GV: Lé duc Thanh

Chuong 12
UON NGANG VA UON DOC PONG THOI

12.1 DAC PIEM BAI TOAN

Xét mot thanh chiu uén bdi tac dong déng thdi cha luc ngang R va
lic nén doc P nhu trén H.12.1. N&u chuyén vi la dang ké thi can phai xét
can bang cla thanh trén so dd bi€n dang va mémen ndi luc sé bao gom
anh hudng cta lyc Rva P:

M(z) = Mg + Mp = Mg + Py(z) (12.1)
trong dé: Mg - mdmen uén do riéng tai trong ngang gay ra
Py(z) - mémen uén do luc doc géy ra.

P z

e — K

Hinh 12.1 U6n ngang va uén doc déng thdi

Bai toan nhu vay dugc goi la uén ngang va udn doc déng thai.

Pa4c diém cla bai toan:

- Mébmen M(z) phu thudc vao do vong y(z)

- Mdmen M(z) phu thudc phi tuyén vao luc P vi dd vdng y(z) cling phu
thudc vao P. Vi vay, nguyén ly céng tac dung khéng ap dung dugc cho loai
bai toan nay.

12.2 PHUONG PHAP CHINH XAC

Pé tim dugc mdmen udn, truéc hét can thiét lap phuong trinh vi phan
dudng dan héi cla dam chiu luc nén P va tai trong ngang.
a(2)

.
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M + dM
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Hinh 12.2 Thanh chiu uén nén
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Xét can bang trén so dé bién dang cla phan t6 thanh dz nhu trén
H.12.2
> M,=0: M+dM-M -Qdz- Pdztga =0

s hoY . 7@
chuyrang: tga =

ta co: Al _pdy _ g (12.2)
dz dz

l&y dao ham hai v& cla (12.2), chu y rang %=—q(z), ta c6 phuong trinh:

d’m _ d?
dzz —PE‘;/ = _q(Z) (12'3)

thé »m - -£5,/(*) vao (12.3) ta thu dudc:

EIy" + Py" = q(2) (1 2-4)

Pay la phuong trinh vi phan dudng dan hoi cia dam chiu nén udn.
N&u biét tai trong tac dung va cac diéu kién bién thi c6 thé giai (12.4) dé
tim dudng dan hoi, t do6 suy ra mémen uén theo phuaong trinh (*). Trong
thuc t&, thudng c6 nhiéu quy luat tai trong khac nhau trén chiéu dai thanh
nén viéc giai phuong trinh (12.4) rat phdc tap. Vi vay, ngudi ta thudng ap
dung phuong phap gan dung dudi day.

12.3 PHUONG PHAP GAN BUNG
Xét dam dan gian chiu tai trong doi xiing nhu H.12.3.

q q
P RENREEY P CTTTTTTY
) ! L /ﬂl, ! 2
a) b)

Hinh 12.3 Puong dan hoéi déi xing

Sa do (a) chi chiu tai trong ngang, vai dé vong gitia nhip f,.

Sad doé (b) chiu dong thai tai trong ngang va tai trong doc, c6 do vong
gitta nhip f.

Gia thiét dudng dan hoi cé dang hinh sine (gidng dang mat 6n dinh), ta
c6 phuong trinh dudng dan hoi trong hai truéng hgp nhu sau:

Yo = 1lo SinnTZ; y :fsin$

Dang phuong trinh nay thda diéu kién bién y=y =0 tai hai khdp.

Momen uén ndi luc tudng Gng nhu sau:
2

2
" s .. 2
Mo :—EIyo :EIZ_2f051nT:EIl_2y0
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2 2

" T . T2 T
M:—Ely :EIZ_Zf SlnT:EIl—Z

Thé cac két qua nay vao phuang trinh (12.1) ta c6:

2

y

2

EIT;—Zy = EI’Z‘—ZyO+Py (12.5)
tU dé suy ra:  y) = LLEI
1-p/ T
12

hay: ¥(2) = y"—(? (12.6)

1-—

Py,

véi: P, :% la Iyc t6i han cla thanh khi mat én dinh trong mat  phang

uon.
dao ham hai vé cla (12.6) va nhan véi —El ta co:
~Ely'(z) = —=202 Elygj(”
1-—
By,
hay: M(z) = Mf}) (12.7)
1—- -
By,

Chu y: - Néu tai khdong déi xiing nhung cung hudng vé mot phia thi cac
cdng thic trén kém chinh xac han nhung van ding dudgc.
- N&u thanh c6 lién két hai dau khac thi van dung dugc cac cdng thuc

(12.6), (12.7) nhung can xét tGi hé sé lién két » trong cong thic Py

n?El
_ 12.

(u)? (12.8)
12.4 UNG SUAT VA KIEM TRA BEN

Ung sudt I16n nhat dugc tinh theo cong thiic:
maxc:£+M:£+ M"P (129)
AW A yeo b
Pth

th

Vi ting suét phu thudc phi tuyé&n vao tai trong nén kiém tra bén theo
ting sudt cho phép khdng dam bao an toan theo hé sd n du kién. Trong
trudng hgp nay, ngudi ta dung diéu kién an toan theo tai trong nhu sau:

nP nM
bl °__ <, (12.10)
A wa-nPy

Pth

Vi du 12.1 Tim modémen udn va dod vdong I6n nhat cia dam thép chii IN°36
chiu luc nhu trén H.12.4.
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q =2 kN/m

g B I R WD
4 A

| 4m L
1 1

Hinh 12.4

Gidi. SU dung bang tra thép dinh hinh, tuong Gng véi s6 hiéu IN°36 va cac
Ky hiéu trén hinh trén, ta cé:
A=61,9cm? =516cm? /,=13380cm?* E=2,1.10"kN/cm?
Tri s I6n nhat cia mémen ubn, dd vong do tai trong ngang gay ra tai
_g? 24
° 8 8
5 gql* 5 2107°.400*

gitia nhip: M = 4 kNm

yy = — L~ 2 =0 AN g615em

384 EI, 384 21.10*°516
Tri s6 luc téi han:

2 2 4

p, - EL | m2110°516 oo,y

(ul) (1.400)

D6 vong cla dam, theo cong thiic gan dung:
y=—Yo_ - 0815 o5, tAng 22% so VEi vy,
.S 4 120
P, 668

Modmen uén I6n nhat, theo cdng thiic gan dung thi nhat:
M = M, +Sy = 4+120.0,075 = 4,9 kNm

M&dmen udn I6n nhat, theo céng thiic gan dung thi hai:
M 4

M = ——f = —55 = 487kNm Sal s6 0,5% so vGi cdng thiic gan dung thu
-2 1--=
P, 668

nhat.
Gia tri mdmen trong trudng hgp udn ngang va doc tang 22,5% so véi
momen chi do luic ngang gay ra, tic la thién vé an toan hon.

12.5 THANH CO PO CONG BAN PAU
1- Anh hudng ctia dé cong ban diu

Xét thanh c6 do cong ban dau, chiju lyc nén P nhu trén H.12.5. Gia su
dudng cong ban dau co6 dang:
yozasin? (1211)
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Hinh 12.5 Thanh c¢6 dé cong ban dau

Do tac dung cua luc P, thanh bi vong thém cé phuong trinh y;(z). D6
vong toan phan: y =y, + y;

(12.12)
Moémen udn do luc P gay ra:
M = Py = P(y, +y1) (12-13)
Phuadng trinh vi phan dé vong thém:
Ely, = -M = - P(y, +y) (12.14)

thé (12.11) vao (12.14) va dit: «? - % ta co:

yp + o’y = —a%sin% (1215)
Nghiém cla phudng trinh nay c6 dang:
Q;asm% (12.16)

T

y; = Asinaz + Bceosaz +

o2
e ea o a _ o
Cac diéu kién bien: 1@=% = 0
y1 (=0 = A=0
Do do: 5 - z;asin% = 21 asin%
T T
22 -1
al® P 2
EI
hay: N =g osinT (12.17)
! v (12.18)
th T

Dé v6ng toan ph‘é.n:y =y, +y = (a+Lat)sinE -2 in™

1-k I 1-k 1
hay: y = ILP (12.19)
Pth
Modmen I6n nhat gidia nhip:
Mo = P = —5 (12.20)
"B,
N&u dudng cong ban dau cé dang bat ky thi c6 thé phan tich thanh
chudi Fourier nhu sau: y, = q, sin$+a2sm27”2+... (12.21)

thé (12.13) vao (12.21) va giaira vy, ta co:
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. ’{fk sin%;_fksm%%”j (12.22)

vi: k=L <1 nén khi P dl 16n thi s& hang dau trdi han va chi can xét sé

ih
hang nay.

2- Xac dinh luc t6i han bang thuc nghiém thanh lién két khop hai
dau

Xét thanh chiu nén nhu trén H.12.6, trong thuc té thanh luén cé do
cong ban dau.

tana = Py,

2
p
ay’
2N
Hinh 12.6 Hinh 12.7
Thanh c6 dé cong ban ddu chiu nén Cdch xdc dinh luc téi han

Khi lyc P dd I6n thi du thanh bi cong ban dau thé nao, ta van c6 quan
hé gitia 5va a, theo (12.17):

k a
S = — 1
1-k“ " By
P
) 8
hay: 8= Pa(5)-a

Pay la phuadng trinh bac nhat cha hai bién s va s/p nén c6 do thi la
mot dudng thang nhu trén H.12.7.
Khi thi nghiém, Gng véi mbi gia tri luc nén p, ta do dugc chuyén vi s

va tinh dudc s,/r, tU do 1ap bang két qua thi nghiém co6 dang:

P P, P, | .. P,
S 81 So | s Sp
S/P 51/P1 52/P2 ...... SH/Pn

TU d6 xac dinh cac diém trén hé truc s/p-s va vé dugc do thi nhu trén
H.12.7. Ta thudng dung phuong phap binh phuong cuc tiéu dé xac dinh p,
va do vong ban dau I6n nhat a,.

Chuong 12: U6n ngang va udn doc dong thdi 6



GV: Lé duc Thanh

12.6 COT CHIU NEN LECH TAM

Xét co6t manh chiu nén Iéch tam bdi luc P nhu trén H.12.8.
Yo =asin? (1211)

Do tac dung cua luc P, coét bi cong va cé phuong trinh y(z).
Momen udn tai mét ti€t dién do lyc P gay ra:
M = Ple+ y(2)} = Pe + Py(z) (12.23)
trong do: e -la do léch tam ban dau; y - la dd vong cua truc cot.
Phuadng trinh vi phan dudng dan hoi nhu sau:

e --2 (12.24)
Thé (12.23) vao (12.24) va dat QZZ% ta
dudc:
y +a’y = —a’e (12.25)

Nghiém téng quéat cta phuong trinh nay la
téng cta nghiém thuan nhat va nghiém riéng:

y = Asinaz + Bcosoz —e (12.26)

trong dé: Ava B - la cac hang sé cla nghiém

Hinh 12.8 C6t c6 do cong ban dédu thuan nhat; e-la nghlem reng.
Céc diéu kién bién:
y(0) =0 = B=e

e(l-cosal) al

y@) =0 = A= etan

sin ol
Phuong trinh dudng dan hoi tré thanh:

y = e(tan%lsinocz+c0socz—l) (1227)

Do vong I6n nhat tai gitia nhip, tuc z=é la:

8 = Ymax = el 1) (12.29)

(12.28)
Néu e = 0 hodc P= 0 thi s=0.
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Do thi quan hé gilia P - 5 dudc cho trong H.12.9. D6 thi nay chicé y
nghia khi vat liéu con dan hoi, tiic la s con nho va P < Py,

Hinh 12.9 D6 thi quan hé giita P - §
Momen udn I6n nhat tai gira nhip dudgc tinh:
1

T (12.30)
COoSs EE

Quan hé M, - Pcho bgi H.12.10. Khi P nho thi m,,, ~Pe, nhung khi P
I6n thi m,,, tang rat nhanh.

M .« = Ple+ ymax) = Pe

TU cac do thi nay ta thdy quan hé P - s va m,,.- P phi tuyén.

Trong thuc té, tinh c6t manh chiu nén Iéch tdm can thiét phai xét dac
diém phi tuyén nay dé dam bao an toan.

M max

Pe

P P
Hinh 12.10 Quan hé gita My - P

Ung suét cuc dai trong thanh:

O max :§+Mmaxc ZE 1+ec 1

£ r_z—\Fl (12.31)
COoS EI 2

vGi: A - dién tich tiét dién thanh; r - ban kinh quan tinh

¢ - khoang cach tu truc trung tam dén mép xa nhat cla tiét dién.
Vi ting suat phu thudc phi tuyé&n vao tai trong nén kiém tra bén theo
ting suat cho phép khéng dam bao an toan theo hé s6 n du kién. Trong
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trudng hop nay, ngudi ta ding diéu kién an toan theo tai trong nhu phuong
trinh (12.10).

BAI TAP CHUONG 12

12.1 Tinh Ging suédt nén I6n nhat theo phuong phap gan ding cta dam chiu
udn ngang va udn doc dong thdi cho trén H.12.11.

g =200 N/m g=3kN/m  P,=5kN

I1 ‘_’_‘74’_’_' P=4kN rl 1 1 1 1I | P=257 kN
A 3 1 e

|l 2m | 4m | 2m | | 4m | 2m | 2™ ]
T 7] 7 Zl 1 T Z T

1 -1

2C N°20

R [100 £- 10%kN/em?

.l E = 2,1.10* kN/cm?

100 a) b)

1-1
Hinh 12.11

122 Cho dam chiu lyc nhu trén H.12.9. Hay tinh Ging suat phap I16n nhat va
hé s& an toan n néu [c] = 24 kN/cm? . Tinh dd véng I&n nhat.

20 cm Pr=1kN g=0,5 kN/m
Wi | coom [TTTTIT Swer
~+ 4> 7_;7 P=4kN N 10cm
| 1m | 1m | L 2m L

7t il Kl
E=2x 10* kN/cm? E=10° kN/em?
a) b)
Hinh 12.12

12.3 Tinh cudng do tai trong cho phép tac dung lén
dam AB nhu trén H.12.10, biét a  hé sd an toan vé
dd bén n = 1,6. DAm AB béng AjJ troi VN e thép s6 3 c6 mat
cat hinh 6ng véi dudng kinh - Hi:hmww k trong d = 6 cm va
dudng kinh ngoai D = 10 cm, vat lieu c6 [0 = 24
kN/cm?, khi tinh bd qua trong lugng cla dam.

Kiém tra 6n dinh ctia dam néu Idy k.g= 2. Cho E = 2.10* kN/cm?.
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