng thing song song vdi phudng phap
tuyé&n clia mit cit nghiéng hdp véi truc hoinh mot géc a , cit vong tron Mohr tai di€m M.
Hoanh dd cia di€m M la tri s6 tng sudt phdp o, va tung do 1a tri s6 cda tng sudt iép 7, .

Ta ¢6 thé ching minh hoanh d9 OG va tung dd GM ¢6 tri s0 o, va 7, (xem hinh 6.8¢).

o,+tao o,.+to
0G=0C+CG = Ty +CM cos(2a, + 2a) = Ty+ CP.cos(2a, + 2a)=

c, +o

x

=TY+CP.cos2a1.cos2a —CP.sin2a, sin2a.

g G.x o ~ . -
DEy: CP.cos2a, =CA=——2 va CP.sin2a, =AP=1_.Taco:
2 A

o N .
0G = + .cos2a—7_.sin2a =0,
2 2 = ¢

Tuong tw ta c6 GM = CM.sin(2a, + 2a) = CM.sin 2, cos 2 + CM. cos 2a, sin 2e .
Vi CM =CP.

c,.-0
Nén CM.sin2«, = CP.sin2a, = AP =7 vi CM.sos2a, = CP.cos2a, =CA = %
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c.—0, .
Dodé: GM =t cos2a+——sin2a=1,,.

4. Phuong chinh, itng suit chinh, cic tri ciia iing sudt.
Muén tim phirdng clia cdc @ng sudt chinh va ¥ng sudt tiép cic tri, ta ké cdc tia DA, DF, DI va
DJ (hinh 6.8¢). C4c mit ¢6 ng sudt chinh tdc dung dwde vé trén phin t& d4 cho (hinh 6.8b).
Ta thiy cdc mit cé Wng suat ti€p cye tri 7., 7, hdp thinh mdt géc 45° vdi cdc mat chinh,

Cédc phucng chinh ¢, vd «a, dudc x4c dinh ti¥ vong trdn Mohr:
BD e Loy

A aree—

max ¥ ¥ max

BD_ T
BF ©,-0,,

Céc wng sudt chinh;

lga, =

o,+0, c,—0, : 5
c_ =0C+tR= i +7T (6.8).
max 9 9 e
Céc tng sudt ti€p cye tri:
c,—C g
|T|max :iR:i.|fmax —+R-4+ | Z—L +T2 :M (69)
min min 2 E 2

5. Trang thdi itng sudt phdng ddc biét, trang thdi itng sudt tniof thudn fiy.
a-Trang thdi itng suat phing dic biét.
Trén phin t& & trang th4i wng suit phing, néu ¢é moét wng sudt phip bing khong (gid s
o, =0) thi dudc goi 1a trang thdi ¥ng suat phang dac bi¢t. Ta ky hi¢w: o, =0, 7,, =7 nhe
trén hinh 6,9a, Vong tron Mohr ciia trang thdi tng suit ndy duwdce vé& trén hinh 6.9b,

A%
Tmax 2 %:

Hinh 6.9: Trang thiidng suit g
phing dic biét.

Tmax

Onin

Cmin

Céc ng sudt phap cire tri tinh theo (6,6):

(o =%iév02 +47° (6.10).

Cé4c Wng suit tiép cye tri tinh theo (6.7):
1
T =+ +o’+41r’ (6.11),
b-Trang thdi itng sudt trigt thudn tiy.
Trén phin t8 & trang thdi ¥ng suit phing, nén cic mit bén ctia phin t& chi ¢é Wng suit tiép,

khong cé t¢ng suit phdp thi dwde goi 1a trang thii wng sudt trgt thudn iy, Ta ky hiéu:
t,, = (hinh 6.10a). Vong tron Mohr ciia trang thai itng suit nay dirde vé trén hinh 6,10b,
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s
Tmas—©
T

1b]

Hinh 6.10: Trang thdi ing sui't F B
trugt thun ty. a) * b & o

min * Fuax Grin \

Cdc ng sudt phdp curc tri tinh theo (6.6):
o =+tr (6.12),

R
LR

Cdc wng sudt tiép cue tri tinh theo (6.7):
rmﬂx :ir (6.13).

min

Cidc phuong chinh hgp véi bé mat clia phin t6 cdc gde 45°,

IV. Khdi nigm vé trang thdi ing sudt khoi.
Trong trudng hdp téng qudr, trang thdi ng sudt tai mot diém 13 trang thdi (ng suit khai,
nghia 14 ¢4 ba Wng suit chinh o,, o, vd o, déu khdc khéng, Tudng wng vdi cdc cap Wng suit
(0,,0,). (0,,0,) va (0,,0,) ta vé dugc ba vong tron Mohr ¢ng sudt véi tim 1a C,, C, va
C, nhrhinh 6,11b.

Hinh 6.11: Trang thdi tng sudt khéi.

*7)

Oy

Xét mat cit nghiéng ndo dé cit qua phin t6 (mat gach chéo trén hinh 6,11a), trén mit nay sé&
¢6 1ng sudt phdp va tng suit ti€p. Ly thuyét dan hdi dd chifng minh duge ring ¥ng sudt trén
mit cit nghiéng dé tudng wng véi mot diém ndm trong mién gach chéo gidi han bdi ba vong
trdon Wog sudt trén hinh 6.11b, Néu ky hiéu cdc dng sudt ti€p cuc tri la 7, 7, va 7,, thitl
hinh 6.11b ta c¢:

Ty, = N9, T, = H %, Bl -T2 (6.14).

2 2
Nhitng diém nim trén chu vi clia cdc vong trdn twong Wng vdi ng sudt trén cdc mat song
song vdi ing sudt con lai, cdc ing sudt tép cue tri ndy tdc dung trén cdc mit nghiéng géc
45" véi hai phuong chinh tucng 1¥ng va song song véi phuong chinh con lai (hinh 6.12).
Chéng han r,, tdc dung trén mat nghiéng géc 45° v6i o,, o, va song song véi ¢, (hinh

6.12¢).
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a)

Hinh 6.12: Ung suit tén cic mit song song véi phudng chinh.
V. Quan hé giita iing sudt va bién dang. Dinh lugt Hooke.
1. Trang thdi iing suét don.
DPé6i v3i trang thdi ¥ng suit ddn thi phin t& chinh chi c6 bién dang dii (hinh 6. 13):

&

Hinh 6.13: Bién dang doc va bién dang ngang Hinh 6.14: Bi€n dang géc clia phin t6'd
clia phdn 16 chiu itng suit don. trang thdi tmg suit trugt thud n tiy.

Bién dang dii theo phirang ctia wng suit: ching han phirong x trén hinh 6.13.

o)
E=— 6.15).
5 (6.15)
Bié&n dang dai theo phwong vudng géc véi phuong cilia Wng suit: phirdng v, z trén hinh 6,13,
e=—uZ (6.16),

E
2. Trang thdi iing sudl triot thuén tiy.
& trang thdi niy trén phin t& khdng c¢é bién dang dii ma chi ¢é bi&n dang géc (truct) trong
mit phing tdc dung ciia wng suit tié€p: ( vi du mat phing xy trén hinh 6,14), Giita wng suit
ti€p T vi bién dang géc ¥ ¢6 quan hé bic nhat goi 1 dinh luit Hooke vé bién dang trudt.

r== (6.17).

_E
201+4)
3. Trang thdi iing sudt tong qudi.

! - g [ . Y
U trang thai #¥ng suit ndy trén phin t&8 c6 cd bi€n dang dai ciia cdc canh va bién dang géc

Véi: G =

cia cdc gdc vudng,
Ta thira nhin: &ng sudt phdp chi gy ra bién dang dii, cdn Wng suit tiép chi gy ra bién dang
géc trong mat phing tdc dung cia Wng suit ti&p.
Ap dung nguyén 1y cdng tic dung: bi€n dang do nhiéu ¥ng suit gdy ra bing tdng cdc bién
dang do titng ng suit riéng 1& giy ra.

e Bi&n dang dai:
Bién dang dai theo phwdng x 12 mét ham cia cdc wng sudt phap ky hiéu £, : (hinh 6.13).

g = Ex(Ux-Uy-Uz): e lo, )+ gx(ay)Jr (o).

o

x

z

g, (O'x) - Bién dang dai theo phwdng x do ¢, gdy ra, tinh theo (6.15): &, (o-x ) =
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. o
gx(oy) - Bi€n dang dai theo phuong x do &, gy ra, tinh theo (6.10): ¢, (O'y)= —/LLEy.

z

Sx(O'Z) - Bi€n dang dai theo phudng x do &, gdy ra, tinh theo (6.16): &, (O’Z)= —,u%.

Twong ty cho cdc phudng c¢on lai, ta 1ap dude biu thite ctia dinh luit Hooke téng qudt cho
bi&n dang dai:

o= Lo, - s, )
e, = %[cry - ,u(o-z +o, )], (6.18).

£ = %[O-z _/u(o-x +O—y)]'

D&i vdi phin t8 ¢6 cdc ting sut chinh ta ¢6 bidu thic tudng tw, khi thay x, v, z bing 1, 2, 3.
e Bién dang gbc:
Trong tirng mat phing, bi€n dang géc do ting suit tip tudng ing gAy ra: (hinh 6,14),
T T T

=2 = g (6.19).

Yo G G

¢ Bi&n dang thé tich ty d6i: 1a lugng thay dbi ctia mét ddn vi thé tich, ky hiéu 4.
Goi thé tich ban ddu cla phan t§ 14 dV : dV = dx.dv.dz.
Trudc vi sau bi€n dang cdc canh clia phin t6 thay di nhitng lugng:
dx — (a’x + Sxa'x); dy — (a’y+gydy); dz— (dz+ gzdz). Do d6 néu goi thé tich liic sau cla
phint&1a 4V, thi: dV, = (a’x + gxddey + gya'dez+ gza’z)= dx‘a’y‘a’z(l + SXX] +e, X] + gz).
Bién dang thé tich tudng d6i € s& 1a:
_dv,—dV a’xa’ya’z(] + gx)(I +e, X] + ‘92)_ dxdydz

a =U+e N+e M+e )-1.
o i (e i+eJi+s)
Sau khi khai trién va bd qua céc v6 cling bé bic cao nhin dudc:
O=¢_+ &, ts, (6.20).

Thay céc gid tri bi€n dang & (6.18) vao ddn dén:
-2
0= E’u(ax+0'y+0'x) (6.21).

Dinh luit Hooke kh&i: bi€n dang thé tich tudng déi ti 18 véi téng cdc ting suit phép,
Céc bidu thije (6.18), (6.19), (6.21) dudc goi ld ding luat Hooke tf;ng quat,

. Trang thdi ing suit phing.

Biéu thitc bi€n dang qua ting suit:

1 1 T
g, = E( . —,ucry); g, = E(O'y —/JO'X)', g, = —%(O'x +cry); Vo = Exy (6.22).
Biéu thifc ing suit qua bi&n dang:
o, = E(gx + ;tgy)' o, = E(gy +,u€x)' T, =Gy, (6.23).

. Quan hé giita cic hiing s6 dan h6iE, u, va G.
Xét phén t& phing chiu bién dang trugt thudn tdy. Trudc va sau bi€n dang géc vudng thay
d8i mét lugng y, dudng chéo clia phin t6 m = V2dv ¢6 bién dang dai tuyét déi Am nhu trén

hinh 6.15. Vi bién dang bé nén ta ¢6 thé viét Am = LAs :

>
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Hinh 6.15: Quan hé giita
cic hing 56 din héi

Am  As 1 As 1
LY . (o).

m  2dv 2 1ldv 2

Vi phén t6 & trang thdi wWng suit trugt thuan tiy nén o, =—o, = r, mat khdc phudng chinh 1

Tacé: g, =

triing véi dudng chéo clia phin t6 do d6 bién dang dai theo phirong nay la:

1 1 14+ 1 14+
g =—log—uo, |==lt+ ur)=——1="7-7"GCG c).
n = lon—poy )= =+ pr)=— =67 ©
So sdnh (b) va (c) ta mit ra quan hé:
LIty s gL (6.24).
2 E 21+ u)

Nhu v4y ba hiing s6 dan héi E, G va 4 dic trung cho tinh dan héi cla vét liéu ddng hudng
¢6 moi lién hé véi nhau, Mddun dan hoi trugt G xdce dinh theo (6.24) hoin toan phi hdp véi
két qué thi nghiém,

VI. Biéu thilc clia thé niing bién dang dan héi.

1

Thé néng bien dang dan héi riéng.
Khi phin t& bi€n dang, trong méi don vi thé tich tich iy mot th€ ning bi€n dang din hoi u
dudc goi 14 thé ning bién dang dan hdi riéng.

2 - . . < 1
O trang thdi ing sudt don th& ning bién dang dan hoi riéng dugc tinh: = 50‘5 :

Do6i vé6i phin t8 & trang thdi Wng sudt khéi trén hinh 6.16 ¢6 cdc d¥ng sudt 12 o,,0,,0, wong

ing véicde bién dang dai ¢,,&,,5,.

Hinh 6.16: Trang thdi ¢ng suit khéi.

Theo nguyén 1§ céng tic dung, thé ning bién dang dan héi riéng dude tinh:

i
U= 5(0181 +0,8, + 0'383) (6.25).
Cdc gid tri ¢,,,,&; dudc tinh theo (6. 18):
1 1 1
& = _[0_1 7#(0_2 +oy )]’ &= _[O_z - #(0'3 +o, )]’ Cha _[0—3 7#(0_1 + 0_2)]'
E E E
Thé ning bién dang din hoi riéng tinh theo 1¥ng suit:
u:é[of+O'2’+0'§—2,u(030'2+0'20'3+0'3q ) (6.26).

2.Thé ning bién dang dan héi thé tich va thé ning bieén dgng dan héi hinh ddng.
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V&i mot phan t6 & trang thdi wng sut khoi trén hinh 6.17a ta ¢ thé tdch ra thanh hai phan t6:
mét phin t6 chi chiu cdc Wng sudt chinh trung binh theo cdc phuong ¢, va mét phén 8 chiu

cdc ng sudt chinh bing hiéu clia cdc Wng sudt chinh ban ddu va (ng sudt trung binh,

a) 2 ] 2 Gy~ Tip
Gy T3-Ch
1
1 ; o G1-Gib
e :_ —
7 1 1
4
3
Gy 2

Hinh 6.17: Phin tich trang thdidng suft kh&i
thanh hai trang thdifng sudt riéng 1&.
D6 véi phin t& chiu cdc Wng suit kéo hoac nén déu theo cdc phudng ¢é Wng suit chinh li
oid tri trung binh cla cdc wWng suit chinh & trang thdi Wng suit ban dau (hinh 6,17b):

!
o, :g(gf +o, o,
G trang thdi nay, t§ 1& vé kich thudc ctia cdc canh phin t8 khéng thay d6i do d6 khéng cé
bién dang vé hinh ddng ma chi c¢6 bién dang vé thé tich. Thay tri s6 ctia ¥ng sudt chinh trung

binh nay vio (6.26) ta nhin dude biéu thite thé ning bién dang dan hdi vé thé rich cho trang
thdi nay:

11, 2, 2 (1-2u){ o, +0,+0,
U, =——\o, +0,+0, —2ulc, 0, +T,0,+0,0, )=
it 2E[ th th ke #( th ™ th th th e th )] 2F 3
D&i véi phdn t8 cdn lai, phin t6 chiu cdc #ng sudt chinh c6 gid tri:

, 0, = o, — 0, (hinh 6,17¢),

B

] (6.27).

0,=0,-0,,0,=0,—0C
Tathdy: o, + o, + 0, =0 dodé, theo (6.23) trang thdi ng suit nay chi c6 bi€n dang v& hinh
ddng mi khong ¢ bién dang vé thé tich.
Thé ning bién dang din hdi & trang thdi ing suit khéi trén hinh 6, 17a tinh theo (6.26) 14 téng
clia thé nang bién dang dan hoi thé tich trén hinh 6.17b tinh theo (6.27) va thé ning bién
dang dan héi hinh ddng trén hinh 6.17¢:

U=H, ‘U, U, ~H—U
Thay (6.26) va (6.27) vao, bi&n déi ta duge:

1+
U, :3—; o) + 0. + 0. — 0,0, — 0,0, —0'30'1] {6.28).

it

VII. Diéu kién bén ciza vét liéu & trang thdi iing subt phiic tap.
1. D§ bén ciiavét lieu 6 trang thdi itng suéit don.
Trang thdi Gng sudt don sé dat dén trang thdi gidi han khi @ng sudt phdp c¢é gid (ri bing ng
sudt nguy hiém o, (hinh 6.18). Do d6, dé ddnh gid dd bén cla trang thdi ¢ng suit don ta chi
viée so sdnh ing sudt phdp véi ing suat nguy hi€ém o, k€ thém hé s& an toan .
Hinh 6.18: Phiin t§ & trang thdi og Go

1
1
ing suit don dat dén € I By e

trang thdi gidi han. .

o

O-mrzr = [O-]: 70 "
4]

Tri s6 1tng suat nguy hi€ém o, d€ dang fim dugc tir thi nghiém kéo hoac nén ding tdm, 14y bing

o, d6i vdi vt liéu don va bang o, hodc o, dGi véi vit liéu déo,

2. D¢ bén ciiavitlieu & trang thdi itng sudt khoi.
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Trong trudng hop téng qudrt , néu mudn ki€m tra bén cho mot di€ém thude trang thdi dng suit
phuic tap thi ta ciing cdn phdi ¢é nhifng k&t qua thi nghiém phd hoai nhifng miu th¥ § trang
thdi dng sudt twong ty, nghia 13 ty s6 gifta cdc ¥ng sudtchinh o, : o, : &, cia mau thi khi phd
hoai vi cda trang thdi Gng suit tai di€m kiém tra phai bing nhau. Viéc thi nghiém nay sé
khéng kha thi vihai 1y do:

S& lrgng thi nghiém phai nhiéu vé ciing thi mdi ddp dng dude cde ty s& gifta nhitng ¥ng
sudt chinh ciia cdc trang thdi tng sudt gap trong thire &,

Thi&t bj ding dé thi nghiém vé trang thdi ¢ng suit phic tap khéng ddp dng duge thuc &
v it phé bi€n réng rdi nhy thi nghiém kéo nén theo mét chiéu,
D¢ trdnh cdc khd khin vé thuc nghiém dé ngudi ta dwa ra nhiing gid thuyét vé nguyén nhin
cd bdn giy ra su phd hoai clia vit liéu, cdc gid thuyét dé dude goila cdc thuyét bén.
Cé nhiéu yéu anh hudng dén dé bén cia virt liéu nhe: ¥ng suit phdp, ing snat tiép, bién
dang dai, th€ nine bi€n dang dan hdi.. va mbi y&u t& dé déu c6 thé dudge chon lAm tiéu
chudn ddnh gid cho d¢ bén ctia vir liéu.
Theo mét thuyét bén nio dé, vitlidu & trang thdi dng sudt phifc tap trén hinh 6.19a sé& bi phd
hoai khi y&u t& ma thuyét bén dé chon 1am nguyén nhin phd hoai dat tdi mot gidi han nio
dé vé gid tri. Gidi han dé dude xdc dinh dwa vao thi nghiém phd hoai déi vdi trang thdi tng
sudt don trén hinh 6.19b.

a) 1 & b) 1

s i sopyc e s G ! c ;

Hinh 6.19: %)anh gid trang thdidng suit phic tap 1 i 1 ; P
béing trang thdi tng suit don tusng duong. /'- ] T | -7 O

', Jﬁz
Cé nhiéu 1y thuyét bén, pham vi tng dung ctia chiing phu thudc vioe khi ning phit hdp véi
thue nghiém va kha ning 4p dung vio thue tién. G ddy s& gidi thiéu mét s6 1y thuyét bén xét
dé&n nhan & 14 rrang thding sudt va vt lién nghién cfu 1Am viée trong mién dan hoi.

3. Thuyét bén ding suiit phip ( thuyét bén thit nhét).
Nziyén nhin gdy ra sy phd hoai ciia vit lidu la do tri s6'Idn nhit cia ing sudt phdp ciia phin
16° G trang thdi ing sudt phitc tap dat t6i mét gidi han ing sudt nguy hiém ciia phin 66 trang
thdi ing sudt don,
Trang thdi wng sudt phifc tap ¢S ba ing sudt chinh x&p theo thii v &, > ¢, > o,
Do dé theo thuyét bén thii nhit nay, ta ¢d diéu kién bén:

(0.0, )<[o].

Hay viét riéng biét:

o,|<[o], (6.29),
Thuyét bén nay ra ddi sdm nhit trong cdc thuyét bén, nhung trong nhiéu trudng hdp né
khéng phit hop véi thue t€, Ching han, miu thit chin nén déu theo ba phwong, trong thue t&
vit liéu hau nhw khéng bi phd hoai dil chin 4p e rat 1én. Thuyét bén nay chi ding trong
trudng hop phin t6 & trang thdi 1ng sudt don.

4. Thuyét bén bién dang disi ( thuyét bén thii hai).
Nziyén nhdn gdy ra sit phd hoai ciia vdt liéu la do tri s& Idn nhdt ciia bién dang dai tiong déi

o, = [U]k;

ciia phdn 6 ¢ trang thdi ing sudt phifc tap dat tdi mét gidi han nguy hiém cita phin t6 6 trang
thdi ing sudt don.

Goi &, 1a tri s6 16n nhit cia bién dang dai twong doi clia phdn 18 & trang thdi Wng suat phife
tap, ta ¢6 diéu kién bén:
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£ = [gddn]'

Theo dinh luit Hooke vé bién dang dai:

Vdi trang thdi tng suft khéi: ¢, = é[al - ulo, +a,)|.

Vi trang th4i ting suit don: [s,, |= [Z] :
Do dé6, diéu kién bén theo thuy&t bén thi hai nay 1a:

o, - ulo, +0,)< o] (6.30).
Thuyé&t bén nay cho két qua tudng d&i phtt hgp vdi vat liéu don,
. Thuyét bén iing sudt tiep ( thuyét bén thii ba).
Nguyén nhdn gdy ra sy phd hoai ciia vdr ligu la do i s& idn nhdr ciia ing sudt 1iép cita phdn
18 & trang thdi ng sudt phitc iap dat tdi mot gidi han ting sudt nguy hiém ciia phdn 16 & trang
thdi ing sudt don.
Ta c6 diéu kién bén:

T S [rdcfn]'
Theo (6.9) hodc (6.14): 7 = GT Theo (5.13): [r,, ] = M
Do dé, diéu kién bén theo thuy&t bén thi ba 1a:
o, —a, <[o] (6.31).
Thuy&t bén nay mac dit chua ké d€n 4nh hudng cla ting suit chinh thit hai &, nhung cho k&t
qud phit hdp vdi thue nghiém hon hai thuy&t bén trén, dac biét 13 vat lidu d&o, D& véi vit
liéu don hoac vt liu ¢6 d6 bén kéo va nén khdc nhau, thuyé&t bén niy cho két qua khéng
phit hdp. Trong tinh todn cd khi, thuy&t bén nay dude sit dung khé phd bién.
. Thuyét bén thé ning bién dang dan hoi hinh ding ( thuyét bén thii ).
Nguyén nhdn gdy ra sy phd hoai ciia var ligu la do tri s& [6n nhdt ciia thé ndng bién dang dan
héi hinh ddng cila phdn 16 & trang thdi ting sudt phifc tap dat 16i mot gidi han nguy hiém cia
phdn 18 & trang thdi ving sudt don.
Ta cé diéu kién bén:
Rp, phitcrap = luhd,de'

1+ p

2 2 2
E[O'l +O'2 +O'3 — 0,0, —0,0, _0'30'1].

Theo (628) Upa, phucrap =

¢ . . 1+
D61 v6i trang thai tng sudt don: u,, ,, = # [ ]

Do dé, ta c6 diéu kién bén theo thuy&t bén thit t:

\/0'12 +0l +al —0,0,-0,0, 0,0, <[o] (6.32).
Thuyé&t nay cho k&t qua kh4 phi hdp vdi vit liéu déo. So vdi thuyét bén ting suit ti€p cuc
dai, n6 con k& dén dng suit chinh thit hai &, . Thuy&t bén thit tw ndy dudc sit dung khd phd
bi&n trong x4y dung v cd khi. Tuy vy, né vin khéng thich hdp véi vit liéu don.
. Thuyét bén Mohr ( thuyét bén thit nam).
Thuy&t b&n Mohr dude xiy dung dua trén cd s& k&t qui thye nghiém, Xem muc IV, mét
trang thdi tng sui't kh&i c6 th€ biu thi bing ba vong tron Mohr trong hé truc o—17. Goi
nhitng vong trong tuong tng vdi lic vit lidu 3 trang th4i nguy hi€m 14 vong trdn gidi han.
V &i nhitng két qua thi nghiém theo cdc ty s6 giita cdc (ng suit chinh o, : o, : o, khdc nhau,

ta vé& dude nhiéu vong tron gidi han trong hé truc o — 7. Do tng suit chinh &, dnh hudng it
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dé&n diéu kién bén nén trong ba vong trdn gidi han clia mdt trang thai tng sui't, ngudi ta quan
tdm d€n vong tron 18n goi 1d vong tron chinh duge x4c dinh bdi cdc Ung sudt chinh o, va o,.

dudng bao

Hinh 6.20: Ho cdc vong tron Mohr gidi

han va dudng bao cia ching,

nén ddn kéo ddn

trugt thudn tiy

Ti&n hinh nhiéu thi nghiém cho c4c trang th4i ¢ng suit khic nhau vi tim dugc trang th4i gidi
han tudng ng cia ching. Biéu dién cdc vong tron chinh niy trong mat phing toa d6 o —7 ta
nhin duge mdt ho cdc vong tron Mohr gidi han nhu trén hinh 6,20, Pudng bao cia ho cdc
vong tron Mohr ndy s& chia mat phing thinh hai mién gidi han nguy hiém va khéng nguy
hiém ciia vit liéu. Giao diém cia truc hoanh vi dudng bao twdng tng véi trang thii c6 ba
ting suit chinh kéo biing nhau vé tri s8.

Né&u mét trang thi ng suit nio dé c6 vong trédn Mohr chinh 18n nhit nfim trong dudng bao
gidi han thi vit liu & trang thdi khong nguy hiém. Né&u vong tron Mohr chinh tiép xiic véi
dudng bao gidi han thi vit liéu & trang th4i gidi han nguy hi€ém. N&u vong trdn Mohr chinh
cit dudng bao thi vt liéu & trang thdi bi phd hoai.

Viy diéu kién bén ciia mét trang thdi dng sudt chinh 1a diéu kién hinh hoc d€ vong tron
Mohr chinh ctia trang th4i ng suit ndy nim trong dudng bao, Thuc t&, viée thi nghiém dé v&
dudng bao thudng khé khin, phiic tap, P& ddn gidn héa, ngudi ta cin cf vio hai vong tron
gidi han kéo va nén theo mdt phudng va vé& dudng cong gidi han 13 dudng thing ti€p tuyén
chung ctia hai vong tron do.

Hinh 6.21: Pu8ng bao ddn gidn.

Goi cdc ting suit nguy hi€m khi kéo vi nén 13 o, va o,,. Hinh 6,21 14 dudng cong gi6i han
ddn gidn & trang thdi cho phép, cdc vong tron gidi han veé tf cdc tng suit cho phép. Xét trang
thdi ¢ng suft ¢6 cdc dng suit chinh o, vi o, chi dugc phép tiép xic véi dudng cong gidi
han. Tir diéu kién niy, ta c6 th€ suy ra diéu kién bén bling cdch xét hai tam gidc ddng dang
C,AC, va CA,C,, tach:

GG _ G4y

C,C, CA
Trong d6:
1 1 1
C,C,=0C,-0C, = 5(0'1 +0'3)—5[0']k = 5(0‘1 +o, - [cr]k);

GC = %([O-]n + [O-]k )"
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1 1 1
CiA =K A - K.C, =K,C, - K,C, :E[C’-]k _5(0-1 _JB)ZE([JL -t 0-3);

1 1 1
CA=KC -KA=KC-KC, = E[O-]n _E[O-]Ic = E([O-]n - [O-]k)'
Thay thé cdc gid tri nay vao ty 1é thifc trén, nhin dudc diéu kién gidi han:
o, +0, _[O-]k — [O-]k — 0, + 0, .
[o]. <[], o] -lo
[O-]Ic

Sau khi bi€n ddi, nit gon ta cé: o, — o] o, =|z]..

Hay: o, —%.0’3 [l

O-OH.
Do dé diéu kién bén dude viér la:

o _%-O—s <[o];
0

R

(6.33).

V6i vit liéu déo thi o, = ¢,,, lic nay thuyét bén Mohr tring véi thuy&t bén dng sudt iép

cye tri,

Thuy&t bén Mohr cho két qud phi hgp véi vit liéu don (o, > o, ). Thuyét nay cé vu diém

1a khéng dua vao gid thuy&t ndo ma cin ¢ trye Lé€p vao trang thdi gidi han cla vit lidu,

Thuyét bén nay vidn bé qua dnh hudng ciia clia ting suidt chinh o, va do viéc thay

dudng

cong bing dudng thing nén cho k&t qui chinh xdc chi khi vong tron cia trang thdi Wng sudt

khéo sdt nim trong khodng gitta hai vong tron gidi han kéo va nén,

Vidu 6.1.
Cho phén t& & trang thdi ng suit phing véi cdc i¥ng suat nhe hinh 6,22, Xdc dinh tng

suat

trén mit cdt ngiéng ¢6 phap tuyén u hgp véi phuong ngang mot gée 30° (hinh 6.22a). Xdc

dinh phudng va tri & ctia cdc Ung sudt chinh (hinh 6,22b),

Hinh 6.22: Cho vidu 6.1.

Giidi.
Theo qui wdc chiéu clia ¥ng sudt trén mit cit fa ¢d:
o, =+60KN/cm®; 0,=—40KNiom™; t =—25KN/om’; a=+30".

x¥
Ung suit trén mat cé phdp tuyén u:
60—-40 60-(—40
o= ( )cos 60° — (—25)sin60° = 56,65KN /cm”

_ wsjn 60° + (— 25)cos 60° = 30,8KN/ em”.

uv

Cdc ing suit o, va r,, déu duong nén cé chiéu nhw gia dinh ban dau (hinh 6.22a).

Cdc 1ing sudt chinh:
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+ %\/[60 —(~40)]® +4(-25)" =10KN/cm® £55,9KN/cm?

_ 60-40
2
Theo quy wc thi tw cda cdc ¥ng sudt chinh suy ra:
o, =0, =659KN/cm®; o, =0, = -459KN/cm* .
Cdc phucng chinh:

2-25) 1
60—(—40) 2
Dodé: o, =13°20'; @, = e, +90° =103°20",

Chiéu dudng cia cdc phuong chinh nhw chi ra trén hinh 6.22b.

1g2a =— = 2a =26°40",

Vidy 6.2
Ung suit todn phin trén mat ¢t m —m di qua mot di€m cda v4t thé trong trang thai ng suit
phing p=3000N/cm® ¢6é phudng tao thinh moét géc 60° véi mat cdt, Trén mat vudng véi
mit cdt ndy chi ¢6 tng sudt ti€p (hinh 6.23a). Tinh @ng sudt phdp va Gng sudt tiép trén mit
cdt tao thinh géc 45° so v6i mit cit m —m . Tinh (ng sudt phdp 16n nhit tai diém do.

ny

a) b)

Hinh 6.23: Cho vidu 6.2.
Gidi.
Phin ng sudt todn phin p thanh 2 thinh phan ¢, va 7, (hinh 6.23b):
o, =psin60” =2598N/cm’®;
z,, = pcos®0” =1500N/cm”.

Theo céng thife tinh ¥ng sudt trén mat cit nghiéng:
gL te, @, =

¥ : .
o, = + cos2a 7, sinla;
2 2
O-x_o-y .
T, = sin2a 41, cosla;
2
o, f0,

(o3

max

> +%.\/(o-x +0, )2 +412,

Thay o, =2598N/em’; o,=0; 7, =—1500N/cm’; o =225 vao ta dugc:
2598+0 2598-0
o = +

cos310° — (-~ 1500)sin510° = 2799N/em’,

“ 2
Bl %smsmo +(-1500)cos 510° = 1299N /cm?;
- :%+%\/(2598+0)2 +4(~1500)" =3283N/cm’.

Vidy 6.3.
Trén moét phin t6 14y tir vit thé chiu luc cé tic dyng Gng suit o =30KN/cm’ va
T =15KN/em* . Xéc dinh bién dang dai tuyét ddi ciia dudng chéo AB va bién dang géc cia
géc nghiéng (hinh 6.24a). Cho: E =2.10*KN/em®; 4 =0,28.
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T
g—f 175 25cm T

Hinh 6.24: Cho vi du 6.3.

Gidi.
Xét phéan t§ ¢6 phdp tuyén bé mit theo phudng m va n nhu hinh 6.24b.
Ta c6: o, =30KN /cm*; o,=0; 7., =—15KN/cm*; «,, =30"; a, =120°.

Ung suit trén phan t&:

oc.+0, o0, ,-0,
o =— L+ 2 Ycos2a, —7_sina
m 2 m Xy m
o.+o, 0,-0, )
o, = 5 —+ cos2a, -7, sin2a,,;
o,.—0, .
7 _ = —sin2e,, +7,, cos2a,,.
Thay so:
o, = 302+0 #2970 00560° — (~15)sin60° = 3549KN /em?;
o, = 30;() +3979 os240° - (~15)sin240° = -5,49KN / cm’;
T, = S 0P +(=15)cos60° = 549KN / cm* .

Theo dinh luat Hooke v& bi€n dang dai:
1 1
e, =—lo, —uoc,)= 35,49 -0,28(-5,49)|=1,85.10"".
y =0, ~10,)= = 549 -028(-5.49)]
Do d6 bi€n dang dai tuyét d6i ca canh AB: A,, =¢, . AB=185.10".25/c0s30° = 0,093cm .
T _549.2(1+028) _ 7,027.10 Rad .

G En(+p)  2.10°

min

Bi€n dang géc cla géc nghiéng: 7, =

Vi du 6.4.
Tai mot di€m trén mit vat thé chiu luc ngudi ta do dude cdc bi€n dang ty ddi theo cic
; £,=7,61.10". Xdc dinh tri s§ Gng

phuong Ox, Oy, Ou la: ¢, =328.10"; ¢, =596.10""
suat chinh va phuong chinh tai di€m d6 (hinh 6.25a).
Biét: £=1.10"KN/cm”; u=0.34.
Gidi.
Ap dung dinh luat Hooke cho trang thdi ¢ng sui't phing ta c6:
g =%(0'l. —HO o0 ) Véi: i =x,y,u.
Suyra: Ee, =0, + uo, — uo, — o, ., =0, (1 +/1)—,u(0'i 0, o0 )
Do do:

o, = ﬁ[EQ + ;1(0; + 0, o0 )] (d).

i

Miit khac, theo cOng thdc tinh ¢ng suit trén mit cit nghiéng:
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o, +0, 0,-0, ]
o, = + cos2o, —7_ sin 2w, (e).
2 ! xy i

- 2 . ] P - &
bat: K=0,+0, .0 =0, +0,; (bdtbi€n cua trang thii Gng sudt phang).

L=o, -0,

a)

Hinh 6.25: Cho vidu 6.4.

So sdnh (d) va (e) ., thay K, L vao ta dugc:

Ty (Ee, + 1K )= §+ %cos 200, — 7, 8in 201, ().
Lan luot thay 7 bing x,v,u vao (f):
ﬁ(Eex + ;LK):§+ %cos 2.0° -7, sin 2.0° (g).
K L
— (Bs, + 1k )= o+ 500s2.90° 7, sin2.90° ().
K L
Sl (Ee, + uK )= 5+ c0s 2.60° - 7,, sin 2.60° (k).

Céng (g) va (h) v€ theo v€, san khi bién déi ta dudc:
o B, +¢,) 1.10"(3:28.10™ +596.10™)

~14KN/cm* .
1- u 1-0,34
Thay X vao (g) va bién déi, ta dudc:
Elg, —£,) 1.10*(3,28.10™ —5,96.10"*
L= ( Y): ( : ):—2KN/cm2.

1+ u 1+ 0,34
Thay X, L vao (k) bién d6i ta dudc:
o V3EQs, +5,-45,) 3.1.10*(3.328.10 + 596.10 * ~4.7,61.10 )
” 6(1+ 4) 6(1+0,34)
Cédc tng sudt chinh:

= 2KN/fcm’.

o =0, =§+% I +4r? =g (- 27 +4(-2f =9.23KN /cm” .
K 1 14 1
Ty =y = I+, = (—2F +4.(-2F =4,77KN fcm® .

Phudng chinh:
ZTH o] 0
tg2e :_T: -2 =20 =-03"44"; o =-31"72".

Vidu 6.5.
Cho ba khéi hinh hép vit liéu khdc nhau ¢6 mé dun dan héi E,, E,, E,; hé s6 poisson u,,

L. iy, duge dit khit vao nhau trong mdt khoi tuyét déi cing va chiu lwe nhy hinh 6.26. Xdc

dinh #ng sudt phdp tdc dung lén cdc mit cia ba khéi.
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Hinh 6.26: Cho vidu 6.5,

Z
Gidi.
Phuong trinh bi€u dién ting suit theo phuong z:
e =0 ().
0'2(2) =—g (m).
0'2(3) =0 (n).
Phuong trinh bi€u dién biéu dién bi&€n dang theo phuong y:
1
gf) =0= E—[O'S) -1 (crz(l) + O'g) )]= 0 (0).
1
1
‘93)=0:E[0£2)_%(G£2)+O':(c2))]=0 (p)-
2
1
W=0= Lol seP-0 @
3
Phuong trinh quan hé ng suit theo phuong x:
o = o) (1),
O'S) = O'S) (s).

Phuong trinh biéu dién quan hé bién dang theo phuong x:
gil) + gf) + 89) =0=
1 1 1
Lo o Lo o L e v he0
1 2 3

) = 519, thay cic gid tri nay va (1), (m), (n) vao (o), (p), (q)

X

Tw (r) va (s) ta dat: o, = O'S) =
vi (t) nhian duge hé phudng trinh sau:

O-)(/l) - /ulo-x = 0 = O-)(/l) = /ulo-x (0’)>
o+ q- o, =0 = ol = o~ 1,q (p).
0'53) — o = = O')(?) = 0, (q).
1 1 1
o, - 160+ o, + g - ot —[o, - 1o ®]= 0 (1),
El EZ E3

Thay (07), ('), (@) vao (')
1 1 1
El[cfx—#fcfx]+E[Gx+ﬂzq—#z(#zax—#zq)]+%[Gx—#icfx]=0

2
_ol-g), o -42) aml+m) o-2)_

El EZ EZ E3
s [(l—ﬂf)+(1—/«t§)+(l—#§) __am(l+p)
' El E2 E3 E2
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s o EzEa(l_ﬂlz)"'EsEl(l_/“22)"'E1E2(1_ﬂ§) =_q/“2(1+/”z)
i E\E,E, E,

E\Esqum(1+ ) |
E,E(1- 12 )+ E,E (- 12 )+ EE, (1- 12)

gl gl gl o o

Thay vao (07), (p"), (@)

O.(l) = o, =- ElEsq/Lﬁﬂz(l"'/uz)
T BB - )+ EE (-2 W EE(-2)
O E Eyqu (1441, _
ST T EE (-2 )+ EE (- 2 )+ EE, (- 12) g
E1E3q/u2/u3(l+ﬂ2)

() _ -
o7 = e, =— .
4 E,E(1— 12 )+ BB (- 12 )+ EE, (L 422)

Va cdc ttng sudt theo phuong z:

o"?)=0; 0'2(2)=—q; 0'2(3) =0,

Vidu 6.6.
Mot thanh thép mit cit ngang hinh vudng canh a, ngam hai diu va ¢6 kich thuéc nhu trén
hinh 6,27a, Trén doan chiéu dii 2b chiu 4p luc phin b& déu ¢. Tai vi tri D trén truc thanh
cdch ngam phdi mdt doan 20 tdc dung luc tip trung P.
Xdc dinh gid tri ctia lyc P dé mit cit ngang tai C khéng ¢6 chuyén vi doc truc.
Xd4c dinh ting suit phdp doc truc 16n nhat va tinh chuyén vi doc truc ciia mat cit ngang 1-1
cdch ngim trdi mét doan 3.
Chobiét: E=2.10"N/em’; p=03; b=20cm; a=2cm; q=15000N/cm’ .

2 ”gﬁ ......... gg_,_._g_._,_ga._._ig__,_,E_‘ %gl

I (q I(_)I
PRI
2b 2b b 2b
gq Il
b 2 ] T | 1 NE z
___________ e T T 1 e !e_ — e f—
) A Bt . e D E

c) ®

% pga’

Hinh 6.27: Cho vidu 6.6.

Gidi.
Gidi phong lién két tai ngdm E thém vio phan luc lién k&t N, nhu trén hinh 6.27b.
Ky hiéw: A/,: chuyén vi tai mat citk,
Aijﬁ’”) : chuyén vi tai mit cit k do nguyén nhin m gy ra.

Phuong trinh twong thich bién dang tai E:



LE THANH PHONG

Z AJ@ L ASP | A0 = 1 P5b  Npdb
Al = AI® + AIP) 4+ AID = :>E[aZ f,u(aerax)]QbeJr £ =0,
Cdc ing suat o, o,, o, dolyc phin b6 g pdyra: o, =0, =—¢, 0,=0. F =a’ ta dudc:
4 5
N,=— —ga’ —=P u).
E [7/“9' 7 ] (u)
Pé tai € khéng ¢6 chuyén vi doc truc ta ¢é phudng trinh tudng thich bién dang tai C:
_ — 1 P4b N,.4b
Al = ANE A1 L A1 =0 = 224 = EEal =0 (V).

Giai (u) va (v):
3 1
P==yqa*, N, =—pqa”,
2/49' 3 2#@"

Viy, khi P = %,Mqa2 thi tai mat cAt ngang C khéng ¢ chuyén vi.
Biéu d6 ndi lyc trong thanh nhy trén hinh 6.27¢:

2
O = L o — g = 0,3,.15000 = 4500N /cm?

2
a

2uqb P36 N,3b
Al = AL + AL + ALY = R e

Qugh 3 23b 1 ? 3b b
Thay P va N, vio: Al = “g —5”@;&2 +5W;a2 :_/“g,

Thay: £, g, b, E vaota dudc:

Al_, =-4,5.10"cm. Mat cdt 1-1dich chuyén sang trdi.

Vidu6.7.
Phén t& chiu d¥ng suit trén cdc mat nhw hinh 6.28, Hiy ki€m tra bén cho phén t& theo cdc 1y
thuy&t bén thet ba, th tv va 1y thuyét bén Mohr. Cho biét: [o]=13KN/em?; o,/ o, =0,7 .
5,=5KN/em”

i 7, =3KNfem?

Hinh 6.28: Cho vidu 6.7.

Gidi.
C6 mot ¢ng sudt chinh theo phuong z 1a o, =6KN/om’. Hai Wng sudt chinh con lai nim
trong mit phing vuéng géc véi phuong z dwde tinh:
_o,to, _5-6

BT g i%‘ﬂa’f*%)g”ﬁw: 2 i% (5+6)2+4.32:{

Dodé: o, =6KN/cm®; o, =1L11KN/cm®;, o, = 8,11KN/cm®,
Theo thuyét bén thi ba:

B3

7 =6, — 6, =6+8,11=14,11KN/cm’.
Theo thuyét bén thi

LIIKN/cm®,
—8.11KN{em?.

thd _ 2 2 2
Cl'm —‘/O'1 -f—O'2 +O'3 —(','1'10'2—0'2(',"'3—0"30"1
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= \/63 FLI1% +(-811) -6.111-111(-811)— (-8,11)6 = 12,41KN/cm” .
Theo thuyét bén thit nim:

oo T 5o 6—0,7(-8,11)=11,68KN/cm”.
Or
Viy: khi kiém tra bing 1y thuyé&t bén thit tr va the nim thi phin & dd bén, con khi kiém tra
bing Iy thuyé&t bén thit ba thi phin t& khéng ddm bio d6 bén.
BAI TAP CHUGNG 6
6.1 + 6.6, Xdc dinh gid tri ciia ng sudt phdp va tng suit Hép trén cdc mit cit nghiéng cia cdc

phén t& cho trén hinh 6,29 + 6.34.
8KN/cm? 9KN/cm®

607 ) 7KN/em?
r—

S5KN/cm?

13K N/em?

Hinh 6.29. Hinh 6.30. Hinh 6.31.

K Nicm?

Hinh 6.32. Hinh 6.33. Hinh 6.34.

6.7 +6.9. Xdc dinh Wng sudt chinh va phudng chinh cda cdc phin t& cho trén hinh 6.35 + 6.37.
Vé ra cdc mat chinh cho méi phén t8.

1KN/em®? 2KN/cm? 2KN/jem?
AKN/em? JKN/cm? 2K N/jem?
2KN/cm? 3K N/cm® KN/m®
Hinh 6.35. Hinh 6.36. Hinh 6.37.

6.10:6.12, Tai m¢t diém trong vit thé & trang thdi ¥ng suit phing c6 {ng suit tic dung trén
cdc matnhw trén hinh 6,38 + 6.40. Tinh nhitng ng suit chinh va phong chinh tai diém dé.

6,25KN/em® 6n=3KN/em’ 5=TKNfem® 6,=TKN/em®
¥
TTTH A1 450 30
Enna 5
H T,=9KN/cm
7,,=18KN/cm " i o= 12KN/em® 7
= 16KN/em c,~8KN/em "o -okNem®

Hinh 6.38. Hinh 6.39. Hinh 6.40,
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6.13+6.15. Phin t8 & trang thdi #ng suit phing, cé ¢ng suit tic dung nhi'trén hinh 6,41 + 6.43,
Tinh bién dang theo c4c phwdng e_, &, &,. Cho: E=22.10"KN/cm*; u=03.

¥

Hinh 6.41. Hinh 6.42. Hinh 6.43.

6.16. X4c dinh tri s cia wng suit chinh vi phwdng chinh tai mét di€m & trang thdi @ng suat
phing, né€u bié&t bién dang theo ba phiong nhy trén hinh 6.44,
Cho: E=210'N/em’, u=03, &, = 00004, =, = 0,0003; £, =—0,00014.

7: q :’

;sHHHHiHHHHHa

o I
v

0 0 0 0 0 O

L

Fe
“4

E, —x _ﬁj

YZ

[#]

¥ H

I C

Hinh 6.44. Hinh 6.45.

6.17. M6t khéi hop chit nhat kich thude a xbxc dit gifta hai tAm tuyét dsi ctng, Hai tdm nay
dwge lién két véi nhau bing bén thanh sifing gidng nhau nhr trén hinh 645, VA4t liéu khdi hép
chi? nhét c6 mé dun dn hdi E, hé s& poisson x;. Khai hdp ch nhit chiu 4p lye phin b déu ¢
trén hai mat bén. X4c dinh néi Iyc trong cdc thanh, cdc tng sudt o, c,. O, xudt hién trong
kh&i hép chi? nhat trong hai trdng hgp:

Céc thanh 13 dan hoi ¢ d§ cing kéo nén E, F,.

Cac thanh 14 tuyét déi citng.
6.18. Nim khdi hinh hép 1ip phwong gidng nhau, tit cling mot loai vat liéu ¢é mé dun dan hoi
E, hé s8 poisson x4 di'de dat trong mét hop tuyét ddi ci¥ng nhi hinh 6,46, Tai mat trén ctia khai
chinh giita tic dung 4p liyc nén thing ditng ¢ . Cédc khdi tira hodn toin vio nhau khéng ma sat,

Xic dinh ¢ng sudt phdt sinh trén cdc mit bén va st thay déi chidu cao ciia nim khéi trén.
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Hinh 6.46, o 4 1,

6.19. Mt thanh thép mat cit ngang hinh vudéng gém hai doan. Poan AB canh 1 2cm, doan
BC ¢6 canh 1a 4cm . Thanh bi ngim & hai ddu va chiu 4p luc phidn b8 déu g nhu trén hinh 6.47.
Cho biét: E=2.10*KN/cm*; u=03.

Xdc dinh gi4 tri cho phép [¢] tr didu kién sao cho tng sui't phdp doc truc 16n nhAt ciia thanh
khéng vudt qua 10KN/cm”, Tinh chuyén vi clia miit citngang 1-1 cdch ngdim A mdt doan
0.6m v6itri s6 [g] tim duge & trén.

a I

q
T AT E NN
I:’,%%Z' Meiii - e — e — = - (_:Egcm
g T} BN
| THTT
Eﬂil 0,6m I -d gem
1.2m 1.2m |

Hinh 6.47.

6.20. Tim tng sudt tuong duong theo 1y thuyé&t bén thit ba, thit tw va 1y thuy&t bén Mohr d6&i v6i
phén t8 & trang thdi ting suit phing nhv bang dudi. Biét: o, /o, =082,

rse s | o KN . KN . KN
snid | @
ANto sz 4 C‘I?’l2 = C‘.‘P’)‘l2

a 15 11 7.5
b 0 9 3.6
c 5 12 3
d 2.5 0 4

6.21+6.23, Tai mot diém cida vat thé chiu lue ¢6 trang thdi @ng sudt phing nhu hinh 6,48 =
6.50. Kiém tra do bén theo 1y thuyét thi ba, thit to va 1y thuyét bén Mohr.
Cho biét: [o]=14KN/cm?; o, /o, =065
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6,=12KN/cm? 6,=4KN/fcm®

6,=TKN/cm*

.»—8KN/cm®* T,,~6KN/cm®*

1= 12KN/em®

5,=3KN/cm® o,=3KN/im?

Hinh 6.48. Hinh 6.49. Hinh 6.50.
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