CHUGNG V

DAC TRUNG HINH HOC CUA MAT CAT NGANG

1- KHAI NIEM CHUNG

Xét 1 dam cong xon tiét dién chd nhéat bxh véi h > b trong 2 trudng
hop: ti&t dién dé ding (H.5.1a) va tiét dién nim ngang (H.5.1b), eiing chiu
mdt luc P nhu nhau.

RN

Hinh 5-1

Két qua thyc nghiém hoac bing tryc gidc ta cing nhan ra la trudng
hgp thd 1 chiu lye t6t hon trudng hgp tha 2.

Nhu vy r6 rang sdc chiu cia mét thanh khong nhing chi tiy thuée
vao loai vat liéu ma con tuy thugc vao hinh dang cia mit cit ngang, cing
nhu phuong tdc dung cida tai trong d6i véi cdc mit cit ngang.

Chiing ta sé khao sdt nhdng dic trung hinh hoe chinh cta mat cét
ngang cé lién quan d&n viée chju lyc cia cde thanh.
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2- MOMENT TiNH
-a) Momen tinh d&i vdi mdt truc:

Ta djnh nghia

S; = J. ydF; 8= f xdF (5.1)
F

F

Sy, Sy - lan lugt la
momen tinh cda dién tich
mit cidt ngang d6i véi
tiye x, y.

Th¢ nguyén cua S,
Sy 13 (chigu dai)®.

Vi x, y ¢6 thé am
hoiic dudng nén momen
tinh c6 thé cé tri s6 am i
hosic dudng.

- Khi momen tinh 0 H= %
cia dién tich F d6i véi
tryc nao biing khdéng thi
truc d6 duge goi la truc
trung tam.

Hinh 5-2

- Giao diém cia 2 truc trung tAm goi la frong tém clia mat edt.

- Goi x. va y. la toa d6 trong tdm cta 1 hinh. Sﬁ' dung thuit todn
tuong ty nhu véi momen cdc luc, ta ¢ thé dp dung dinh ly vé momen hgp
luc va ca:

S =Fy.; S,=Fx (5.2)
v6i F - dién tich cia mit cit ngang
Tit d6 suy ra toa do trong tAm mit cat.

S
Xe = — Ye -
E E

(5.3)

* P& tinh momen tinh cia cdc hinh phic tap ta phai chia no thinh
nhiéu hinh don gian (H-3) ma dién tich (Fi) va toa do trong thm cia ching
(x;, y;) da bigt_ ‘t.nfdc.

Khi d6 ta co:
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Sy =Fiy; + Faya + ... + Foy, = X Fiy; (5.4)

Sy, =Fpx; + Foxg + ... + Fxy = 2 Fix;

Toa @ trong tdm mit cat:

(5.5)
Hinh 5-3
3- MOMEN QUAN TiNH CUA MAT CAT NGANG
1- Momen quén tinh d&i véi 1 truc
2
Jx=fy dF = 0 (5.6)
F
3y = fxzdF >0
F
Thi nguyén cia momen quan tinh: (chiéu dai)*
2- Momen quén tinh ddc cuc
MR = Jp = f,o2dF >0 (5.7)
Ny = or _1 &M ) F
s Vi p? = 5% + y? (xem h.5-4) nén
- F - . J,=d,+d (5.8)
Hinh 5-4 Eesiags
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3- Momen quén tinh ly tam d6i véi he truc (x, y)

Iy = f xydF (5.9)
4 i F

Vi xy20-dy 2 0

Tinh chit

. Khi momen quén tinh ly tAm d6i véi hé tryc nao d6 bing khong thi
hé tryc d6 duge goi la hé truc quan tinh chinh. N&u hé tryc quén tinh
chinh qua trong tdm mat cit thi dugc goi 1a hé truc qudn tinh trung tam.

. Tai bat ky diém nao trén mat phdng cla mat cit ta cing cé thé xédc
dinh dudc mot hé true qudn tinh chinh.

. N&u mat cit c¢6 mot truc &6i xing thi bat ky truc ndo vudng géc vdi
truc d6i xung d6 cing lap véi né thanh mét hé truc quan tinh chinh.
4- MOMEN QUAN TiNH cUA 1 $6 HINH DON GIAN

4-1. Hinh chi nhat

h/2
3
¥ =‘fy2dF = f Vbl =28 . (5.10)
F “h2 12
hb®
Tuong ty dy = —
12 Ay
= T,’
L E dy
- F B "
& Y h e S
% Lo y
. d ’ i‘
by [
be o =¥
Bt
Hinh 5.5 Hinh 5.6
4.2 High tam gidc
J = bh- (5.11)
e oL 12 i
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4-3. Hinh tron - Hinh vanh khan

a- Hinh tron:

iy
2%
e - ~ £t
P
Hinh 5-7a Hinh 5-7b
Vi dF = 2npdp, momen qudn tinh doc cuc la
- 4
2 3 N
Jp=fde=2xfpdp=£ (5-12a)
F o 2
Do tinh chdt d8i xdng nén ta nhan thdy ngay J, = dy, do d6 ta cé:
Jp=30,+d,=2],=2J,
Suy ra:
J 4 -
J=J,=2-TR (5.12b)
: 2 4

Né&u goi D la dudng kinh dudng tron thi cdc cong thuc (5.12) c6 thé .
viét lai:

4
3,="2 < 01D (5.13a)
32 '
J, =J, = 0,0D" (5.13b)
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b- Hinh vanh khin

2™ ad' . pt 4 4 4
Jg,=22 - —="=(1-2)=01D (1-—7) (5.14a)
2 32 32
Jy=dy=L=""(1-7)=00D (1-7) (5.14b)
2 64
vdi 17=—d—
D

5. MOMEN QUAN TiNH DOI VOl HE TRUC SONG SONG

V&n dé: Bist Jy, Jy, Jxy d8i véi hé truc Oxy. Tim Jx, Jy, Jxy d6i véi
hé truc song song O;XY (H.5-8).

Cong thdc chuyén tryc:
X=x+a
Y=y+b

Do d6 Jx= szdF = f (y + b)“dF
F F

f X°dF = f (x + a) dF
F

F

ny=fXYdF=f(x+a)(y+b)dF
F F

4 0 e
'_b \

4 —=ab
0‘ et - O -—J .
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Khai trién va rit gon ta dudc
Iy = J, +BF+ 218, (5.14)
Jy=4d,+aF +2aS,
JXY = ny + abF + an + bSy
Trucng hop ddc biét:
N&u Oxy la hé tryc trung tdm ta c6 Sy =S, = 0. Khi d6 (5.14) trd
thanh: -
J, =J, +bF (5.15)

dy = Jy + a2F
Jxy = J,, + abF

Ta nhan thdy momen quén tinh doi véi truc trung tam la nhé nhat so
vdi truc nao song song vdi né.

6- CONG THUC XOAY TRUC CUA MOMEN QUAN TiNH - HE TRUC
QUAN TiNH CHINH

Van deé: Biét Jy,
J,, 3,y @61 v6i he truc
Oxy. Tim Jg Jus Juv
dsi véi hé truc Ouv
hgp vdi tryc x mot
géc « theo chiéu
duong lugng gidc.

Céng thic xoay

true

(i)

u = xcosx + ysina
v = ycosa — Xsina

Hinh 5-9

Theo dinh nghia ta cd:

Jy= f vzdF; Iy = f u2dF ) f uvdF G)
F

F F

Thay cong thdc xoay truc vao (j), khai trién va nit gon ta dudc:
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:
2
Jdy =dgcos a + Jysinza — 2Jycosa sina

: 2 2
{dy = dssin a + Jycos a + 2J ycosa sina (5.16a)

Jye = L (3 - 3) sin2a + J, 0082
2

Bi&n d6i ta suy ra:

Itdy =1

L= Y cos2a — Jyy sin2a
2 2
Ead, I.-3 '
19y = —2L - X T coa + J,ysin2a (5.16b)
2 2
Iy =J.
Juw = — sin2a + J,; cos2a
2

Hé qua
- Jy+dy=ds +dy
2- Hg truc quén tinh chinh «<=J,,=0

2J.

etan2a = - — 2 (5.17)
Iy = J,
+3d
3. gy y+_l\/(.1,‘—..ry) + 437
2 2
+
Jrnin'= L34 1\/(J 3)" + 43 (5.18)

* Vong tron Mo quén tinh - ban kinh quédn tinh
V& mit todn hoc quan hé gida Jy, dyy va Jy, Iy, Iy duge biéu dién bdi

céc cﬁng thic (5.16b) hoan toan tudng ty nhu quan hé gida oy, 7,, va o,

y ma ta da thi€t lap duge 6 chuong trang thai d@ng suit. Vi vy néu

dﬁng m@t hé truc toa @0 vdi J, 14 truc hoanh va J,, la truc tung thi quan
hé gida J, va J,, dudc biéu dlén béi mét vdong tron goi la vong tron Mo
quan tinh (H.5-10).

Trinh ty xdc dinh vdng tron nay hoan toan giéng nhu trinh ty xdc

dinh vong tron Mo dng suit:

- Tam C ciia vdng tron la trung diém cia cdc diém c6 hoanh 43 J; va
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Hinh 5-10

- Diém gdc D c6 toa do (I, Ixy)-
- Diém cyc P 6 toa d6 Ty Isy)-

T P ké 1 tia bit ky hgp véi PD 1 goc a va cht vong tron tai M, thi
toa do cia M chinh la J, va J,, theo phuong dé.

Phuong cia cde tryc qudn tinh chinh 1A cde dudng PA va PB.

Momen quén tinh cda 1 hinh d5i v6i 1 tryc bit ki c6 thé duge bidu
dién dudi dang tich s& dién tich cdia hinh nay véi binh phuong cia 1 dai
lugng goi 1a ban kinh quén tinh. Tu @6 ta c6

F V F

D5i véi hé truc quén tinh trung tam, ta cé bdn kinh quén tinh chinh

tudng Wng:
T _
iy = f_u“ ; i,,=\/__ (5.19a)
F F

Thi du 1: Xic dinh momen quin tinh chinh trung tAm cia mat cit
nhut hinh vé (Hinh 5-11)

Bai gidi
Ta phan m#t cit di cho thanh mat cit chd nhat I, II, III.
- Xdc dinh trong tAm mat cit.
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2J |
1% |
poer =~ E30) 0
ot 4 P |
-
L™ |
o = 4
R + ;“’T
Hinh 5-11

Vi mit cit c6 1 tryc d6i xing y nén trong tdm phai nim trén tryc

Ta cb
I II I
Sxo=S,0+Sx°+Sxo = Fy X 58..+ Fpx 2,5a+0

=2a><za.x5a+a.:;l.x4.=.1><2,5a=20a:i

Tung 46 trong tdm mat cit:

e o 200"

¢ R +F;+Fm (2axa)+(ax4a) + (6axa)
20 _5

Ye=—a=>a
12 3

Momen quén tinh chinh trung tam.
2

3
o=l 4 gl gl = | 23X 4 (95 x g |50 — 22 +
12 = S
2 - 2
3 3
o |2X@° L ga oy f25a- 58] | ¢ [92X2 4 Gaxa) |2a
12 3 12 3
1
=a4 ..]:.+2_00. + _]f-+_2_5 + l+@. :l_ﬁa‘i
6.9 3. 9 2 3) 3

ax(23)1*+4axa3+ax(ﬁa)3 2
12 12 12

=3l 11 1 _
J,=3l+ 3+ =
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4
=t @ ARSI =222, = 10
12

12
Bdn kinh quédn tinh chinh:

2 /fi: [ 143 2903
F 12
\/193_1258

Thi du 2: M6t thanh ghép
gom hai thanh thép dinh hinh c6
mit cit ngang nhu hinh vé (Hinh
5-12) thép ch@ [c6 s8 hidu Ia
N° 20a va thép géc déu canh cé s6
higu la N°8(80x80x6). Xdc dinh |
cdc momen qudn tinh chinh va |
phuong cia hé truc qudn tinh

chinh trung tdm cua mit cit.
Bai gidi

Tra bing ta c¢é cdc s6 lidu dic
trung hinh hoc cia cdc miat cit
ngang nhu sau:

- D&i v6i thép chi [ N° 20a LA,
(phan I bén trai). Hinh 512
h = 20cm,  Jy; = 1660cm®
by = 8cm,  Jy = 137cm*
2y =22%7em By = 25cm?
- D6i véi thép géc déu canh N°8 (80x80x6) (phan II bén phai).

4
by = 8em, ds2 = dyg = 57cm

Zy = 2,19¢cm, Iy = Imax = 90,4 em’

2
Fr=938cm, J, =Jdnp=235cm’

1/ Xac dinh trong tam cua mat cdt
Chon hé tryc ban dau la O;x,y; trung véi hé truc quén tinh chinh
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trung t4m cda thép [. Momen tinh cia todn hinh d8i vdi hé tryc nay la:
I I 3
Sx1=8x1 + 8,1 =0+ 9,38(10 — 2,19) = 73,2578cm

1
S,1= Sy1 + Sy1 = 0 + 9,38 (2,27 + 2,19) = 41,8348cm”
Toa @ trong tAm clia mit cit ngang d6i vdi hé truc O;x,y; la:

X, = E:ﬁﬁ =1217cm
F 25 + 9,38
S,; 78,2578

ye= = =22 _ 913 em
F 25+9,38

X4c lap hg truc trung tdm Oxy song song vdi hé true Oxyy;. Toa do
céc trong t'am-OI, O3 cla cdc mit cdt ch@ [ va L d6i vdi hé tryc Oxy.
x=—1217Tem x = (2,19 + 2,27) — 1,21 = 3,265cm
Hy=~213em 2ly=10-2,19- 2,13 = 5,68cm
2) Tinh cdc trj s6 momen quédn tinh d8i véi hé tryc trung tam Oxy:
3, =31 + 30 = (1660 + 25 x 2.18%) + 57 + 9,385,682 = 2133 cm*

J, =3t + 3 =137+ 25 x 1,217 + 57 + 9,38 x 3,25” = 330 cm*

Dé tinh dugc momen quin
tinh ly tdm, trudc tién ta phai

$% Yo tinh momen quédn tinh ly tam
. == cua thép géc déu canh d6i véi
RN hé truc Ogxoys (hinh 5-13).
N 0 a° % Hg tryc Ogxgy, 1a h¢ truc
/ $ quén tinh chinh trung tdm cia
mat cdt. Ta chon truc dé lam
%o hé tryc ban d4u va xoay téi he
truc Ogxgys mét géc a = 45°
Hinh 5-13 Ap dyng céng thic (5-16b) ta
c6:
Jxo ¥ 1Yo
Ixoyg = sin2a + Jy  y cos2a

trong d6: dy;, =0

sin2a = sin(90°) = 1
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= _Q.M_’E = 33,45(;111‘1
2

Momen qudn tinh ly tdm cia toan hinh ddi véi hé truc trung tdm Oxy

T e
la:
Jyy =3 % JH [25 (1,21 % 2 13)] [33,45 +9,38 (3,25 X 5,68)] = 271cm?

Phuong clia hé tryc qudn tinh chinh trung tdm so vdi truc Ox cho béi:

S ZTx'y = - 2)(271 = —0301

J,—-J,  2133-330

Giai ta duge: a; = — 8°36’ va ay = 81°24’
Tri s6 momen quédn tinh d6i véi he truc quédn tinh chin'h trung tam la:

J. + —J g
% Jy”/(Jx 5) + iy
: 2 2

Z o
_2183+330  \/@133-330) @ _ 2171,5 cm’
2 2

I #a 7
Sl 2V # szy = 292 5cm"

BAI TAP CHUONG V

1. Xdc dinh momen quén tinh chinh trung tdm cho cdc mat cit.

o
r o i 120 i
v I =
-F‘FE“” X ‘:_\:\\\\-_\..\j
po
I
‘ .
; ey
TR e
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2. Xsc dinh momen quén tinh chinh trung tam lén nhét.

L. 1004100 x10

._t o
,‘ i,
0
| S Ty
u © !
f 4
JE‘."’??T}" "’:1(_._;‘.] I, 5
Q
40 300 40 i
A/ b/
posts ﬂ
’ A
S e :
N .:] I-—-,--vN 2.-1
l :
3 i b‘."
» 3 —_—— J;.!
|- F -
ok i A
of do
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CHUONG VI

USN PHANG THANH THANG

1- KHAI NIEM CHUNG

- M¢t thanh chju udn la thanh c6 truc bj uén cong duéi tdc dyng cia
ngoai lyc. Nhing thanh chju uén nim ngang con goi la dam.

- Ngoai lye gy ra uén c6 thé 1a lyc tap trung hay phan b6 c6 dudng
tdc dyng vuéng goée véi truc dam, hoic do nhing mémen uén nim trong
mat phdng chida truc dam.

Ta dua ra mot s§ dinh nghia sau:

- N&u ngoai Iyc dit trong mot mit phing chéa tryc dam ta goi mat
phing d6 l1a mit phiing tai trong.

- Giao tuy&n cia mit phing tai trong véi mit cit ngang goi 1a dudng
tai trong.

- Néu tryc cia dam sau khi bj u6n cong vin nim trong mit phing
quén tinh chinh trung tdm thi sy uén dé goi la uén phing hay uén don.

Cdc giéi han nghién cdu: ta chi khio sdt thanh chju uén véi nhing
gidi han sau:

- Mat cit ngang thanh c6 it nhit 1 tryc d6i xing. Trén subt chidu dai
thanh ¢6 1 mat d6i xing do truc d6i xung hgp vdi truyc thanh. Mat dai
xing nay cing la mit phiing quin tinh chinh trung tam va ta gia thigdt mat
phing tai trong trung vdi mat doi xung, téc la truc ddi xung cla mat cit
chinh la dudng tai trong.

- Mat cit ngang ¢6 bé rong bé so vdi chidu cao. (Xem hinh 6-1)

Ta lan lugt xét 2 trusng hgp udn phing sau:

+ Uén thuén tiy phing

+ U8n ngang phing
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Hinh 6-1a
2. UON THUAN TOY PHANG

2-1. Dinh nghia:
¢'Mot thanh duge goi la chiu uén thuan tdy khi trén mit cit ngang cia

‘hanh chi c6 1 thanh phin momen udn nim trong mit phing quén tinh
‘hinh trung tam." :

lp: I 'I.o
Ca w—

: s :

@ b : .: \"‘-:

by P}F | § 28 I
“,

@ e T

c/ :

Hinh 6-1b a- So db két cu tdi trong; b- Biéu db luc cdt; c- Biéu do momen ubn;
d- Mt cdt ngang cia dim chiu uén thuén tiy
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Thi du: Trudng hgp chiu lyc cia tryc binh xe tau héa duge biéu dién
nhu hinh 6-15b. .

Dung mit cat ‘bt ky trong doan CD ta thdy trén mat cit chi c6 mot
thanh phan momen uén M, nim trong mit phing quin tinh chinh trung
tam do d6 doan CD chju uén thuin tiy.

2-2. Thiét lap cong thltc tinh @ng sufit trén mat cit ngang

2-2-1. Thi nghiém vd quun st

- Vach lén mit ngoai 1 thanh chju u6n nhi#ng dusng thing song song
v6i true thanh tugng trung cho thé doc va nhing dudng vudng géec vdi truc
thanh tugng trung cho mat cit ngang (h6-2a) tao thanh ludi vudng.

- Sau bién dang ta nhin thdy: (h.6.2b)

. Nhing dudng thing song song véi tryc thanh bién thanh nhing dudng
cong song song vdi truc thanh. !

. Nhing dudng vudng géc véi tryc thanh thi sau khi bi€n dang vin
vubng géc véi tryc thanh.

. Nhitng géc vudng vé trudc khi bi€n dang thi sau bién dang van vubéng.

Ngoai ra néu quan sit thanh thi thdy thé trén bi co lai (bi nén) va
thé duéi bi dan ra (bj kéo). Nhu vay tu thé co sang thé dian phai cé thé
khong co khéng dan goi 1a thé trung hoa. Cdc thd trung hoa tao thanh lép
trung hoa. Giao tuyén cia mit cit ngang va I6p trung hoa goi !a dudng
trung hoa. Vi mit cit ngang c¢é chidu rong bé nén dudng trung hda xem
nhu thing (h.6-2c).

.S

EQ..P
r—t

}—1-
—

Mgﬁs Tﬂlms
o/ y o/ Thn

Hinh 6-2 a/ Thanh trude bién dang; b/ Sau bién dang; ¢/ Mt cdt ngang sau bién dang



2-2-2. Cdc gid thuyél tinh todn

Tu thi nghiém trén ngusi ta dd dua ra mdt s gid thuy&t 1am co sé
cho viéc tinh todn.

a/ Gid thuyét mit cit ngang phing (Béc-nu-li): "Mat cit ngang cla
thanh trudc va sau bién dang vin phiing va vudng géc véi truc thanh".

b/ Gia thuy&t vé cdc thé doc: "Trong quéd trinh bi&€n dang cdc thé doc
khéng ép ho#c ddy lén nhau".

Ngoai ra cdc gia thuyét khdc 44 néu trong chuong md dau vin duge
st dung nhu gia thuyét vé vat lidu, bién dang bé v.v...

2-2-3. Thiét lip cong thic

- V& bién dang: Xét 1 doan thanh dz, dugc cit bdi 2 mit cit 1-1 va

truvg M,
hoq, _
0 x
¥ i 1 - J‘
Z |
==
Ve R
Hinh 6-3 Hinh 6-4

2-2. Sau bién dang ching hgp véi nhau mdt géc dy. Chidu dai 16p trung
hoa vin la dz. Goi p la bdn kinh cong cia thé trung hoa ta cé

dz = pdp (a)

Bién dang dai cia mot thd IJ ndo d6 cdch thé trung hda mot khodng
y la: -

Lo S g §
e == =010z _dz+Adz-dz _ Adz _ ydp
e == 2 =
0,0, dz dz  pdy
hay sz = X (b}
P
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- Ve ing suit:

Lip hé truc toa dd Oxyz, véi Ox la dudng trung hoa, Oy l1a tryc d6i
xing va Oz song song v6i truc thanh. Téch 1 phan t& tai 1 difm J trén
mit cit cich tryc trung hda 1 doan y biing cdc mit cit song song vdi cdc
truc toa dd (xem h.6-4).

Vi trude va sau bién dang, cdc géc vudng clia phan t6 dugc bdo toan
nén khéng c6 dng sudt ti€p: 7,y =17,,= ... =0

Ngoai ra trong quéd trinh bién dang cdc thé doc khong ép va ddy lén
nhau do d6 o; =0, =0

Viy trén mit cit ngang chi ton tai thanh phin ¥ng suit phdp o, va
trang thdi @ng suit cia phan t§ trén la trang thdi dng suit don.
Do dé dinh luidt Hooke dudc viét
o, = Be, (c)
trong d6 &, - bién dang tuong d6i theo phuong z
g, - Ung suit phdp theo phuong z
E - médyn dan hbéi khi kéo hoiic nén

(b) va (c) cho ta: o, = .ﬁ_y =Ky @)

Vay "ung sudt o, ti 1¢ bdc nhit theo khodng céch téi thd trung hoa".
- Lién hé gitta @ng suit va noi luc.
Ldy dién tich vi phan dF quanh J ta cé:

] Nz=fazdF=0 (e)

F
(vi khéng 6 lye doc)

hayNz=f§de=0-*S,=fde=0 - (0
F

vdy "momen tinh céa F d6i vdi tryc trung hda bing khéng hay néi
khac @i, truc trung hoa di qua trong tam mdat cdt."

° My=fxa,dF=0 (8)
F

(vi y 1a trye d6i xing; phan t§ ndi lyc 0,dF gay ra momen quanh truc
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y sé bj triét tiéu bdi momen cia o,dF tai diém d6i xing).

_ E 2 Edx
M1=fwzdl"=f—y df= 557 (h)
° F r P
Suy ra: - -ili'.. (6.1)
P EJdg
Thay (6.1) vao (d) ta dugec:
M, e
Vo === ._@21
dy S
-
. s trong dé:
J JEJe : :
M; - momen udn > 0 khi lam
cing thé duong cia truc y
b Jy - momen qudn tinh chinh
Y trung tam
Hinh 6-5 y - khoang cdch ti truc trung
] hoa tdi diém can tinh @ng sudt.
_ = - Nhiang diém cang xa dudng
ce - trung hoa thi |o;| cang lén
ﬂ -
= - Nhidng diém nim trén dudng
& thdng song song vdi dudng trung hda
*E ] thi cé cing mot trj s§ ung sut.
= Biéu db ing sudit phép: duge biéu
i Tonoat dién trén (h.6-6) :
% Diau + chi dng suit kéo
D4u — chi dng suit nén
h 6.
e Ta c6 thé diung cong thic ky
thuat sau dé tinh @ng suét. ;
M
o= = el 1y (6.3)

Trong cong thic (6.3) ta ldy ddu + néu M gay kéo tai diém can tinh
ing suit va ldy ddu — néu gly.nén.
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Ung sudt cue dai va cuc _tié’u:

Ik g

= max = (6.4)
Jx
Tmin = — Ml | Vel =il
x Wy
véi W = Ix , Wy = Ix © (6.5)
|Yrnax| |Ymax|

Néu truc x ciing la tryc d6i xing thi

dx
h
9 .
W; dugc goi la momen chéng uén cia tiét dién va cing la dic trung
~hinh hoc cia mat cit ngang.

k
ym=y:,ax=§nénwl:=“f:=w,=

2-3. Momen chéng udn ciia mdt s hinh don gian.

a/ Mdt cdt ngang hinh chi¥ nhdt b
i 1
= bh° 5 _hb
Ry oy G
12 12
£
2 x
nén Wx = ..!'.g_. = b_ S
E 6
2
- )
hb
92, _hb
Wy=—=_
e =,
2 " T
of
b/ Mat cit ngang hinh tron )7
J'CR" of
S . e
4.
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R 4 32
¢/ Mit cit ngang hinh vanh khin
4

4
=T -n)

k n
Ymax = |¥mex) =R =

Sl =)

3
3
=»%=%(l—::“)=---0,1D a-n)

2.4 Pieu kién ben

a/ DAm bing vat liéu déo: ¢6 [oly = o], = [o]

max |o,] < [0] (6.6)
b/ Dam bing vat liéu don: [o]y = [0],

[Ominl = [0]n (6.6a)

Omax < [0l

.

Chu y:
- Mat cit xét dieu kién bén la mat cit 6 |M|pax

- W, cang 14n thi didu ki¢n ben cang théa. Do d6 momen chdng uén
bifu thi anh hudng cia hinh ding va kich thuéc cia méat cit ngang, doi
véi 6 bén cia dam khi udn.

T d6 ta cing c6 3 dang bai todn cd ban:

Bai todn cd ban 1: Kiém tra bén

Thi du 1: _

Trén mit cit ngang cia dim ch? T chiju momen uén My = 7200Nm,
vat litu ciia dam c6 [0l = 20 MN/m?, [o], = 30 MN/m®. Kiém tra ben biét
ring J, = 5312,5 em*
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W
~N
-
J - 3 Mx
a1
"'"'J \
’.._ |5'°! __.‘\3 2z
b
Giai

tacé: Y =75mm=75x10"2m

=
Ymax = 125mm = 12,5X 10 °m

TR g =8 SighR)
W= = 225107 _ 0o 10 %
8. d5x10°

J =8 -6 3
Wh=Jx _B3125x 107 _ o0 06
Ymax  12,5x 10 >

M .
M w200 10,20 x 10° N/m? = 10,2 MN/m? < (o],

Opax = —= ——— =

WE  7083x 1076

O] = RO & (o Lo N/m? = 17 MN/m? < [o],
' WI 4251076
Vay dam dd bén
Bai togn co ban 2: Chon kich thuéc mat cit ngang.
Thi du 2:
Cho 1 dam chju lye nhu hinh vé. Dam lam bing 2 thép chi I, va

[o] = 16 KN/cm?.
Hay chon s hiéu thép chi I d& dam thoa didu kién bén.




5 /11

L

P
s 5 A
X : 1
@ I l O, 60 KNm
Giai

Ta th&y dam chju uén phdng thuan tdy, trén mat cAt ngang clia dam
cé6 1 momen uén My = 60 KNm

Tu didu kién bén ta suy ra

X < [o] » W, = % = 8090 _ 575 0

Imax

2|

Tra bang thep hinh ta chon 2120 cé6 W, = 2 x 184 = 368 em®. Kiém
tra lai diéu kién bén ta cé:

= M _ 6000 _ 163 kN/em® > [o] = 16 KN/em”

W, 368

Omax =

16,316 1409, ~ 2% < 5%
16
Vay dam vin dd bén - chon 2 I 20
Bai todn co ban 3: Chon tai trong cho phép [P]
Thi du 3:
M6t dam bing gang cé kich thudc va hinh ddng mét cit ngang nhu

A0

e

49,2

08,
+
3
!
é{z_
2
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hinh vé. X4dc dinh tri s6 momen udn cho phép. Cho biét Wng suét kéo cho
phép cua gang la [o], = 15MN/m” (chidu momen u6n nhu hinh v&). Hdi véi

trj s6 momen udn cho phgp d6 @ng sudt nén nhit trong dam 12 bao nhiéu?
(cho bi€t J, = 25470 cm ).

Giai
Tt ditu kign opy = TxyE < (o,
']x
ta suy ra
-8
M,] = 2547010~ _ 354 x 10* Nm
Y 10,8 x 10°2
Tudng 1ng ta co:
4
Omin= i Ylt.:xax= ST TV X 19,2 X 10_2 = - 26 MN/inz
I 2,547x 10~

3- UON NGANG PHANG

3-1 Pinh nghia:

Mot thanh chju uén ngang phing khi trén moi mit cit ngang chi ton tai
momen uén My va lyc cit Qy nim trong mit phing quén tinh trung tam.
Thi du:

|4

|4

Hinh 6-7. a/ So dd dam chiu udn ngang phang; b/ Biéu db luc cdt Qy; c/ Biéu dd
momen ubn; d| Mat cdt ngang ctia dém chiu uén ngang phang
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3-2 Cdc thanh ph2n Wng suit

3-2-1. Thi nghiém

Vé nhing dudng song song vdi truc thanh va vudng géc véi truc thanh
(h.6-8a). Sau bién dang cdc géc vubng khéng cdn vubng nita ching té gid
thiét mat cit ngang khéng cdn hoan toan ding nia (h.6-8b).

3-2-2. Trang thdi tng sudl:

Nhu th& khdc véi trudng hgp udn thuin tdiy 12 ngodi ¥ng suidt phdp
o, do M; gy ra cdn c6 thanh phin ung suit ti€p 7, do Q, gy ra. Ngoai
ra theo dinh luat d8i dng clia dng suit ti€p trén mit vudng géc véi mit
cit ngang ciing c6 thanh phin uUng suft tiép 7y, bang va trdi dfu vdi 1,
Vay trang thdi @ng sudt cia mft phan t6 c6 canh song song vdi cdc truc
c6 thé bi€u dién bang hinh (h.6-8c).

4 2
| y
i
a/ 5
f
s
v
—— — :'
I
L 2
—d 43! ’- 383
3] f‘f '

L
! j
I
& ;n

Hinh 6-8. a/ Thanh trude khi bién dang; b/ Thanh sau khi bién dang; ¢/ Trang thdi
tng sudt phdang daec biét

3-3 Coéng thie tinh Wng sudt phap

Ta vin c¢6 thé chip nhin véi sai s§ khong 16n 1im cong thic (6.2) dé
tinh @ng suit phdp trong thanh chju uén ngang phing
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3-4 Ung sudt ti€p trén mat cAt ngang ciia dam chju uén ngang
phing

Gia thiét:
- Dam c6 mit eit ngang 1a hinh ch@ nhat hep
- Thanh phan éng suft ti€p phan b& déu doc theo bé rong mat cit

Xét phan doan dam gidi han bdi 2 mat cit va 1-1 va 2-2 cich nhau,
khodng dz (h.6-9a). D& khdo sdt Wng sufit ti€p tai 1 di€m K cdch dudng
trung hoa mdt khodng y, ta ding mit cit di qua K va vudng gée véi luc
cit. Xét sy can bing cia phin dudi ABCDEFGH (h.6-9b)

Chi€u cdc lyc 1én phuong Oz ta cé:

= L) L e )
4' ’-" True -ﬁ’llﬂ’, hoa i 1 /,1
e v P
a e 4.4 z__L.."_.._-‘/ b
M., flat 8% vl 2 #&xw : :
¥ ) 2 | I
N l. 1 e ‘i(z)
l | ' i ‘Fl
N, gLt E: {’ T <
h] I [}
@ ¢ = 5 ke
dz zlil /.
4 2 o ¥ . C
G |
af

Hinh 6-9. a/ Poan dam dz giza 2 mat cdt 1-1 va 2-2;
bl Phéin phan t5 thanh dé xét ing sudt tiép

- Trén mit ABCD (cia mat cit 1-1)

c

M M,S
N]_ = fa,_(l)dF = f——xYZdF = ._Mix.fyldF =
J 1.4 J

= : A 3 x Fo X
=
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. Trén mat EFGH (cia mat cat 2-2)

M, + dM,
Ng = _r Iy(2)dF = _r e yid,
Fc

Fe x

M, + dM, J‘ (M, + dM,)S;
=2 |y, =2 2
Jdx Fe de

- Trén mat ABEF (mit cit song song véi truc thanh va vudng gée véi
lyc cit Qy).
c
T=1,%b xXdz

$Z=0->N;-No+T =

M, +d
MxSc—__’.‘_N?‘;S:+ryzbcdz=0

=y

dx JIx

c

dM, Sy

Suyra Ty, =

LAy

s (6.7)

c

Jb

Hay Toy = Tyz =

trong dé:
Qy - lye cit tai mit cit dang xét

S¢ - momen tinh d6i vdi truc x cia phan dién tich mat cit ngang bj
cit bi mat phing song song véi truc z, vudng géc Qy va di qua diém K
¢an tinh

J, - momen quédn tinh chinh trung tam d6i véi truc x

b° - bé rong mat cit ngang bj cit

3.5 Su phan b8 cila wng suft ti€p trén mdt s6 mat cat don gidn

3-5-1. Mit ciit hinh chi¥ nhdt (h.6-10)

2
s:=lb E-' h-i-y =_]_'.b h_—y2
2 2 2 2 4

110



bh?

-' ' J = bh”
!_ i : 12
L 4 & b*=Db
35 2
[ A = r = (B oel g
'Vz_f K 2J, | 4
L \\‘-.I\' ‘: 3_\;\ Ta nhan thiy:
FQ - Quy luat phan b& cia
—.b ' ung suit doc theo chidu cao la
*‘.—' r,_-} mot parabol bac 2.
- Tai diém trén dudng
Hinh 6-10 trung hoa, Ung suit tiép cuc
dai va c6 tri s8
3Q
max = = ;’- (6.9)

3-5-2. Mt cdt hink chi I (h.6-11)

- Ung suft ti&p trén phan long

b = d
S::Sx—dyz=sx—£
2 2
S, —dy*/2
AR T ey (6.10)
Jd
Tai diém ti€p gidp gida long va dé

- 2
: Zd h
‘ﬂ'_ﬂ E o 2 g
Qy Sx = 92
Hinh 6-11. S phén b6 ciia itng sudt = —L 1 (6.11)
tiép trén mat cdat chiz I ded

Tri s8 Ung sudt ti€p cuc dai tai tryc trung hoa

s (6.12)
J.d

Yy=0->7Tgh=
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Lizu y: Trong céc cong thic trén, S; la momen tinh cda 1/2 mat cit I

d6i vdi tryc x.
- Ung suét ti€p trén phin dé&: b* =t

Do dé
S I I
sz o £ \2 x! \2 2!
Ix
Qy [: "3 x] (h—-1t)
= L J (6.13)
2Jx

o VR -y
R R

= [wew= [2 VR -y =§(32_y2)32
Y ¥y

Do dé

Tpy =

w |

2
& pecd (6.14)
F R

(3]
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Tai tryc trung hoa y = 0

_49
S gy =t
3 F

(6.14a)

3-6. Kiém tra ben trong trudng hgp udn ngang phing

Néi chung trén mit cit ngang cia mét dam chju uén ngang phing
thudng c6 2 loai ing suét:

- Ung suét phdp do M; giy ra

- Ung suét ti€p do Qy giy ra

; .f'm'm PR Vadad % Zones
= B Tc.-
¥
1 o7 Trnax il %" Bl

r
max
Hinh 6-13. a/ Néi luc trén mat cdt ngang; b/ Sy phan b8 ing sudt tiép; ¢/ S phén bs
ung sudt phdp; d| Cde phén t5 trang thai img suét

Nhung khéng pI;éi trang thdi ¥ng suit tai moi diém trén mat cit nhu
nhau. Ching ta thi khdo sit trudng hgp ti€t dién ch@ nhat hep; sy phan
bd clia ¥ng suéit phdp va ing suit ti€p theo chidu cao duge bidu didn nhu
(h.6-13).

Ta nhan thay:

- Tai 2 mép (diém A, diém B) ung sust tidp bang khéng, chi c6 ing
suit phdp nén trang théi dng suit cia phan t8 tai A va B la trang th4i
ung sudt don (h.6-13d). : :

- Tai truc trung hoa (di€m C), Wng sudt phap o, = 0 chi c6 Ung suit
ti€p nén trang thdi ¥ng suit 1a trugt thuan tdy.

- Tai cdc diém khédc ta ¢6 2 thanh phan ¢ng sust nén trang thdi @ng
suit la phéng dac biét. Do d6 néi chung khi kim tra ben ta phai ki€m tra
3 loai phan t6 trén va dp dung cdc thuyét bén tuong ing.
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* Phan t6 & trang thai Ung suit don: (Chon tai mat cidt ¢6 |M|max
ding thuyst bén @ng sudt phap cyc dai (thuy&t bén I)).

- Vat liéu déo: max |o| < [0]
- Vat lidu don: gpay < [0l
Ol < Bl | (6.15)

+ Phan t& & trang thai ung sudt trugt thuan tiy: (@ mat cit cb
|Qy | max)

- Dam bing vat lidu déo:
. Theo thuy&t bén ung sudt tigp cyc dai (thuyét bén 3)

]

Fmax < (1] = —

(6.16)

Theo thuyét bén thé nang bién d6i hinh dang cyc dai (thu;)é't— bén 4)

Ty = [1] = % 6.17)

. Dam bing vat lidu don: ding thuy&t bén Mohr

+ Phan t6 & trang thai ung sut phing dic bist: (0 mat cht c6 |My|
va |Qy| ciing 16n). D&i véi mat cit chad I ta chon noi tiép gidp gida long
va d€ dé kiém tra.”

- Dam bing vat ligu déo:

. Theo thuyét bén 3

2 2
Oig = V o, + 41,y < [d]

. Theo thuyén bén 4:

2 2
O = V g, + 37,y < [0] (6.18

- Dam bang vat lidgu don: Dung thuyét bén Mohr.

3.7 Ba bai todn co ban
+ Bai todn co ban 1. Kiém tra bén di néi 4 trén
+ Bai todn co ban 2. Chon kich thuéc mat cit ngang

- Dya vao phan t8 chiu trang thédi ung suit don dé so bd chon kic
thudc tigt kiém dam.
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- Tién hanh ki€m tra bén & cdc phin t& khdc nhu di néi. N&u disu
«i¢n ben d6i véi cde phan t8 chju rang thdi Wng suft khdc khéng dat thi
ta thay d8i kich thudc mat cit.

+ Bai todn cd ban 3. Dinh tai trong cho phép

Thi du 4: Xdc djnh s6 higv nat ~%. ngang theo yéu cau d¢ ben, néu
[0] = 160 N/mm? = 16 KN/cm?.

Giai

Do tinh chdt déi xing nén:

Vi = Vp = 80+ 200+ 60 _ ;qo5py

2
IM, | e = 240 KNm
FTTT ";‘]""’""‘ § Ti diéu kién bén cia phan t6 &
E) : ]ﬁ“'. 3 l!—lr;‘f’ trang thdi dng suit don ta suy ra
go &0 Tra bang thép hinh chon 2 [40, véi
M) <IN\ Vs [40 thi d = Smm, W, = 76lcm’,

N g Jy = 15220cm®, S, = 444cm® -
} 240 ENM Kiém tra bén thép méi chon
don: duong nhién théa

+ Phan t6 & trang thdi dng suit irugt thuin tdy: tai mat cit cé
]Qy|m = 100KN

N=8 < hom
: st: ‘J = 15220c:m
max —
Jyxb b =d = 8mm = 0,8cm
Q, = 50KN (mbi thépchjul)
2

= M“ — 1,82 K.Nfcm2

15220 x 0.8
E1 =10 =18 _ gxnem® - 1, < [ thea
2 2 e
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Hinh 6-15

+ Phan t6 & trang thdi Ung sudt phing dic biét
|M,| = 240 KNm, Q, = 100KN
A

o] = 24000 (90— 1,35) = 14,7KN/cm’
2 x 15220

85 =11,5% 1,35 x {20 - lﬁ] = 300cm’
2

100/2 x 300 _ ; 93 gN/em®
15220 % 0,8

Jzal =

Ga = Vot a? = \/14,72 + 41,27 = 14,75 KN/em®
Vay phén t6 théa diéu kién bén: - chon 2 [ 40
Thi du’5: Xac dinh t3i trong cho phép [P] cho biét [o] = 1600 KG/em?
Gidi

OM/B=0]->V,x4a—-Px3a—2Pxa=0

>V, =2P
4

Vem3P-2p=lp
g~ g
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I N°10 Biéu d5 noi lue Qy va M; nhu

lp l / hinh va.

_ B Mit cit nguy hiém:
"
oL

N

o S aﬂ?w' M = Pa
ly g 4
7

9, =1p
P 74

SR . Mzt cit cha I c6:
i ' h = 10cm, J; = 198 cm?,

5
=¥ W, = 39,7 cm3, S, = 23 cm3
d =045cm, t = 0,72 cm
b = 5,5 em

@ T didu kién ben éng suit
phédp cyc dai ta cé

TPa
4W,

v

< [o] =

Hinh 6-16

a[P]Eé_[o]wx -

7 a

1600 x 39,7 _ 453,7 KG

=£x
7 80

Ta chon [P] = 453 KG

Véi P da chon ta kiém tra bén lai cdc phan t§ & trang thdi éng sufit
trugt thuan tiy va trang thdi ung suit phiing dic biét.

- Phén t8 & trang thdi ung sudt trugt thuin tiy: & truc trung hoa cia

mat cht c6 |Qy = L P =1 x 453KG
S

c

S5, =8,=23 em’
b =d = 0,45cm
d. = 108cm

Suy ra
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7
Z X 453 x 23 9
Tmax = ————— = 204,6 Kg/em
198 x 0,45

9] _ 800 KG/em®
2

Teaox < 9] nen phén t& nay thda dieu kién bén
2
- Phan t8 & trang thdi ung suit phing dic biét;d noi ti€p gidp gida

long va € tai mat cht c6 My = Pa=_x453x 0,8 = 6342 KGm va
4

4
Q,="Lp = 792,75 KG
4

8 =55x07210~ 972 _ 15 37cm’

2
7
L X 453 1837 ’
sz = = 163,4 KG;’CUJ
198 x 0,45
o, = 63420 110 _ 79| = 1370,89/KG/cm?,
198 |2 ==}

Theo thuyét bén @ng sudt ti€p cyc dai

o=y o2 + 422, =\/ 1370,8% + 4 . 163,42 = 1409,30 KG/cm®

o4 < [0] = 1600 KG/ecm?

Vay tai trong [P] = 453 KG
3-8. Dam chdng udn déeu

Théng thudng d&i véi dam cé mat cit ngang khong ddi ta chon, kich
thude cia dam theo mit cit c6 momen ubn 16n nhit. Véi cach chon nhu
thé ta chua tan dung h&t kha nang lam viéc cia vat li¢u, vi khi dng suit
tai nhing diém nguy hiém trén mat cit cé momen ubn 16n nhét dat téi tri
s8 ng suit cho phép thi Ung sudt tai cdc mit cdt khdc con nhé hon rét
nhiéu so véi @ng suit cho phép. Vi vay dé ti€t kiém dugc vét ligu ta phai
tim hinh ddng hop 1y ciia dam sao cho @ng suft tai nhing diém nguy hiém
trén moi mat cit ngang déu cung dat dén gid irj @ng suft cho phép. Dam
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c6 hinh dding nhu vy goi 14 Dam chéng udn déu.
Ta hiy xét vai vi du cy thé sau:

Thi du 6: Cé 2 dam
ti€t dién tron tya trén 2 goi o ‘{_I P
tya don va chju 1 lyc tap Ao l

Jist - o B
trung P tai gida nhip nhu i L
hinh vé (h.6-17). f L N 4
Tai mat cdt 1-1 cich T7TT "
g0i tya trdi A 1 doan z, véi NW

1 PL
Oszsg, momen va luc cit 4
cé trj s8. Hinh 6.17
P
M; = 2%
_P
Qy = 9
Nhu viy dng sudt phdp 16n nhdt trén mit cit nay duge tinh 1a
i E BEP 2
W 01d°

Véi dieu kign dng suit cyc dai trén moi cdt ciing dat trj s§ @ng sudt
cho phép [o], ta tim dugc ludt bign thién cia dudng kinh d theo bi&n s§ z
nhu sau: 2

d=3 o (a)

0,1[o]
Nhu vay hinh ddng cda thanh phéai c6 dang dudng nét ddt nhu trén
hinh vé (H.6-18). .

Ta thdy tai hai dau
mit, mat cdt cé dién tich
bing khéng, diéu d6 hoan

toan phu hgp vdi didu kién - ] y

bién thién cia momen uén, - E:}:E T “Et} '
vi tai d6 momen uén bing -
khéng. Song nhu vay khéng
théa min diéu kién bén cda

Iyc cit Q. Thdt véy trén Hinh|6-18
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moi mat cit cia dam ta déu cé mét tri s6 lyc cit Q, = Y lyc cat d6
2

Q ;
sinh ra Ung sudt tiép I6n nhit t,, = i'F—y Vi th& dién tich mit cit cin
3
phai dd d& chju cit. Do d6 phai chon dudng kinh véi didu kién:

2%y
3 F

Nghia la dudng kinh nhd nhdt cing phai la:

Tmax

d=d; = 24 (b)
3 [7] .

Vi ditu kién ch& tao, rat khé gia cong dé thanh c6 thé cé hinh ddng
clia dudng cong biéu dién trong (a) nén trong thuc t& ngudi ta thuong lam
cdc truc biae nhu trén H.6-18.

Thi du 7: Cdc 10 xo0 ¢é so d6 chju lyc nhu hinh H.6-19, thudng duge
ghép bdi cdc 14 thép nhu hinh H.6-20. Cdc l4 thép dugc ghép theo hinh
déng cia dam chéng udn déu, hinh ding dé lam 16 xo c6 trong lugng nho
va chuyén vi 16n. Loai 10 xo nay thudng dung dip cua cdc truc bdnh xe.

Lo

Hinh 6-19 Hinh 6-20
3.9 Thé& nang bién dang dan hdi trong udn ngang phing
Trong chuong trang thii ung suft, ta da cé cong thuc tinh th€ nang
bign dang dan hdi riéng cia 1 phan t6 la:
L
2E

2 2 2
u= oy + 0y + 03 — 2u (0109 + 0903 + 0307)
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Trong trudng hdp dam bj udn ngang phing, trang théi Wng suft cda
phan t6 la phing nén céng thic trén cé dang:

2 2
= i [01 + o3 — 2uo 103} (a)
2E

Trong d6 oy vaog la cdc ing sudt chinh duge suy tu o, va T,y theo cong
thie:

2
gty (e, 2
2 2
Thay vao (a) ta duge
2 2 2

Rit gon ta dugdc:

2 2
u=2+3-—2(1+#)

2E 2 E
Néu dé y dén hé thic lién hé giva E, ¢ va G.

(b)

R R
;

2(1+p) _ 1
E G

thi (b) cé thé viét lai dudi dang:

0‘2 12
u= Ty ©
2E 26

Cong thic (c) cho ta th& nang bién dang dan hdi rieng trong didm chiju
udn ngang phéng. Thay bifu thic cia o, va 1,, ta duge

oM N Q; (59
B 2640

Thé& ning bi€n dang dan héi trong mdt doan thanh dz la:

u

(d)
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dU = fudz .dF (e)
F -
Thay tri s6 ctia u vao va chd § dz 1a hiing s§ d6i vci bifu thidc tich
phéan ta cé:
2

2 c 2
M (S
dU=dzf x 2. % (")2 dF )
Cc

F |28 2650

Véi fyadF =J, va néu ta ky hi¢u:
F

c 2
% f (Sx)z dF =175 (g)
C
I ()
: 2 2
d d
ta duge: dU=M’ 4 +?;Qy z
9EJ,  2GF

Vay thé niing bién dang dan hbi trong ca thanh véi chidu dai 1 la:

1 1

. 2 2
Myde | [ Qs
oEJ, Y  2GF

‘U = (6.19)

Vé6i thanh cé d6 cing thay d8i tung doan hay luat bi€n thién cla M,
va Qy thay d6i tung doan, cong thic (6.19) cé thé dugc viét dudi dang

M

1% 2B 11u

(6.192a)

trong doé:
l; 1a chidu dai méi doan
n la s6 doan
7 1a hé s6 diéu chinh sy phan b8 khéng déu cia ing sudt ti€p.
Bing cich d4p dung cong thuc (g) & trén, ngudi ta da tinh dugc hé s8
n @6i véi cdc loai ti€t dién thudng dung
© - Tiét dién chi nhat: n = 1,2

- Tiét dién hinh tron: 5 = 10
g
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- Ti6t dign'ch@ I: n~_L_; trong d6 F la dien tich toan bo mat cit,
. Flong
Fiong 1 dién tich trong long cha I.

3-10. Quy dao dng suit chinh trong dam chju udn.

N6i chung mot phan t& bat
ky trong long cia thanh chju

uén ngang phing déu & trang s /,./"-\
thdi @ng suit phing nhu ta da 7 0 /L l AN
phan tich (hinh 6-8c). & day ta | —s2ee %\
hiy xdc dinh phudng edc dng Tt e
suft chinh cla cdc phan t6 khac - ) ({'\ A%
nhau trén mt mit cit ngang < “¥ /,.f Fih
1-1 nao d6 cia diam chju udn “'
ngang phing. (Hinh 6-21a). . i

D6i vdi cdc phén t§ & A va Hinh 6-21

E 12 cdc phan t6 & trang thai
Ung suit don nén phudng chinh cia ching la cdc phuong song song va
vudng géc vdéi truc hoanh.

Phan t6 & C la phan t§ 6 trang thdi trugt thuan tiy, vi C nim trén
dudng trung hoa, sé c6 phuong chinh nghiéng véi truc thanh mot géc 45°
va 135°.

DGi v6i cde phan t6 & B va D cdc phudng chinh tiy thude vao trj s6
cdc Ung suit. DE xdc dinh phuong chinh cia cdc phan t& dé ta vé cdc vong
tron Mohr wng sudt (hinh 6-21b).

Bing phuong phip tudng tu, ta c6 thé xdc dinh dugc phudng cua ing
sudt chinh & nhidu diém trén dim. Ta vé cdc dudng cong c6 ti€p tuyén la
phudng cia ung sudt chinh v goi cdc dudng d6 la quy dao ing sudt chinh
cia dam chiu udén. Cic quy dao nay hop thanh hai ho dudng cong vudng
g6c nhau, mot ho 1a quy dao ing sudt kéo va mét ho la quy dao ¥ng suit
nén.

Trén hinh 6-22 bi€u dién cdc quy dao dng sudt chinh cda dam don
gidn chju tii phin b8 déu, dudng nét dit 1a quy dao wing suit kéo, dudng
nét lién 13 quy dao ung suit nén.

Ngudi ta thudng ding cdc phuong phép thyc nghiem dé€ xdc dinh quy
dao ung suit chinh nhu phuong phéap quang dan hdi, phuong phdp dung
sdn don.
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S& di ta c¢an bift quy dao Ung suft chinh trong dim vi né cho phép ta
bi&t cdch sip x&p vat ligu ding chd lam ting khd nang chju lyc cia dam.
Thi du béténg la vat lidu chiju nén t8t, chju kéo kém. D& ting kha ning
chju udn ciia dim lam bing bétong thi ta dit c6t thép vao dim theo phuong
quy dao ung sudt chinh chju kéo nhu trén hinh vé. (hinh 6-23).

Hinh 6-22 Hinh 6-23

BAI TAP CHUONG VI

1. Cho dam chju lyc nhu hinh vé. Biét P = 160 KN, a = 0,35cm,
1 = 4m va [o] = 16 KN/cm?2. Kiém tra bén cia doan dam AB trong 2 trudng
hgp.

Hinh 6-1 L
a) Hai dam chd I s6 hiéu 18 dit song song véi nhau.
b) Hai dam ch@ I s8 hiéu 18 @it chéng lén nhau va han lién.

2. Mot mdng nuéc e6 mit cit ngang nhu hinh vé. Mang dat lén hai
cét cdch nhau 6m. Vit liéu lam méng c6 trong lugng rieng y = 18 KN/m3.

Ho6i khi chia day nudc thi ing sudt phdp va ung suit ti€p cuc dai la bao
nhiéu?
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_‘_ 18 4

i Sl ]

N . - _ - NN -

§ - _% 12.em
3 A
A 4
Hinh 6-2

3. Dam thép, mit
cAt ngang ch@ I, chiu
tai nhu hinh vé. Chon ' Ao KNM
s6 hidu clia mit cit.
Kiém tra bén dam theo
thuyét bén thé ning
bi€n ddi hinh dédng 16n
nhét.

Biét

[0] = 16 KN/cm?

4. Xdc dinh dudng kinh cia 5 doan tryc theo digu kién bén ung suit
phdp va uUng sufit ti€p. Truc chiu lyc nhu hinh vé. Bigt P = 20KN va thép
lam truc cé o, = 320 N{mmz, hé s§ an toan n = 3 va [r] = [0]/V3

8oo 400
5 |

vzazd . % 3
=] .' 4 = . S : 5 e s ﬁ_-

27 §

e
g0 -T.-'; e |
it | id o,{_uo’* 89
Hinh 6-4

5. Dinh kich thudc a clia mét cit ngang dim trong 2 trudng hgp.
1- Vat lidgu lam dam c6

[oly = [o]l,= 17,5 I‘{N}'cm2
2- Vat liéu 1am dam cé
[oly =3 KN/cn12, [¢]l,=9 Kl\",r’cm2

Biét g = 100 N/em, L = 1m
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a.

4 [ s
PEOTOE Y
T _’:1 “ R ;u.;“] 3

jo .50 -
Hinh 6-5

6. Xdc dinh tai trong 16n nhit c6 thé tdc dyng lén cﬁng xon gom 4
cay gb tron ghép lai. Cho d = 16cm va [¢] = 1000 N/em?

D& xét dén bi&n dang cda thanh ghép dam, khi tinh mémen chdng udn
chi 14y 80% gid trj cia hinh nguyén ven

P

s — g@
P

—3m —— 2m

Hinh 6-6

7. Dam gom 2 méanh bing gb dén theo dudng AB. Tinh tai trong q cho
phép. Biét dng suét cho phép cia gﬁ [a] =

1200 N,J’cm ing suit trugt cho
phép ciia keo ddn [r] = 60 N/em?.

SR ENNEREY

-~ gz 25m |

Hinh 6-7
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CHUGNG VII

CHUYEN V| cUA DAM CHIU UGN

1- KHAI NIEM CHUNG

Duéi tdc dyng cia tAi trong ngang dat trong mat phing qudn tinh
chinh trung tdm, ta ¢6 uén phing va tryc dam bj uén cong. Pudng cong-
cuia tryc dam sau khi bi uén dugc goi la duong dan hoi (h.7.1a). 3

Goi O; 1a 1 diém nao d6 trén tryc dam va Oy 13 vi tri cia né sau khi
dam bj bi€n dang. Khodng cdch O; Oy dugc goi 1a chuyén vi dai cia 0;.

)

ook
F
y 0 4
4 Y <
i L |t
z soo] vyl G g
gﬁéngoﬁnhzn
1y
(o)
"““"”..ﬁ g
0, u =
Hinh 7-1



Ta ¢6 thé phan chuyén vi O;0p thanh hai thanh ph&n u va v theo
phuong cida tryc z va tryc y (hinh 7-1b). Treng digu kién bién dang cla
dam la bé, thi thanh phan chuyén vj u, 1a 1 s§ vo cung bé bic hai so véi
v, do dé ta c6 thé bd qua chuyén vi u va xem 0;0; la biing v nghia la vj
tri O; sau khi bién dang thi ndm trén dudng vudng géc véi tryc thanh.
Chuyén vi v dudc goi 1a d6 vong tai O; ciia ddm va nd la 1 ham theo hoanh
d6 z ciia mat cit ngang. Nhu th& phuong trinh dudng dan héi (phuong trinh
clia truc dam sau khi bj uén cong) cé thé bidu dién:

y(z) = v(z) (a)

Trong qué trinh bign-dang cdc mat cit ngang vin phing va xoay quanh
vi tri ban dau mot géc 6 goi la chuyén vi géc clia mat cit hay géc xoay
(h.7-1a-b). Béi vi d6 vong kha bé so véi nhip dam nén géc xoay cing nho,
suy ra:

: &y
tanf =60 = — =y(z) (b)
dz

Vay "dao ham cia dudng dan hdi 12 géc xoay cia mit cit khi dam bj
bién dang".

Quy udc duong cia chuyén vi.

+ Do vong y duge xem la duong néu hudéng xudng.

+ Géc xoay 6 duge xem la dudng néu quay tu truc z dén ti€p tuyén
v6i dudng dan hoi tai diém khdo sit la theo chidu kim dong hé.

* Ditu kién citng: Trong ky thuat khi tinh todn cho dam chju uén,
ngudi ta thudng khéng ché khéng cho do vong 16n nhét cia dam vudt qua
mot gidi han nhdt dinh d& dam bdo yéu ciu vé tinh chédt cia sy lam viéc,

my quan v.v... Diéu kién nay goi 1a diéu kién cing. Né&u goi f la d6 vong
16n nhit cia dam thi didu kién cing thudng chon la:

E =.L ; (c)
1 100 1000
trong @6 1 la chiéu dai cda nhip dam; tuy loai cdng trinh ma ngudi ta
quy dinh cu thé tri s§ caa [f/l].

2. PHUONG TRINH VI PHAN cUA DUONG DAN HOI

Trong chudng 6 (theo (6.1)) ta da thi&t lap lién hé gita dd cong ciia
truc dam sau khi bién dang vd mémen udn la:
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M
EJ,

(a,

O |-

Mzt khdc theo hinh hoc gidi tich ta bist d6 cong cia ham y(z) duge
tinh bdi:

Il
I+
|

+

(b)

| =

[ o-]

Ay
=

+
l._...%

yn Mx )
= - o= (i1
a +yH* .

bay 1la phuong
trinh vi phin téng quit
cia dudng dan hoi.

Mat khde, ta hay ! / \
khao sdt 1 doan dam bj

uén cong trong hai

trudng hgp nhu & cde Myi>o

hinh vé (h.7-2). Ta nhan 5 "¢ 0 M, <0
thdy My va y” ludn luén 3" >0
ngugc didu nhau, cho ly

nén phuong trinh vi

phan cia dudng dan hoi Hinh 7-2

cé dang:

¥ = __Ex_ (7.2)

a+yh? Bk

Véi gia thiét chuyén vj bé (46 vong va géc xoay bé) ta cé thé bé qua
y'2 s0 véi 1 va khi dé phuong trinh vi phin ¢6 dang gin ding nhu sau:

y'= - i3 (7.3)

EJ,

trong d6 tich s8 EJ; la d6 cing cia dam khi udn.
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Né&u k& dén lién hé vi phan gida momen uén va lyc phan b8 (xem céng

thie 1-5¢).
a*M,

= q(z)
dz2

ta c6 thé vidt phudng trinh vi phan cia dudng dan hoi (7.3) dudi dang sau:

2 2
_E‘.E ngd_J; = —q@2) (7.4)
dz dz

3- THIET LAP PHUONG TRINH DUONG DAN HOI BANG PHUONG
PHAP TiCH PHAN KHONG DINH HAN

Ta nhdn thdy vé hai cia phudng trinh vi phan (7.3) chi la mot ham
theo toa @6 z nén (7-8) 1a 1 phuong trinh vi phan thudng. Do vay ta chi
can 14y tich phin [An thi nhdt A dvgc phuong trinh gée xoay:

=y=F - _ | Xaz+C (1.5)
dz Ed,
Tich phan lan thi hai ta duge phuong trinh dudng dan hdi:

- ffr

= dz+C] dz+D (7.6)

EJ,

trong @6 C va D la cdc hing s8 tich phan sé dugc xdc dinh cdc diéu
kién bién (diéu kién vé chuyén vi thdng va xoay tai cdc dau doan dim).

D6i véi dam don gidn ta gip cdc diéu kién bién nhu sau:

+ Dau ngam cda dam = J
cong-son: Géc xoay va chuyén vj Ai iy Jfl
thing tai nghm bing zero: 1
(h.7-3a) e
6,:0 ==
6o=0;ya=0 As C-I-l;jrvb
+ Tai cdc dau khép cia dam Ao g:’. *'h o
don giédn, chuyén vi thing (dd ya=0 0"- o‘b Yg=0
vong) bing khéng: (h.7-3b) CRa
ya=0
1.8 Hinh 7-3
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+ Tai noi ti€p gidp gifa 2 doan dim c6 phuong trinh dudng dan hodi
khdc nhau, d¢ véng va géc xoay bén trdi phai bing vdi do vong va géc xoay
bén phai (h.7-3b)

’ tr ph _tr ph
' Ye =¥c :0. =6,

DE hi€u r6 phudng phdp nay ta xét cdc thi dy minh hoa sau:

> P Thi du 1: Viét
phuong trinh d§ vong va

1
L I 3. e géc xoay cho dam
T = cong-son nhu hinh vé
4

THBmeRs - o (h.7-4). T¥ d6 suy ra dd

"L = vong va géc xoay l4n nhAt.
Yy EJ, = hdng Bai giai
R Momen uén tai mat
cht 1-1 c6 hoanh 8 z la:
M(z) = - Pz (a)

Thay vao biéu thiéc cla phuong trinh vi phan dudng dan hoi (7-3) ta
duge:

M
y'=-_= =Tz {b)
EJ, EJ,
Tich phan hai [an ta [an lugt duge:
dy . Pz
e=Y="2 ;¢ , (c)
dz 2EJ,
P
y=—%_+Cz+D (d)
6EJ,

trong d6 C va D dugc xdc dinh bing cdc didu kién bién nhu sau:
x=L,0=0vay=29 '
Thay vao (c) va (d) ta dugc:

p12 P13 Pl3 p13

vaD= - + =
2EJ, 6EJ, 2EJ; 3gj,

Viy phuong trinh dudng dan hdi va phuong trinh géc xoay la:
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3
e Pl

y= = i 7 (e)
6EJ, 2EJ,  SEk
2 2
G, Ta0) PI b
2EJ, 2EJ,
Do vong va gée xoay cyc dai niim & diém A, diu ty do cia dam:
3
Pl
Ymax = fA = (8)
3EJ,
58 PI’ 1

K&t lugn: tri s§ duong cia fa ching t3 diém A dich chuyén xuéng theo
chidu duong cia y con diu am cia 6, ching to tiét dién tai A quay 1 géc
theo ngytge chigu kim dong ho.

Thi du 2: Thiét lap phuong
trinh géc xoay va d vong cia 1
dam dit trén hai géi tya don chiu
tai trong phan b8 déu q trén nhip
1 (h.7-5). D6 cing cua dam la khong
dai.

Giai

Phuong trinh momen udn tai
mit cit ngang c6 hoanh do z la:

2
M=, 9z
2 2

Thay vao (7.3) ta cé:

yn = =q (lz 2 22) :
2EJ. ;
. (v) |
Tich phan lién ti€p 2 lan ta - W
dugc phuong trinh géc xoay va d £ 5_3}4
vong la: AT =

Hinh 7.5
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12 3
o=y = Roie _Elac

9EJ (2 3
13 4
y= — q - +Cz+D
2EJ, (6 12

Cédc diéu kién bién cia dam la
z=0,y=0vaz=1Ly=0
Tir dé ta xdc dinh dugc cdc hiing s§ tich phan sau:

D=0
3
c=_1
24EJ,
Vay phuong trinh cia géc xoay va do vong la
3 2 3
4
0=y = gl 162 2=
24EJ, 2 P
3 2 3
i 2z z
s s
24EJ, |

Ta dé dang thdy d¢ vong cuc dai xay ra tai gita nhip ¥ng véi z =

b | —

(viy’,_1 =0). Thay tri s§ z nay vao phuong trinh dudng dan hdi ta cs:
2
: 5al’
Vol =Vmax=1=50ms
2 X

Con géec xoay 16n nhét tai cic mit cit ngang ¢6 y”’ = 0 (M = 0) tic
lataicic géitva (z = O vaz = 1),

q®

Khi z = 0 ta duge 6L, = =6,
24EJ,
& gt
Khiz=1tad = - =
12 ta dugc Opay 24EJ, g

Ta nhén thiy 6, = — 6
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Thi du 3:

> ._,.1 Thiét lap phuong
4 '
AI. B! .b 2  trinh géc xoay va do

ﬁ%ﬂ 24 l 'i, véng cia dam dit trén

2 gbi tua chiu tdc dung
cia lyc tap trung P &
cich g6i tya bén trai
mot hoanh d6 z = a nhu
hinh vé (h.7-6a).

Giai

Trong trudng hgp
nay phuong trinh cia
momen udn trong hai
doan AC va CB khic
nhau (h.7-6b) nén biéu
thitc cia d6 vong trong
2 doan cing khéac nhau.

Biéu thic momen,

cdc phudng trinh vi

phian va tich phan cia

ching trong 2 doan

Hinh 7.6 trén cé thé duge viét
nhu sau:

Poan AC (0 =z;<a) Poan CB (asz3=1)

b Pb
M:1=PT21 Mx2=-l—22—P(22-a)
b 3] 9 b P
Y1=-Pb ) Y2=-'P zg + (z2 —a)
IEJ, IEJ,  EJ,
Pb z% Pb 2 P 2
yi= - —+C Y2 = z + (zg —a)” + Cy
IEJ, 2 2IEJ, ~ 2EJ,
y1= —Pb z:; + Clzl + Dl Yo = — Pb Zg ¢ P (22 — a)3-+ C222 Ea Dz
6IEJ, 6IEJ, = 6EJ,

Dé xdc dinh 4 hiing s6 tich phan C;, D;, Cy, Dy ta dya vao cdc dicu
kién bién sau day:
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31=OsYI=0’22=1:Y2=0
zy=zg=athiyj=yyvay, =y,
T@ bén didu kién dé ta cé:

(D, =0 (1)
o R T ES )
6IEJ,  6EJ,
| =28 a3+Cla+D1=— a3+02a+D2 3)
6IEJ, 6IEJ,
2 2
T DT R R @)
2IEJ, 2IEJ,
Giadi h¢ 4 phuong trinh trén ta tim dugc:
D;=Dy=0

Cl=cz=&(]2—h2)
6IE,

Véy phuong trinh d6 vong va géc xoay trong ting doan la
- Doan AC (0 < z; =< a):

2
6=y = Bb [I-b 2
4 IEL, | 6 2
-y
yi=— 2y - —
1Ed, 6 6
-Doan CB:aszy <1
2 2
6o = v Pb |22 l(z3-29) e
p=Yo=——|=- a
1 IEJ, | 2 2b
3 3
_Pb [@-9a)1 P p? 2
Y2 = e 29 —"us
° O EL | eb 6 6

Trong thi du nay ta tim 46 vong lén nhit trong dam bang cdch dya

vao diéu kign y’ = 0. Giad st a > b ta c6
2

Pbl |, _b

6EJ, 2

0a = 01z=0) = >0
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g .2 3

Pb |I -b —Pb,,2 2

bc = O1(zy=a) = - l=—"@a -1 +b)
IEJ | 6 2] GIEL

_ +Pab
SIEJ,

(a-b)<0

Gida 2 difm A va C géc xoay ddi diu, nghia la s& bj tri¢t tiéu 1 lan.
Didu d6 ching td dd vong cé gid tri 16n nhit & trong doan thit nhat. Cho
6; = 0 ta tim dugc.

£-b
3

Thay vao phuong trinh cia y; ta cé:

Nhén xét: Néu trén dam momen udn chia lam nhiéu ‘doan khdc nhau
thi phai thiét 1ap phuong trinh vi phan dudng dan hoi cho nhiéu doan khéac
nhau. & mbi doan ta phai xdc dinh hai hiing s& tich phan. Néu dam c6 n
doan thi phai xdc dinh 2n hing s6 tich phan. Do vAy bai todn trd nén phic
tap néu s6 doan chiju lyc khdc nhau cang Ién, vi viy phudng phdp nay it
dang khi tai trong phuc tap.

4- PHUONG PHAP TAI TRONG GIA TAO (HAY PHUDNG PHAP DO
TOAN)

Trong cdc phan trudc day, ta da c6 céc lién hé vi phin gida ndi lue
va tai trong cing nhu gida chuyén vi va ndi lye nhu sau:

i’;{. = q(z) : (a)
dz .
2
va y’ = d_j: = — —Lix' (b)
2 Edy
dz

Nhy ta da bist, néu bigt q(z) thi ta c6 thé suy ra M; ma khong can
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tich phén (a). Dya vao sy tuong ty gida hai lién hé vi phan (a) va (b), ta
nhan thdy c6 thé tim duge y ma khéng can tich phan (b).
That viy tudng tugng ta tdc dyng lén 1 dam nio d6 (goi la dam gia
tao) mét tai trong phan bd gid tao cé cudng do la:
-M
Qgt = ! (7.7}
EJ,

nghia 1a quy luit phan b6 cia qg gidng nhu quy luat phan bs cia

—~. Nhu vdy goi momen uén trén dim gia tao la Mg thi ta cé thé viét:
EJ,

2
i . - a My
d22 Edx d22
hay
M
y' = -‘-’—% =" rag (7.8)
dz dz

hoc viét dudi dang khdc:

dy’ _ 9Qg
dz dz
T d6 ta nhin thdy néu chon duge dam gia tao vdi cdc didu kién lién
két sao cho cé sy tudng dng.

(7.9)

y (dam thye) = Mg (dam gia tao)
8 (dam thue) = Qgt (dam gid tao)

thi c6 thé thay d6i viéc tich phan bidu thic (b) bing cdch tinh noi luc
trén dam gid tao khi biét qg.

* Cdch chon dam gié tao

Diam gid tao duge suy tit dam thuc véi digu kién la ndi nao trén dam
thyc khong e6 d6 vong va géc xoay thi ta phai chon didu kién lien k&t cdia
dam gid tao & nhing noi d6 sao cho qg khéng gay ra Mg va Qg. Chidu

dai dam thyc va gid tao nhu nhau. V6i cdch d6 ta c6 thé chon cdc dam gia
tao tudng ¥ng véi mot s§ cic dam thyc nhu trong bang sau day:
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Bang 1

Dam thuc Dam gia tao
A B A B
y= y=0 |[Mg=0 Mgt =0
##0 8=0 |Qu=0 Q=0
A B A B
b {
y=0 y=0 [Mg=0 Mg = 0
6=0 620 |Qu=0 Qa#0
A B C A B c
a o | o g |
y=0 y=0 y=0|Mgp=0 Mg=0 Mg =0
60 8#0 620 |[Qu=0 Q=0 Qg =0
Bt = Oph QY = Qft
A B C D A be 2 r
reRTYy Y :‘* T
y=0 y=0 y=0 y=0|Mga=0 Mgt =0 Mg=0 Mg=0
6=0 80 8=0 020 | Qp#0 Qu=0 Qu=0 Qu=0

Ghi chu: Vi g = —

EJ,

uén M;. Vi vay:

nén qg bao gi¢ cing nguge diu véi momen

- Néu M > 0 thi qg < 0 nghia la néu bidu d6 My nim phia dudi truc
hoanh (theo quy ude chidu dudng cia bi€u d6 M, vé huéng xuéng dudi) thi
qgt hudng xudng.

- Néu M; > 0 thi q; < 0, chiéu cla tai trong gid tao hudng 1én.

Dé tién lgi trong qud trinh tinh todn sau nay ta xdc dinh trudc cée
hoanh d6 trong tim va dién tich Q cia nhidng hinh gidi han bdi cdc dudng
cong nhu bang 2 dudi day.
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Bang 2

Hinh vé Dién tich Vi tri trong t&am
()
X1 X2
n ! 2
2 3 3
h ! 3
3 4
. ba}g n " Ih | n+1)
E[_ -c\.nﬂg_i; n+ 1 n+2 n+2
Ay, 2 =
== =
- h““
r : i 2n |3 st
h C«
y i * Kq
: ]
L E
bhe 2 2lh I
.bac == - i
BBl . %
pl———— —-l‘ # -T e ]

Thi du 4: Tinh d9 vong va géc xoay tai dau ty do cia dam céng-son,
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chiu tdc dyng cua tai trong phan bd déu q (hinh 7-7). Biét didm c6 dd cing
EJ; = const.



Bai giai

= 1
Aauuuu,
= "-:L B-
g 3
2 = N
B e .?‘"i/ll

Hinh 7-7

Biéu d6 momen uén M, bic 2
dugc vé nhu trén hinh 7-7b. Dam gid
tao dugc chon 12 dim c6 dau ngam
tai B, chju tdc dyng cia g, hudng
l1én nhu hinh 7-7ec.

Dung miat cit 1-1 cit sat B cia
dam gia tao ta dude:

; 2 3
Q:t=l><Q_‘x1=_‘L
; 3 2EJ; 6EJ;
4
Mgt= lX_CLXI XE]=L
3 2EJ; 4 8EJ,

Tri s6 luc cit vA momen gia tao
d6 chinh la gée xoay va d vong tai
miit ty do cia dam thue:

Thi du 5: Xde dinh do
vong va géc xoay & dau miit D
cia dan c6 d¢ cing khong ddi

chiu Iyc nhu trén hinh vé 7-8a,
Cho EJ; = const.

Giai

Biu 45 momen uén M,

dugc vé trén H.7-8b. Tuy nhién
dé d& dang trong viéc tinh todn
ta c6 thé phan tich M, thanh
téng cong cla cde bidu do

ai TETE
Nl

4216 * N

Hinh 7-8

momen udn vé chung trén
H.7-8c.

Dam gid tao va tai trong
gia tao duge chon nhu trén hinh
7-9a.
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J& gc-
H.7-9

D& c6 thé tinh duge ndi lyc ta chia dam thanh 3 dAm don nhu hinh
vé (H.7-9b).

Do tinh chat d6i xing, phan lyc Vp va V¢ cla dam gida la:

2 EJ EJ
Phan lye V. niy truyén xudng dam CD mdt lyc biing va nguge chidu
v6i V,. Lycigit gia tac va momen gid tao tai D trén dogn dam cubi cung
cb tri sb la: 3

4 4 4
=12x10 +16x10 xg=28>-<10

W El .2 _ EJ
12x 10" 16x10° _2_2 36 x 10°
Mg, = X .2+ % e i . l__X_l_
EJ EJ P EJ
Vay do vong va goc xoay tai D la:
4
D 136 x 10
¥yp = =t o (m)
Mgt Ed
D _ 28x10°
bp = Qe = 29X 9 (radian)

Céc k&t qua mang diu duong c6 nghia la géc xoay c6 chieu theo chidu
kim dong hé va d6 vong huéng xudng dudi. :
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' 5. PHUONG PHAP THONG SO BAN DAU

Xét mot dam cé mat cit
ngang thay d6i ting bac trong J
ting doan nhu trén hinh vé & lP II“ EJ ...
(7-10). Dénh s6 tht ty cdc &t—f_— el
doanla 1, 2, 3..m, m + 1..n G5 _,_l

va goi do cung cla cdc doan
la Eydy, Eodo.. Epdpm...Endn

Hinh 7-10

Gia si xét hai doan k& nhau
thd m va m + 1. D€ duge tdng quit
ta gia thiét tai ché néi gita hai
doan c6 lyc tap trung, mémen tap
trung, cudng do cia tai trong phan
bd theo chiéu dai q & hai doan la
khdc nhau va e6 mét lién két dac
biét lam cho d6 vong va géc xoay
tai d6 c6 mot bude nhay Ay, va
Ay’,. Lién két dic biét dé trong so
d6 tinh todn dugc bi€u dién nhu
trén hinh vé (hinh 7-11)

Hinh 7-11

Tudng tugng kéo dai dudng dan hdi y,(z) trong doan thi m sang doan
thd m + 1 (hinh 7-12). Nhu viy dudng dan hdi y,, , 1(z) trong doan thi
m + 1 c6 thé tinh vdi bifu thic:

Ym + 1(2) = ym(2) + Ay(2) (a)
Ta khai trién Ay(z) theo chudi Tay-lo tai hoanh d6 z = a nhu sau:

Ay(z) = Ay(a) + 4y'@) (z—a) + Ay"'(a) Z — a)2 S T ——--(Ayv(a) %= a)ti Aghre
1! 2! 5!

(b)

Trong d6 Ay(a) va Ay’(a) la buéc nhdy cia d6 vong va gbc xoay tai
mit cit cé hoanh d6 z = a.

Ay(a) = Ay,

Ay’(a) = Ay’s
Céc hé s6 cia nhitng s6 hang khdc c6 thé xdc dinh nhu sau.
Déng thic (a) c6 thé vigt lai dudi dang:

‘ (c)
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Ay(z) = ym + 1(2) — Ym(2) (a’)
Liy dao ham hai [an cd hai v& cia (a’) ta duge:
Ay"(z) = ¥'m + 1(2) — Y'm(2) (d)

V6i cong thic (7-3) ta c6 thé
viét ding thuc (d) dudi dang:

I 7"!2) ih*l Ay”(Z) 0 Mm + l(z) + Mm(z) (d )
i -2 En + iJm +1 Eme

trong dé Mm + }_(Z), m(z) la

.7&.“’ ' & a j{ J phuong trinh cia mémen uén M,

JL. )z (ytrong doan thd m + 1 va doan thi

\j .{ ST m da kéo dai sang doan thé m + 1.
'
s&%

—_ —2ta - —1\ Bay gis ta chon mét dd cing

quy udc EJ nao dé sao cho:
<

COEY L 4e B
Hinh 7-12 Km ;2 2 Km+i = E J
m“m m+1Y%m+1
thi ddng thic (d’) c6 thé vigt lai dudi dang sau day:
Ay'(z) = —-E [KmHMmH(z) ~ KnMp (z)] (d”)

Lay dao ham (d”) va chi y cdc lién hé vi phan ta Ian lugt duge cdc
ding thic nhu sau:

Ay @) = -1 [Km+1qm+1(z)— QO(z)]
& @= [Kmnqmﬂ(z)—xmqmw] : &

Ay (z)——F [Km+1qm+1(z) mq'm(z)]

E

trong d6 Qm+1(2), Gm+1(2), @’m+1(2) 12 phuong trinh lyc cit, cudng do
Iyc phan bs, dao ham cia cudng dd lyc phan bs trong doan thi m + 1 v3
Qm (2), qm (2), @'y (2) 12 phuong trinh cla cdc tri s6 d6 & doan m di kéo
dai sang doan thd m + 1.

Tai hoanh d6 z = a, ta c6:
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Ay (a) = —4 [Km+1mm+1(a) - Kmmm(a)]
Ed

Ay (@) = -1 [Kmnqmﬂta)axmqm(a)]
ak ~ )
1
EJ

Ay (@) = —— [Km 10+ 108) = K,..q'm(a)]
EJ

A @ = - [Km+ ) = Kmqm(a)]

trong d6 My 41(a), My (@), Qm+1(@), Qn@), Am+1@); qm(a), T m+1(@), ' @)
12 m6men, luc cit, cudng 40 lyc phan bé, dao ham cua cudng d6 lyc phan
bé... trong hai doan tai hoanh d z = a.

Mang (g) va (c) thay vao (b) roi mang tdt ca thay vao (a) ta dugc:

Ve + 12) = V(@) + Aya + Ay'a(z — 2) —
EJ

e
[Km + 1M 4 1(2) — KmMm(a)] (3—2:"— = é[xm 1 KQO(a)]

TN o
el [Km+1qm+1(a) = Kmqm(a)] el
3! J 4!
5
. [Km s a0 aile) = Kmq’m(a)] -9 _ (7-10).
EJ 5!

Véi cong thic (7-10) ta c6 thé thi€t lap duge phuong trinh dudng dan
héi cia doan thi nhit. DE thift lap phuong trinh dudng dan hdi cia doan
thi nhat, ta tudng tugng them mot doan thid 0 ma dudng dan hbi cia doan
nay trung véi tryc z ciia dam, nghia la y,(z) = 0. Noi lyc va ngogi lye
trong doan nay cing bing khong. Chon gfc toa do 13 dau miit cia dam,
khi d6 ta c6; véi z = a = O: .

Aya = BYo = Yo 5 Ay’a=&y-:1=y’o
M;(0) = M, ; Q(0) = Q (h)
q1(0) = 95 q’1(0) = g’

Yo, Vo 12 d0 vOng va géc xoay & dau miit cia dam.
Mo, Qo» 9o Q'o 12 médmen tdp trung, lyc tip trung, cudng do lyc phan
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b6 va dao ham cia lyc phan b6 tai ddu mit cda dam (tai z = 0).
Thay cdc tri s6 (h) vao cong thic (7-10) ta dude:

2 3
. 1 1
Y1(2) = ¥o + 'z — —K M2 - ~K,Q.% -
EJ 2-"EJ 3!

4 5

_LKIQQZ— = % Kl ’nz—

EJ 4! EJd 5!

Céc tri s6 yo, ¥'o» My, Qo qo, 9. duge goi 1a cdc thong s& ban dau.

Céc théng s6 nay duge cho bigt hay xdc dinh t¥ cic dieu kién bién. N&u

xac dinh dudc cdc tri s6 buéc nhay Ay, va Ay’ trong trudng hgp giga céc

doan dam c6 nhing lién két dic biét nhu trén hinh veé (7-11) ta hoan toan

thiét lap duge phuong trinh dudng dan hdi cdia cde doan dam xuit phét ti
phuong trinh cia doan thyd nhat.

Chit thich - Cac cong thic (7-10) (7-11) chi c6 thé si dyng trong
trudng hgp df cing EJ 1a hiing s6 trén ting doan dam vi trong qué trinh
ldy dao ham Ay(z), ta gia thiét do cung la khéng déi.

Trong truging hgp dic biét khi trén sudt chidu dai cia dam cé’ do cing
la khéng déi nghia la:

Eyd;=EyJy=..=EJ

thi Ki=Ky =..=Kp=Kp+1=..=1

- (7-11)

Phuong trinh dudng dan hoi cia doan m + 1 tinh theo cong thde (7-10)
c6 thé vist dudi dang:

s (2= 1
Y+1(2) = Yu(2) + Ay + Ay, 2= 2)

2
- [Mm P Mm(a)](z—"‘*’— A
1! EJ 21

— )3 ==
= - [Qm +1(a) - Qm(a)](z_"i)_ 238 & [qm - 10) = qm(a)](z_i z
EJ 3 EJ 4!

5
= [q’m +1(a) — q’m(a)]u ----- (7-12)
EJ 5!

Cdc hiéu s6 trong cdc ddu ngoic 1a bude nhiy cia bidu do mémen, lyc
cit, cudng d6 Iyc phan b6 va dao ham cia luc phan b6... tai mat cit c6
hoanh d% z = a. Vi viy cdc hiéu s§ d6 c6 tri s6 bing mémen taip trung,
lic tap trung v.v... tai mit cit d6. Do d6 céng thic (7-12) cé thé vist lai
dudi dang sau day:
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AM,(z — a)? 5

Ym+1(2) = Ym(z) + Ay, + Ay’a(z — a) —
2'EJ

8Q@-a)  Aqe-a)' A E-a)
31EJ 4!EJ 5IE]
Trén hinh 7-12 cdc budc nhdy c6 trj so:
AM, = M, ; Ada = qm + 1(8) ~ dm()
AQ, = Q,; A0, = Q' + 1(8) — I'm(2)
Phudng trinh dudng dan hdi trong doan thi nhit c6 thé viét dudi dang:

(7-13)

M, 5 Q 3_
2'Ed 3IEJ

Y1(@) = Yo + Vot -

Qo 4

S
4'EJ
Thi du 6- Tinh do
vong tai ddu mit ty do
cda dam bang thép chiu
lyc nhu trén hinh vé A

9 5
S
5!Ed

d':da

(7-14)

3"IF:='MM ‘igzwmhl
- ha l - c

thinh 7-13). Dam c6 "“ﬁ A v

"-_l',_’—"‘

mat cit ngang la tron,
dugc cdu tao thanh hai
bac vdi cde dudng kinh 9
laz: d; = 13,3em,
do = 9em, hai doan
dam déu cung cdu tao

--Jou'n

.* - ‘.._' o~

Hinh 7-13

bing mot loai vat liéu e6 méduyn dan hoi E = 2.10°MN/m? ]

Bai gidi

- Cédc phan lyc tai ngam c6 trj s3 la:

Va = Py + Py = 22000N

M, = 12000 x 0,6 + 10000 x0,6 X 2 = 19200Nm

Chiéu cia cdic phan lyc duge biéu dién nhu trén hinh vé (hinh 7-13).

Theo ciu tao va sy phan b8 cia ti trong, ta chia dam thanh hai doan
AB, BC. Chon d6 cing cia doan AB lam d¢ cing quy ude, nhu vay ta cé

cic tri s6 clia hé s6 K nhu sau:
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Ki'=1
EJ J

Kp=—11=-"1
Egdy g

4
= (133 = 4,798,
9

Mémen quén tinh cia mit cit ngang trong doan AB la:

Qua sd do chju lyc va cdc biéu d6 néi lyc trén hinh vé (hinh 7-14) ta
c6 tri s6 cdc thong s§ ban dau va cdc trj s§ ndi lyc tai B nhu sau:

£ 5 Sy & S

Tai méat cat ngang A Tai mét cat ngang B
z=a=0 z=a=06m
Yo=0 M,(a) = - 6000Nm
Yo=0 M,(a) = - 6000Nm
M, = =M, = ~19200Nm Q,(a) = 10000N
Q, = V, = 22000N Q,(a) = 22000N
G =0 q,@ =0
Q=0 G.(8) = 0
q,@ =0
Qx@) =0
Va 7 P
&(Hﬁ_ ls_wﬂﬁ (@
2 22000N
| 1 400904'\/
Q, il (T
. 192004'm
! . 6oo0
M,
Hinh 7-14
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Véi cong thic (7-11) ta thist 14p dugc phuong trinh dudng dan hdi
trong doan’ 1 nhu sau:
1 zz 1 z3
yi(z) = —KM— — —KiQo—
EJ 2! EJ 3!
hay:

2 3
- 1119200 = Lo l22000 _Bz_l
210" 1536.10° 2! 210153610 °°

= 312,5.10 02> — 119,4.10 'z
T¢ cong thic (7-10) ta thiét 14p dugc phuong trinh dudng dan hoi
trong doan hai la :

ya(2) = ya(@) — [KzMz(a) - Klml(a)] x
EJ

2 3
w278 _ "1 KoQu(a) = K
- [ 2Qu(2) 1Q1(a)] 5

Thay s vao, ta dugc:

yo(z) = yi(2) — - (4,798 (~6000) + 6000] x
EJ

2 3
x Z=08" _ 1 479810000~ 22000 &= %6
21 EJ 3!

yo(2) = y1(2) + 370,9.10 °(z — 0,6 — 140,9.10 “(z — 0,6)°
Dem phuong trinh y(z) vao, ta cé:
ya(z) = 812,510 ° 2 = 119.410 2 + 370,9.10 ° x
% (z — 0,6)" — 140,9.10 "(z — 0,6)
Do vong tai dau miit ty do C sé Ia:
yo(1,2) = £, = 312,5.10 °(1,2)° - 119,410 * x

x (1,2° + 370,9.10 °(0,6)" - 140,9.10 '(0,6)"

v9(1,2) =, = 0,35.10 “m

D6 vong c6 gid tri duong, nghia la dam bi vong xubng phia dudi theo
chiéu duong cia trye y.
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Thi du 7- Tinh géc 2

ln
xoay cua mit cit ngang A \ 8
d g6i tya A cia dam cé

d?- cing khong déi chju Al T Vs

tai trong nhu hinh vé e I

(hinh 7-15) ‘ : '
1

Bai gidi

- Vi dim c6 db
cing khong ddi nén cin
cd vao ngoai lye ta chia dam thanh 4 doan danh s& tha tu nhu hinh vé.

; Céc thong s6 ban d4u va cdc h¢ s§ xic dinh theo didu kién bién cia
- mdi doan duge xdc dinh nhu sau:

a

Hinh 7-15

z=0 z=a z=b z=c¢

Yo=0 Aya=0 Ayp =0 Aye =0
Yo=0 Aya=0 Ayr =0 Ay'.=0
M.=0 AM, =0 AMp =0 AM: = M
Qo.=va AQz =0 AQy =-P AQc. =0
Qo =—q Aga = q Aqp =0 Age =0
9o=0 ' Aq'a =0 Aqp, =0 Aq'e =0

Vi 6 day d9 cing khong doi nin tit cde cong thie (7-13) va (7-14) thist
lap duge phuong trinh dudng dun hoéi clia cdc doan nhu sau:

v 3 4
yi(z) = J’az-—Az—* e viil<sz<a
EJ 3! EJ4!
4
= v
b oo, iy
J 4 EJ 3!
4 4
F3F q(z-a) véiia<z<bh
EJ4! EJ 4!
-
y3(2) = yo(2) + = 3;)
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. } 4 4 3
g =y - AL+ AL g2, 2E-D) b=zs0.

EJ3! EJ4!  EJ4! EJ3!
8T
ya(z) = y3(z) — M (& —c)
EJ 21
Va 53 4 sl
yi(@) =Y - — = + X _q(z-a)" ,
EJ3! EJ4!  EJ4!
Pz-b)° M 2
+ 222 ) Me—9 (csz=).

EJ3! EJ2!
P& xéc dijnh thong s§ ban dau y’, ta phéi dya vao diéu kién bién tai
B cia dam. Véi z = 1 6 véng cia dam phadi bing khong. Do d6 ta c6:

ya ) =0

a—" 3 4 - - 4
D R By (e Cme
- EJ3! EJ4! EJ4!
3 2
LPA=b) _Mi-o _,
EJ.3! EJ.2!

Tu 46, ta mit ra dugc:

y,o=V_gﬁ_iﬁ+qa-a)“_Pa—b)3+M(1-c)2.
EJ3! EJ4! EJ1.4! EJ.1.3! EJ.1.2%
Gié tri y’o 46 chinh 1a géc xoay cia mit cit ngang tai A.
Thi du 8 - Viét phuong trinh dudng dan hbi cia dam tinh dinh chis
lyc nhy hinh vé (hinh 7-16). &
Cho bi&t d6 cing cia toan dam la nhu nhau:

Bai giéi
- Ta dé dang xdc dinh q
e A va 8 s mt C I B
VA—q—l;MA_.‘:ll_z; L ..+, | .
2 2
Vo d Hinh 7-16
2
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Chigu cdc phan lyc nhu hinh vé. Chia dim thanh hai doan va ddnh s&
thd ty nhu hinh (hinh 7-16). Tir s do chju lyc ta xdc dinh dugc cac théng s§
ban dau va céc hé s zdc dinh theo digu kidn bién cia mbi doan nhu sau:

zZ=a=0 zZ=a=|
Yo=10 Aya =0
Yo=0 Ay'a=0
M°=—M,.=—q_'2 AMa =0

2
Qo=il AQa=0

2

Aqa=-q
Aq'a=0

Phuong trinh dudng dan hdi trong cdc doan c6 dang nhu sau:
3

e 4 g
yi(z) = SR (1)
9EJ 2! 2EJ 3!

1 4
ye@ =@ +LE=D 4 Ay
Ed 4!

PEED. 3 4 )
b qligz ql z q (z-1)
yoz) = L2 _ ' Z e AV ila.—i]
2EJ 2! 2EJ3! EJ 4! Yaeo )
DE€ xdc dinh Ay’, ta dya vao didu kién tai C cda dam.
Véi z = 21, ya(z) = 0.
2 3 4
Ta c6: Ik ﬁ— gl ﬂ-i- gl + Ay .1 =0
2EJ 2 2EJ 6 EJ.24
=T s 9 3
T d6 rit ra duge Ay’, = - ql (3)
' 24

Thay (3) vao (2) ta duge:
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22 3 4 3
yay =z _ dlz ,ae=D -

2EJ 2!  2EJ 3!

6. BAl TOAN SIEU TINH

EJ.4! 24 EJ

Ciing nhu céc bai todn vé nén, ta cdn cb cdc bai todn siéu tinh vé udn.
D6 1a bai tosn ma trong dé ta khong thé xdc dinh toan bd ndi lyc hozic
phan lyc lién k&t chi bang phuong trinh can bing tinh hoc, bdi vi &n s8
ciia bai todn phai tim luén 16n hon s8 phuong trinh cin bing tinh hoc cb

S

>

.;.'-lel'igq
4 S 5 &4 &
EJ: hany
P ..l

WisEL R
Hinh 7-17 v

s

Hinh 7-18

duge. D& giai quyét bai todn trén
ta phai tim_thém 1 s6 phuong
trinh phy dua vao dién kién bién
dang.

Gia s ta ¢6 1 dam chju luc
nhu hinh vé (Hinh 7-17a)

Muén biét duge néi luc ta
phai bi&t cdc phdn lyc & ngam va
g6i tya. Trong trudng hgp &y ta
¢6 4 &n s6, nhung chi cé 3 phuong
trinh cAn bing tinh hoc. Vay ta
phéi tim thém 1 phuong trinh
phu vé bién dang.

Tudng tugng bd gdi tya & dau
B va thay vao dé mot phan luc
Vp (h 7-17b) ta duge 1 hé mdi.
He nay chi c6 thé lam viée giéng
h¢ trén khi Vp phai 6 tri s§ th8
nao dé dp vong tai B do trong tai
q va Vp sinh ra, phai bing khong.
Ta hiay tinh 46 vong nay bing
phuong phép do todn.

Can cd vao biéu d6 momen
uén do q va Vg giy ra ta 6 thé
chon dam gia tao va qg nhu trén
hinh vé (h.7-18). Momen gid tao
tai B:

2
'
M., =1 d 1_‘:”1_;'1,1,31

32E], 4

3.2 3

P6 cing chinh 1a 86 vong tai B cia hg (7-17b)



V6i dieu kién do vong nay bling khong ta c6 phuong trinh
3
g Vgl

e s =0
8EJ, 3EJ,

Suy ra: Vg= §ql
8

Khi da c6 Vg ta d& dang vé dugc céc bi€u d6 nodi lyc cia dam nhu
trén hinh 7-19b-c.

i 8 : .
‘RL_{_?'(%”,
12

Hinh 7-19
BAl TAP CHUDNG Vii

1. X4c dinh dudng dan hoi cia dim bing phuong phép tich phdn khéng
dinh han, bigt M, = 20KNm

Vi et

Hinh 7-1 . " = Hinh 7-2
cL > ﬁi,‘ 2. Xdc dinh gbéc xoay & hai dau
o M- Y2 dam va 49 vong tai gida dam bing

phuong phdp tich phan khéng dinh

b h.i_lll.
: ' 3. Dam mit cit ngang thay ddi

Hink 7.3 va chju luc nhv hinh vé. Tinh dd
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vong tai dau ty do va géc xoay tai il 1“" ;
mit cit ngang gita dam. C.- e &

4. Dam c6 do cing khong i, X . 4
Xdc dinh - e ,_.l

- Do vong va géc xoay tai C
- Goc xoay tai A va B Hinh 7-4
- D vong tai mit cit D

5. Tim d¢ vong tai mat cit C géc xoay bén trdi va phai khdp A, géc
xoay tai ngam D cia dam nhu hinh vé.

P : P
ao —i‘.}‘t l c B DA l -] E [
- - ; {
o A et e T
Hinh 7-5 Hhinh 7-6

6. Tim d0 vong tai B va géc xoay tai A clia ddm nhu hinh vé.

7. Xde dinh 49 vong va géc xoay tai C I

o ka -.'1
4 J JT
287 j_”_J 1
Ay g = s 4 -
..;.;,__- i9m +_4h4 i TN 5 G - ¥ .
. “+“1rp
Hinh 7-7 Hinh 7-8

8. Mot hé théng gom 3 eéng xon dau ty do duge lien két véi nhau
bing nhing giling cdng. Tinh Ung suit cuc dai & méi dam khi c6 lyc P
treo ¢ dau (hinh 7-8)

BEEER A

9. Vé biéu dd ndi

ARy aAsa

lyc cia dam siéu tinh ﬂ -

nhu hinh vé. Viét e € 4, ag-rl'—-l
phuong trinh dudng A

dan hoi. Hth 79
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10. Xdc dinh phan lyc tai ngdm clia dim siéu tinh nhu hinh vé.

,yMO

X

'3 | =1
r[l‘t\ffrr

L |

: gl by il
EJ « "K;ﬂ’
Hinh 7-10

11. Thanh thép dai 1m mat cit ch® nhat 20 X 6mm, ngam & dau A,
chiu lyc*P = 30N dat & gi®a nhijp. Kiém tra 49 bén cia dam biét [o]
= 16KN/cm?. O dau B c6 khe hd 6 = 20mm, cho E = 2.10° MN/m?

P ;5
4 A N 6

B §
" ~oy & B ]
4 e T
t'* .qr _..+ 2 qS'm_ i

Hinh 7-11
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CHUGONG VIII

XOAN THUAN TUY THANH THANG

1- KHAI NIEM CHUNG

- 1-1- Dinh nghia:

Mot thanh chiu xoin thuan
tiy la thanh ma trén moi mat céit
ngang chi c6 1° thanh phan ndi lye
la momen xodn M, (h.8-1) z

Ngoai luc lam cho thanh chju
xon 12 nhdng momen tip trung
hoic momen phidn b8 tdc dong
trong nhing mit phing vuéng géc Hinh 8-1
vdi truc thanh. ;

Quy uéc ddu:

M0

M, > 0 khi ding nhin vio mit cit ta thdy M, xoay cing chidu kim
dong ho (l}8-1)

1-2. Bidu dd ndi luc (biéu dd momen xoin M)
Trinh ty vé M, giéng hét trinh ty khi vé biu do cdc thanh phan noi

lyc khdc nghia la ding phuong phdp mit cit va xét sy can bing cia 1
phan.

Thi du 1:
Diang mat cit 1-1, 2-2, 3-3 ta c6:
- Doan AB: M,; = mz = 500z Nm"
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m =500 N™/,

v Y < i et
n.-ahsmh 'C—-’!{ Dv M_E
Rty oy | 0% (8F

_250NM

b/@

_-'l'rr

Al « i l_' Sﬂﬂﬂm

a- So db chiu lue; b- Biéu dd momen xodn Mz.
- Doan BC: M, = 500 x 0,5 = 250 Nm
- Doan CD: M,;3 = - 500 Nm
- Doan DE: M4 = 0
Njpan xét

Noi n3o ¢6 momen tap trung thi biéu d6 M, cé budc nhay; trj s bude
nhay bing cudng 46 momen tip trung.

Chii thich: Néu ding 1 métd truyén dong dén cdc trye truyén thi ta
c6 thé suy ra momen xoéin ngoai lyc tdc dong Ién truc thong qua cong sufit
cia dong cd nhu sau:

Goi @ la gbée quay cua truc trong thai gian t. Cong do momen M thue
hién dugc trong thai gian do la

A=M.«a
Céng suit la:
= é: ME=M2r 2 {n s8 vong cua truc truyén dong trong 1 ph&t}
t t 60

- Néu cong suit tinh bing ma lyc (1 CV = 750 Nm)

N BREEIB0 o W oo WimA D) oy s (8.1)
2n n n

- Néu cébng suit tinh bing KW (1IKW = 0,736CV)

M= 1162 WEW) ) — 9740% (Nm) (8.2)
0,736 n n
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2- UNG SUAT TREN MAT CAT NGANG CUA THANH TRON CHIU
XOAN THUAN TUY

2-1. Quan sit bi€n dang

Hinh 8-2

Trudc khi thanh chju lyc ta vach 1én bé mit cia thanh nhidng dudng
song song vdi truc thanh va nhing dudng vudng géc véi trye thanh (hinh
8-2a) .

Sau khi chju lyc, ta nhan thdy, cdc dudng thing song song vdi truc
thanh trd thanh nhi@ng dudng xoin 8¢, cdc duding vudng géc vdi truc thanh

van vudng géc vdi tryc thanh. Cic 6 vuéng trudc khi bién dang thanh céc
6 binh hanh (hinh 8-2b)

2.2. Céc gia thuyét:
Ngoai cdc gid thuyét & chuong md dau, dya vao quan sit bién dang

ngudi ta dua thém cdc gia thuyét sau:

a. Gia thuy&t vé mat cit ngang: mit cit ngang trudc va sau bién dang
vAn phing, thing géc véi truc thanh va khodng cich gida ching khéng ddi.

b. Gia thuyét vé ban kinh: cdc bdn kinh truéc va sau bién dang vin
thing va c6 chiéu dai khéng d6i.

c. Gid thuy&t vé cdc thé doc: trong quéd trinh bién dang cdc thé doc
khong ép hoiic ddy 1én nhau.

2.3. Thiét lap cdng thitc tinh Wng suit

Tudng tugng idich 1 phan t6 ABCDEFGH trén thanh trdn chju xo#n

thuan tiy giéi h:n bai (h.8-3a, b, ¢)
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Hinh 8-3

- 2 mat et 1-1 va 2-2 cach nhau dz

- 2 mit try dong tryc c6 ban kinh p va p + dp

- 2 mat phing chda tryc thanh va hgp véi nhau 1 géc da

Ta hay xdc dinh trang thdi Wng suit cia phan t6 nay trong hé toa do
try.

- Theo gia thuy&t vé mit cit ngang va thé doc > g, =gp=0, = 0

- Theo gia thuy&t vé bdn kinh - khéng cé thanh phan dng suit tiép
theo phuong ban kinh.

Véy: Chi e6 1 thanh phan dng suit ti€p theo phudng ti€p tuyén: 17,
nghia la phan t6 trén & trang thai trugt thuan tiy.

Ti& nhidng nhén xét va k&t ludn trén ta c6 thé hinh dung mét cdch
ném na bién dang cua phan t§ nhu sau: sau khi bj bi&n dang 2 mat cit 1-1
va 2-2 bj trugt véi nhau. D€ dé tinh todn ta gid st mat cit 1-1 ding yén
va mat cat 2-2 bj trugt nhu thé cdc diém A, B, C, D Ian lugt trugt dén A’,
B’, C’, D’ (h. 8.3b). Theo hinh vé ta cé:
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- (AD, AD’) = dgp géc xofin tuong d6i gida 2 mit cit

- AEAla géc trugt tuong d3i gita 2 mat cit do 7, gay ra
AA’ _ pdp

yp = ABA=tg), =

EA

Theo dinh luit Hooke vé trugt:

7 =Gy
dz

Trong d6 G la hing s6 d6i
véi tung loai vat ligu goi la
mddun dan héi trugt, cé thd
nguyén = lyc/(chiéu dai)2. T
nay tdc dung trén phén td dién
tich dF quanh diém ta khao sit,
gay ra 1 momen d6i véi tryc z
(h.8-4)

dM, = pr,dF (e)

Hgp cdc momen vi phan

dM, nay chinh 1A momen xoén
ndi lyc M,. Do dé:

Mz=_fsz=fprde
F F

Thay (d) va (f) ta duge

M, = G | paF
dz '

bat =92, géc xodn ti di

dz

dz

Hinh 8-4

Jp = .fp.zdF : momen qudn tinh déc cuc
F

[=7

p _ M,

dz GJ,

Suy ra 0=
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Thay (h) vao (d) ta dugc:

GOE =P (8.3)
JP

Két qua:

+ Sy bién thién cia 7, theo p tuin
quy luit bic nhit. Biéu d6 wng suit
ti€p nhyu hinh vé (h.7-4)

+ Nhing diém nim trén cing mot
dudng tron thi cé cling @ng suit tidp

+ Ung sufit ti€p cyc dai nim trén
chu vi mat cit ngang va cé trj s&

M
— (8.4)
IR, Hinh 8.5
3 Ip : ;
Véi Wy == g0i 12 momen chéng xodn (8.5)
R
V@i thanh tiét dién tron:
4 3
Jp =J:_D..#0,1D4-bwp=ﬂ= 0,2[]3
32 16
V@i thanh tiét dién hinh vanh khin:
p* 4 3 4
Jp=2"(1-7)>W,~02D(1 -7
32
véi =9
D
+ 1, cing chidu : - Bemax

quay véi M,
+ Theo djnh luat

o .
ddi dng clda ung suit & M, 2
tidp, trén mat cit chia
tryc z cling c6 dng suit
ti€p véi luat phan b
tuong tu (xem h.8-6)

Hinh 8.6
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Thi du 2: Trén mit cit ngang
cia 1 thanh tron dac cé tdc dung 1
momen xoidn M, = 20kNm. Tinh dng
sufit tiép tai M nim trén chu vi mit
cit ngang va tai A c6 khodng cdch
dén tam py = 3cm. Dudng kinh mit
cit ngang la D = 10em

Giai

J,=0,1D* = 0,1 x 10* = 10%cm*

Hinh 8.7

Ung suit tiép tai M:

M 2
e e 20X 10 10 _ 10KN/em”
Jp 103 2
y M A
Ung sudt tiép tai A: 75 = .Y 1 :M x 3 = 6KN/em?

Ip 103
3- BIEN DANG CUA THANH TRON KHI XOAN

Khi thanh tron chju xoén, bi&n dang cda thanh duge thé hién bdi sy
xoay cia cdc mit cit quanh truc cia né. Géc xoay gi¥a 2 mat ciit duge goi
la géc xodn cia doan thanh gidi han bdi 2 mat cat dé.

Tir cong thic (h) ta suy ra géc xoén gita 2 mat cit cdch nhau 1 doan
dz la:

M
Z dz
¢I,

de =

Vay gée xoén gita 2 mit cit cich nhau mot doan 1 12

i,
p= Jdp= —~dz (8-5)
GJ

trong @6 GJ, 40 cing chdng xodn

M,1
- Néu & = hing s6 trong doan 1: p = — (8.6)

GJ, GJ,
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. M .
- Néu -G—z- thay d6i nhung 12 hing s& trong ting doan thi:
J
P

M,l;
'{’=E'f’i=2 = (8.7
i=1GJp;

Thi du 3: Mét truc bac chju tic dung cia momen phan bé cé cudng
d6 m = 2KNm/m va momen tép trung M = 2,2KNm. Tinh

1- Géc xoén tuyét d6i tai A.

2- G6c xoén ctia doan BC.

Biét D; = 2cm, Dy = 3cm, G = 8 x 103 KN/cm?2
Giai

= 22 KNm
'{l‘ 22 ma2 2ENm/

7 ' B . ||
i .Dz‘_l{ﬁ'?‘. cl. 1’1‘ A A
; r i
(YA ¥

&

RSN

i

Hinh 8.8

4

1) PA = PAE = PAB + ¢Bc + ¥cD + ¢DE

0,2
(2) (3) (4),4
nlzd+Mz 12+le3+le

z
' (1) (2) (3) (4)
0 GJp GJP GJl= GJP

Ta tinh duge:
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@a = 0,057rad

2) Géc xon cia doan BD

2) 3
= M@, M
¢BD = ¥BC t+ PCD = = + =
ci® “Ea

04x10°x 40 , 04X 10° % 20

8x10°x01x2" 8x10°x0,1x8"
= 0,137 rad

Chi y: Khi tinh géc xoén ta can phai chi y dén diu cia momen xoin
va kich thudc mit cit ngang trong doan cin phai tinh

4- TINH TOAN THANH TRON CHIU XOAN

4-1. Digu kién bén:

Trang thdi dng suit cla mot phan t& chiu xodn thuan tdy la trang
thai trugt nén didu kién bén cé dang:

]_MZT““f < || 8.8)

|Tmax] =
P

- Theo thuyét ben III: |7| = 1ol
2

- Theo thuy&t bén IV: |7| = .5’3_1 (8.8a)

Tu dé ta ciing c6 3 bai todn cd ban
a) Kiém tra bén
b) Chon tiét dién

| M, | max e 3 [ |M,;|max
Izl 0,2]z|

: 3
. Tron déc: Wp =02d = (8.9

| M, | max

 Vanh khan: W, =0,2D°(1 =7) =
7|
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Suyra D =</ M"‘_ (8.10)
0,2[x](1 =7 ) '

Vi g =24
D
c) Tim tai trong cho phép

M, = [[]W, t& d6 suy ra tai trong (8.11)
4-2. Dieu kién ciing:

Theo (h) trong 2, ta c6 géc xodn ti d6i hay géc xodn tuong dsi gita
hai m#t cit cdch nhau 1 don vi chigu dai la:

M,
GJ,

6= (8.12)

Trong ky thuat ngudi ta thudng khéng ché 6 khong duge 16n hon 1 tri
s6 cho phép [6]. Digu kién nay goi la dieu kién cing:

Brax < [6] (8.13a)

leimax

P

< [6] (rad/m) (8.13b)

hay |9w[ =

[6)(rad/m) = 6] (o/m)
180

T d6 ta cing c6 3 bai todn cd ban
a) Kiém tra d6 cing: diang (8.13a, b)
b) Chon tiét dién tir diéu kién cing

- Tiét dién tron dac: Tu Jp =0, 1d4 > _[.NE (8.14)
G[6]
tasuyrad = - ﬁl—_ (8.15)
0,1G [6]

Tiét dign vanh khan: J, = 0,1D'(1 — ') = M| (8.16)
: G[6]

msuyszv_|L (8.17)
0,1GII(1 — ')
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c) Chon tai trong cho phép

M, < [61GJ, (8.18)
Thi du 4: Xdc dinh dudng

kinh d; cia 1 tryc truyén chiu

xofin nhu hinh vé. Cho biét dn

sudt cho phép [r] = 4500N/cm,

_ ' géc xoin ty d6i cho phép
M,=3M, M, = 21600 Mot

. ,ﬁ ﬂ [6]1=—-o/mvaG=8X 10°N/cm”
f < 4
a
: ﬁ Sau d6 gia thi&t tryc truyén
be—— AWGS = g " 6 mat cit ngang la hinh vanh
24600 khan, hay xdc dinh D va d. Cho
&) @ biét 7 = s 0,7. So sénh sy tiét
D
kiém vat ligu trong hai trudng
© 431200 VoM hgp trén.
; 3337 : Xdc dinh gée xoén tuong ddi
S Hinh 8.9 gita 2 mat cit ngang A, B.
oriel A b @ ML ahas Giai

i

Ta v& duge bidu d6 momen xoén ndi lyc nhu hinh ve.
1) Trudng hgp cit ngang hinh trdn dic.
Theo didu kién bén, ti (8.9) ta c6:

d; = 3 | M|z max véi M| max = 43200Ncm
0,2[]

[z] = 4500N/cm?
¢ = dl > 3,656 cm

Theo ditu kién eing, tu (8.15) ta c6 :

IM, | max = 43200Ncm

= 6 e 10 2
dlz.;/leimx ;|G =8 X 10'Nem® = 8 x 105 Nim
0,1G{6) 1 1 2

[f] = —o/m = 2 xZradm= rad/cm
180 4 180 x 4

4 43200 x 180

d; = = 5,95em

TR 6 B
0,1><erz><8x10 x 10

Viy dé théa min ca 2 didu kién bén va cing ta chon d; = 6em.
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CATHEL ] R W ST ]
1) i

——— ;‘J, (*h"!; ¥ A

2. Mat cdt ngang hinh trén réng (hinh vanh khin) A2 (.&o o
- we =
Ta didu kién bén, theo (8.10) ta c6: D = 3 1M Timax = 3,98cm
0,2[z](1 - 7

Tu diéu kién cing theo (8.17) ta cé:
43200 x 10°
6 1 4
0,1 x8x 10 xﬁxz(l -0,7)
6,4 cm. Dudng kinh bén trong

= 6,38 em

Da“

Véay phadi chon dudng kinh ngoai D =
sélad = 0,7D = 4,5 cm
D& ddnh gia muc dé tidt kiém, ta tinh dién tich cia mat cit thanh

trong 2 trudng hgp:
‘ nd? 6 2
= _xX = 28,27cm

- Thanh tron @gc: F;=—_-=22°
4 4
7D? 7% 6,42 2
- Thanh tron réng: Fo = 2 (1 - 7}2) =—">"(1- 0,72) = 16,4cm
4 4

Ta nhan thdy n€u ding thanh tron réng thi tist kigém hon.
Géc xon tuong d6i gita 2 mat cit ngang A va B trong trugng hgp

thanh dic la:
Ml 2M;l,
PAB = = =
GJP GJP 8 x 106 X 0,1 x 44
Thi du 5: Mot dong cd dién A truyén sang puli cia tryc I cong suit
20KW. Cac puli 2, 3, 4 nhan dugc cic cong sudt Ng = 15KW,
TKW , Ng = 4KW,

21600 x 100 —21,6 _ _ 06108 md

8:’<4'l

N; =
N3 = 2KW, Ny = 8KW. Cdc puli cia truc II: N5
N7 = 4KW.

Xdc dinh dudng kinh cia 2 tryc, biét [1] = 3000N/cm? [6] = 0,25 o/m

D = 200mm, Dy = 400mm, Dy = 200mm, D3 = 600mm
= 1000 vong/phiit

. Van téc cia tryc dong cd n~
Giai

S6 véng quay cia truc I

02 = 1000 x 2% _ 500 vong/phiit.
400

nj =nh—
D,

Vén téc gdec cia truc 1:

=27fn1___xx500= 52,3 rad/s

o |
60 30
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Hinh 8.10
‘Mzt khdc theo cong thic W = Mw ta suy ra:
S abe M1 20 10° _ 385Nm
e g 52,3
M2=§_2__15_x£= 286 Nm
| 52,3
N 3
Mg=-2=2%10 _ 382 Nm
w3 52,3
M, = A 8X10° _ 578 Nm
w1 523 !
My M, M My
ool ! [ S
. BEE R

|
@ s |
l.;-\l ¥

Kﬂm‘l :

Hinh 8.11
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Déi véi trye I, momen M; la ddng cdn cdc momen My, Mg, My la cédc
momen thu d6ng nén so d6 chju lyc vA momen xoin cla tryc I nhu sau:

M = 343,8Nm

= 34380Ncm
Puong kinh trye theo didu kién bén

4 = \/ B 34880 _ o ohem
0,21 \/ 0,2 x 3000 -

Theo didu kién cing

dosd [ Memex _4 34380
0,1G[6]

= 5,6cm

v

1
0,1 x (8 x 10% x [— x—x
X (8 X )X(IBO 1 10)

S& vong quay cua truc II:

np =y o2 = 500 x 2°0 = 167 vong/phut
D3 600
g =2 _ 3,1416x 167 _ 17,5 radfgiay
30 30

Momen tde ddng é cdc puli truc II

M, = No _15x10° _ 856Nm
w3 17,5
Ns _7x10
w2 175
. Ng_ 4x10°
Mg=—=—"—— =228 Nm = My
w175

So dé chiu lye va momen xodn (hinh 8-12)

Miopae = 456Nm = 45600Ncm
Dudng kinh tryc theo diéu Wjén bén

S 00 o5eni
0,2 X 3000

169



N

S
Fx
™~
iR -
i

k r & L r 8
o ;
| 1oyl 492 :
Ayt e A '.
(Mo -
= \cnlvn e{ 228
456
Hinh 8-12
Theo diéu kién cing
i 45600 — 5.9cm
B a0 [ i
3 .
2 X ) 180 4

K&t luan: Pudng kinh tryc I: d; = 5,6em
Pusng kinh truc II: dg = 5,9cm

5- BAI TOAN SIEU TINH

- Gid st eé 1 thanh chiu
xoan hinh vé (h.8-13a). Vdéi bai

y M v’ todn nay ta c6 2 momen phan

. [ﬁ_ %" lyc lien két trong khi chi ed

4 V'~ mét phuong trinh cin bang tinh

&/ é = 4 < Z .;: hoc 2, M/z = 0. Do vay ta khong

;4 ) *  thé xdc dinh dude cdc phéan luc

y - 4 B lien k&t cing ti¥ d6 khéng xdc

Wwms: - e dinh duge noi lyc. Bai todn nhu
¢ ¢ § : thé goi la bai todn siéu tinh.

M. Mg - D& giai quyét bai todn

. ﬁb! ' situ tinh mot trong cdc cich

- ngudi ta thuong dung la tim
thém s6 phuong trinh bién dang
bd sung.

ik

. Hinh 8-13 a/ So db két cdu; b/ Hé tinh dinh - Trong bai todn trén
tuomg diong; ¢l Bigu b ni lie (h.8-13a) ta c6 phuong trinh

N

F
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can bing tinh hoc: tia As-? Lt Agena
¢ é
[2Wz=0:|-*MA+MB—MfO."'/ oY)
Tudng tugng giai phong lien k&t tai B va thay bing momen Mg ta dugc
hé tinh dinh tuong dudng nhu trén (h.8-13b). D& cho hé tuong duong nay
va hé da cho lam viéc nhu nhau ta phéi c6 diéu kién sau: "Géc xodn tai B
bang 0"

b =
Mgb (M~ Mpla

[V’B = ppa = 0] = PBA = PBC + PcA= — 0 (2)
G, _Gi E;
4L
? [:.si/ﬂ‘-{; '
Suy ra Mg = —2 M A ki g6
~_a+b
(1) =My=-—2 M
a+b

Sau d6 ta giai bai todn nhu d6i véi hé tinh dinh.
6- THE NANG BIEN DANG DAN HOI

Chudng trang thai dng suit ta di c6 cong thic tinh thé nang riéng
cia 1 phan t& la
- 2 02
= i [021! + o9 + 03 — 2;1(0102'-6- go03 + 0301):1
2E

0 day trong thanh tron chiu xo#n thuan tdy phén t5 & trang thai trugt
thuan tdy (chi cé T, = .Mjp (8.3)), vdi gy = —o3 = |rP| (3.7) nén thé ning

Jp
riéng la

1 [2 2 2 1% .2
u=_— |t +71, — (-t )]= T (a)
T p e

Ngoai ra, tuong quan gifa moéduyn dan héi E va méduyn trugt G la

g = & (b)
2(1 +4)
Tz '
Vay (a)thanh W= 2% .(©
2G

Thay (8.3) vao (c) ta dugc
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1M2 2]

u= E—P E (d)
5
Thé nang bién dang dan héi tich liy trong mdt doan thanh dz la
dU = fudV = fudzdF (e)
v F

Trong d6 V 1a thé tich doan dz va dv = dF.dz.
(d) vao (e) ta duge: '

du=fl§ 1 424F lﬁl fde
2 2 G 2 G
i 2l Ji F
2
hay (2
2 GJ,
Vay th& ning bi€n dang dan hbdi trén cd doan thanh chiéu dail la
Mzdz :
(8.19)

Né&u thanh c6 M, va GJP khong d6i d6i véi z thi (8.19) c6 dang

M1

U= (8.20)
2GJ,
Trudng hgp M, va GJ, bién thién theo ting doan thi ta c6
li
n 2
M, d
u=1lY L (8.21)
2i=1% GJdp

7- XOAN THUAN TUY THANH CO MAT CAT KHONG TRON

Céc k&t qua nghién cdu trong Iy thuy&t dan hoi cho ta mot sd két luan
sau (ta chip nhéan).

- Gia thidt mit cit phing khéng cdn ding nita d6i véi thanh c6 tiét
dién bat ky (vudbng, tam gidc, elipse...)

- Trén mit cdt ngang chi c6 @ng suit tiép

172



- Céc cong thic dé tinh T, géc xodn ti d5i 6 va géc xofn toan phan
¢ cia mot thanh cé chigu dai 1 cho bédi

M
e (8.22)
W
g = Mxotn (8.23)
GJ,
_ Mot (8.24)
GJ,

Trong chc céng thic nay J; va W, la cdc diic trung hinh hoc va quy
ude gqn ]a momen quén tinh v momen chéng xoan

7-1. Tiét dién chi& nhat

Ta c6 Wy = ahb?® (8 25)
(h: canh dai, b: canh ng’n‘m)

gmax
J, = Bhb? (8.26)
e 1 el
I} s véi a , B 1a cdc hé s8 cho trong
b bang
B | : = t - 61 Quy luit phin b3 cia
! ;ﬁ"’ L ; = ing suit ti€p dugc cho trén
, (( = H-8-15. Ung suit cyc dai:
L . X M
¥ o ™ —ig (8.27)
~e— e A ahb?
' tai trung diém canh dai. Con
trung diém canh ngén c6 @ng
Hinh .8.15 sudt 16n thy hai vdi tri s& la:
Ti = YTmax (8.28)

trong d6 y cing 1a hé s nhé hon 1, duge cho trong bang theo ty s6 2
b

Trén cdc dudng chéo chinh, luat phan bé cia @ng suit 12 nhing dudng
cong nhu hinh vé (H.8-15), ung suft ti€p & cdc géc hinh ch@ nhat bang
khong. Ung sudit ti€p trén céc chu vi c6 phuong theo cdc canh va luat phan
b& 1a theo dudng parabdn.
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- Géc xodn ty doi:

6= (8-29)

Cdc trj s6 cia a,f va y phu thudc vao ti s& h dugc cho duéi day
b

Bang 8-1 Bangcdc he¢ sd a,f va y

1 1.5 | 1,75 2 25 3 4 6 8 10 =

o>

« |0,208 (0,231 | 0,239 | 0,246 | 0,256 | 0,267 {0,282 | 0,299 | 0,307 | 0,313 | 0,333

g |0,141|0,196 | 0,214 | 0,229 | 0,249 | 0,263 | 0,281 | 0,299 | 0,307 | 0,313 | 0,333

7 1,000 | 0,859 | 0,820 | 0,795 | 0,766 | 0,753 | 0,745 | 0,743 | 0,742 | 0,742 | 0,743

Theo bang 8-1 ta th&y khi t s6 2 = 10 thi ta c6 thé liy a =S = L
b 3

- Diéu kién bén va diéu kién cing cla thanh tiét dién ch@ nhat chiu
xoan:

o M, < [r] (8.30)
ahb

By = —2_ < (6] - z8ds @3y
phb°G - -

7-2. Xoan thanh c¢é thanh
mong hé va kin

Trong ky thuit ngudi ta rat
hay dung nhdng thanh c6 thanh
mong. Cé 2 loai: loai miit cit ngang
mong kin (hinh 8-16) va loai mit
cAt ngang c6 thanh méng hé
(h.8-17). Cing nhu thanh cé mat
cit 1a hinh ch@ nhit, khi chiju xoén

Hinh 8.16
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mit cit ngang ciia thanh khéng con phing nda. Ta cé cdc cong thic tinh
dng suit va bién dang nhu sau:

a/ Mat cdt ngang la thanh méng kin. Duéi tdc dung ciia momen xoén
trén mit cit ngang cia thanh cing chi c6 ¥ng suit tiép.

Su phan bé ctua dng suit ti€p d6 duge xem la phan b6 déu theo be day
é va tri s6 tai 1 diém bat ky dugc tinh bing céng thuc Bredt.

g (8.32)

2wd

trong d6 w 1a dién tich gidi han bdi dudng trung binh cia tiét digh
thanh moéng, & 1a bé day cia thanh.

Ung suét ti€p 16n nhdt la Ung sudt tai noi ndo cé be day thanh nhd
nhét.

Géc xodn ty d6i dude tinh theo cong thue _
e § %_S (8.33)

4Gw”
Trong dé biéu thic tich

phin § la tich phan dudng doc

theo dudng khép kin cua chu vi
dudng trung gian.

b/ Mat cdt ngang cb thanh

moéng hd (che [, T, L) 2
o uw yr——futhk
Tren ‘Al ki nEanE, ota % a2
thanh cing chi ¢6 uUng suit dl-'_’ E:?; 2
tiép. Gia st mat cit ngang gom B e =4;
nhiéu hinh ch@ nhat hep ghép 5 M 2
lai (H.8-17) ek S

Goi a; va b; 1a bé dai va be
réng cia ddi ch@ nhat hep thu
i nao d6. Ung suét tigp 16n nhat Hinh 8.17
Ia dng suit tai diém gida cla
canh dai a;, va dugc tinh bing cong thic.

D _ M,

- S TN (8.34)
Jxoﬁn
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tmng dé anﬁn =9 é 2
i

Hé s6 n dugc tra theo bdng sau day.

(8.35)

Dang mat cat

Thép L

Thép I

Thép T

Thép [

Géc xodn ty d6i duge tinh theo cong thic:

= M,
Gdyotin

(8.36)

8- TINH LO XO XOAN 6C HINH TRU BUUC NGAN

Hinh 8.18

+ Ld xo la mét loai
chi tiét mdy duge dung
rong rai trong ky thuat,
thi du trong cdc bd phéan
cua mdy ho3c trong cdc
cdng trinh can tranh chian
dong, cdc thi€t bi bdo vé
cia nhing mdy chju &ap
lue cao.

+ Ta sé tinh todn 1
16 xo hinh tru nhu hinh
vé (H.8-18a) vdi

- h 14 budc cua 1o xo

- D la dudng kinh
trung binh cda 1o xo

- d 1a dudng kinh cla
day 1o xo




- a la géc nghiéng cia cdc day 1o xo

- n la s6 vong day lam viéc cia 1d xo

Tudng tugng cit 16 xo biing 1 mit cit di qua tryc 10 xo chia Id xo
thanh 2 phén, xét sy cAn bing cia phan trén ching han (H.8-18b).

Noi lyc trén mat cit gom c6 lyc cit Qg = P va momen xoén M, = PR
nhu trén hinh vé (H.8-18b). Mot cdch gin ding ta cé thé xem dng suit
ti€p do lyc cit Qy gy ra trén mat cit la phan b déu c6 phudng song song
v6i Qy va c6 cudng 4o la:
®
ud2

va Ung suit ti€p do momen xoin M, giy ra tai mot diém bat ky cdch
trong tdm mit cit 1 khodng cdch duge tinh bdi cong thic.

Q
T e — =
9 F

M B SR
M=—p=—"p
P JP
Quy luat phan b8 cida Wng suit ti€p do Q, va M, duge biéu dién trén

H 8-19a, b

Hinh 8.19

Vay ung sufit tai mot diém nio d6 trén mit cdt 12 tdng hink hoc cia
hai thanh phan d@ng suft ti€p d6. Ung suit ti€p én nhit xdy ra tai diém
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A trén chu vi mép trong cla mit cit va cb tri s6.

(145 (8.37)
adie il md £

hotic thay e = oD, (1+ = (8.38)
2 B 2D

Trong thye t& dudng kinh cia diy 10 xo thudng bé hon dudng kinh

trung binh cia day rdt nhiéu nén 4 cc1wa ung suit cyc dai c6 thé duge
4R

xdc dinh véi 1 d6 chinh xdc vira phai bing cong thuc

_ 16PR _ 8PD

:.'td‘3 mi3

(8.39)

Tmax

So sdnh vdi (8.38) ta thiy trudng h¢gp nay da bé qua anh hudng cia
Iyc cit. Ngoai ra qué trinh tinh todn ké trén da khong ké dén do cong cia
day nén k&t qua chi gan ding.
Dé ké dén Anh huéng cia lyc cit va cdc y&u t§ khdac (nhu df cong cila
day, bién dang doc truc v.v..) ngudi ta viét (8.39) dudi dang:
Ty . KD (8.40)

er3

trong d6 K la hé s6 dieu chinh dugc tinh bing cong thue véi

Ko 4m-1, 0615

- (8.41)
4m — 4 m
véi o Bl
T ad
Bang céc tri s cua k
E 3 4 5 6 7 8 9 10
r
K 1,58 1,40 1,31 1,25 1,21 1,18 1,16 1,14
* Digu kién bén cia Id x0: Tyay < [7] (8.42)

* Do gian cua o xo:
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Goi 4 1a d co hay gidn cia 16 xo do Iyc P gay nén. Céng cia ngoai
Iyc trén bién dang dé la:

A=é.P.A (@)

Tri s8 cong nay phai bing thé& ning bién dang dan hsi U tich lay trong
15 xo. Mat khdc ta c6 thé tinh thé nang U theo cong thite (8-20)

= 1 M) ®)
2 GJ,
Vay ta c6 ding thic:
A=U=Pi= -L—ifl; (e)
GJ,,

trong d6 1 1a chigu dai Id xo va n&y 801 n 13 s5 vong lam vige cda 1o
X0 ta c6 thé tinh vgi edng thic:

=x Dn (d)
Thay trj s& cta 1 va M, vao (c) ta duge

3
Pi= 8P2D n
Gd4
T¥ @6 rit ra-
im0 (8.43)
ca*
3
NéuP =1 thia=l_8Dn
C  gqt
4
trong d6 - "; (8-44)
8D°n

duge goi la ds cung cia 1o xo, dugc tinh bing N/m hay MN/m. Tx 46
ta c6 thé viét (8.43) dudi dang

P (8.44a)

C
Thi du 6: Kiém tra dd bén cia mét 1d xo hinh try, day Id xo o5 mat
cit ngang la tron, lye kéo tdc dung lén 16 x0 ]a P = 3.10°N. Dudng kinh
trung binh cia b xo0 Ia D = 0,2m. Dudng kinh cda diay Iam 1d xo
d=210%m S5 vong lam viéc cia Id xo lan=18 1] = 2,5%10% N/m2.
G = 8x 10" N/m2. Tinh a5 gian cia Id xo. :

179



BAlI TAP CHUUNG Vili

Bai giai
Ung sufit ti€p cyc dai trong 15 xo duge tinh v6i cong thuc (8.39) la:

3 €
_8PD _8x3x10 x02_ g 10° N/m-

Trmax
ad> 7 % (0,02)°
N&u tinh bing cong thic (8-40), véi D _ 0 K =114 taco
d
8
G = K'BKDE — 1,14 x 1,91 x 10 = 2,18 X 10°N/m” < [1]
nud

Vay 1o xo ddm bao duge dieu kién bén.

D6 gian cua 1o xo dugc tinh theo cong thuc (8.43)

L 8PD'n_8x3X 10 x (0,2)3 X 18 _ 0.97m
Gat 8 x 10 x (0,02

1. Vé biéu d6 momen xodn

A M|= 2 M!.: 2,2

&= % L c D

1 _} - \ 53 My« 4 £~
: = P e =
.' \ ’
e a -

i ¥ M SR gy o e 3
L S SL6 ‘%":J l
L a- 20- o
+ b |

Hinh 8.1

180



2. Xsde dinh  kich
thuée mat cit ngang dé
dam bao disy kién bén va
tinh géc xodn toan phéan

Cho
M = 100 KNm
[r] = 40 MN/m2

G =8 x 104 MN/m2

mit cit cia thanh néy biét wng sust ti€p I6n nhat tran mat cidt phan phaj
thanh bing 40N/mm?2

Hinh 8.3
4. Tryc truyén cong suat N = 80 ms Iye, vat ligu truc ¢6
[r] = 300KG/cm?; [g] = 0,4 ¢ o 8.105‘KGlcm2. VGi van t6c géc bing
o -
bao nhiéu thj dudng kinh cda né xge dinh tit tinh toan va do bén va do
cing bing nhau? PS:q = 79 vong/phiit (w = 8,28 rad/s)

5. Vé bidu ds moémen xoin khi hidy thj cdc tung dd cda né theo m.
Tim gid trj che Phép cia m theo diay kién bén né&y fr] = 7T00KG/cm?,
G = 8.10° KG/om?

Hinh 8.5
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6. Thanh tuyét d6i cing mot dau 12 khép cf dinh va duge dd bing hai
16 xo theo so do nhu hinh vé.

X4c dinh tai trong cho phép @t trén thanh [P] theo dfeu kién bén cia

1> %o, néu [r] = 5001*«1';’::111‘12 ) J
l dy,, P2

fo m= =
dh“n Dl
< —> b
‘ L .—al—
Hinh 8.6

Tinh ¥ng suit ti€p lon nhit trong céc day 1o xo khi chju tii trong
bing tai trong cho phép.

7. Mot truc thép mot dau ngam va dau kia gin mot thanh cing ndi
vdi hai 16 xo. Truc chiu mémen xodn & gida. Klém tra d6 bén cua 1o xo0
va tryc, biét M = 2000Nm, [i]ir = 1. 10* N/em?, ml — 2.5 x 10*N/em?,
d¢y = Bem

Kich thude 16 xo D = 6em, d = lem, n = 8

Hinh 8.7
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CHUONG MO PAU NHUNG KHAI N1EM 0 DAN

CHUONG. I

1.

. Doi tugng - nhiém vy - dic dier. . .. mon SBVL
. Cdc nguyén nhan ngoai tdc dung len vat the
. Cdc gia thuyé&t co ban

. Cdc loai bién dang va chuydn vj

LY THUYET VE NOI LUC

Khéi niém vé ngi lyc - phuong phép khao sit - ing
suit

. Cdc thanh ph#n néi lyc - cdch xdc dinh

- Lién hé gita cdc thanh phAn Ung suit & cdc thanh

phan noi luc

. Bai todn phing
. Biu d® ndi lyc cia bai todn phing
. Lién hé vi phan gida ndi luc va tai trong trong thanh

thing

Bai tap chuong I

CHUONG II
1-
2.
3.

KEO, NEN PUNG TAM
Khai niém
Ung sudt trén mat cit ngang
Bién dang, hé s& Podt Xong (Poisson)

4- Dic trung chiu lyc va tinh déo cda vat lidu

5- Th& ning bién dang dan hdi

- Ung sufit cho phép - e 8 an toan - 3 bai toan co bin

7- Heé siéu tinh

_Bai tap chuong II

199

| e
[iv]

14
17

19
19
21
25
32

33
34
36
40
44

50

52



CHUONG I1IT TRANG THAI UNG SUAT

1- Khéi nidm vé trang thdi ung suit tai mot diém 55
9. TTUS trong bai todn phing - phudng phap giai tich 57
3. TTUS trong bai todn phéng - phuong phdp do thj 62
4- Khai niem ve TTUS khdi 67
5- Lién he gida @ng suft va bién dang 69
6- Thé nang bién dang dan héi 71
Bai tap chuong III 73
CHUONG IV LY THUYET BEN
1- Khéi niém 1y thuy&t bén 75
2. Céc thuy8t ben co ban 76
3. Viéc 4p dung cdc thuy&t ben 80

CHUONG v DAC TRUNG HINH HQC CUA MAT CAT NGANG

1- Khéi niém chung 83
2- Moment tinh 84
3. Momen quén tinh cia mit cit ngang 85
4- Momen quén tinh cia 1 s6 hinh don gian 86
5- Momen quan tinh d6i véi h¢ truc song song 88
6- Céng thic xoay tryc cia momen quén tinh - hé truc

quén tinh chinh 89
BAI TAP CHUONG V - 95

CHUONG VI UGN PHANG THANH THANG

1- Khdi niém chung 97
9- Usn thuén tiy phdng - 98
3- U6n ngang phéng 107
Bai tap chuong VI 124
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CHUONG VII CHUYEN VI CUA DAM CHIU UGN

1- Khdi ni2m chung 127
2- Phuong trinh vi phan cda dudng dan hdi 128
Thiét lap phudng trinh dudng dan hai bang phugng
phép tich phan khéng djnh han 130
4- Phuong phdp tai trong gid tao (hay phuong phép do
todn) 136
5. Phuong phdp thong s6 ban diu 142
6. Bai todn siéu tinh 152
Bai tap chuong VII 153
CHUONG VIII  XOAN THUAN TUY THANH THANG
1- Khai niém chung 158
2- Ung suit trén mit cit ngang cua thanh tron chju
xo0an thuan tdy 158
3- Bién dang eda thanh tron khi xodn 162
4- Tinh todn thanh tron chiu xoin $ 164
5- Bai todn siéu tinh 170
6- Thé& nang bién dang dan hoi 171
7- Xodn thuén tdy thanh c6 mit cit khéng tron 172
8- Tinh 15 xo xodn &c hinh try buéc ngén 176
Bai tap chuong VIII 180
PHU LUC THEP DAT PINH HINH 183
«
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SUC BEN VAT LIEU

- Tapl

Chiu trdach nhiém xudt ban :

PGS. PTS. TO DANG HAI
Bién tdp : DANG NGOC
Stea ban in : HUYNH LUONG

In 1.000 cuén. khé 16 x 24 cm tai Nha in Truomg Ky thuat nghiép vu cong nghigép. Gidy
phép xudt ban s6 290-17/CXB ciia Cuc Xudt bdn ciip ngay 9-6-1998. In xong va nép luu
chi€u thang 12 nam 1998.





