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L0 HOF DAU

Muc dich cia Sicc bén vdt liéu la nhdm trang bi cho ky su va sinh
vién nhiing kién thitc cdn thiét dé gidi quyét cdc bai todn ky thudt lién
quan t6i cdc khdu tir thi cong, thdm dinh dén thiét k&, Chinh vi thé ma
ddc trung cudi cung trong qud trinh nghién citu cia khoa hoc nay la viéc
dp dung cdc két qud nghién citu vao thyc tién va chi cé théng qua viéc
ing dung vao thyc tién khoa hoc ndy mdi ¢6 thé dig viing va phdt trién.

Sitc bén vt liéu cé mot vi tri ddc biét trong co hoc, bdi né déng vai
tro ciia mot chiéc cdu noi gita cdc mon khoa hoc co bdn véi cdc mén co
hoc chuyén nganh. Hon nita, né lgi la vién gach ddu tién ddt nén méng
cho linh vuc co hoc vdt rdn bién dang - Mot Iinh vic chuyén nghién ciu
cdc quy ludt 16ng qudt vé sy hinh thanh va phat trién cdc tdc dung co hoc
sinh ra trong long cdc vt rdn thuc do tdc dung ngoadi bdt ky gdy ra.

Kinh nghiém lam viéc vdi sinh vién trong nudc cing nhuw nuoc
ngodi cho thdy, ho gap rdt nhiéu kho khdn khi vdn dung ly thuyét von rdt
trivu twong va phikc tap ciia mon hoc ndy vao gidi cdc bai tdp dudi dang
mé hinh dn dd@ cho sén va cang khé khdn hon khi dp dyng vao cdc bai
todn ciia thuc 1€ ky thudt. Mdt khdc, phdn lon trong §6 nhitng sinh vién
say mé nghién citu mon khoa hoc nay thuong khong thod mdn voi cdc bai
tdp gidi mdu theo mot khuon mdu cimg nhdc nhu vdn thuong lam trong
cdc sdch ly thuyét va bai tdp hién nay, ma ho thuomg mudn cé dugc
nhiing hiéu biét dot phd va sau sdc hon vigt ra ngodi khuon khé cdc bai
gidng dang c6 ciia mon hoc ndy ¢ nudc ta. Sdch duwgc bién soan thanh
nhiéu tdp nhém phuc vu cho céng tdc day va hoc trong cdc trwong dai
hoc ky thudt, cho nhu cdu on thi cudi khéa, on thi tuyén vao cdc hé cao
hoc, nghién citu sinh va phuc vu cho nhu cdu tham khdo ndng cao cua
cdn bo gidng day tré, ky su dank tricc tiép thi cong, tham dinh va thiét ké
trong cdc linh vuc cong nghiép. Voi muc dich dé, mot mdt ngoai nhiing
bai todn & mitc dg dé va trung binh véi nhiéu phuong dn gidi khdc nhau




Phuc vu cho doéng ddo sinh vién céc chuyén nganh: co khi ché tao mady,
co khi 616, co khi dong tau, ky thudt hang khong, co khi héa chdt, co khi
giao thong vén tdi, xdy dung, cdu duong, thuy loi, cdng v.v... Mdt khdc
nhdn thdy rdang ngay nay mdy tinh dd la mot phuong tién lam viéc khong
thé thiéu trong hdu hét céc linh viee ciia doi song véi hdu hét cdc cdn bo
khoa hoc va sinh vién, tdc gid da dua vao trong sdch nay nhiéu bai todn
dugc gidi trén mdy tinh bdng chuong trinh BK45 ciia tdc gid thay cho
viéc gidi bang tay von tén rdt nhiéu thoi gian va cong sitc. Ngodi ra sdch
con gidi thigu nhiéu bai todn khé vé y nghia vdt ly ky thudt vuot ra ngodi
khuon kh thong thuong ciia sitc bén vat liéu theo nghia hep truyén thong
cia tir ndy vé tinh phic tap ciing nhu cdch ddt bai todn, nhdm giiip cdc
sinh vién gidi rén luyén, tich lug ndng luc hiéu biét dé cé the lam chi
dugc cdc phuwong phdp tinh todn, 1y tin trudc nhitng vdn dé mdéi gdp phdi
va got md cho ho nhiing phuong phdp tw duy méi khdc nhau trén cung
mot van dé mdc dit c6 thé da rdt ci, giiip ho tim hiéu méi lién hé khong
thé téch roi giita nhiing kién thicc han lam va thuc tién ky thudgt.

Vi long mong mdi ndng cao tri tué khoa hoc cho thé hé iré, chiing
161 thdy cdn gici thiéu cuon Tuyén tdp cdc bai todn gidi sdn moén sirc
bén vdt liéu cing cdc ban. Vén biét, 8iol thiéu la cdn thiét nhung cdi
chinh la hitu xa 1w nhién hwong. Mdc div cuén sdch dugc bién soan
nghiém tiic, cong phu, chit ché véi sy cdp nhdt chon loc cdc théng tin
mdi nhdt, nhung chdc chdn khong tranh khéi thiéu sét. Tdc gid rdt mong
vd cdm on sy dong gép, trao ddi ¥ kién ciia cdc chuyén gia, cdc thdy, cé
gido tryc tiép gidng day Sitc bén vit liéu, tdt cd cdc ban sit dung va doc
cudn sdch nay dé cudn sdch dugc hoan thién hon trong cdc ldn xudt bdn
sau. Cdc y kién trao doi xin lién hé véi so dién thoai cia tdc gid
0983.151.242.

Tdc gid xin chdn thanh cdm on Nha xudt bdn Khoa hoc va Ky
thudt, cdc ban ddng nghiép da khich I¢ va giup dé tdac gid hoan thanh
cuon sdch.

Ha Noi, ngay 15 thdng 12 nam 2006
Tac gia




Chuong 2
XOAN

A.TOM TAT LY THUYET

. DAC TRUNG HINH HQC KHI XOAN CUA MAT CAT NGANG J, VAW,

1. Mat cit tron réng va tron dic

Jp= "g (1-a*)~ 01D (1) (5.1)
Wp = "g (1-a')~02D°(1- a') (5.2)
trong dé:
d
o=—;
D

d - duong kinh trong;

D - dudng kinh ngoai.

161 v6i mit cét tron dic a = 0.

E'6i v6i cac mat cit ngang khong tron cic mémen quén tinh déc cyc
Jp vd mémen chdng x04n Wp, diém ¢ Tpay, hé s6 tap trung dng sudt duge
cho trong bang 1 duéi day. |

2. Mit cit ngang khéng tron (bang 1)
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3. Xoin tu do thanh thanh méng

a. Profin kin

4 2
Jp = ‘C’l’ (5.3)
¢
o)
Khi § = hing doc chiéu dai chu vi s thi:
40%8
Jp= 2 (5.4)
S
Déi véi 6ng moéng & = hing thi:
2
©=1R% Jp= 222 _onr% (5.5)
nR

6 day:

8 — chu vi clia duong trung binh clia mit c§t ngang thanh mong;
o — dién tich hinh phing giéi han bdi chu vi kin s;

8 — chiéu day cta thanh méng.

b. Préfin ha:

Jp = n%ZS? S, . (5.6)
S; 1a chiéu dai phén ti thanh méng thd i;

8;1a chiéu day clia phén ti thanh thd i;
n = 1,00 d8i véi thép géc chit L; n = 1,20 déi véi thép chit I;

n = 1,15 d6i véi thép chit T; n = 1,12 ddi véi thép chit L.

Il. GOC XOAN o,(2) VA MOMEN XOAN NOI LUC M,(z)

1. Mémen xoin néi luc M,(z)

n 2 F Y. a <z . s A P
Quan hé chuyén d6i giita mémen xoén ngoai luc M, va cong suit N:

M = W) .7
o(rad/s)




N tinh bing W; o tinh bang s™ ;. M; —Nm

M’ = 71620— () 5.8)
n(vg/phut)
N tinh bing ma lue (cv); n — vg/phit; M, —daNem.

_ N&W) (5.8)

M, = 97360
n(vg/phit)

N- kW ; n - vg/phit ; M, —daNcm.

Céc phuong phép xéac dinh mémen xoén ndi hic Mz(z) 6 mot mat cét
ngang b4t ky ca thanh da cho 8 chuong 1.

2. Géc xoin ¢(z) va cach xac dinh

2.1. Tich phén truc tiép :

=3 I M (Z)d (5.10)
Géc xoén ty doi:
g_do _M.(») (5.11)
dz Gl,

Tich phan (5.10) dudc 14y doc theo chiéu dai cua ting doan ; trén

M Z . ] ’ A , 9 ’ i

d6 ham ———’L—) xac dinh, con tong dugc 14y trén tit ca cac doan cua
P

thanh.

2.2, Phuong phdp van ndng

Goc xoén ¢,(z) cb thé xac dinh rat thuén lgi bing phuong phap van
néing du d6 1a bai toan tinh dinh hay siéu tinh.
Khi db cling xoén ¢; bing héng s8 v6i V; (hinh 1.1c):




P * GJ, * 2GJ,
Amy= E3) (5.12)
* 3GJ, ’
Mk(z) = Gdpg’k(2).

0 day:

Ag,; 1a budc nhay clia géc xodn tai ddu trai “oi” cta doan ‘9”.
c= Gy = GZJP 12 d¢ citng khi x0dn clia doan thanh “i”. “k” 1a doan

a;—-a;, i

thanh trén d6 can xac dinh ¢g(z).

Truong hgp d6 cing ¢; thay d6i trong ting doan, phuong trinh xac
dinh céc dai lugng cin tinh ¢,4(z), M,(z) nhu sau:

$x(z)=[B,1(B;_,]...[B}1AS0 +[B, ][B;_,] [B}]ASe: +..+[B, ] ASea (5.13)
Su(a,) =B} 1[B;.,1..[B;1ASur +[B ][B,_,] [B}]ASu + .+[B] ]ASex (5.14)
Trong céc cong thic trén day [B], Si(z),ASe 1dn lugt 1a:
A8, ={A0, . M, , Am,,(2), Am', (2), Am)y(2),..., |
0 % 9 b ¢,

[Bl = Gini GiJ,, GiJ,, Gini
0 ¢0 ¢I ¢2 ¢3 """
S/ ?,(z)
S|(Z) =S —{Mi(z)}
k
| ceman) e
Véi  og(z - a;y) = k!
e O khi 0<z<a,

[B,-'] nhan dugc tir [B] khi thay z = a; = a,— a,_, = [,

10




2.3. Phuong phdp ning luong

e Thuat toan Vérechchaguine

Agp = Qyp = ; ,[MPZMZ —le%ﬁ—: (5.15)
trong d6:

Q, 12 dién tich biu d6 mémen xoén (M,) thudc doan i ;

g, la tung d6 cta biéu db (Mz) do moémen bing don vi dit vao mat
cét cAn tinh géc xodn gly ra tuong ting véi hoanh d¢ trong tdm z_ cha
dién tich Q.

2.4. Ap dung dinh ly Castigliano

= — 5.16
Pxp aMk ( )

6 day:
Mg 14 mémen xoén dudgc 4 ap dat vao mat cit cAn tinh chuyén vi theo
phuong cin tinh chuyén vi.

U 1a th& ning bién dang dan hdi cla thanh da biéu dién theo ndi
lyc va c6 biéu thic:

5.17
2GJ GAD

Tich phan trong (5.17) dugc 14y trén t4t ca cac doan /; cia hé.

D61 v6i 10 xo xodn hinh tru chuyén vi doc tryuc tuong d6i gida hai
déau 16 xo la:

64PR’n _8PD’n

A= s = 5.18a
Gd* Gd* ( )
|
1 32P% R°’n 64 PR’n
U= —PA= = = 5.18b
2 Gd" P =T Gq" (5.18b)
11




1. DIEV KIEN BEN - BA BAI TOAN CO BAN

M
1=—%.p <[1] (56.19)
Jp

- e » o A ~
1. Bai toan kiém tra bén:

Bai to4n kiém tra bén 12 bai toan kiém tra bat d&ng thic (5.19) déi
véi moi diém ciia thanh. Cu thé 1a:

T = 1‘; <[] (5.20)

max
P
2. Bai toan chon mit cit:
Yéu cdu clia bai toian nay 1a xic dinh kich thuéc t8i thidu cta mit
cét ngang théa man diéu kién:

M

(7]

(56.21)

3. Bai toan chon tai trong cho phép:
Muc dich cta bai toadn nay 1a xac dinh tai trong 16n nhat c6 thé tac

dung 1én két cau sao cho thda man diéu kién:

M,=f@)<[].W, (5.22)

IV. DIEU KIEN CUNG - BA BAI TOAN CO BAN

Diéu kién ciing dugc dién dat nhu sau:

M
Bmax = ——= < [0 5.23
Gl [6] (5.23)

1. Kiém tra diéu kién cing tic 13 kiém tra diéu kién (5.23).

2. Bai toan chon mit cit ngang theo diéu kién cting 1 bai toan 1am
thda man diéu kién:
M

Jp > G[é (5.29)

12




3. Bai toan chon tai trong cho phép theo diéu kién ciing 1a thuc hién
bt ddng thic:

M,=f(P) <G [6]J, (5.25)

V. TiNH HE SIEU TINH CHIU XOAN

Trong cac bai toan siéu tinh, nhu mét nguyén tic, cac diéu kién cén
bang tinh hoc khéng dt dé xac dinh cac phan lyc lién k&t va noi luc
trong hé. D& xac dinh dudc cic phan luc va noi luc ddi véi nhitng hé nhu
vay ta cAn phai khao sat dong thoi didu kién cin bing tinh hoc va diéu
kién tuong thich ctia chuyén vi.

1. Phuong phap so sanh bién dang

Theo phuong phap nay cin phai thiét 1ap phuong trinh cén bing
tinh hoc va phuong trinh mé t diéu kién tuong thich cta bién dang.
Diéu kién tuong thich duge dién dat bdi tong dai s6 cac géc xodn cha t4t
ca cac doan thanh phai bing 0, néu cac ddu thanh khong thé xoay
quanh truc cla né. Néu mdt trong céc ngam clia thanh khong phai 1a
ngdm cing ma 12 ngam dan héi thi tdng nay khac 0 va ty 18 véi gié tri
ctia moémen phan luc tai d6. Néu/hai ddu thanh déu 12 ngam dan héi thi
tong nay phai bing hiéu géc x0én clia cic mit cit ngdm dan héi.

Gidi hé hai loai phuong trinh trén dé c6 dugc mémen xodn ndi lyc

M, trong hé.

2. Phuong phap lyc

Céac bude tinh toan hé siéu tinh bing phuong phéap nay la:

b1) Xac dinh bac siéu tinh n, l4p hé tuong duong va hé co ban.

b2) Vit hé phuong trinh chinh tic va tinh céc phén ti cia [A], [B]
trong phuong trinh:

[A] [X] + [B] =[0] (5.26)
|

13




Trong d6:
o «
8, 8,y . 8y, A;" xl
[Al=|.. o oo [3[Bl=] 2 [X]=| 70 (5.27)
5 s s | |
nl n2 nn _A:P_‘ Xn

Céc phén ti trong [A] va [B] 12 nhiing chuyén vi dugc tinh trén hé co ban.
b3) Gidi phuong trinh [A] [X] + [B] = [0] d8 ¢6 [X].

b4) V& biéu d6 mémen xoén (M, trong hé siéu tinh xuét phat theo cong
thuc:

Mp) = (M3 )+ (M )X, +...(Ma )X, (5.28)

3. Phuong phap van nang

D& gidi bai toan xodn ta chi viéc a4p dung céng thic (5.12) hodc
(5.13) da thiét 14p sdn cho moi trudng hgp vao bai toan cu thé cin giai.

5. Ap dung dinh ly Menabrea

U _
oM,

0 (i=Ln) (5.29)

trong (5.29): U 1a th€ ning bién dang dan héi ca hé chiu xoén, M, la
mdmen xodn phan luc tai cac lién két “thira”.

Giai hé phuong trinh (5.29) dé c6 cac M; cdn tim.
B. CAC BAI TOAN GIAI SAN
BAI 1

Cho mét truc chiu xodn nhu hinh (5.1a). Hay xac dinh dudng kinh d
cda truc, néu [1] caa vat liéu truc 12 2000 N/em?.

GIAI

Biéu d6 momen xodn ndi luc c6 thé xac dinh bing phuong phap mét
cit hodc van ning duge cho trén hinh (5.1b), cho thiy mit cit nguy hiém
thudc doan AB c6 M, = 200 Nm.

14
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M= 200 Nm m= 100Nm

200 Nm

y
: %

@ é \/00 N

Hinh 5.1.
Tit diéu kién bén ta rit ra:
We=0,2d > M,
[7]
d>3 M,
0,2[7]
20000 ~47 em
0 2.2000

BAI 2 |

Mét vat trong lugng P dit 18n 16 xo ¢6 dd cling k (hinh 5.2). Néu vat
di xudbng duéi mét doan A = —ll-:— thi th& nang vi tri cha vat gidm di mét
lugng Up = PA = P%k va th& nang bién dang tich lity céa 16 xo bing mét

nita th& ning cta vat. Cu thé 1a:

‘ 2
U= +pa=t
2 2k
Hay cho biét van dé 1a 6 chd nao ? Mot phin ning lugng da bién di
dau?




GIAI

Deé bai da khéng chi rd vat ning duge dit 16n 16 xo theo ché& db chat tai
nao: tinh hay ddng. Nghia 13 chit ti tit hay bat thinh linh (dat tic khic).

Néu tdi dugc chit tit tir trong qua
trinh di xuéng sao cho ¢ mdi thdi diém, hé
chiu ti & vi tri cAn bang thi khi d6 quan
hé PA = P¥k 1a khong thé cé.

Lugng mat mat thé ning vi tri khong
N P2 |
phai 1a < ma la e va nang lugng dude

can bing.

Néu su chat tdi 14 d6t ngot thi P =
hing va trong qua trinh di xufng vat con
c6 ddng nang bang hiéu: Up - U, = P¥2k
va vat sé tiép tuc dao dong quanh vi tri
cin bing cho d&n khi dong ning ctia né bi hao tan hét.

Hinh 5.2.

BAI 3
Mot truc réng chiu xoén bdi mémen xodn M,, hiy xac dinh cong

suit N va ting suét tiép 16n nhit trén mit cit ngang cta né. Biét ring
bién dang dai ty ddi cta truc theo phuong AB la: € = 4,25.10™, s§ vong

quay cuia truc trong mét phut 1a 120; G = 8.10° N/cm?%, « =% = 0,6;
D = 40 cm (hinh 5.3).
GIAI

o] day trang thai (ng suit 13 trang thai dng sudt trugt thuin tdy
nén tai mbi diém cuaa truc ta cé: ¢ = 1 va:

e=3(ep) = 2 o+n),




hay T= _eE =2¢eQG.

(1+p)

Mt khc M, _ 974(200.N 4
W, n0.2D(1-a*)

M, E-F-7-——F5.-" p
ARNEE i
I o
Hinh 5.3.
Vay oo = _ 974000.N

~ 02D°(1-a*)n

_ 2.4,25.107.8.10%.0,2.40°(1 - 0,6*).120
974000

Tome = 26G =2.4,25.107.8.10° = 680 daN/em?,

=9325kW

hay N

BAI 4
Mot truc gdm nhiéu doan duge néi véi nhau nhu hinh 5.4. Truc chiu
mdmen xodn M, = 500 Nm. Kiém tra do bén cta truc, khép va chét. Biét:

B qua ma sat giita truc va khdp, [1], = 4.10° Nlem? [1]y = 2,5.10°
N/em?; [t),, = 9.10° N/em?, dudng kinh chét d = 1,3 cm.

M,

NONNNNNNNNNNNNNN N

“E

AANNANNNNNNNN

N

Hinh 5.4.
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GIAI

a) Kiém tra dé bén truc:
. M, 50000

tmax = 3
W 0,2.4

p

=3906 N/cm’ <[1],

b) Kiém tra d¢ bén khdp:
w _ M, 50000

max W - 4
P 0,2.6° (1 - 2—4J
¢) Tinh dé bén cia chot:

Theo giit kién dé bai ta c6 hé thiic gilta mémen xodn M, va kha
ning chiu cdt ciia chét la:

= 1440 Nlcm2 < [t]kh

T

nd’
Mz = Tch.T. 4

Vi vay:
_M, 50000

= —z= > = 9415 N/cm?
rd?  3,14.(13)

Teh

Ung sut tiép & chét vugt qua ting suét cho phép cd:

vty _ 9415-9000 |10 o oo
[t]ch 9000

Két qua nay cho thiy chét 1am viée vita @i bén vira kinh té&.
BAI 5

Hai doan truc dugc ndi véi nhau bing mét khép dng nhu hinh 5.5.
Xac dinh ti s§ gita duong kinh d cta truc va dudng kinh D cta khép dé

d6 bén khi xoén cha ching bing nhau. Biét gidi han chay ctia truc 1a
Ts = 1,8.10* N/em? va cha khdp 1a 1 =1,6.10* N/em® Hé s6 an toan n

cta truc va ctia khép nhu nhau.

18
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d
17
Hinh 5.5.
GIAI
tr M, M 18000
Tmax = = 23 =
Wp 0,2d n
kh M, M 16000
Tmax = = 3 z =
W, 02D°(1-a®) 'n
Tit diéu kién dong bén, ta c6:
3 _ 4 .
02D (1 o )_18000
0,2d 16000 !
4
= 1——?L—=1,125 =o' +1125a’-1=0=> 0L=%=0,8
o

BAI 6
Cho mét truc chiu xoén nhu hinh 5.6a. Hay vé cac biéu d6: mdmen
z (z) = N e K 14 b (2) o i Z
xodn M'?, Gng suit tiép 16n nhit 1., va goc xoan @,(z) doc theo truc z
ctia teuc. Xac dinh gia tri cia M* dé truc lam viée an toan vé bén va
ciing, 16u [t] = 10 kN/em?, [¢] = 2°, d = 6 cm; G = 8.10° kN/cm®, a = 50 cm.

GIAlL

Bidu thtc cla mémen xoén trong cac doan theo phudng phap van

néng:

19




M@ =M,| -omM{ - My
I 2 B

M,(z = 3a) = M* = M, = 4M*

Dods: M@=aM¥ - am*| - m¥
|1 iz B
" Biéu d8 mbémen xoén dugdc vé trén hinh 5.6b. Tri s6 ctia ding suft
ti€p 16n nhat duge tinh tit céng thic 1, = M/W o

Trong doan BCD, mémen chéng xodn W, = 0,2d% trong doan AB,
W, = 0,22d)° = 1,64*"

Biéu dd ting su4t tiép 16n nhat doc chidu dai thanh dugc biéu dién
trén hinh 5.6¢c.

Trong trudng hgp M, 12 hang s6 trong titng doan, géc xoén tudng déi
giita hai mat cit § hai ddu doan thanh c6 chiu dai / 1a:
M,

GI,

¢ (@)
nghia 12 géc xoén ¢ ti 18 véi chidu dai ! nén trong trudng hop nay biéu dé
géc xodn 1a moét dudng bac nhat . Cac g6c xodn tudng ddi trong céc
doan theo (a) la:
_  4Ma _ 2Ma _ Ma
e G012y T Goaa P TG0

Ngam A ¢ dinh nén 5 = @as ; Oc = Pas + Ppc; Pp = Pac + Prc + Pp.
Biéu d6 géc xodn ctia cac mit cit duge vé trén hinh 5.6d. Géc xoin
186n nh4t 8 mat cit D:

M.a
op = 32,5 G
Tu biéu d6 dng sudt tiép 16n nhat, ta thay 1, = 10M/d? thudc doan
BC;
Diéu kién bén 1, < [t] cho ta:
10 M/d® <10, suy ra : [M] < 10.6%10 = 216 kNem.
20




a) _’ 2d\%/B _____ / _-9_d$_ﬁ. Q_.)z
< é‘/ > /av/>< &>
MA v |

32,5Ma

Hinh 5.6.

Theo diéu kién cling géc xodn 16n nhat khéng dugc vugt qua 2°, ta cé:

__ _325Ma _2nm
(pmax (PD Gd4 - 180

Suy ra:
< 8.10°.6'2x
"~ 180.32,5.50

Ta phai chon: [M] = 216 kNem = 2,16 kNm 1am mdmen xodn duge

M] =220 kNcm

phép tac dung 1én truc.

BAI 7 |

Mot truc truyén c6 so dd chiu hic nhu hinh 5.7a. Hiy xac dinh cong
sudt cdn phai cung cip cho truc N, (kW)? Cho biét: dudng kinh truc
d = 4 em. Van téc géc caa truc o = 80 rad/s.
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G =8.10 MN/m?®; [1] = 60 MN/m?; [0] = 2.10"% rad/m.
GIAI

Trong hé SI quan hé gitta mémen xodn M; (Nm) véi van'téc gée o
(1/s) va cong sust N (W) c6 dang:

® 2

Theo céng thiac (@) Y = / o
thay vi vé biéu d6 mémen J
xodn ta v& bifu d cong 5N

suéit nhu hinh 5.7b. Céng
sudlt N, cdn duge xac dinh

kd . [ . & N N |"“”I“
ti ca hai diéu kién bén va 2K
cing.
Diéu kién bén: B 5N
max M
Tmax = '—\V—z— S[T] Hinh 5.7,

p

= W,.[t]o 2N,. Cu thé 1a:

- T(4.107) 60.10°.80

N
! 16

~ 60300 W = 60,3 kW

Diéu kién ciing:
max M,
" Glel

T bidu d8 (N) ta rit ra:

= N, <GJ, [6].0 ~ 32200 W = 32,2 kW

Theo di€u kién bén N, = 5N =

Theo di€u kién citng N, = 5N =

22




Do d6 cong sudt N, cdn thiét truyén cho truc phai théa mén dong
thdi ca hai diéu kién bén va ciing. Vi vay ta phai 18y:

N, = 2N, = 2 x 32,2 = 64,4 kW.
BAI 8
Trén hinh 5.8a 12 mét truc chiu xodn mit cit thay d6i ting khie

200 P A1 A ~ * AL, 2, ~ ~ + R A A -4 N
v6i cac s0 1idu vao biét trude: M*, a, d, G. Hay vé biéu d6 mdémen xoadn va
géc xo0dn, tinh T, 11?

GIAI
Mémen phan luc tai ngam “O” dugc tim tit:
> m,(F)=0
Suy ra: My =-3M*.

R s A < az 2
Biéu thiic mémen xoén ndi luc trong cic doan

M(z) =-3M*+mz; 0<z <2a
My(z) = -3M* + 2ma — 2M* ; 2a <z, < 3a.
Bidu d4 M, dugc cho trén hinh 5.8b. -
m=2M7a /
gl ([ ([ ((n 4
9 2 i %
4) |7 I < "\(
T EL O
A —] 2y [
My )
Jéa
g
/
) .
(-3
N TiN
C
) ll
le— 75a
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Tit biu d6 M,, ta tinh dugc:
M* M’

=136 .
W 0,0736d’

p

Tax 1 —

N d3
3 day W, ~ 0,208 c* = 0,208 . ~0,0736 d°
y W, 2\/5
_3M _ 3M | 5,3M

B Y RNt

P
Biéu thie géc xoén ¢(z) trong cac doan la:

3M'z 2M" 22 M’ (22
z)=- + = —=3z],0<z<2
¢,(2) " Gan GJ,p[ Z] z<2a

GJ,, a
Taiz=1,5a thi g, = -22,92 Mdf .
Taiz=2a thi ¢, = —20,37M——4a—
Gd
ou(m)= 2037 Ma_M@=20)_ .M a_M'(z-2a)
Gd a1, Gd® G.0,0351d

2a<z<3a.

. . M'a
Taiz=2a thi ;= — 20,37@

: . B M'a M'a.2849 _M'a
Taiz=3a thi ¢y(3a) = —20,37 Gd® - Gd* =—-48,86 7

Biéu dd ¢(z) dugc cho trén hinh 5.8c.

BAI9

M6t truc truyén réng c6 sd dd chiu luc nhu hinh 5.9a véi N 1 =40 cv,
N; =20 cv, N, = 30 cv, n = 1000 véng/phiit, [t] = 450 daN/em? [6] = 2°/m;
G = 8.10° daN/ecm®. Hay chon dudng kinh ngoai D va duong kinh trong d

véi ti 18 oc=i=0,6.
D
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GIAI

Theo s0 d6 chiu luc biéu dé céng sust va biéu d6 mémen c6 dang
nhu hinh 5.9b, ¢ v6i N, = 90 cv; M* = 71620 N/n.

Diéu kién bén cua tryc la:

M

max

nDi(l_ 4)>M _71620N

Toax = “';'axs[r]:wﬁ T o' )= =
b [7] [t]n
N
L Lt - ‘@%
~— | ~
SV )
N(cy)
¥ i
‘Mz(JaMcm)'i.’ T @
— 2864, ‘
+ .
I # [y @
3587 21486~
Hinh 5.9.
Suy ra la: |
y= 3|2 1620N 0 364 em
nn[t](1-a*) 10°.450.0,87
Diéu kién ciing:
4 .
max M <[ol =], 2 maxM.: N 7D, (1_a4)271620N.1000.180
GJ, G[G]‘ 32 nG.[0°]n

Véi céc s6 liéu dé bai ta rit ra:
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D> 4 712620.100.180.324N 253+ N
©nG[e°](1-a*) nG.[6°]1(1-¢")

=253,4 4— 5(5) ~ 3,49 cm.
10°.8.10°.2.0,87

Vi D, > D, nén phai chon D =D, = 3,64 cm, = d=a.D=0,6x%3,64x
2,18 cm.

BAI 10

Mbt truc chén vit caa tau thuy loai trung binh ¢6 dudng kinh ngoai
D = 25 cm, dudng kinh trong d = 17 cm. Tryc quay véi van téc gbc
n = 250 vg/phiit. Hay xac dinh cong suét ctia truc nay va danh gia d6 an
toan cho truc. Biét géc xodn do tryc tigp trén doan truc dai 5 m 1a 1° va vat
liéu 1am tryc cé: [t] = 1156 daN/em?; 1oy = 1500 kN/em?; G = 8.10° N/em?,

2

GIAI

1) X4c dinh cdng suét N cla truc
Céng thic xac dinh cong suit N dugc suy ra ti cong thic lién hé

gita M, va N dudi day:
N M,.n

M, =97400— = N = (1)
n 97400
Mit khéc gitia goc xoén va M, c6 hé thic:
M, ¢GJ
=z - M = P 2
¢ Gl, e =77 @

Thay (2) vao (1) ta tim dugc:

Gl,. ° ¢
N = el Sl 7.1°.8.10°.30700.250 _ 2200 kW,
97400.1 180.97400.500

trong dé:

4
¢=1"=—; J,=0,ID*1-0a") = 0,1.254(1 —17—) = 30700 cm*,
180 25
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Ung sudt ti€p 16n nhat ., 14

_ h\:}zz 97400.2200 3500 N2.=350dalj.
cm cm
P 250.0,2.253(1—%)

Tmax

D6 an toan theo ling suit cho phép la:
_ [l 1156

1=

T 350

max

33.

D6 an toan theo gidi han chay la:
n, = Ton _ 1500
T 350

max

=4,286.

BAI 11

DPong co dién A truyén sang puli 1 ctia truc I cong sudt N, = 20 kW; cac
puli 2, 3, 4 nhan dugc cac cong suit N, = 15 kW, N, = 2 kW, N, = 3 kW,
cac puli 5, 6, 7 cia truc II nhan dudc cac cong sudt N; = 7 kW, N = 4 kW,
N; = 4 kW. X4c dinh duong kinh cta hai truc, biét: [t] = 3000 N/cm?
[6] = 0,25°m, D = 200 mm, D, =400 mm, D, = 200 mm, D, = 600 mm;
G = 8.10° N/em? (hinh 5.11a). Van téc gée ctia truc dong cd 1a n = 1000

vong/phiit.
GIAI

Sé vong quay caa truc I 1a:

n, = n£= 1000.@ =500 vg/ph
D, 400
Van t6c géc 1a:
o, = n.n 3,14.500 =532 radls
30 30

Céng thic tinh chuyén ddi mémen tac dong 1én puli theo cdng sudt

N trong hé SI:



28

<)

N (W)

M= (Nm)
o(l/s)
Trén cac puli 1, 2, 3, 4:
3
= 20.10 ~ 389 Nm:
52,3
3
M, = 15100 _ 286 Nm;
52,3
3
M; = 2—10— = 38,2 Nm;
52,3
3
M,= 3—!0— = 57,8 Nm;
52,3
W=
N | n BY
y77773 —1 77770 — 1 ek
X X x X ) @
7777 —— 7777 —{ 777
S H =]
_L_%
——] N, N
=L =M = — s
2ere 1wz | I
C_iX X X X 1 ()
77777 | - 77777 — 77777
— Y [ S ]
5 | —
n
—_— X Q
Hinh 5.11a.




Biéu d6 mémen xodn cla truc I duge cho trén hinh 5.11b. Ti biéu
dd nay, ta co:
M, ..x = 343,8 Nm = 34380 Ncm

Dudng kinh truc theo diéu kién bén:

d, >3 M, = 3 34380 = 3,85 cm
0,2[1] 0,2.3000

=10, 23880 56 om
8.10°.0,25

Theo diéu kién cting:

T
0,1.G[0]—
[ ]180

S6 vong quay truc II la:

n, = 500. %(9) = ﬂ67 vong/phit hay
0, = w = 17,5 rad/s
30
Moémen tac ddng 1én cac puIEi 2,567
3
= 15.10 - 856 Nm
17,5
3 1
5= 7.10 =400 Nm
17,5
4.10°
=55 " 228 Nm = M,

Biéu @6 mémen xoén cta truc IT cho trén hinh 5.11c, véi:

M, s = 45600 Nem
\

Dudng kinh truc theo diéu ]#ién bén la:
d,> 3 —4& = 4,25 cm
10,2.3000
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3438

57
b) SNTITTT] 7

40

¢

228

450

Hinh 5.11.b,c.

Theo diéu kién ciing:

d;>10. ¢4 —S—J‘:ﬂ =5,9cm
8.10°.0,25

Vay dudng kinh tryc I chon theo diéu kién cing: d, = 5,6 cm.
Pudng kinh truc II chon theo diéu kién ciing: d, = 5,9 cm.

BAI 12

Mbt 16 xo xoén hinh try budc ngén chiu kéo bdi luc P ¢6 s6 vong n,
ban kinh day d, ban kinh vong ddy D. Hay xac dinh géc x04n tuong d6i ¢
gitta hai mat cit ngang chia truc 16 xo cach nhau ding mét vong day.

GIAI

Ching ta hiy khdo sat trudc hét bién dang xoén clia mot doan day
v6 cung bé ds = AB. Goi R 1 ban kinh trung v4i dudng kinh ctia cac mit
cét ngang A va B dén truc 16 xo. Bién dang xoén cta doan ds khi d6 duge
thé hién & goéc xodn tuong d6i giita A va B. N&u hinh dung réng AC va
BC' 1a r&ﬁ\ng thanh cting tuyét d6i dude gén cing & A va B thi do chinh
1a.g6c C’'BC”. Su xo0dn nay lam diém dat luc C c¢6 vi tri méi C”. Doan
C’C” = dA dic trung cho phin bién dang kéo clia 16 xo. N6 1a két qua cta
su xoén doan diy ds. Nghia la:
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PR . 64PR’ 8PD’
GJ & GJ, Gd*  Gd*

CC’=dr~

Hinh 5.12.

Do 36, géc xoén tuong d6i guxa 2 mét cAt ngang cach nhau mét vong
day la:
_ 16PD2 _64PR’
Gd* Gd*

BAI 13

Hay thiét k& 16 xo xodn hinh tru chiu nén trong méi ghép truc 16 xo
x04n hinh tru (hinh 5.13). Biét l};c nén 16n nhat va nhé nhét 1én 16 xo 1a
Poox = 1000 N va P, = 700 N, d8 co khi lam viée ctia 10 x0 12 8 = 5 mm,
[x] = 450 MPa, trong tinh to4n chi ké d6n mémen xodn. V& ciu tao méi
ghép nay.

GIAI

Diéu kién bén cta 10 xo la:
8kPD

Khi chon D = ¢.d, ta suy ra dudng kinh day 16 xo cin thiét ké:

d>1.6 kP c/[t] mm,
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Véi ti 86 ¢ = D/d = 5 thi hé
s6 k ké dén db cong cta day 16
xo lam cho @ng suét tiép & thé
bién phia trong 16n hon so véi
thé bién phia ngoai la:
4c+2
4c-3

k= =1,29

Do d6, dudng kinh day lo
xo d can thiét ké va dudng kinh

16 xo D la: Hinh 5.13.
d>1,6 M =6mm = D=5x6=30 mm
450
3 3 30
8=A’max_')“min=8D nlzmax —'8D ni)min=sc 'n(Pmax—Pmin)
Gd Gd Gd

Do d6, s6 vong day 16 xo phai la:
5.Gd 5.8.10°.6

- 8,5
(P —P.) 850000-700) > O

Ta chon n = 8,5 + 1,5 = 10 vong.

D§ co 16n nhét clia 16 xo ké tit trang thai tu do dén khi chiu luc Py
_ 8D’nP,,.  8.30°.10.1000

mex Gd* 8.10%.6*

Ban vé méi ghép 16 xo duge mé ta trén hinh 5.13.

A =17,7 mm

BAI 14

Mbt vai cdt ding @3 ddm clu chay c6 cdu tao nhu hinh 5.14a. Cac
buléng c6 dudng kinh d = 20 mm va [t] = 6000 N/em®.

Xac dinh tai trong P cho phép tac dung lén vai c6t.




GIAI

Khi ddi Iuc P vé tam O caa hai day buldng (hinh 5.14b) ta sé& dudc:
luc P, = P v mémen M* = P.c. Momen nay sé giy xoin buléng.

Mot cach gan ding ta xem lyc P, phan bd déu 1én cac buléng. Luc
cét trong mbi buldng sé 1a:

Q= (a)

Ciing nhu trén méi buléng 225 p
gia thiét chju mdmen xoén m 1/;; }
c6 giad tri ti 1& bac nhat véi
khoadng cach tit cac buléng dén
tdm O, phudng vudng gbéc véi
ban kinh va chiéu cting chiéu
quay v6i mdémen M. Téng
mdmen cda cac m; ndy bang M":

s |
oo

6
M=P.c= Z P. p,
- Hinh 5.14a.
trong d6 p; 14 khoang cach tu ‘
tdm O dén tdm méi bulong. Vi
m; trong cac buldng ti 1é véi khoang cach nén ta cé:

._I_)_k_=_I.)i_ hayPl:.p_' Pk

Pc Pi | Pk

s svP

b/ c/

Hinh 5.14.
33




Thay vao ta duge

Vay luc cét P, trong buléng tht k do M* gay ra la:

P, = M

22pk
Pi

Ta ¢6 PI=P3=ps= ,/752+102—1250m

p2=ps =7,6cm,c=30cm.
Do @6
D p! =4.12,5°+2.7,5° = 737,5 cm?

Luc cit do M" gy ra trong buléng 1 1a:

M~  30P
=P, = =220 12,5 = 0,508P
V== s p=7s

Luc cit do M* gay ra trong buléng 2 1a:
M* 30P

=P, =
Q,=P, zp; P, = 737 5

.7,5 =0,305P

Luc cit tdng hgp trong buléng 2 1a:

Q=Q+Q;= §+ 0,305P = 0,4716P

Luc cét tdng hgp trong buléng 1 1a (hinh 5.14c¢):

= .\/Q2 + Q'|2 + ZCOS(Q-Q'|)'QQ'I

2
- J (% p] +(0,508P)’ +2%P.O,508Psina

=P \/316—+O,258+0,1016=O,622P
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Vay diéu kién dé xac dinh tai trong 13 diu kién bén cta dinh 1
(hoac 3):

2

2
0,622 [P] < ”—j—[x] = [p] <20

4.0,622

=30,29 kN.
BAI 15

Vé M, d6i vé6i truc chiu xodn sau day (hinh 5.15a) bang phuong
phap luc.

GIAI

Ta chon hé tuong dudng va hé co ban nhu hinh 5.15b, c.
mg

GJ
/] 14
) 2 L :: Hé cho
a) 7  He
2>l 2a >
mg X
b) g / Hé tuong
:,; V duong
<2 —>le 2a >
©) % ‘ Hé co ban

d)
AT T @
Vi N

"
WM‘; \mJE 3m0

: :

%) —2-m

AV 3 Hinh 5.15.



Phuong trinh chinh tic:

o X, + Ap=0 (1)
Bidudd M, va M c6 dang nhu hinh 5.154, e.

5, = ——[a.1.1] =2
GJ, GJ,
1 am
A =— all=—2
LT [m,-21] G,
Xl=__A£=_am° =M
O, 3a 3

Bidu d8 mémen xo0dn cudi ciing dudc cho trén hinh 5.15g.

BAI 16

Mot 16 xo xodn hinh tru cé géc ning a, ban kinh vong day R, chiu
luc kéo P. Hay xac dinh sy thay d6i chiéu cao H, dudng kinh D = 2R ctia
15 xo va su thay ddi s& vong 16 xo.

GIAI
Lo xo 12 mét thanh khong gian, cho nén trén mét cit ngang caa day cb

cAc mdémen xodn M, = PRcoso. vd mémen uén M, = PRsina (hinh 5.16a).
Khi kéo chiéu cao 16 xo ting 1én mdt doan AH:

1)

M, Muds M, M.ds
+J

il G,

A

M. = P.Rsino, M, =P.Rcosa (véi P =1 thay cho P);

|
trong dé:
|
114 tdng chibu dai cac vong day 10 xo.
\

Géc xo0dn tuong d6i giiia ddu trén va dau dudi caa 16 xo 1a (hinh
5.16b):
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A = J‘Mu.Mlu ds . J- MZ.K/I_IzdS _
)

EJ , GJ

1 ‘11 e
=PR] | — —-— | cosasina,

GJ, EJ
6 day: M. =—Mcosoc;

Mi.=Msino. (véi M = 1 dit & ddu
trén va duédi caa 10 xo).

Khai trién 16 xo (hinh 5.16¢) ta cé:

R2? + H2 =2

Hinh 5.16.

Béi vi ! = hing, nén:
2R@?AR + R%.2¢.A¢ + 2H.AH = 0
=>AR= ~ EA(p - H
o) Reo
Thay AH tit (1), Ao tit (2) vao (3) ta di dén:

2 . 2 2
AR:-—PR Z(J——L]cosapina—PHRl[sm © + cos a] .. (@

¢ \GI, EJ ¢’ { Bl aJ,

AH 3

2

T hinh 5.16¢ suy ra:




oR
cosa

va H =oRtga.

Goi n 12 s6 vong day thi ¢ = 2nn, Ae = 2rAn. Do d6, sau khi khi /, H
va o tit (1), (2) va (4) ta nhan duge két qua can tim:

3

3 Y 452
2PR 51noc+PR smoc(l tg a)

AR = — ,
GJ 0 EJ
3 c .2 2
AH = PR'n2n | sin“ o + cos” o ’ } )
coso EJ Gl .

An=PR?’n [L——Lj sina.
G, E

7/

Trong trudng hdp mit cit ngang clia day 16 xo 1a tron dudng kinh d
thi:

4
GJ, = =¢ ™ _g1aa
32

4
EJ=G (1+p)—’5d— = 0,05 Ed*.

Trong trudng hgp nay (5) ¢6 dang:

32PR*sina 1+2pcos’a
Gnd*(1+p)"  cos’a

AR =- = dudng kinh giam (AR <0).

64PR’n 1+pcos’a

AH = .
Gd* “(1+p)cosa

= chiéu cao téang (AH> 0). (6)

32PR’n psina
Gnd®  14p

An = , = s0 vong day tang (An > 0).

Trong ly thuyé&t théng thudng a nhd, ta cé:

64 PR*n
Gd*

AH =




_32PR’n pa

An=2"——,
Gnd® 1+p
: 3
ar 2P L2
Grnd® 1+p

BAI 17

Mot truc chiu xodn nhu hinh 15.17a. Hay vé M,, tinh 1., va ¢.?

Biét d = 15 cm, G = 8.10% kN/cm?.

GIAI

nay.

Sé rt gon nhe khi ta dung phudng phéap van ning dé giai bai toan

Ap dung cong thic (1.4), ta cé:
M,(z)=-M,| +1000| +1500]
N E

(z — 80)

@-80)) 1500 (2-160)
G

GJ

po |
w

Tai z = 240 cm, ¢ (240 cm) = 0 = M,, = +1166,66 Ncm.
Biéu d6 M, dugc cho trén hinh 5.17b.

Mat cit nguy hiém nhét 14 cac mit cit trong doan 2 — 3, tai d6

Tomax = — = 1,975 kN/em?®
0,2.15

- 1166,6.160 1000.80 _
= 3 4 + 3 4 =
8.10°.0,2.15 8.10°.0,2.15

¢, (z=160cm) =

=-1,317.10" rad.




M 1000kNemn  {500kN cm

of
A / 8 / < 0
J / 7 3 F
Y,
d) 80cm 80 crmv §ocm I
-]
1333 34
My (kNem) ’

8 Y 16666 @

116666

Hinh 5.17.

BAI 18

Mjt truc thép tron dudng kinh d, c6 lién k&t va chiu lyc nhu hinh
5.18a. Cho biét I =50 cm, d = 5 cm, M" = 2 kNm, G = 0,8.10" N/cm? (dia
tuyét déi ciing c6 D = 8 cm).

Tinh tng suit phap o trong thanh 2 va dng sufit ti€p 1 trong truc?
(thanh gidng c6 chiéu dai a = 2 m, mat cit ngang F = 4 cm? Hai thanh
cung vat liéu nhu truc thép ¢6 E = 2,5 G).

GIAI

Ky hidu N 1a Iyc doc trong cic thanh gidng, ta c¢6 so d6-tinh truc
nhu hinh 5.18b. Phuong trinh cn bing mémen déi véi truc Oz:

M,-M +ND=0 (a)

Diéu kién bién dang cla tryc 12 géc xoén cha tryc tai z = 3/ phai
béing géc quay ctia dia do céc luc doc N gy ra. Cu thé la:
_ M,.100 + N.D.50 _ 2N.a
GJ GJ EF.D

P P

(b)




X2
e
A

X
Z\P U;
N{V

< 100cm »>l20Cm
AM, (kNem) N.D=55,17
144,83
Hinh 5.18.

Thay (a) vao (b) ta c6: .
'N.D.50 _ 400N

100 (N D-M ) _
GJ, RGN 2,5G.4
Do d6, Iuc doc N dude xac dinh
N= 20000 _ ¢ 506 kN
2900
Ung suft trong cac thanh gifing la:
= %=-6—’8—9—6 = 1,724 kN/cm?

Ung sut ti€p 16n nh4t trong truc cé gia tri:
M, 144,83

— Z

T max - 3
W, 025

P

= 5,793 kN/cm?

Ban doc s& nhén dugc két qua & trén khi sit dung phuong phap van
néng nhu bai 32 clia chudng nay.




BAI 19

Cho truc bac siéu tinh chiu xoén nhu hinh 5.19a. Hay vé cac biéu
d6: M,(2), 1, (z), 0,(2) doc theo truc z.

Cho biét: G = 8.10% kN/ecm?; d = 4 cm; M, =14 kNm.

e
<20cn& :20cm; < 40cm > 0.4
M, # 13,6
(kNm)
ATma(kN/cm?)
~ 3,2
13,28
9 LT
forad)  g3,99 0.4
1 '
. ®
3,05.10°
Hinh 5.19.

GIAI

Goi moémen phén lyc tai cac ngam 1& M, tai A va M, tai D. Diéu
kién cén bang cho ta:
Sm,=M, +Mp-M; =0 (a)

Vi A va D déu 1a ngam nén géc xoay tudng ddi giita hai mat cit &
dAu A va D phai biing khong, nghia 1a ta phai c6:
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@apt Opc + Ocp = Qap =0 (b)

+ R o, A < ; P
Biéu thitc mémen xoén trong céc doan:

M,(z)=M,| - 14
T

Biéu thic nay cho thdy mémen xoén trong cac doan la hang s0.
Thay (c) vao (b), ta cé;
M, .20 M, -14).20 (M, —-14).40
3 4 + 3 4 + 3 4
8.10°.0,1(2d) 8.10°.0,1(2d) 8.10°.0,1d
Suy ra M, = 13,6 kNm.
T (a), ta c6: Mp =14 - 13,6 = 0,4 kNm.

o« P ~ . A~ A ~ <R A A
Can ctt cac tri s6 cia M2® va M2®, ta vé dugc biéu d6 mémen

xodn. Biéu dd tng su#t tiép 16n nhat dude vé tit cong thic:

MZ
Tiax = -
WP
13,6.10° 2
51 Tho =|—————J = 13,28 kN/em?; 155 =—w£2; = 0,4 kN/cm?
0,2(2.4) | 0.2(2.4)
> _ 0,40.102

P = + = 3,12 kN/em®
0,2(4)

2 ¢ M i 3 ¢ ! A 2 - 4
Vi t1 s6 —%- 14 hang s6 trong titng doan nén ta c6 thé tinh géc xodn
pi

¢ theo cdng thiic:
M,L
0= 2 G,
Cu thé 1a:
2
O = +13,6.10°.20 = 8,3.10° rad

" 8.10%.0,1(2d)"*



13,6.10°.20 0,4.10%.20

= + = -
Pac™ Pan T Poe T 8 10°0,12d)°  8.10%0,1(2d)°

Pap = 0.
Cac biéu d6 duge vé trén hinh 5.19b, c, d.

BAI 20

=8,05.10% rad

M¢t truc chiu xoén nhu hinh 5.20a. Hay viét biéu thic, vé biéu d6
goc x04n, mémen xoén cho truc va kiém tra diéu kién ctng. Biét [0] =

0,1%m, G = 8.10°° N/m?, J, = 937,5.10® m".

GIAI “ A
@ 4
M,
! 5.0 M;
Max z= 25
4 | -5.304E-03 | 2.000E+00
M | —2.322E+03 | 0.000E+00 m= —250t +500 ; 6=8e10, ], = 931, 5¢-8
My=3000 ; My 1000

1 T P ¢ c
# | 0.000E+00 | -5.304E-03 | & Am
M | —2.322E+03 | —1.822E+03
2 T P QO00F 49 - i SZ926£-04
4 | —5.304E_03 | —5.926E-04 < 20408 - 5 J04E -0 G000g 00
M | 1.178E+03 | 1.178E+03 .

M
3 T P o L1BE +03
4 | —5.926E-04 | 0.000E+00 T7GE <03 —7

778 778E+ —

M | 1.778E+02 | 1.778E+02 N7,

73225003 R 17785402/

= 1822£ 407 |

Hinh 5.20.

Phuong trinh van ning clia 9,(z), M,(z) trong cdc doan nhu sau:

Doan I:
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GJ 0, = M,z + 500 z%/2 - 250 2°/6;
M,(z) = My, + 500z — 250 z2/2.




DoanII:  GJ,9, = GdJ,0, + 3000 (z-2) + 250 (z—-2)*/6;
M,(z) = M, + 3000 + 250 (z—-2)%2.

Doan III: GJd,0; = GJ,0, — 1000 (z-5);
M,(z) = M, (z) — 1000.

Tu diéu kién ¢4(z = 7,5 m) = 0 = M,, = -2322,22 Nm.

Thay My, vao cic biéu thic ctia ¢,(z), M,(z) va vé biéu db cta ching
nhu trén hinh 5.20b, c, ta thay tai z = 0 mdmen xo0én c6 tri sd 16n nhit
va tai d6 géc xodn ti ddi 6 ciing 16n nh4t. Vi vay:

3
emax - Mmax - 2,3]022.10 - 180 - 0,18 o/m > [9]= 0,10 /m
GJ 8.107.937,57 =

p

Diéu kién cling cta truc khong dam bao.

BAI 21

Van bdo hiém A c¢6 gdn mét dia dudng kinh D, = 6 cm hinh 5.21.
Van dugc md khi ap sudt hoi p = 10 at, hanh trinh chiavanla h =1 em,
dd co cho phép 16n nh4t cia 16 xo CE bang 10 cm. Tinh dudng kinh day
16 x0 va s6 vong 1am viée ctia 1 xo.

Biét D = 6 cm, AB = 10 cm, BC = 50 cm, [t] = 40 kN/cm?, G = 8.10°
N/em?. :

GIAI
Hgp luc tic dung 1én dia khi van c6 thé md duge:

nD;  314.6
p =

P= .100 = 2826 N.
4 4
Khi d6 luc tac dung 18n 16 xo sé la:
P, =P. £= 28261.—19 = 565,2 N.
BC 50

Goi A, 14 d6 co clia 10 xo khi 14p, [A] 12 d6 co 16n nhat cho phép cta 16
x0, A 14 d6 co cua 16 xo khi 1am viéc (ng véi hanh trinh h ca van. Khi dé




ta c6:

v=h 28 1205 o
AB 10

A+ A=[A]
M=[Al-A=10-5=5cm.

Goi P, 1& luc tac
dung dng v8i d6 co cho

Hinh 5.21.

phép cta 10 xo. Ta c6:

P..=P,. [;‘] 565,2. 50 1130,4 N

1
Trang thai “t6i han” caa 10 xo dat dudc khi P, tac dung. Nghia la:
8P_D
max — .c
e [7]

Dit o = /D, khi d6 phuong trinh trén trd thanh:

Toax = K

1+0,250 _ 1tD [1]_3146%4.10°

=500
(1-a)o’ 8P, 811304
& 5000 — 5000 + 0,250+ 1 =0
Dat:
f(o) = 5000 — 500a® + 0,250 + 1
Ta thay:

£(0,133) =0,0133>0
£(0,135) = -0,0303 < 0.
Vay ta 18y a = 0,134 1am nghiém cua f().
Pudng kinh day 10 xo lic d6 sé la:
d=aD=0,134.6~ 0,8 cm.
88 vong 1am vige cla 16 xo duge tinh tit cong thic:

8P,D’n _ _1Gd' 58.10°08"

A = =16,77

n= =
“Gd 8P D’ 8.5652.6°

Ta 14y s6 vong lam viéc cta 16 xo: n = 17 vong.




BAI 22

Cho mét truc ch1u x0én c6 so dd chiu lyc nhu hinh 5.22a, M" = 10 kNm,

a=1m,d=10cm.

Hay:

1. Khi siéu tinh va vé biéu dd ¢(z), M(z)?

2. Kiém tra bén, biét [t] = 10 kN/cm?.

3. Xac dinh géc xodn tai mit cit ngang 1 va 2. Biét G = 8.10° kN/em?.

GIAI

Day 1a bai toan xoén siéu tinh. Vi yéu cAu ciia dé bai thi phudng
an t01 uu nh4t gidi bai toan nay 1a phuong phap van ning.

c)

Vi

N

! "—‘7[7
a

- -

>

ESY AN,
N

A

L
v

Hinh 5.22.

AM, (kNc !
(kNem) | 66.10° 8 “
0 1 2 3
& ! z
0,333.10° ~1,333.10°



Phuong trinh géc xodn va phuong trinh mdémen x04n ndi luc cb
dang:

Z| _w (z—-a) +3M (z-2a)
GJ GJ GJ (2)

p P 4

1 2 3

o(z)= M:n

Pidu kién bién tai mit cit 3 cho ta:
. 2a . a

2 M +3M =0
GJ GJ GJ

P p P

o(z = 3a) = My,

= M;, =-M"/3=-333,33 kNem.

M(z)=-M;, /3 -M"(z-a)| +3M’(z-2a) ®)
1 2 . 3

Jp =0,1.d*'=0,1. 104 = 10° em?; W, =0,2.d* = 200 cm®.
Véi s6 liéu da cho va theo cic phuong trinh (a), (b) ta vé bibu d6 goc

x0dn va mémen xodn nhu trén hinh 5.22b, c.
Tit bi€u @ M, trén hinh 5.22c ta thdy mit cit nguy hiém nhat d6i
truc 12 cac mat cAt thudc doan 3. Do d6, diéu kién bén cta tryc duge viét:

3

T = 1,667.10° =8,335kN/em? < [1] = 10 kN/em®.

200
Nhu vay truc lam viéc da an toan vé bén.
100 100
=a) =@, =-333,33. =—333,33.————=—4,167.10—3 d
®z=2)=0 G, 8.10°.10° ra
o(z = 2a) = ¢, = -333,33. 200 _1000.100 2,083.107% rad
GJ, GJ,

BAI 23

Mot truc t6 hgp chiu x04n mit cat thay d8i gdm mot truc réng
(0 — 2) chiéu dai 4a lién két ciing véi mot truc déc (1 —3) chiéu dai 4a tai
mit cit 1 va 2. Truc t8 hop nay chiu luc va c6 kich thude, 1ién két nhu




hinh 5.23a. Cho biét dudng kinh phén truc dac d, = % —d— = 10 cm,

| L6
médun dan hdi trugt cha phan rng va dic 13 G = 8.10° kN/em?.

Hay tinh @ng su4t ti€p 1én nh4t trong phén truc dic va phan truc
rdng.

V& bidu d6 (M,) va (¢,).
GIAI

Trong doan 2 — 3 mémen xoén ndi lye M, = M. Mémen phén lye tai
ngam 0 c6 gia tri: My = 3M". Mémen xoén néi luc trong phan 0 — 1 1a
M, =3M".

%P’ y ®\ 2M* M*
K750 A TR ] 4
o= (i ah AT 40 4 -
YNEJ Ty /SN EOEG 2 o <
M,(kNem)he 22 X | 22 | 2a

I“““I“"“I““““I SARARRRREENN

1,572.10°
o (rad) 8,263.10* ﬁ m”“”

2,846.10

Hinh 5.23,

Ta ky hiéu M, 12 mémen xoén ma truc dic 1 - 2 phai chiu trong
doan 1-2; M, 1a mémen xoén ma phén truc réng 1 — 2 phai chju. Theo
diéu kién can bang tinh ta c6:

M,+M,=38M" (a)

Vi tai cac mat c4t 1 va 2 lién két gita hai truc 12 cling tuyét d6i nén
ta c6 géc xodn trong phin 1 — 2 cla ca hai loai truc phai béng nhau,
nghia la: . .

M,2a M,2a
GJ,, GI

M. e
=M, =M, (b)

Ip 3p

3p




Thay quan hé (b) vao (a) ta dugc:
J .

M{1+—1"—J=3M =M, = . M= M

J3P 1+ - 1 +i3£

trong d6:

4
J
J,, =0,1D* [1 —(—%) } ; J3, =0,1d) = TIL ~ 9,45

3p

Vay ta c6:

M, = M ~0,287M" ; M, =2,713M*
1+9,45

Ung suét tiép I6n nhét xay ra:
— D& v6i truc dic  trong phén 2 - 3:

MM M 10 KN
MM oM 50020 o051 25
Tame S =024 & 10° p

3p

~ D86l véi truc réng trong doan 0 — 1:

M™ 06367, =324 M =0,0824 2N

maxt = 4 d cm?
02D’ [1-(1) ] ’
D.

Géc xodn tai mit cit 3 1a:

T

vo. 4 M'a +0287 M'.2a N 3M'.2a _
P30 =P3=0Q3,+Py, +0 = GJ,, > Gl,, GJ,,.945
Ma Ma—284610‘3rad
Gl,,  Gdj

Biéu d8 (M,) va (¢,) dugc cho trén hinh 5.23b.

BAI 24

Cho truc mat cét ngang trén dudng kinh d = 10 em ¢ kich thudc va
chiu lye nhu hinh 5.24a.
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1) V& bidu d6 mémen xodn (M,).

2) Kiém tra d6 bén va d6 ciing cla truc. Biét [{] = 3 kN/em?
[6] = 1.1072 (rad/m), G = 8.10% kN/cm?.

3) Tinh géc xoén tai mat cit B so véi mat cit A.
GIAI

1) V& bidu dé M,.

Khit siéu tinh tit didu kién cin bing va diéu kién bién dang dusi
day (hinh 5.24b):

a) Phuong trinh cin bing:
M, + Mg+ M - 2mil = 0 1)
b) Diéu kién bién dang: ¢, = 0.

M=2kNm
z
Y,
a) —?‘
Va
M
b) [/,
A
(©
HIEHH]
20071 10—
M,(kNcm)
Hinh 5.24a, b, c.
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= +M",.3[ + M".2] - flmzdz =0 Q)
= 3M,=2ml-2M"

M, = %(2.10.50—2.200): 200 (kNcm)

M, = 600 (kNcm).
Biéu d6 (M,) nhu hinh 5.24c.
2) Kiém tra bén:
max|M,| = 600 kNem, W, =0,2 d* = 200 cm?®
max|[M,|

max|t| = —w - 3 kN/em? = [1] - diéu kién bén dugc théa man.
P

— Kiém tra diéu kién cing: max|M, | = 600 kNem, J, = 0,1d* = 1000 cm*:
maxM,| 600

max|6|= 8 =
GJ, 8.10°.1000
=0,75.10™ rad/ecm < [0] = 1.10™ rad/cm.
3) Tinh géc xoén tai B:

M, +200x50 _
Pea =TG5 T8.10%.1000

p

+1,25.107 rad

Mzt ct B xoay nguge chiéu kim déng hé so véi A.

BAI 25

Mbt truc tron dudng kinh thay d6i trong hai doan, lién két va chiu lyc
nhu hinh 5.25a.

1) V& biéu d5 momen xoéin M,

2) Xac dinh gia tri mémen xoén ngoai lyc cho phép [M’] dé théa man diéu
kién bén.

3) Tinh gbc xoén @ tai mét cit C clia truc Ung véi gid tri M = [M].

Biét [t] = 4000 N/em? d = 10 em; G = 8.10° kN/em?®; I = 20 em.




GIAI

1) Bai toan xoén siéu tinh

Phuong trinh bién dang: g, = 0. Ap dung nguyén ly cong tac dung, ta c6

(hinh 5.25b).

Mp2l Mp2l M1 2M'1 2M'l
Ppa = + - - + =0
Gr, GaJ1, GJ, Gl, G,
%zMB[;_I_]:&
JpI Jp2 Jpl
* J * * *
—>MB=M- 2 M J1 _M.ll _16M 047 M
2 T+, 2 3y o271
T 16

Biéu @ M, nhu hinh 5.25c¢.

2) Diéu kién bén cla cac doan thanh 1 va 2.

2Mm" m
4 - ; /| 7
a) _A.é._./7-._),/ C ﬂ‘_.7[__7._.q'j_. ;CB_-
K D /

!

~
~
~

m* | M*
—A 1/
b 7?"/7 ...... cmjt.;._ji_fa._

Tl L LT

as5im*

A Y,
|

. D

Hinh 5.25.




e D3i vé6i doan thanh 1

_ max|M,,| _0,53M"
m T W 02d>

pl

3
. 028

b

T <[t]=>

=M =1509 kNcm

¢ D41 véi doan thanh 2:

_max|M,,| 147M"
mCTW o 0,2(2d%)

p2

T <[t =

3
M < 2091 _ 4353 kNem
147

b

Chon: [M'] = 1509 kNcm.

3) Géc xoén tai mat cit C:

0,53M’l 147M'l 0,53.1509.20  1,47.1509.20
Gc =~ + == 3 at 3 i
GJ GJ 8.10°.0,1.(20)" 8.10°.0,1.(20)

p2 p2

~ 0,22.107 (rad).

BAI 26

Mot 15 xo hinh nén cut nhu hinh 5.26a, chiu nén béi lyc P cho quan hé
phi tuyén giita Iuc nén va chuyén vi A. Vi riing ciing véi viéc ting Iuc nén
thi s6 vong ddy 1am viéc gidm. CAc vong ddy 6 day 1am viéc nhiéu nhét va
khi nhitng vong nay tiép xic véi mit phdng nén thi hdu nhu khong lam
viée nita. Ddc trung phi tuyén cla 16 xo nay dugc md ta trén hinh 5.26¢
duong @. D6 1a mot 16 xo ¢6 dic trung véi @6 ciing tang (dp/dA > 0).

Hay tim giai phap d€ c6 duge mét dic trung véi db clng gidm
(dp/dA < 0) khi st dung chinh 16 xo nén cut & trén.
GIAI

Theo giit kién d€ bai thi dé c6 duge mdt 16 xo c6 d6 ciing gidm hinh
5.26¢ dudng @ thi cdn phai cho 16 xo nén cut chiu nén trude, vi dy, nén
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trude nha 10 xo phu hinh tru duge 14p dat nhu hinh 5.26b. Khi chat tai
nhu vay 1én thiét bi thi s6 vong day lam viéc clia 16 xo ting 1én.

b)

¢)

Hinh 5.26.

BAI 27

M6t 6ng dura va mét truc thép duge lién két va chiu luc nhu trén
hirh 5.27a. X4ac dinh mémen xoén cho phép M" ¢6 thé tac dung lén 8ng.
Ung suét cho phép clia truc 1a [ty = 900 daN/cm?, cha dura 1a [t], = 600
daN/cm? Gy, = 3G, = 8,1.10° daN/cm?. Pudng kinh truc thép d = 2 cm.




GIAI

a)

4 .
y 2 Y
(T ¢ 708 M
9892M*

Hinh 5.27.

Khi bi x0dn ndi luc tai A gdm: M,,, = -M, dng-

Diéu kién dé xac dinh mémen nay la:

Paur = Pasng
Cu thé 1a:
M,,22_ Ma _ M, 522
G o B Galose  Godpsmg
trong dé:

nd*
Jp.tr =

32

1




_ n(2d)' 1,5\ 175 .,
Jp.b’ng = ——=1-] = =47 d
32 2 521

Jp.i‘)’ng — ﬁ

8) 16

ptr
Thay cac két qua hang s6 nay vao (1) ta rit ra:
MA.Kng = MAtr z 0,108M*.

Diéu kién bén ddi v6i thanh tron chiu xodn.

MZ
T = W <[tx1=M, <[1].W,

max
P

D61 véi truc thép theo (2):

oy, < W, _900.0.22°
"= 0,108 0,108

=13300 daNcm

Déi vé6i dng dura theo (2):

4
600 x0,2.4° [1 —(E
[tl,- W& 2

ng __

0,892 0,892

[M ] < ] = 5890 daNem

D€ diéu kién bén duge ddm bao ta phai 14y:
[M'] = M)z, = 5890 daNcm.
BAI 28

Mot truc bac chiu xodn nhut hinh 5.28a, ¢6 G = 8.10° daN/em?,
[t] = 6 kN/cm?; 1y = 14 kN/em?.

Hay:

1) Xéc dinh vi trf cha mét cit “1” dé hai doan truc déng bén?

2) Tinh mémen xoén ngoai Iyc cho phép [M*] dé ddm bao diéu kién
bén cho tryc. ‘




GIAI

Pay 12 bai toan xodn sidu tinh bac 1. Phén lyc thia M), dugc tim
tit phuong trinh tuong thich cia bién dang sau day:

M,a M, (-a) [M]( -a) _,
GJ G, G,

141

1)

Didu kién déng bén cta hai doan cho ta quan hé M, cta hai doan
nhu sau:

T, = W, = W, = M), =2,744 M, @
7D’ nd’

trong d6: W, =——; =—.
rone @ Tn "6 0 T 16 .

M 'k

A .§1 Wj “§ 8 ’

AA0 7 2;8 5

N / F
a) Q o !4 b
MZ

- 0733 (W]
b + R/[M'] @
“ z

0,267(M] =My

M, (kNem)
4039
c) @
1532 _AWIIRII @

Hinh 5.28.




Cac phan lyc M}, va M c6 thé biéu dién qua [M*] bing diéu kién

bién tinh hoc ctia dang:

Mz =10)=M,| -[M]
[ P

Thay (2) vao (3) ta thu dudgc:
My =0,267[M"] va, dod6: M} =0,733 [M]  (4)

=—M, &)

Thay (4) vao (1) ta ¢6 phuong trinh xac dinh a:

0,733a _ 0,267(1-a) _ 0 = O,7343a _ 0,267Sl —a)_ 0=
] J D d

P P2

4 4
Sttt = 2133 1290 14777 m
> a , . a

Diéu kién bén cho phép xac dinh gia tri cho phép ctia mémen xoén
ngoai lye [M"): :

r <ML _O7BIM_ 07 _ KN
W D 67,314 cm
16
oM )=8314 %6 o) nem,
0,733

BAI 29

Mbdt truc bac do bén déu lam bing vat lidu dan déo 1y tudng chiu
mémen xodn ngoai luc M* tang din dén M;h ing véi trang thai giéi han
dan héi (hinh 5.29a). Hay tinh M}, , @, va v& biéu dé (M,) 8 trang thai

giéi han ndy. Cho truéc biéu dé M, dinh tinh trong mién dan héi nhu
hinh 5.29b, 1oy = 14 kN/em?.

GIAI

Vi thanh ¢6 d9 bén déu, nghia la:




16=2M 16 = p = 27440 %)
nd

v
M My

T

a 1458 cm Jo4,2 cm

AN NSNS
N

\e 13

S—
_ M, hNem) @

b M

b) P ;

Mz”' (kNem) J.I.LLLLLQ_UW.’LU%U
d :
¢) @ 943. 10% @
z

0
$(rad) 343. w‘
o 4
Hinh 5.29.

Goi M;h 12 mémen xodn ngoai lyc § trang thai gidi han dan héi, ta

¢6 phuong trinh x4c dinh aM’ theo phuong phap van niéng nhu sau:

—M'| = — aM* @)
11 |2

Thay (1) vao (2) ta cé:

a=0,267 va p=0,733
Do d6:

D’ 1, 3,14.7°.14

= = 1285,67 kNcm
168 16.0,733

BM, =W, .1q = M=

Bidu @6 M® ing véi trang théi giéi han nay duge cho trén hinh 5.29¢.




Tit bidu @6 M? cho thay ¢, Xy ra & C mat cit Z, = 145,8 cm = a.

a _3147.14.1458
GJ, 16.8.10°.235,6

Pmax = B M;h . = 7,29.10_4 rad >0

Mat cit C dang quay nguge chiéu kim ddng hd.
. Biéu d6 (¢, dugc cho trén hinh 5.29d.
BAI 30

Truc AB dudng kinh D = 20 cm c¢6 khoan mét 16 dgc v6i dudng
kinh d = 0,5D t&t ddu bén trai. Xac dinh mdémen xodn ngoai M'. Biét
[t] = 6 kN/em?.

Mz1101M" M .

f " & g039m
1 “
g E“:"*__’: ;t_— — '_‘/_/ ‘ / Z&E
/ T F {/ Z
7 77t
a) da 2la a
® ®©

\

| (_? /0,659
L 1orm*" |
/ Lol @

\ ZﬂﬂW”/

Y

Hinh 5.30.

GIAI
Day 1a bai toan siédu tinh. Ta tudng tudng pha bé ngam B va thay
vao d6 bing phan luc Mg. Phuong trinh bién dang: @ga = 0.

Ky hiéu doan truc dic BC bing chi s 1, doan truc réng AC bing
. 4 | N oA’
chi s6 2. Ap dung nguyén ly cong tac dung thi phuong trinh bién dang
duge viét:
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Mp3a Myda M'.2a N M'4a 3M'4a
Gl, GJ, G, G, G
Wy =ty o _, 4D'-D(1-a')

4 ,+31, "4D*+3D*(1-0*)

=0

pl p2 p2

= M, =2 M’ ~0,899 M"

N d . A ~ z o ’
6 day a = B= 0,5. Bidu d6 mémen xodn M, cla truc dugc vé trén

hinh 5.30b.

Gia tri cia M" dugc xac dinh theo diéu kién bén caa hai doan truc 1
va 2. ’

D61 véi doan truc 1 dudng kinh D = 20 cm:

max|lel= 1L899M" _
w nD*/16 ~

pl

[t] =M, = 4960,5 kNcm.

max|1:1| =

Déi véi doan truc 2 dudng kinh (D - d) = 10 cm:

M y |
max|M,,| _ :,101.1:4 <[] =
W aD*(1-a*)/16

p2

= M, = 8021 kNcm.

max|1:2| =

So sanh hai két qua (1) va (2) ta chon M, = 4960,5 kNcm.

BAI 81

M@t truc chiu xoén ¢6 sd d6 nhu hinh 5.31a, trén d6: m = 80 Nm/m,
M' = 400 Nm, a = 0,5 m, [1] = 40 MN/m? G = 8.10°* MN/m?®. Hay tinh
dudng kinh d va vé bidu d8 géc xoén ¢(z)?

GIAI
Phuong trinh géc xoén o:
' . z mz’ -m(z - a)>
z)=M + - -
92 =Ma G5 20, 61, | cMe-2) )
_*L Gl,
1 2 3
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Tai Z = 3a thi ¢(z = 3a) = 0.

Do d6: M, =+ (M’ - 2,5 ma) =100 Nm

M(z;= M;, +nE"1 —m(z—.a_)1'2 —ﬁh

v y
a) 5/ r]n M d
AL1111e “] .
;0\ VAN 3 ? 7z
V4 \F' i
- a ol a N P a -
< >l > >
M, (Nm)
b) 140
()
‘ rac) Il\zso
ra
¢ 15,5.10°°
7,15.10°
.c)

Hinh 5.31.

Tai z = 0 thi M,(0) = M, = 100 Nm.
Tai z = a thi M(a) = 100 + 80.0,5 = 140 Nm.
‘Tai z = 3a thi M(3a) = 100 + 80.1,5 — 80.1 — 400 = 260 Nm.

Biéu d8 mbémen xoén dude md ta trén hinh 5.31b. Mémen xoén 16n
nh&t vé tri s6 & doan 2 — 3, cho nén diéu kién dé x4c dinh duong kinh d
nhu sau: |
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3
W, = nd ZmaxMz - d2316maxMz _
16 [t] n[t]

260

= 1,72 3 ———6=
40.10

3,2 cm

Sau khi thay d = 3,2 cm va céc s8 liéu dé€ bai vao (a) ta tinh duge:
(p(z =a) ~ 0,00715 rad ; 0(z = 2a) = 0,0155 rad

Xuét phat tu ham (a) va cac gia tri nay ching ta vé dugc biéu d6 ¢
nhu hinh 5.31c.

BAI 32

Mot truc thép tron dudng kinh d, c6 lién két va chiu lyc nhu hinh
5.82a. Cho biét I =40 ¢cm, d = 2 cm, M' = 60 Nm, G = 0,8.10" N/cm? (dia
tuyét dé6i citng c6 D = 8 cm).

Tinh @ng suit phap o trong thanh gifing va Gng suit tiép t trong
truc va ¢ tai mat cdt “17, “2”? (Thanh gidng c6 chiéu dai a = 2 m, mit cét
ngang F = 4 cm? Hai thanh cung vat liéu nhu truc thép c6 E = 2,5 G).

GIAI

Goi N 1a Iyc kéo doc trong cac thanh gifing, ta c6 sd d6 nhu sau
(hinh 5.32b):
- Phuong trinh géc xodn va phuong trinh mémen xodn theo phuong
phéap van ning c6 dang:

« Z . (Z=-2))
=M, — +M
(Pz(z) o1 02 GJp

GJ
= )

p

Mz(z)= M(.)l + M(.)2
li=1 li=2

trong d6: M, = N.D véi N 12 lyc doc trong cac thanh giding.
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~
o]

Mﬁ

V‘
Mz (kNem) 6
4 0286 é @

b)

ifin o
a) 27

2L

“ '|

¢ T
o [ o] @
Hinh 5.32.

Didu kién xac dinh M}, (z = 20) va M, 1a:

Na.2
EFD

M,(z=3)=M (b)
Giai hé (a) va (b) ta duge:

o (z=2l) = Paie = (a)

M;, =286 Nem ; N = 0,714 kN

Biéu d8 M, va @, cho trén hinh 5.32¢, d.
Ung suét trong thanh giding:

N

& == 178.6 Nlem®
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Ung suit trong truc:

M, 6000
T . = =

o = =3750 N/cm?
W, 022

BAI 33

Mot hé hai 10 xo 1 va 2 duge 16ng trong nhau va chiu lgc nén
P, = 400 daN. Hai 16 xo c6 cung dudng kinh diy d = 10 mm, ciing s6 vong
n = 10, ban kinh trung binh cta vong day cac 16 xo ngoai R, = 50 mm,
trong R, = 30 mm, médun dan héi trugt G = 8.10° daN/cm?. Chiéu cao 16
x0 ngoai 1 & trang thai tu do 16n hon chiéu cao 16 xo0 2 14 a = 60 mm. Hay
tinh luc nén, d9 co, tng suit trong mdi 16 xo (hinh 5.33).

GIAI
X
Néu ki hiéu P,, P, 14 luc nén ma e 400 daN
mdi 16 %o phai chiu thi tit diéu kién ‘ ,
can bang, ta co: -———%@
IX=P,+P,-P=0 @@ §$§
X3 A s A 2 A > m
Boi vay day la bai toan siéu tinh e
bac 1. %
Diéu kién tudng thich cia bién 8
dang trong bai toan nay la:
M=k +a (b)
64PR’.n Hinh 5.33
trong d6: A, = ——1"—: -3
8 M =G
64P,R}.n
Ay =—775—;
Gd
Thay A, A, vao (b) ta dudgc:
3 3
64P,R|.n _ 64P2R2.n+a ©

Gd* Gd*
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Thay gia tri hdng s6 vao (¢):
64.P,.5.10 64P,.3°.10
54 07 5 14
8.10°.1 8.10°.1
Giai hé phuong trinh (a) va (d) ta dugc:
P,=120daN, P,=280 daN

= 125P,—27P, =7500  (d)

D6 lan cua céc 10 xo:

_ 64PR}n _ 64.120.125.10 _

A 12 cm;
: Gd* 8.10°.1%
A, = 64.280.5274.10  6em
8.10°.1

Ung sudt tiép trong mdi 16 xo la:

o =20hR g, d_|_16.12051,, L )= 3210 daN/em?
nd nR,) 314.1 3,14.5

©16.280.3

T, = —————3—(1+ —1—) = 4630 daN/cm®.
3,14.1° 4.3

BAI 34

M&bt truc tron ngam hai dAu chiu lyc nhu hinh 5.34a.

1) V& bidu dé moémen xodn (M,) va (¢,) cla trye.

2) Xac dinh khoang cach a ti diém d#t mémen M:, dén ngam trai
dé dudng kinh truc theo didu kién bén va theo diéu kién cting nhu nhau.

Cho [1] = 10 kN/em?, G = 8.10° Niem?, [ = 1 m, [8] = 1%m, M, = 100 kNm.

GIAI

Day 12 bai toan xoén siéu tinh béc 1. Vi viy trude hét cin khit sidu tinh
béng phudng phap nao d6 thu4n 1¢i nhat.

6 day ta ding phuong phéap van nang:

67




.z M;(z-a
(P(Z)=Mon Gl —% C e=D=0 > M, =(I—¢'§
1 P
0<z<a asz<l
M@z)=M;, (l;a) - M
T 2
0<z<a asz<!

Biéu d4 (M,) va (¢,) dugc cho trén hinh 5.34b, c.
Cé thé xay ra ba trudng hogp: 1) a<l/2;2) a= U2 va 3)a>12.

M;
i
Moe Al [ . . . Ba_._..
7 [ \\\ zZ
/
4 \
Y !
MZ
A

| 2]
[T RTITIII 2

‘% “;a

)

Hinh 5.34.




Trudng hop a = /2 khong nguy hiém, trudng hgp a < I/2 va a > /2
déng kha ning nguy hiém. Vi vy chi cdn xét trudng hgp a < /2 véi
M. = M, (I —a).

max l

Dudng kinh d rit ra tit diéu kién bén va cling trong doan nguy

hiém nay 14 nhu sau:

_max|M,| M (-a) 160 =a)M;
max]rl— Wp = lnd3 .16S[‘C]:>db—3 —nl—l:a— (1)

max|Mz| — M:) (l_a)

max|6] = 32 <[0]—.107 =
180

GJ, IGnd’
— * 3
Sd= g 32( az)Mo.18.10
n’1G[6]

Theo giit kién dé bai ta phai cé: d, = d, = d. Cu thé la:

3\/1_6_(11)_1\4;_ _ 4\/ 32(1 -2)M,.18.10°
In[7] 7’1G[6]

= [-a=57,705cm = a=42,295 cm.
BAI 35
Mot truc tron dudng kinh d ngam hai ddu nhu hinh 5.35a.

1) Hay vé biéu d6 néi luc cho truc?

2) Xac dinh dudng kinh d dé€ truc thda mén diéu kién bén va diéu
kién cing theo x.

Cho biét: [1] = 10 KN/em?, G = 8.10° —l—(—Ii— , 1 =100 cm, M* = 10 kNem,
cm

[0] = 1°/m.
GIAI |
1) Momen xoén néi luc.

Ta sé khi siéu tinh béng céng thic van ning:
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Z|  Mf(z-x)
GJ Gl

P

1 2

(P(Z) = M:n

oe=i)=0 = =ML

e Véi x < 1/2 ta c6 biéu d6 M, nhu hinh 5.35b.
e Véix =1/2 = biéu d6 M, (hinh 5.35¢).
e V6i x > 1/2 = biéu d8 M, (hinh 5.35d).

Dé xac dinh dudng kinh théa man déng thdi difu kién bén va diéu
kién ciing thi truong hgp (b) va (d) 1a hai trudng hgp déng kha ning
nguy hiém, con trudng hgp (c) khéng nguy hiém. Do d6 chi cAn xét

trudng hgp hinh 5.85b ¢c6 M,,,, = 10 (l x)

l
/-x
10(45%)
N # ‘[M'_-/ok/vcm
Moy
. 5)
4"/ L/ / "'—"—'MLL“@“J@J
2o //, _zf 5kNem /0_1‘2 .
77 7K [
I 7 Allll] g
L Q== S
a 0k
) fo(1-x ) 1okNem
! z ﬁ
d) Vi
L
Hinh 5.35. %3
Diéu kién bén: 100 - ’i)_[] d;z——lo(l"x).
1.02d} 1.0,2[1]
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Piéu kien ctng: 100= ’j)S[e]. E =4 »10(-x).180
1.0,1d’ 180 1.0,1[0]m
Xét ty s6 dy/d,:
dy _ 10°(0-x) Porper~ =« (l—x)_093l—x<1
d?  17.02°[1)' 10°1-x).180° 16.18.10° I T '

Suy ra d, > d, v dudng kinh phai chon 1a d, phu thudc x la:

d=d=4 100-x).180  Veix=L thid=81cm.
0,1[0]n] 4

BAI 36
Mt truc bac chiu lyc va lién két nhu hinh 5.36a.
Hay tinh 1., v @3 ? Cho trudc d, [, G va M; .
|

GIAI

Goéc xoén cua céac doan truc: .

M2l (MM )2

=G T ea,

(MM, -aMi) L
P = 16GJ, ’

(MM —aMy )1
A TYT

trong d6: _
nd* Hinh 5.36.

Ty =dp=77

3, =1, =16J,;]

Pu p

=81J,.

Py

Tit didu kién géc xodn tuong déi gitta hai ngam @, = 0, ta c6:
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l o 2 (e . . )1 . e 1
ap—[2Mo +E(Mo M, )+ (M - 3MA)R+(MO - 3MA)ﬁ:|= 0
Phuong trinh nay cho ta:

« 129

=—" M, =0,0453M",.
° 2851 A A

M, =3M,-M,-M.=0 = M.=2,9547M,.

Biéu d6 (M,) dugec cho trén hinh 5.36b theo M, cho trudc.

Tu hinh vé ta thay:
W 3
Mlll = 2’9547 ~ 6,5 Vé. P = n(zcz) =8
M, 0,0453 \\Y% nd

P
VA vAy 1, Xay ra & trong doan III. Cu thé la:

My _2954TM, e My
2~ 188~

- WPm nd3 .
M’ .21.32.180 M’
=—0 T~ 522 A
A = Grd Gd*

BAI 87

Mbt truc bac t3 hgp gdm 4 doan néi cting véi nhau béng cac dia
tron, chiu lduc nhu hinh 5.37a, b.

Hay so sanh qdc_'i bén cta hai doan truc 0 — 1, 3 — 4 va tinh ¢,, M, tai
z, = 100 cm va kiém tra diéu kién cling. Biét:

a =100 cm, G = 8.10° kN/cm?

[t] = 10 kN/em? ; m, = 50 kNem/cm;

M; =500 kNem ; M, = 800 kNem;

M; = 1000 kNem ; [o] = 0,02 rad;

D,=10cm;D,=20cm ; d, =18 cm;

D;=30cm;d; =27 cm ; D, =40 cm.

d,=37cm.
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GIAI
a/ Tinh cacdJ;,=(1=1+4)

J, =0,1 D} =10° cm*; J,, = 6502,4 cm®.

4
Js = 33358,4 cm* ; J,,=0,1 Dj [1 —(%) ] = 68582,4 cm*.

) ‘l&
4 % T
4 _; ._l_ ':-—:"__- :J:—::_ 1—
og' iy__zl;__:f’__-'j 4 ‘ Z
b 7 ==z a—-—-! “
7l ? g [N DR
- }
a . t5a 2a L Ja
“ ] |
<)
w I19¢crm 4 : z
M, (kNerm) @)
7451
a/) NIRI57 x
il
fﬂ : % @
7349 |
8349
Hinh 5.37.
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b/ Phuong trinh mémen xoén va géc xoin dudi dang ma tran. Theo
(5.13) trong trudng hgp bai toan nay phuong trinh ¢(z) va M(z) ¢6 dang:

0

3 Tfe 11 /0 1 o .
s = {8 LB lE Bl el LR

—m,

° 0
+[B,1[B:]{-M; +[B4]{_M;} ..... e
m, _
(z-a,) (z-a,)’
trong dé: [B;] = GJ, 2GI, 7|, i=14

0 1 (z-a,,) ..

TW quan hé (1) véi z = 7,5a, ¢(7,6a) = 0, ta cé:
M;, = 1451 kNem. Tit cic ham ¢(z), M(z) tudng minh véi M, da
nhin dudc, ta vé cac biéu d6 (¢(2)) va (M,(2)) nhu hinh 5.37¢, d.
¢/ Kiém tra bén:
Poan 0 - 1:
M, _ 1451
0,2.10°

T max w_

Ip

=7,255 kN/cm’ < [t]=10kN/cm?

10
7,255

Poan 0 — 1 an toan vé bén v4i hé sd an toan n, = =1,38.

Poan 3 - 4:

8349 8349

= ; = 2,434 kN/cm?
0,2.40° (1-0,925*)

T4max_w

4p

Tomax = 2,434 kN/cm® < [1] = 10 kN/em?
Hé s6 an toan bén cho doan nay la:

n,= LU
2,434
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D§ an toan bén ctia doan 3 - 4 g&p 2,98 14n d6 an toan doan 0 — 1.
d/ Tinh géc x0én tai mit cit z, = 100 cm:

Tu biéu thic (1) ta cé:

: 100
3o .1 | APy 1l ———11]0
S = = B . = . 3. 3
fu el o] 2
! 0 1
¢,(z =100 cm) =0,0181 rad < [¢] =0,02 rad
=
M, (z =100 cm) = 1451 kNcm.

Taiz =119 cm, ¢ = @,,, = 0,0183 rad < [p] = 0,02 rad.
Diéu kién ciing duge thdéa man.
BAI 38

Mot thanh thép chiéu dai l = 5 m c6 mét cit ngang nhu hinh 5.38a.
Thanh chju xoén bdi hai mémen xoén dit & hai ddu thanh 13 M = 5000
daNcm. Hay tinh Gng suft tiép 16n nhat va kiém tra d6 ciing cho thanh,
néu [p] = 0,06 rad.

GIAI

D& tinh ting su&t va bién dang caa thanh chiu xoén loai nay, ta cin
chia mit cét ra thanh ba phan nhu hinh 5.38b.

Ung sudt tiép lon
45
nhét duge xac dinh theo - __uh—
cong thic: 4 - 1
M 10 T
Thax = £ ’ ™ ° 2
WP. 2 0
J ST l j\
véi Wy =5—= | 1 ]
(_J_P:_J Tl 95 —]
Woi a b)
Hinh 5.38.
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Ta cén tinh cac déc trung hinh hoc:
JP =JP| +JP2 +JP3
h

Déi véi phan 1: h; = 45 mm; b, = 35 mm; b—' =1,285 =
1

J, = Bh,b’ =0,172.4,5.3,5° cm* = 33,2 cm*

W, =a,h b} =0,221.4,5.3,5° cm® = 12,2 cm’

J
——pL:ﬁ =2,72 cm.
w122
D61 véi phén 2: hy = 80 mm; b, = 10 mm ; % = 8. Do d6:
2

J,, = B,h,b; =0,307.8.1° cm* = 2,5 cm*

W, =a,h,b; =0,307.8.1° cm® =2,5 cm®

__l’Z_:I(;m_

\\/

P2
Phén 3: h; =95 mm ; by = 20 mm ; E—j=—g§— =4,75
Vi vay: .
J,, = Bsh;b;3 =0,288.9,5.2° cm* = 21,9 cm*

W, =a;h,b] =0,288.9,5.2° cm* = 10,9 cm®

T, _ 219 _
w109

P3

2 cm

Cubi cung ta cé:
J,=383,2+2,5+21,9=57,6 cm*.

Vi W;, 14 16n nh4t, nén 1, 0 gita canh trén:




T = M, —M =236 daN/cm?,

max w* 2 1 2

P

. J
trong d6: W, =—2* = 57,6 _ 21,2 cm®,
"TIIW, 272

Géc xodn 16n nhat va diéu kién ciing:
M, l 5000.500
Pmex =61 T8.10°57,6

P

rad = 0,0542 rad < 0,06 rad.

Diéu kién cling chia thanh hoan toan thda mén.
BAI 39

Mjt thanh mét c4t ngang chit nhat b x h = 4 x 2 cm?, chiéu dai
I = 80 cm, chiu mémen xoén phin b8 déu m, (hinh 5.39a). Hay chon m,
dé thanh théa man diéu kién bén va citng, mémen dan héi gi6i han mgh

Biét [r] = 700 daN/em?, fo] = 0,01 rad; G = 8.10° daN/em?; [r,] = 1400 daN/cm?.

GIAI
Mo( ’ /

7

7-7

MAIY
~
~

A m, 3
, 267, 4
h Z
Hinh 5.39.
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Phuong trinh M,(2) va o(z) dugc md ta bing cong thiic van nang nhu

sau.
M,(z) = M, +m,.z (@)
M,z=0)=0= M, =-ml
-mlz ~ mz?
= ——=+
A TR ®
trong dé:

J, = Bbh®=0,229.4.2° = 7,328 cm".
Bidu @5 M, va o, dudc cho trén hinh 5.39b, c. Chon m, theo diéu ki¢n bén:

80m, 80 m, 80m, daN daN.cm

_ - <[] = 700 25 = m, <34 .
W obht 1246427 0T ot T cm

-

Chon m, theo di€u kién cling:

’Y 1 12 )
= =l =| — l2+2?_ - = _ , at cht A
e | =0 (2= D) ( m, 5 )GJP m,( ZGJP) (mit cd

quay thun chiéu kim ddng hd).

I? [9].2GJ
< = m < - m <——F
@] < [0] = m, (ZGJPJ [o] . 7
hay
-2 5
< 10 .2.8.1? 7,328 _ 2.10.7,328 - 1832 daNzcm
80 8 l
Mbmen m, cAn phai chon dé dit 1én thanh la:
m, = 18,32 SN em
cm
m& duge tim tir didu kién:
M. = myl = W,.[ta] =
2
m# = 924642 1400 5,88 N
80 cm
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BAI 40

Mot dng thép tron duge X@| doc theo duong sinh c¢6 dudng kinh ngoal '
d, = 90 mm va trong d, = 85 mm. Ong chiu tac dung cia mét mémen xoén
M, =500 daNem. Vat liéu c6 G = 8.10° daN/em®. Hay tinh iing sudt tiép va
géc xoén ty dbi ctia Ong va so sanh ting suit va gbc xodn trong trudng hgp
nay vdi dng suit va géc xodn cta thanh cé cung dudng kinh, cing vat liéu

nhung khéng bi xé doc? (hinh 5.40).
GIAI

Ung suit trong 6ng c6 nhat cit doc duge tinh theo cong thic;
. = M,.5
M |

p

§=025 /

Véi J, = %s&’, trong d6 S 1a
chiéu dai khai trién cta dudng
trung binh cha mit cét 6ng (chu
vi dudng trung binh).

_% 7.8,75.0,25° =0,143 cm*;

_500.0,25

T, = = 875 daN/em?,
0,143
s Hinh 5.40.
Géc xoan ty déi cha ong cb
vét cat doc:
0 = M, = >00 =0,00437 rad/cm

° GJ, 8.10°.0,143

P

Ung suit va goc xoén ty doi trong 8ng khéng bi cit doc (chu vi kin) 1a:

- M. M, 24 300. 24 = 16,63 daN/cm?
T208 2nd>.8 27.8,75%.0.25
= M’}S = 57875 = 0,00000475 rad/cm.
4Gw*d

2
4.2.10° (2.8,752) .0,25

K&t qua cho thay: 1,= 52,51 ;6,= 920 6.




BAI 41

Mot thanh thép mét cit ngang 1a mot thép gbc déu canh 50 x 50 x 5,
chiéu dai I = 900 mm, chiu mémen xoén ngoai Mz = 500 daNem va cb

médun dan hi trugt G = 8.10° daN/em?®. Hay tinh ing sust tiép 16n nhit va
gbc xoén 16n nhét? '

GIAI

Ung sudt ti€p 16n nhat duge tinh theo cong thic:

Mz'smax
T, = — T
JP
M 500 daNem
- 900 mm
S0x50x5
Hinh 5.41.
O day:
2
J,= n%Zs? S, =1. —[(o 5*.5)+(0,5.5)] = 0,4 cm?*
i=] )
Do dé6:
T =5_()2x_0£ =625 daN/em®.
Va
M, _500%90 _ 140265 rad.

P =Gy, 8.10°0,4
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BAI 42

Tinh Gng suft 1,,, tai cic diém A, B & giita canh dai va canh ngén va
gbc xodn ctia thanh dai 2 m ¢6 thanh méng kin bi xodn, mit cit ngang
ctia thanh nhu hinh 5.42. Mémen xodn M, = 2.10* Nm. Vat liéu gang c6
G =5,2.10" N/m?.

GIAI S
Q
Q\
Dién tich gi6i han béi ST M,
NS 1 > 2
duong tdm cua thanh: 7///////////;*'://////////%
Z
-4 _ g Z0 % §7001m
FO - (0’4 0’01) . (0’2 0’03) ~ __%___2_ 8 & 7Y%
Hl 5
=0,0663 m” % 1%
) ) )
Ung suét tai A la: 4 51 3
Lo 2100 b=04m
A7 2.0,0663.0,03
=5.10° N/m* Hinh 5.42.
Umg suét tai B 1a:
2.10*

Ty =————=15.10° N/m?
2.0,0663.0,01

Géc xo0én cta thanh:

o= Ml § 8
4GF~ s &
M, (Iga s rds Iﬁj
4GF*2 1—281 2-3 82 3-4 81 4—182

2.10%.2 0,39 0,17
= T > 2. +2.
4.5,2.10".(0,0663) 0,03 0,01

) ~ 2,62.107 rad.




BAI 43
Mot thanh méng mit cét chit nhat c6 chiéu cao b chiéu rong a véi
b >> a, chiu xoén va kéo dong thdi.

Hay x4c dinh d cting clia thanh méng khi xoén phu thudc nhu thé
nao vao luc kéo doc truc P (hinh 5.43a).

GIAI
Khi thanh chi chiu xoéin, khong chiu kéo (P = 0) thi géc xoén ty déi 6

va M, ¢6 quan hé:

IM,

GhaT ™ C;\M,

- A 2 ) M
Nghia 13 d cling xoén la: ﬂ ‘o (/I
/

3 -

c,= 9% am=e.c. b7 =
3 . . . —H=3
< b by z

Khi thanh chiu
xoén va c6 ca hyc kéo P
tham gia thi tng sudt 1.V {

0=

phap o= P bao toan a)
bxa

phuong clia cic thd doc

cia thanh chiu xodn.

Hinh chiéu cua céac dng

sufit ndy 1én mit vudng

géc véi truc thanh bing

(hinh 5.43b): »
P do _

———-—.y_

bxa dz

P
=——.0.y
bxa Hinh 5.43.




Ung suét nay tao ra moémen xoén phu:

+b/2
M = j

-b/2

2 b’
Oy.dy=P.o>
bxa ) YT

2 A < ~ A A o < a
Do d6 mémen xoén tong cdng trén mat cat la:

2 2
M=0C, +po 2 —o[c +22 |- 0.
12 12

2

.. » k] . < 2z v ry A P
Bdi vay d6 cling caa thanh chiu xoan c6 kéo téing 1én mét lugng _li_:

C.=(C, + Pb?/12) 1 d§ cting déin xuft.

BAI 44

Cho mét thanh tron chju xoén bdi mémen M, duge ting lién tuc cho
dén lic pha hiy, 1am bing vat liéu dan héi déo 1y tudng. Hay xac dinh
momen gidi han trong mién dan hdi vA mémen pha hiy giéi han, ty s6 giita
chiing, véi ciing mét hé s8 an toan thi trudng hgp nao 14 kinh t& nh4t?
GIAI ;

Trudc hét cdn phai néi ring két qua tinh theo giit kién dé bai chi 1a
gin ddng. Khi Gng suét ti€p 16n nh4t & nhiing diém trén chu vi mit cit dat
gi6i han chay thi mémen xodn giéi han trong mién dan héi tinh theo cong
thic thong thuong (hinh 5.44a):

dh _
Mg =W, .ty

Khi tiép tuc ting mémen xodn ngoai M; thi mdt viing déo vanh khan
xuét hién va lan dén vao tdm mit cét. Khi @6 biu d6 ting sut tiép c6 dang
hinh 5.44b thay cho biéu d6 t dang bac nhat hinh 5.44a. Mémen pha hty
gi6i han tng véi (1) hinh 5.44b nhu sau:

T 2%

Mg, = !TCH.de=TCH Efde: Ten !!pzdpd(p = %nr:‘.tcﬂ




/ d tﬂl

a) b)
Hinh 5.44.

Dai lugng Wy = % ar® dude goi 14 moémen chéng xoén & trang thai déo

. cia mit cét.
Vi vay:
d
Mg = W, . Tey

5 A s d .
Ty s6 gitta My, va Mg, la:

2 3
Md —7Ar
S W3 215 5 MY =193 My
My W, a3
2

Véi cing mét hé s8 an toan thi phuong phép tinh toan theo tai trong
phéa hiy 1a kinh t& nhAt.

Vi dy, khi tinh theo phudng phap tng sust cho phép M%: =100 kNem thi
theo phuong phép tai trong pha htiy M¢, = 1,33 My, =1,33.100 =133 kNem.

BAI 45

Hai 16 xo ¢6 cung s6 vong n = 10, cﬁng duong kinh diy d = 8 mm.
Dudng kinh trung binh D, = 80 mm, D, = 100 mm, t3ng chiéu dai tiy do cha
hai 16 %o 14 {; + ;= 400 mm, chiu lyc nén Q nhu (hinh 5.45a).




1) Tinh tng sudt va bién dang ctia mbi 15 xo sau khi 14p ghép?

2) Xac dinh Iyc Q cin thiét dé 16 xo 2 khéng lam viéc?

3) X4c dinh lyc Q theo tng sudt cho phép [1] va luc Q theo trang thai
déo gi6i han?

Cho [ = 210 mm, a = 10 mm, G = 8.10° N/cm?, [t] = 50000 N/em?, tcy =
75000 N/cm?.

GIAI

Goi Iuc ma 16 xo 1 va 16 xo 2 phai chiu 1a P, va P,, phudng trinh cin
bing ctia thanh thép AB la:

P-P,-Q=0 (a)
Q
T e i
o | <; .
a o Eo S
2 =D L
ZZ vy
~ o <>
= 7 :>p <
2 N
%.% <i w3
L c—':%
2 ’)

Hinh 5.45

Dit A, va A, 14 d6 co cta hai 10 xo, ta ¢6 phudng trinh bién dang trong
truong hop nay la:
| L=l M tlA+a
hay 210=410 -2, - A,
hay Mt = 260 mm,
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Thay A béng biéu thic tinh theo Iuc nén cac 16 xo ta cé:

8P, D,3n+8P2 D)n

Ga'* | Gat e
8.8°.10 8.10°.10
ha + P, =20
y 8.10°08° ' 810008 ° em
hay 0,0125 P, +0,0244 P, = 20 cm ®)

Giai hé phudng trinh (a), (b) ta rit ra:

(©

P, = 540 + 0,661 Q
P, = 542 - 0,339 Q

Sau khildp Q =0 = P, = P, = 542 N.
Ung su#t sau khi 18p chua c6 ngoai lyc Q la:

=k 3PP g4 835928 5 1600N/em?
nid’ 3,14.0,8
1, =k, 8P, ?2 =114 m =29900N/cm’
nd 3,14.0,8
Bién dang nén ciia mbi 16 xo sau khi lap:
3 3
A, = 8P, D4| n_ 8.542;10 .410 —6,78cm
Gd 8.10°.0,8
3 3
), = $BDIn 85021010 .
Gd 8.10°.0,8

Diéu kién dé 15 xo 2 § trang thai tu do khi Q = 0 thi P, = 0 va tit (¢)
ta suy ra:
542
0,339

=1600 N

Q:

Tai trong cho phép tinh theo diéu kién bén cta 15 xo 1 (vi theo (c)
khi c6 Q 16 xo 2 giam @ng suét).
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8.P,.D,

T,=k e <50000 = [Q] < 0,847 kN.

n

Luc Q déo gidi han dat dugc khi ing sudt ti€p 6 moi diém trén céc
mit cdt ca 16 xo 1 dat dudc giéi han chay tey v6i gid thist vat lidu 1a
dan déo 1y tudng ta cé:

MCH = Wd'ICH = PlRl' Cosal =§ 7tr3.TCH = Q] = Qgh =

Q! ~ Tey-2mr’ —542R,
e 3.0,661 R,

= 2980,33N = 2,98 kN.

Luc nén Q trong hai trudng hgp cé ty 1é:
d
Qs

=35
[Q]
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Chuong 6
TiNH TOAN DO BEN VA DO CUNG
CAC CAU KIEN KET CAU CHIU UON

A. TOM TAT LY THUYET
I. TINH TOAN BEN THEO UNG SUAT CHO PHEP [o]

1. Nguyén tic chung

Kiém tra bén clia mét két cdu chiu udhn 1a kiém tra tinh ding dén
ctia bt ding thitc dudi day tai moi diém ctia két cau:
Gy < [0] (6.1)

Trong d6 cong thic tinh Gng sudt tuong duong o, phu thude vao
ting gia thuyét vé trang thai Ung sudt giéi han clia vat liéu (thudng
quen goi 1 thuyét bén).

2. Cac trudng hgp dugc thyc tién chap nhan

a) Thuyét bén thi III ctia Culéng — Toretska
— Véi trang thai dng suft téng quat:

Gy = 01— 03 < %o - [o] (6.2)
n

— Véi trang thai @ing suéit phing dic biét:

6 =01-0;5 = 40’ +41% <[] (6.2a)
b) Thuyét bén thi IV cia Vong Midét:
- Véitrang thai dng suit téng quéat:
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Gu= Ol +0L +02~0,0,-0,0,-0,0,<[0]  (6.3)
—  Véi trang thai tng sust phing dic biét:
0w = o’ +31 < [o] (6.32)
¢) Thuyét bén cua Mo

—  Véi trang thai dng sudt tdng quat:

6y = 0, — ko, < [o] , véi k = 2% (6.4)
0-On

—  Véi trang thai @ng suiit phing dic bigt:

Cu = ——-2—0+ - ol +41 <[o] (6.4a)

Trong d6 oy, VA Og, 14n lugt 1a dng suidt pha hiy cta vat liéu khi
kéo va nén. '

Céc ting suilt 6, T va o, (1=1, 2, 3) trong (6.1) duge tinh theo cong thic:

M Qy'si
= x g, g 6.5
°Tg T T, (6.5a)
0'1]3':% [ i‘\‘62+4‘52 N 0'2—0
Phuong chinh: tg2a = - 2t (6.5b)
o

trong d6:
M, — mémen udn ndi Iyc trén mit cit nghién citu;

y — khoang cach tu diém cin tinh ng suit trén mit cit nay dén
truc trung hoj;

J. — mdémen quén tinh chinh trung tdm cha mit cit d6i véi truc
trung hoa x; ‘

Q,— luc cét theo phudng y trén mit cét khao sat;
S¢ — mémen tinh cia mét trong hai phén bi cit cia mat cit khao

sat d6i1 véi truc trung hoa;
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8. — b€ rfng clia nhat cit song song véi truc trung hoa chia dién tich
miét cit thanh hai phan néi trén.

IIl. TINH TOAN BEN THEO KHA NANG CHIU TAI

D& xac dinh kha nang chiu tai cao nhat c6 thé caa ciu kién chiu
ubn ngudi ta s dung mé hinh vat liéu dan héi déo ly tudng véi su thita
nhén réng, trang thai nguy hiém caa dim 1a trang thai & d6 moi diém
trén mat cit ngang déu da dat dugc giéi han chay. Mit ct nay ciia dim
khi dy da trd thanh mot khép déo, c6 mémen uén déo giéi han la:

M,1q = 26,5, (6.6)

Momen déo gi6i han cho phép [Mpal khi ké dén d6 an toan la:

[Mgnal =2 [0] S, = [0] W,y (6.7)

6 day S, = le + Sx2 = W,q 12 mémen tinh cia phan dién tich chiu
kéo va phin dién tich chiu nén ctia mit ct chay déo déi véi truc trung
“hoa x.

Iil. TINH TOAN DAM THEO BIEU KIEN CUNG

1. Piéu kién cling ctia dim

max|V/|< V]
maxltpls [o] (6.8)

2. Cac phuong phap tinh V va ¢
Phuong trinh vi phén caa d&bng dan héi
d’V(z) M

—= 6.8b
& T (6.8b)

2.1. Phuwong phap tich phén khéng xdc dinh

* Géc xoay va do vong:

M
Q= IEJX dz+C, - (6.8¢)

X
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M
V= I“EJ dz+C,] dz +C, (6.8¢)

X

C, (i = 1,n) x4c dinh tit diéu kién lién két chia ddm.
2.2. Phuong phdp d6 todn (tdi trong gid tao)

o Tai trong gia tao:

M
= X 6.8d
%= 5 3 (6.8d)
o Didu kién c&u tao ddm gia tao:
0= +Qgt;
(6.8¢)
V= +M,..

2.3. Céng thize van ndng xdc dinh V(2), o(z), M (z) va Q,(2)

e Dang ma tréan:

S.(2)= [B,]1[BL,] [B},1..[B]14S,, +[B;] [B1...[B3]1AS,, +...+
[B,14S,

§'(z)=[B!1[B},1[B.].-[B}1AS,, +[B;1[BL]...[B; 1S, +...+

[B;] AS,, . G=1,n) (6.9)

trong dé:

_ [B;] nhan dudc tit [B] khi thay vio né z—a;, = & — 8,

[ b b b
Vi(2) bo 4 EJ, EJ, EJ,
3 0;(z) | | _ ¢ & ¢,
S;(z)= M. () ;[B,1=10 @ EJ EBJ EJ,
Qi(2) 0 0 [/ $ -
0 0 0 ¢ ¢ -

Agm = {Avo,i >AQq;» M:)i » P> Adg;s AqQ'yi ,Aqy }




Dang biéu dién tong

“ ”

Trong trudng hop I, # hing va EJ; = hang véi moi ‘0, cac dai lugng
can tinh 14 chuyén vi thang V(z), chuyén vi géc 6(z), mémen udn M(z) va

luc cit Q(z) tai hoanh d6 z thudc doan i c6 dang duéi day:

V(z) = Z(AVOI¢0+A(pO,¢,+M ¢2+P ¢*+A ¢4

= E] “'E
) ¢5 ¢6
+Ad; — +AqQ' ==+
Qo gy "9 eigy
N o 9, s b,
z) =) (Ag,.d, +M., +P; —=+A +Aq, =2 +

¢(2) Z|( Puio + My Lr+Po; TE+AGG T+ A

+Aq" .-4—)—5-‘+...) (6.9a)
0,1 E] .

M(z) =i(M;i¢0 +P .0, +AqQ,;0, +AQ',; &5 +AQ"; ¢y +..)

Q(2) =i(Po,i¢0 +Aq,;¢, + AL'o,i b+ AqQ'; b5 +..)
=l

M_ ‘ khi Zzai—l
o (z—a,_ )= k! ‘
0 khi 0<z<a,,

i1a tén chia doan ddm khao sat;

o; 14 d4u trai doan i c6 toa do a, j;

a,_, 12 khodng cach tit ddu traicia dim d&n mat cit phan chia giita
doan (i—1) va doan i;

EJ, 1a d6 ciing cia cAc mit cit ngang thude doan i;

AV,;, A@; 14n lugt 13 budc nhay ctia V va ¢ tai ddu trai doan thit i;

M., P, mémen ngoai luc va Iyc tap trung § ddu trai doan i;

0i?

AQy, AQs, AQ” ... bude nhay ctia ham va cic dao ham céc cdp cha q
tai ddu trai doan i.
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2.4. Thé ndng bién dang dan héi - dinh ly Castigliano

!

1 'Q, (S°)

— dz v dF 6.10

= 3 gty e vk =F [ 10
Dao ham riéng cta thé ning bién dang dan héi U theo mot trong

céc ngoai luc P, nao d6 bing chuyén vi tai k theo phuong luc Py dé.

aU

A= aP (6.10a)

2.5. Céng thiic téng qudt tinh chuyén vi ciia hé dan hdi tuyén
tinh cua M. Morh, 1874

Khi hé chiu tic dung ddng thdi cia chuyén vi cudng bic, tai trong
va nhiét d6 cong thidc c6 dang téng quat nhu sau:

——ZR 8.,,.+ZI Mo 42 ZINkdeZ }:jK Q""Q'“dz

=g =g =

ZIK Q0 dz + ZIM"‘M”“ dz + (6.11)

= g = p

D II\—/II: = (tp —tim) dz + Zﬁkat

=l g =g

Cong thic (6.11) chi ding véi cac hé thanh thdng va thanh cong c6
dd cong bé, trong do:

e Luc P, = 1 dugc chon chiéu tay ¥, con phuong thi phu thude vao
phuong chuyén vi cdn tim. N&u két qua tinh ra A, > 0 thi chiéu
chuyén vi cin tinh 12 chiéu ctia lyc P, = 1 da chon. Néu Ay, < 0 thi
chidu chuyén vi cin tinh 12 chiéu ngugc véi chiéu P, = 1 da chon.

e Diu téng trong s6 hang thi nhit § vé pha1 dugc 148y theo “I” (s&
lién két ¢6 chuyén vi cudng bic i = 1 n). Rila phanlyc & lién két
“” do P, = 1 gay ra 6 trang thai “k”. §;,, 1a chuyén vi cudng biic cia

lién k&t “” do cic nguyén nhan & trang thai “m” giy ra. Khi
R ciing chiéu véi 8, thi Ri. 8, > 0.
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e Cac tich phan trong (6.11) 1a nhiing tich phan xic dinh trong
doan thanh thi j ¢6 chiéu dai l;, trén d6 ham duéi d4u tich phan
12 lién tyuc. D4u téng [Z IJ duge ap dung cho tat ca cac doan

=
thanh cta hé. Cac dai lugng M, , Ni , Gk, , M » My, Npp, Quy M,
14n luot 12 cac biéu thic cha ndi lyc trong doan [; § trang thai “k”
va trang thai “m”.
Thugt todn Vérésaghin

Qo. —
i 1=14) (6.112)

Ay = Ay + Ay + Z
I 1

Trong (6.11a):
A== Ry8y VA A= z%(tm ~t,,) QM)+ at,, QNk)

Q; 1a dién tich biéu a6 noi 11;(? trong doan j 0 trang thai m.

ndi lde 6 trang thai k (ing véi hoanh d6

g, 12 tung do cia céc biéu dd
trong tAm c; cia Q;.

GF

B1=EJ,B2=EF,q3= X ; By =G,

2.6. Tinh chuyén vi d6i véi dam mdt cdt thay déi

Phuong trinh vi phén cta dudng dan hdi (6.8b) duge viét lai nhu
sau:

Ev = M (6.12)
J,.(2)
M
Ep,=EV = ‘[Jx(;) dz + ¢, (6.12a)
EV = j [ j JI:?;) dz] dz +c,z +c, (6.12b)

¢y, € Xac dinh tir diéu kién bién 6 hai ddu méi doan dim.
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Thay cho phudng trinhg (6.12), c6 thé st dung phuong trinh sau véi
J,, td chon trudc:

EJ V' =M, Tox =M (6.12c)

1, (2)

M,, 12 mémen udn din xut.

Khi st dung phuong phap d6 toan ddi véi trudng hop nay thi tai
trong gia tao g, khong phai 1 theo mémen udén thuc ma la My, theo
(6.12c) khi d6:

. Q@
P = EJOX
(6.12d)
Ve + M, (2) ,
EJ

oxX

B. CAC BAI TOAN GIAI SAN

I. CAC BAI TOAN VE DO BEN

Il. CAC BAI TOAN VE CHUYEN VI

IIl. TINH TOAN CAC MOI GHEP CHIU CAT
IV. BAI TAP LON SO | - TINH DAM THEP

I. CAC BAI TOAN VE PO BEN
BAI 1
Mbjt dAm mit cét chit I, c6 so @6 hinh hoc va biu d6 (Q) nhut hinh

6.1a, b. Hay dung lai so d6 tai trong, vé (M) va kidm tra bén khi chi ké
dén tac dung cia mdmen. Biét [o] = 16 kN/cm?.

GIAI

Tit bidu d8 Q, khi di tit trai sang phai ta thdy: tai 1,3 va 5 biéu @6
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¢6 bude nhay ti trén xudng, nén tai d6 cé luc tap trung huéng ti trén
xudng va c6 do 16n bing ding budc nhay; cdn bude nhay tai O va 4 hudng
tir dudi 18n d6 chinh 1a cac phan luc hudng 18n tai 0 va 4. Do d6, sd db tai
trong nhu hinh 6.1c.

@) 30 I 3 4'% 5
WIm dm  25m 1S5m | 15m )
AT y 1 *
(kK7
i
b) o[B8 @
45
50 80 TAI TRONG
Hor 4 40kN lfak/v l 20kN
9 \F_ 1 2 E 5
a Im , Im 25m , Lsm 15m
1&;—55 ’ ! IRE: &5 1

’" me &

Hinh 6.1.

D& v& bidu d6 mdmen ta viét M, (z) theo (1.4):

M(z) =-M,, +55z| -40(z-1)] -60(z—45) +65(z—6) ©

tai Z = 2™, M(2™) = 0 = M,, = 70 kNm.

Thay M,; = 70 kNm vao () va v& bidu @8 M, cho titng doan theo
ham va mién x4c dinh cda ching, ta ¢6 biéu dd (M,) nhu hinh 6.1d. Tit
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bi€u d6 nay cho thdy mat cit nguy hiém nhat d&i véi mémen 1a mat cit
“0”. Tai day véi W,(I5,) = 472 cm® ta c6:

oo = M, = m = 14,83 ﬁz < [o =16 kN/cm?
W 472 cm

X

Diéu kién bén va kinh t&€ déu dam bao tét.
BAI 2

V& biéu @6 M, Q va chon q dé ddm 1am viéc an toan? Biét: b = 10 cm,
h=15cm, M =4 qa% [6] = 12 kN/cm?, a = 1,5 m (hinh 6.23).

b [’ —(—T- a? ‘
7 R
gaval. I fﬁ_” z L. L}F z
a) f X t+az=i5m L5m +  [5m
/4 @T ,
Y
29a*
9%
2 3
b) 0 1 ¢

2ga

Hinh 6.2.
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GIAI

Phuong trinh mémen uén va luc cit ¢6 dang:

2 2
M(z):—q% +R.(z—a)| +q(i—-2ga—)—+M‘|
1 2 3
Q(z) = ' +R, l +q(z— 2a)

Diéu kién x4c dinh phan luc R;:
M(z=3a=450em)=0. Suyra R,=0.
Theo cac ham M(z), Q(z) biéljl dd M va Q dugc cho trén hinh 6.2b,c.
Tu diéu kién bén ta xac dinh [q] nhu sau:
max|M| _2q a’
W bh’

X

x 6 < [o]

. bh’[o] _ 10.15%12

7 = > = 0,1 kN/cm
12a 12.150

q <0,1 kN/cm.
BAI 3
Mot ddm thép I, chiu lyc nhu hinh 6.3a. Hay viét biéu thic néi luc
M va Q doc theo chiéu dai ddm bing phudng phap mét cit va van ning.
V& céc biéu dd nay va chon q. Biét [6] = 16 kN/cm?, a = 100 cm.
GIAI
1. Phuong phap miit cit

Trén mdi moét doan phai thuc hién mét mit cit, trén d6 cac ndi luc
dit theo chiéu duong. Khao sat cdn bing clia mdt trong cac phan didm
dd tudng tugng cét ra. Trong doan 1-2 thyc hién mit cit 1-1 gbc toa 46
chon & 2. Trong doan 0-1 thyc hién mit cit 2-2 gdc toa d6 chon ¢ 2
(hinh 6.3b,c). Cu thé 1a:
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Iq p
@ At R TWTM
0 2l 13P.30a |1 z
M07 45442 a — 2a -
=%
5) "
4

? ' i\\ﬁ\ﬁ‘ﬁ\.\
ML

P
4
\ . e 22 —_—
“0,” 1
~ga
§ 4 ale __ |
% qa*
Di/dng bic 3
e !5741/ / g~
u/v.xv 4,743 I
Hinh 6.3.
Poan 1-2 (0 < z, < 2a) goc & 2:
3qz z zZ,)z z z
q(Z.)=q'=h;Qy q( )I ql M——q( 1) Z _

_l_
3a a 2 2a 2 3
Doan 0-1 (2a < z, < 3a) gbc 6 2:

3qz,
3a

qzz

a(z,) = % ' Q, =

qu (a)
6a

__ 9%
—3qa; M, =- v + 3qa(z, —2a) (b)
a

Truéc hét, vé biéu a6 lyc cit Q,, ta thdy Q, c6 gia tri bang khéng

trong doan 0-1 tai z,:

2
qz,

—= —3qa=0.
2a 4

Suyraz,=a V6.
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Tai mit cAt ndy, mémen udn M, c6 gia tri cuc tri:

q(av6)’
6a

M,(z, = ax/g)=— + 2qa (a«/g—2a) =-1,1qa?

Bidu d4 luc cdt c6 bude nhay tai mat cit dat luc P. Bude nhay cta
biéu dd lyc cit vA mdmen udn tai ngdm cho gia tri bing phan luc tai
ngam, cin ci vao ddu clia biéu dd, cac phan luc Ry, va My, c6 chiéu nhu
hinh 6.3a va c6 gia tri: Ry, = 1,5qa, My, = 1,5qa®

Tai diém 2, q(z,) = 0, biu d6 Q, c6 ti€p tuyén nim ngang tai 2. Biéu
dd M, ciing c6 ti€p tuyén ndm ngang tai 2.

2) Phuong phap van nang

Cho ngay biéu thic clia M, va Q, theo (1.6) va (1.5) hodc (6.9a) nhu
sau: :

2

3q z°
M. (2)=-1,5qa’ +1,5qaz - 3q—+-3 2| +3qa(z-a)
@=hagaialoqe-dagr 6 ‘ @)
| 1 2
Q,(2)= 1,5qa — 3qz L z + 3qal
y ’ 3a 2
1 2

0<z<a a<z<2a.

Bidu d6 Q, va M, duge cho trén hinh 6.3d, e tit cac phuong trinh a,
a*: b, b*.

Diéu kién dé chon tai trong 1a tai mit cdt nguy hiém nhat “0”:

maxc, = 1/0” +41° < [o]. ©

Trudce hét hiy chon tai trong q so bd theo @ing suét phap. Cu thé 1a:

2
___1’33*‘ <lo] = q< W 4 <0,19627 kNiem = 0,19 S

1,5a cm?

O day: W, = 184 cm® a = 100 cm, [o] = 16 kN/cm?.

Kiém tra lai diéu kién (c)
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4 2 2 2\2
maxo, = \/(1,5.0,19.10 01 6] .\ 4(1,5.0,19.10 .0,84.10 ] - 53633 =

1840 1840.0,52

= 15,045 kN/cm? < [o] = 16 kN/cm?,

BAI 4

102

Mot ddm mat cit ngang hinh chit T chiu luc can bing nhu hinh 6.4a.
Yéu cdu:

1) Vé bidu 46 M, va Q,?
2) Kiém tra bén cho ddm, khi bd qua anh hudng cia luc c4t?

l/’: 35kN §=006kNfcm

B c

a) LA 0
— Zﬂﬂcm—+— 200 cm _+ 100 cm ——

Q!
Yy 1kN , 6 AN { \
9 ® ® O
0
Z2,5kN 300kNem
20oleCﬂ7 /P\

0
d)
M
-
N |
o '
77
b) Jl . il 3 x
©
X
o l
— 5
y

Hinh 6.4.




Cho biét truc Cx 1 truc trung hoa:
[olx = 30 MN/m?; [6], = 100 MN/m?.

GIAI
a) Tinh J,

3 3
Jy = (125 +2,22° X10X2)+2f28 +2,78° x2x8 = 314 cm*.

b) Kiém tra
Cac mit cit cdn kiém tra: B va D.
Mgt cdt B: Mg = —300 kNem diém T chiu kéo, D chiu nén.

=01 = 2o X322 = 30,7 MNim® = 3,07 1N > o], =30 M =5 1N
314 om

chua vugt qua 5% ma méi chi —3—0”;0;30 100% = 2,5%. diéu kién bén &

mit cit nay vln ddm bao tét va kinh té.

Guin = O = 200 4 6,78 = 6,47 MN/m? = ~6,47 — <[ol.=
314 | cm
= 100N =10 XN
m? cm”

Mgt cdt D: M, = 200 kNem ngugde véi méit cit B & day diém D chiu
kéo, T chiu nén.

Omax = Op = —2-O—Qx 6,78 = 43,2 MN/m?® = 4,32 —kE—>[ Ik = kN
314 cm’

Opin = Or = 200 x 3,22 = -20,5 —-= 2,05 kN/cm? < [o],.
314 m?

DAm bi gy & mat cit nay bit diu tit diém D.
BAI 5
V& biéu @6 luc cdt va mémen udn d6i véi ddm mat chit I,, chiu lyc

nhu hinh 6.5a. Hiy xac dinh q. Biét [0] = 16 —kiz, a =100 cm.
cm




A [ ¢ 2 Y “4 Y YBY Y
a) I ﬁ. 2 |D 4 88 I3
‘E a N a >l a a >
zZ, IRC=qa Rg=3qa < Za;
; > Zo > |<___z4_)
AQ qa ,| 2qa gqa
E.
S i B (5

c) - @

M ga’

Hinh 6.5.

GIAI
1) Phuong phap mit cit

Khi st dung phuong phéap nay ta cin thyc hién 4 mit cit di dong
cho b&n doan, dit cac ndi luc theo chidu dudng vao tiing mit cit réi vidt

diéu kién can bing. Cu thé la:
DPoan AC: (0<z,<a)
Q, = qa; M, = qaz,
DPoan CD: (a < z, < 2a)
Q, = 2qa ; M, = qaz, + qa (z, - a)
Trong doan DE va EB xét phan phai cia mit cit:
Doan EB (0<z;<a)
Q, = qzg; M=~

az;
2




Dogn DE (a < z, < 2a)

2

Qy=qz4—3qa;Mx=—q% - 3qa (z,— a)

Biéu dd lyc cit vA mémen uén nhu trén hinh 6.5bc. Bidu db
mémen udn ¢6 budc nhdy tai D, tri s§ cia bude nhay M* = 2qa? nhay tit
duéi 1én. Tai A, C, D, E ¢6 luc tap trung, tai d6 trén biéu db Q, c6 bude
nhdy ding bing vectd lyc tap trung dé.

2) Phuong phap van nang

Phuong trinh mémen uén va luc cét:

2
M, (z)=qaz | +qa(z - a) —2qa2-3qa(z-2a)—q% +3qa(z-3a)'.
1 2 BRE) 4
Q(2)=qa| +qa -3qa ~-q(z—-2a) +3qa '.
1 2
0<z<a a<z<2a 2a<z<3a 3a <z<4a.

\
Biéu d6 luc cit va mémen udn duge md ta trén hinh 6.5b, c.
3) Xac dinh tai trong q
Céc biéu d6 Q va M cho thay mit cit D™ 13 mét cit nguy hiém nhat.
Diéu kién bén chi do ting su4t phap c6 dang:
3qa’ [6]W. _ 16.289
—X <[o]=> —<fo]=>qgx< X =
w, “l Pl= a5 = 300

X X

= 0,154 kN/cm.

Ta chon [q] = 0,14 kN/cm va kiém tra lai tai diém tiép giap giita long
va d€ cling 8 mat ct nay.

—
Gu= ol +41? = J (M) +4(0,82) = 14,12 kN/em? < [o].

313

Vay chon [q] = 0,14 kN/cm.




BAI 6
M6t ddm tinh dinh chiju luc nhu hinh 6.6a. Hay chon méat cat ngang chil
I 38 dAm thoa man didu kién bén, cling va vé (Q), (9), (V) sau khi thiét ké.
l kN

Biét: [o] = 16 kN/cm?, = — E=210 .
[o] A 600 cm?

GIAI

Phuong trinh luc cét v mémen udn:

Q@) =Ry =20kN  V0<z<600 1)
M(z)=Ryz| -M’'| =20z -12000 ©
1 ]2 E 2
Trong d6 Ry, dudc xac dinh tir diéu kién:
Tai z = a, = 600 cm, M(600) =0 = Ry, = M _ 12000 20'kNT.
600 600

Céc biéu db (Q), (M) duge cho trén hinh 6.6b, c.
Phuong trinh d6 véng V(z) va goc xoay ¢(2):

3 _ 2
20z —~12000 u_o_o)_
6EJ 2E] 3)
1 2

V(z)=Ap,z+

202> (z - 400)
z) = A, + ~12000-——=L
o(z) = Ay, 2E] | @
1 2
Xac dinh gbc xoay AQ,, tai “O” tit diéu kién:
5
Viz=600cm)=0 = A@y=- 8.10 (5)
EJ
Vi tri dé c6 chuyén vi thing cuc tri duge tim tix diéu kién:
. 5 2 _
0@)=0 = - 8.10 (z, —400) _

+20 22— _ 12000 0
2E]

= z,= 283 cm.




Thay z, = 283 ¢m vao (3) ta c6:

V(Zo) = Vmax =~

15,09.10
EJ

Thiét k& mat cit ngang clia ddm theo diéu kién cling:

15,09.107
21047

L _600 _

< = — = =
M 600 600

7
= J. = 15,09.10

1.2.10°

Theo quy cach thép can dinh hinh ta chon I,,, véi:

J, = 7780 cm* va W, = 518 cm?®.

Kiém tra lai
theo diéu kién bén:

M,. 8000

— max

Omax =
A\ 518

X

= 15,45 kN/cm? <
[6] = 16 kN/cm?,

Do d6 véi Iy,
dd bén va d6 cilng
cia dim déu duge
dam bdo. Cac biéu
dé (@), (V) trong
truong hgp nay
dugc cho trén hinh
6.6d, e.

BAI7
Mét didm cb
khép trung gian

chiu Iyc nhu hinh
6.7a.

1) Hay vé cac
bidu do lyc cdt Q,
xoay ¢ va chuyén vi
thing ditng V theo
M\, E,J?

V(cm)

M*=120kNm

o =20kN

0
400cm

AQKN) N

[}
[}
¢
A Viem) 5
283cm 1 0,68
e/ re
ARl
! N
0,97

Hinh 6.6.

= 7545 cm*.
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M’,,=16000kNcm
M"=16000kNc
0 1 2 4 z

Ve Y

a,=200c % 3
7’
a,=2a=400cm >iRos=M/a=80kN

- Ry F80kN a,=2,5a

2
e\

a,=3a=600cm
YR
b/ % | M2 @
~ O ‘;
t

4
=
®

. ! :
U K rra Liamd v
R
i
|
[}
[}

e/

24FEJ
3EJ
Hinh 6.7.
2) Hay chon mit cit ngang hinh chii I dé ddm lam viéc 4t bén va

ciing? Biét: [o] = 16 —-k—iz, [V]=1cm.
cm
GIAI
Diéu kién can bing cho ta cac phan lyc (hinh 6.7a):

M,, = M* = 16000 kNcm, Ry= M*/a = 80 kN, Ry, = M s00kN.
a

Phuong trinh d9 vong:

ZZ

z3
V(z)=-16000 25T, +80 3. +Ag,, (z-200) ’ +
1 2
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_ 3 _ 2
+802=20001 000 2=500)
3E 2E @

3 4

* AQqs duge tim tir difu kién:
V(Z=2a=400cm)=0 = AQp= % M'.a )
Thay (2) va (1) ta duge phuong trinh dudng dan hdi duéi dang tuong minh.

Sau d6, dé c6 ¢(z), M(2) va Q(2) ta dao ham lién ti&p V(z) theo z. Cu thé la:

dv d’v dM
<P(Z)—E ; M(z) = EJd2 ,Q()——Z

Biéu dd Q(z), M(2), o(z) va V(Z) theo M, a, E, J, dugc cho trén cac hinh
6.7b, c, d, e. :
Trudc tién, chiing ta s& chon sd b mit cit ngang theo diéu kién bén:

W, Maw _ 16000 _ 00

[o] 16
Tra béhg quy cach thép can dinh hinh ta 18y I,; c6:
W, =12381 cm?, J,=27696 cm®.
Bay gio ta thit chon mit cit ngang theo diéu kién ciing. Nghia 1a:

_25.16000.400

o <[V]=lcm = J,= 33400 cm®,
242.10°) SV =lem e

Theo diéu kién nay ta phai 14y I, tuong tng cé: J, = 39727 cm®,

Tém lai, € ddm lam viée thda man ddng thdi c diéu kién bén va ciing
ta phai chon thép chit I,

BAI 8 | |

Mot ddm chiu Iyc c6 so d8 hinh hoc va biéu d6 mémen nhut hinh 6.8a, b.
Hay dung lai so d6 tai trong. V& bi€u db luc cit va tinh o (z = %) tai B?
Biét:b=4cm, h=12 em.
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GIAI

Can cit vao (M) ta thiy trén toan ddm khéng c6 mdmen ngoai Iyc tap
trung. Tai A, B, C biu d6 mémen c6 diém gy, nén tai A va C c6 luc tap
trung hudng 1én, con tai B ¢6 lyc tap trung hudng xuéng dudi. O D khong cb
phan hic:

QAB=§%)=101<N>0:>RA=101<NT
Qpc = %%3 =-5kN = P, =5kNT

Al A I ol v/
a) C -{
i A AT
g en "" )// h
T 50 g 70 L %
b) Yy
T
P=15kN
) A 8 ¢ é
R=10kN P=5kN
Y TR
1OAN
EEEECRERRE SR @
Hinh 6.8.

Budc nhay ctia Q tai B cho ta lyc Py cin tim la:

‘ Pg=10+5=15kN{
So d6 tai trong va biéu d luc cit (Q) duge cho trén hinh 6.8c, d.
Tinh o(z = h/4) tai mit cit B véi Mg = 300 kNcm,

300.12.3

4) = = 1,5624 kN/cm?.
o) = =15
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BAI 9
Mot ddm chiu udn co lién két, kich thudc va biéu d6 moémen udn cho

trén hinh 6.9a, b. Hay vé biéu d4 luc cit va tai trong tac dung 1én ddm
dé c6 biu d6 mdémen da cho va chon mit cit ngang chii I cho ddm?

A c of
a) 2 JE I 7

LOkNm
A 3 b -2
b) ¢ \U‘IOMM
e locre [N FOkNm @
M, NG 0kNm
c) Oy
“”‘”"m ¢ o @
~20kN
d) 5“”/‘”/ - SokNm
SEEREER! )
Al 8 ¢ PR I 2oknm
40kN 60kN 40kN

Hinh 6.9.

GIAI

Theo qui udc vé& chiéu dudng ctia truc z huéng sang phai va cha
tung dé M, hudng xudng duéi, thi luc cit Q, 12 duong khi tiép tuyén cta
biéu d6 M, c6 chiéu nhu hinh 6.9b. Vi vay, trong doan 2-3 luc cét Q la
duong:
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dM 20+20
Q==
dz

=40 kN

Trong doan 0-2 biéu d6 M, 12 mdt dudng bac 2, dang téng quat cta
duong bac 2 c¢6 dang:

M,=Az*+Bz+C
Thay cac tung dd M, taiz=0,z=2 m, z= 3 m, ta cé:
z=0,tacé: C=0.
z=2m; M, =40 = A.2°+ B.2
z=3m;M,=30=A.3*+B.3
Suy ra: A=-10; B = 40.
Vay M, = -10z? + 40z. T cAc lién hé vi phén, ta c6:

dM
Q= === (202 + 40) kN
d
q, = c(l)zy = -20 kN/m. (a)

Nhu vay, biéu d3 Q, (hinh 6.9¢) trong dogn 2-3 13 mét hing duong
bing 40 kN, con trong doan 0 — 2 14 bac nhét, tai z = 2m thi Q, = 0, tai
d6 M, cuc dai. Tai “2” biéu d6 M, c6 budc nhay biing: 30 + 20 = 50 kNm
nhay tit dudi 1én, ching t4 tai “2” ¢c6 mémen ngoai lyc M, = 50 kNm lam
cing thé trén cia ddm. Quan hé (a) cho thdy trén doan 0-2 dim chiu tai
trong phén bd déu huéng xudng dudi.

Tt bidu d6 Q, ta théy: tai 0, 2, 3 trén biéu d6 Q c6 budc nhay, df 16n
va chiéu ctia budc nhay diing bing vectd luc tip trung tuong dng tai 0,
2, 3 khi ngudi quan sat di ti trai sang phai theo chiéu duong truyc z.
Nhitng nhéan biét & trén cho ta dung lai tdi trong trén ddm nhu hinh
6.9d. Theo diéu kién bén, ta tim W, va tra bang thép dinh hinh chii I aé
¢6 s8 hiéu thép I cdn tim. Cu thé la:

4000

M, /W, < [c] = 16 kN/cm® => W, > = 250 cm®. Do d6, mat cit

cin chon 1a I,,,.
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BAI 10

Cho mot ddm chju uén nhu hinh 6.10a. Hay vé biéu d6 M, Q theo g

N - . - R A N cA N A1 A
va xac dinh tai trong q d& dam lam viéc dugc an toan vé bén.

Biét ring mit cAt ngang cia dim 13 mdt hinh chit nhat, chiu réng

b =10 em, chiéu caoh=15cm, ! = 2 m, [6] = 18 kN/cm?
GIAI

a) g

=
% iy 1y 27; ?zf
; ,%1 :
2/ i 4&2:%‘;/ <+
g 70— |
, ®
741

g2 TN
d)mm @

_ Hinh 6.10.




Phuodng trinh xac dinh M, Q theo q:

Céc phan lyc Ry;, Ry, duge tim tit diéu kién can bing: -~

B, !
> m,(P)=0 =>Rm=%

6 .
2
Biéut d4 (Q) va (M) dudgc cho trén hinh 6.10c, d.
Chon s6 b6 tai trong q theo mémen:
[6].W,  18.10.152 KN
2 <[o] = < L= = 0517 -
w, Sl = a7 6.200° em

Kiém tra lai tai diém k cé Yy =4cm:

_q’  _ 017.200°

. 12.4 = 2,42 kN/om?
=3 YT 005 o
4 2

= x = 0,396 kN/cm?

J,.8,  2bh

Cw= Ol +4 12 =,[2,422+4.0396" = 2,545 kN/em?®.
Vi vay tai trong [q] cdn chon 1a: [q] = 0,17 kN/cm?2

BAI 11

Mt ddm chiu udn nhu hinh 6.11a c6 mit cét ngang hinh chit 1.
Hay chon s8 hiéu thép can chit I dé ddm lam viéc da bén. Cho biét:
[6] = 16 kN/cm?.
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GIAI

1) Biéu thiic va biéu dd cia Q va M

_ 2
M= RmZ' -3.10* (z- 2, 2104(Z 4) —3.104+2.10“(Z—2-6_)_

4
Q=R,| -3. 104| -2.10%(z - 4) +2.10° (z - 6)
R |
Mz=9m)=0 = Rm—-5104
Biéu d6 Q va M dudc cho trén hinh 6.11b, c.
2) Chon sd bd mit cét theo o,,.,
Omax = M <[o] = Wx > —mx
W, [o]
P=310N  gz210°N/m
/ M*<310% Nm
0 {2y {4 13 4
¥ : .
L 2m k- — 2m
’eo:ﬁm A A ” Re
e % 2.10% N
Y 510N 1
\J\]\ H L -4.10“n
8.70%Nem @
Y 1000 q 7, 10%Nm
4 m
74.10*Nm 10N
Hinh 6.11.
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Cu thé la:
15.10*.10
e
16.10°
Theo quy cach thép can, ta chon I,
W,=947cm®; J, =18 930 cm*; S, = 540 cm®
h=40cm;b=155cecm;t=1,3cm;d=0,8cm.

=938 cm®.

Kiém tra lai iing suét phap:

max 6
Opmax = M, = 15.10 = 15,840 N/em? < [6] = 16,000 N/cm?2
\\ Y 947 ‘

X

Ung su4t tip cyc dai trén truc trung hoa x tai mat cit “0” duge xac
dinh bing cong thic:
_ QUF.SS  5.10%.540

Tmax = - =1780 N/cm2
15, 18.930x08

Kiém tra bén theo thuyét bén ting sudt tiép 16n nhat. Mit cit nguy
hiém 1 mat cit c6 M, va Q, déu 16n, ta thiy mat cit tai 2 va 3, tai 2,
M, = 14.10* Nm; Q, = 2.10* N; tai 3: M, = 11.10* Nm; Q, = 4.10* N. Nhu
vay mat cit 2 nguy hiém hon.

Kiém tra bén & mat cét 2:

Kiém tra ing suét ti€p 16n nhat trén truc trung hoa x:

.= Q8. _ 2.10%540

™" 735, 18.930x08

=713 N/lem? < [1] = % = 8.10° N/em?.

Kiém tra bén d6i v6i diém tiép giap gitta long va d&€ chit I, diém nay
¢6 ing suit phap la:

M (h t} 14.10°

——(20-1,3) = 13830 N/cm?.
18.930

Ung suét tiép tai diém tiép giap giita 1ong va d€ x4c dinh theo céng
thitc ciia Zuravski:
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- [s- 5]
J.98, 212

4 2
o= 20 [540— 08 (ftzﬁ - 13] ] = 528 Nicm?®.

18.930.0,8 2

Diéu kién bén theo thuyét ing sudt tiép cuc dai la:

G = +(13,8)* +4(0,528)? = 13,84 kN/em? < [o] = 16 kN/em®,
Mit cit 2 théa mén diéu kién bén.
BAI 12
Cho dim chiu udn c6 kich thudc, lién két, lyc tac dung nhu hinh
6.12a.
1) V& biéu d3 lyc cét (Q,) va mémen udn (M,).

2) Xac dinh tai trong cho phép [q] theo diéu kién bén cha ddm. Biét
[6] = 16 kN/cm?, b qua &nh hudng ctia lyc cit.

Tinh d6 vong va goc xoay tai C clia dim iing véi gié tri cla tai trong
[q] da tinh dugc & cAu 2.
GIAI
1) Phén lyc lién két tai A va B, bidu d6 mémen udn M, va biéu do
luc Qy duge vé nhanh trén hinh 6.12b,¢,d.
|
2) Biéu d3 momen cho th&y mat cit bén phai C 12 nguy hiém nhat, tai

do:
M, = ql%
Diéu kién dé xac dinh tai trong cho phép [q] 1a:
[a}?® c]W,
<= s o @
a’ 6*

J = Jmm _ g twne = 005d'- — =0,05.10 - — =392 cm*
12 12
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W,= 2 =—2_ =784cm?
Yoax  09d
Thay vao (a) ta cé:
78,4x16 kN
= =0,1254 —.
ld 1002 cm
(\szl’
A d 2 o

4) 21 Z ?’
r ]

d=10cm ; a=6cm

e
{=to0cm; E =210 kN fen? y

T\nglz
b) A 4 Vt 8
+
R‘?l[‘ 1 2 1| : —{&=9¢
9
? T ©
\ql
d) \ / @
73 (qﬁ_z

Hinh 6.12.




3) D& tinh chuyén vi thdng ding tai C, ta xdy dung dim gid tao
chiu luc gia tao nhu hinh 6.12e.

Ly momen déi véi diém C'do tai trong gia tao gay ra, khi xét phén
dim CB, ta c6 chuyén vi thing tai C:

3 2 4
V.= M = u il__l._ﬂg_l£=i & _
9 EJ
0,1254.100*

7 =0,71 cm.
2.10°.392

4
9

Piém C di xudng.

Géc xoay tai C duge tinh tudng tu khi khao sat diéu kién cén bang
theo phudng thing dtng ctia mdt trong hai doan AC hoic CB ta di dén:
_9ll 1w 24

2EJ, 18EJ 18EJ,

QY =0,
Miit cit C quay ngude chifu kim déng hd.
BAI 13

Mbt ddm c6 sd @ hinh hoc va biéu d6 mémen uén nhu hinh 6.13a, b.
Hay dung lai so d6 tai trong, vé bidu dd luc cét va tinh chuyén vi thing
ditng & mit cit “K” gidia ddm?

GIAI

Can cit vao buée nhay va dﬂé’m gy clia biéu d6 momen ta théy tai A

phai ¢6 lue tap trung P huéng xudng duéi va cé d6 16n sao cho:
2
PA.O,5 =2kNm = PA = E =4 kN.

b

tai B va C ¢c6 mémen tap trung sao cho M; =4 kNm, M:= 2 kNm. Khi
di ti trai sang phdi M} cing dudi, M: cing trén: So d6 tai trong nhu
hinh 6.13c. |

Biéu dé luc cit (hinh 6.13d) c6 thé vé truc tiép qua so dd chiu tai da
c6 hodic suy ra truc ti€p tit biéu d6 (M). Cu thé la:
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2
QABZ_O_’S =-4kN; Qpc = "2 =-1kN.

F-N

Chuyén vi tai mat ct “K” duge tinh bing phuong phap nhén biéu
d6. Cu thé 1a:

Ve= Yoo (M) (M) =0

Diém K khéng c6 chuyén vi thing diing vi trong doan BC, (M)) d6i
xiing con (M) phan xiing.

a) W
|- 45m_| 4m 4
- 1 m 2/</Vm®
b) ZkNi
2kNm
c)
) | | 1kN
ﬁ eI @
d,) y
4iN
P-1
®)
Im

| Hinh 6.13
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BAI 14

Cho mo6t ddm chiu uén nhu hinh 6.14a ¢6 mét cit ngang nhu hinh
6.14b.

1) V& biéu 43 luc cit Q, va momen uén M,.
2) Kiém tra d6 bén theo ting su&t phap. Cho biét [6] = 12 kN/cm?,

d=5cm, E=2.10* sz ,q=0,2kN/cm, ! =0,5m.

cm

3) Tinh d6 vong tai mit cit 3 va géc xoay ctia mit cit 2, vé (V), (9)

— d
a) A M=4q¥’ P=q! b) <>
Y > %
LYYVYYY . _xi é\zd
1 2& 3| z 1 A%
Lt l [ 1 Y -
3 > > > y
2d -
Hinh 6.14a, b.

GIAI

Pé dap ting t6t nhit yéu ciu cda bai toan, trudc hét hiy thiét lap

cac bidu thiic ciia chuyén vi V(z), ¢(z) va ndi luc M,(z), Q,(z). Cu thé 1a
theo phudng phap van ning ta c6:
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3 4

z z (z-0*
V(z)=Ag,z+R - +q2=
(@)=A00z+ Ro oy = agy 24E]_ \
i=1] i=2 |
_9\3 2¢., _9\2
W, 222 _4alE-2)
6EJ_ 2EJ
z’ z* z-1)
z) =A@y, +R - +
@(2) Port Ry 2E] q6EJx q 6EJ
i=1| i=2|
D
2 72
_4qli(z-2)) + R, (z-20)
EJ. 2EJ
2 2
Mz(z)=Rmz—q£2— + q(z 2l) - 4ql2+R03 (z—2l)‘ /
i=1| i=2| i=3
Q,@)=Ry, ~az| +q(z=])| + Ry
=1 =2 |8 )
Céac hing s6 Agy;, Ro1, Ros dude xac dinh tit cac diéu kién sau day:
VE=2)=0]
M,(z-30)=0 ' @)
Q,(z=3) =P

Giai hé (2) ta dugc:
Ay, =-1,85.102 rad ; Ry, = 2,25 gl = 22,56 kN ; Rys = 2,5 kN.

Thay cac k&t qua nay vao (1) ta c6 cac biéu thic ctia chuyén vi va
néi lue dudi dang tuong minh. Theo cac biéu thitc trong (1) biéu d6 cta
™), (@, (Q,), M, dugc vé trén cac hinh 6.14c, d, ¢, g.
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Do vong tai mit cét 3 1a:
V(z =3 =150) =-2,49.10 cm.
Goéc xoay tai mat cit 2 1a:

¢(z = 2{ = 100) = +3,353.107° rad.

3,353.10°3

> 7

9,147.10°

é

Hinh 6.14c,d,e,g.

R R ‘A A 2 2 A ~
Kiém tra diéu kién bén chi ké dén tac dung ctia mémen uén:
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X max

O max = = = = =
\ Iy 3.2 128334 16041

X

=935 N
cm
DAam da cho thita bén.

BAI 15

T mot cdy gd tron duong kinh mat cit ngang D = 2R, ngudi ta
mudn xé dé béc thanh mdt dAm mat cit chit nhat b x h sao cho ¢6 dd bén
“udn 16n nhét c6 thé va chi rd cach xac dinh b, h. ’

r e

,:: #
z A
T Y
b 'LQ/,,
a) b)

Hinh 6.15.

M, 1500 15004 _ 1500 _ 1500

GIAI

‘ !

| Bai toan rit thuc t& ndy do Paran dé xut va duge thyc hién nhu sau:
1 Gia st mit cit ngang b x h da cé.

i Vib® + h?=4R”.

} nén hZ=4R%-Db%

Do d6, mdmen chéng uén ctia mét cit ngang déi véi truc x la:

D S Y
W, = = -6(4R b?)
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Ham W, (b, h) ¢6 cuc tri khib=2R/+/3 vah=b. v2.
Thyc hanh xac dinh b, h nhu sau:

Chia dudng kinh AD = 2R ra lam ba doan AB = BC = CD. Tu B va
C vé cac dudng BEh_AD, CF.h_AD. 4 diém AEDF trén chu vi mt tron
12 hinh chit nhat cin tim va ngudi ta xé theo cac dudng AE, DF, ED va
AF (hinh 6.15b).

BAI 16

Chon kich thuéc a ctia mit cit ngang d6i véi ddm chiu lyc nhu hinh
6.16a. Biét [c], = 9 kN/ecm?, [0], = 12 kN/cm?2

GIAI
Bidu d8 ndi lyc (Q,), M,) duge cho trén hinh 6.16b.

I-—Ba -—4

M 330 kNem 5
.
A
S
) J{— Im <L—— 2m r—-| : h

a Za a
|
[ ® | ok
v O ="
\'\//okﬂr('
Hinh 6.16.

Trong tAm mit cit cach mép trén:

_ 4a.8a.2a +2.10a.a.9a
T T 4a8a+2.100a

=4,7a.
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Mémen quan tinh trung tdm ctia mat cit:

_ 8a(14a)’

I
12

+(2,3a)% 8a.14a -

3
611(%!2)—?)— — (4,32)’6a.10a =812,6 a*

Mit cit hop 1y phai thda min diéu kién:

c 9 3 3
ﬁ_:UL:———:-— hakaz_Yn'
y, [ol, 12 4 4

o < A s 3R A - ~ ~
o) mit cit bén phai diém C, mémen cing trén nén:

Ye _ 47a 3

y, 93a 4

thé bi nén dat giéi han nguy hiém truée. Do d6 ta c6 diéu kién bén:

My | o, o 22000
7. ST 812.6a°

X

9,3a <12

a=>275cm.

O mit cét bén trai diém C, mémen cing dudi Yo 93 > 2
y, 47a 4
O day thé kéo dat nguy hiém trude. Vay:
M 11000
—x <oy == ——— .983a<9=>a>24cm.
p Vel = g6 a=sicm

Kich thudc cin thiét k& la: a = 2,75 cm.

BAI 17
Mot ddm mit cit ngang hinh vuéng chiu lyc nhu hinh 6.17a.
1) V& biéu dd noi ldc Q, va M,.

2. Xac dinh kich thudc mit cit ngang theo q, I, [o] khi chi ké dén
tac dung cia mémen udn.

3. Viét phuong trinh dudng dan hdi, tinh dd vong tai ¢ va géc xoay
tai A? '
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GIAI

1) Cac biéu thic cta Q, va M,:

W@=Ro| ~qlz-1/2)] +R,|

i=1 i=2| i=g

Mx(Z)=R01Z’ - QL
1=1

Qy(z=1’51) =0
= Ry =~qld; Ry;=2q/ 1 (hinh 6.17a).
M, (z =1,51)=_q12} an="9 03 =2q¢ | (hin a)

M°=q ¢
<
A 270
&’l, 1 8 : Z 3 /{//4‘[
%) R | 172 vz _{fs 12 1‘-——4’“

71 24/
5) z

Hinh 6.17.

Bidu d6 Q, va M, dugc mé t3 trén hinh 6.17b, c.

2) Mt cét nguy hiém nhat theo M, 1a mit cit “2”. Didu kién bén tai
day duge viét:
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X

V(2) = Apyz—ql ——

NEJ],
1=1 1=3
2 -1/2) -?
EJ, ¢(z) =A@, EJ, —qlzz— - q(i—g—)— +2ql(iz—)

1=1

Tinh AQy, = @4 va Vi

4 .
Vz=D)=0=> Apy = Qs = % . % (x0ay ngudc kim ddng hd)
4
Ve=V(z=1,5)=- ";’; gjl (diém C di xudng).
BAI 18

Cho diAm cé mat cit ngang va chiu lyc nhu trén hinh 6.18a.

1. V& bidu d néi luc Q,, M,.

2. Xac dinh kich thudc mit cit ngang, cho biét: q, [, [c]. Khi tinh bo
qua luc cét.

3. Tinh Vg, ¢c do P gdy ra, biét EJ, = const (khi tinh bé qua tai
trong phén bd déu).

GIAI

1) Phudng trinh mémen udn, hyc cét va biéu d8 cta ching hinh 6.18b, c.
2

2
M,(z)=—qlz—q% + Ry, (z - 1/2) +q(i—2—l)— ,
’ '2 ~3

1
Q) =-al-az| +Ry| +a-D)|:

|1 |2 |3




2) Phuong trinh dudng dan héi:

| z2  z z—-1/2)° _n?
EIV() = AV, BV +Agy Elz-P. 5 - g2 +R02(_T)_ +q 4')

M(z=150)=0 = Ry= é%l va khi khong c6 luc phan b6 ta cé:

Ro: = 1,5 P.
3P N .
Vi(z=1/2)=0 V., =AV, =— —— (diém C di xudng duéi).
= 24E]

Vi(z=15D)=0 Cea R
3 ) @, =A,, = P/? /14EJ (quay ngudc kim dong ho).

IP-—gl

7 4 %
8 . .

b

£
o | )

Hinh 6.18.

BAI 19
Cho médt dim chiu udn cé6 mit cit ngang, lién két va chiu lyc nhu &

hinh 6.19a. Mit cdt ngang ctia dim 14 hai hinh tron dudng kinh d ghép
cing lai véi nhau.
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1. V& biéu 44 luc cdt (Q,) va mdmen udn (M,).
2. Tim kich thuéc d @€ ddm thda mén diéu kién bén. B3 qua anh

hudng luc cét.
3. Tinh 46 vdng tai C dng véi kich thude d cha ddm tinh duge & cau

2 biing phudng phép tai trong gia tao.
Biét E = 2.10” N/cm?, [0] = 16 kN/cm?®.

GIAI
1) Biéu d6 (Q,) va (M,) nhut hinh 6.19b, c.
2) Dic trung hinh hoc cia mit cit ngang

2 2 4
J.=2 Jm+(§) LN I P
2) 4 64

J, =0,491 d4*
W, = L =0,491 d°.
d
. . max M, -
Diéu kién bén: max|c| = ——WI——I < [o]. Thay s8 véo, ta cé:

2 2

3) Phuong phap tai trong gia tao tinh V.
Tai trong gia tao dit 1én ddm gia tao nhu hinh 6.19d.
! M'l _2 ¢ jo_ 9

3

1 M
Q,=—. A= ;o Q= —. .
'""2"H " 2EJ, * 3'8H), " 12EJ,

M'a 20, Q
Q,= ; Rp=ZL_2--R
* B, T3 2 B

a Ml Ma g
M, = Rp.a+Q,. 2 V= -
BT g i e Ex(3 2 24)
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V.o 100 30.102.400 .\ 30.10%.100  0,2.400°
¢ 2.10%0,491.7,26* 3 2 24
V¢ = 0,061 (cm).
2- 20kN/m M= Jokllm
A A

32kN

) [=am "'j

(B =1

| J25kN 415N a=im

4 l 1625m 47 54N @
|

’ - il @

LLU—U(LLM J0kNm

A
>
u.lk
L)
[}
AN AN

2, i 'A 655 k N aMa
IZEJ = —L
/ 3 E‘Zt
M.
E‘Zt / MC
4F cl/) gt
Ry
Hinh 6.19.

131




BAI 20

Tinh @ng suft tuong duong 16n nhit Oy, trén mit cit ngang chit I,
chiu cAc mémen udn M, cing trén va Q, nhu hinh 6.20, véi M, = 960 000
daNem, Q= 19140 daN.

GIAI
G c(+g)= M, _ 260000 _¢0g daN/em?
td max Wx 597 .
.S 19140.339
o = [0+372 V3. Q-5 ———— =942 daN/cm®.
Tmax = 1.5, =3 9840.0,7 e

G (v = 15,38 diém 2 cia 1ong) = /o2 +312 = 4/ 1500,5% +3.693% =
=1921,5 daN/cm?.

1608 daNfcm?

@Ja/V/cm‘

330
[
|

h=
- N~
&5
A
-
]
3
R
e
e
MJJJ
)
O,
&
N
SN

/ B A 6:;40 s 693
7608 l
¥
Hinh 6.20.
trong dé:
G, = 960000 .15,38 = 1500,48 daN/cm?
98400
T, = Q,-5, 19140250 _ 693 daN/cm?.
718, 9840.0,7
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Vay @ng suft tuong duong 16n nh4t xay ra & diém 2 giita long va d&

thudc vé 1ong. Cu thé 1a:
Oamax = 1921,5 daN/cm?.
BAI 21

Mot thanh mat cét
ngang hinh chit U vat liéu
lam thanh cé: [6,] = 3 [cy].

.
k
L
1

. T "
Mait cat hinh chit U cé: b = Z 2
20 cm, t = 1 cm. Hay tinh % é
chiéu cao h hgp 1y cho mit % 7 N
cit ngang chit U (hinh s ? ' é
6.21). 7 ]
GIAI L) S
WL
Goi truc ox la truc 5
trung hoa. Theo diéu kién
ddng bén cta cac thé bién
Omaxk = [0l Omin = [0]a ta Hinh 6.21.
co:
[G]k - Wxn =£ _[ck] _l
e, Wyu h, [6,] 3
1
Vi
h 3
hy+h,=h,hj=—vah,== h,
1 2 1 4 va ny 4
Truc trung hoa ox phai 1a tryuc trung tam, nghia 1a:
S, = 0. Diéu nay cho ta:
h h h h h?
Si;=—(b-2t)2t | —-t|+2ht|—-—|=-36|—-1|+— =0
®-29 (4 ) | (2 4) (4 ) 2
|
hay ‘

h®-18h +72=0.
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Giai phuong trinh nay ta cé:
h=9++9 =943

Vi vay, chiéu cao hgp 1y h clia mat cit phai bing 6 cm hosic 12 em.
BAI 22

Trén mét cdt chia mét ddm chi I chiu luc cdt Q, va M, cho trudc,
hay tinh Gng sudt ti€p t,, doc theo chiéu cao chit I, tinh o,, tai diém tiép
giap giita long va d¢€ va 1,,,,.? (hinh 6.22a).

GIAI

D& don gidn ta coi phdn d€ va phin long cda chit I c6 hinh chit
nhat. Ung suét ti&p 8 phén 1ong 12 1,,, con ng suét tiép 5 phén d€1a 1,,.
4 day ta chi néu céch tinh 1,,.

Ta thyc hién mdt nhat cit vudng gée véi truc y tai diém k c6 tung
d6 y 6 16ng chit I (hinh 6.22b), mémen tinh ciia phdn dién tich bi cit dsi
véi tryc x la:

trong dé:
S, — mémen tinh ctia mét nita chii I d6i véi truc x;
y — tung d6 cla diém k trén mit cit dang xét;
d — bé rong cta long chit I.
Ung suét tiép ctia mot diém k bat ky, tung d¢ y cla long chit I 1a:

_aY
Q,.S: Q’[S" dz]

Ty = = : (a)

J,.0 J,.d

X < X

Quy luat phén bé 1,, theo chiéu cao 1a dudng parabol, tai diém nim
trén truc trung hoa, Gng suit tiép 16n nhét la:

T = Q5.

i J..d

X
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¥ G

Hinh 6.22.

Tai diém A, tiép giap giiia 16ng va d€ nhung thudc vé long, tng suft
ti€p duge tinh theo cong thic (a):

ofs-36-1]

Ta, =

' Jd

Tai diém A, thudc vé d&€ chit I, iing sudt tiép tinh theo cong thic (a)
v6i J.d duge thay bang J,b:




d(h Y
o[s-36-J
T, =

1 Jb

Dod <b nén 1, > T, vivay, khi kidm tra bén, ta cdn chd ¥ kiém

N . R ~ R 15
max Ty VA Oy tal diém c6 T, . Cu the la:

min

6. S [Olum Tmax < [1] VB 0 = o 04 +4 75, <[],

min

A 2 , o R 2
tra d6i véi cac diém c6: T

Trong thuyc té&, dé khit sy tap trung Gng sudt tai chd tiép giap giila
long va d€, tai d6 ngudi ta tao mdt goc lugn thich hgp. Vi vay bidu db
phan b @ing suét ti€p sé khong c6 bude nhay d6t ngdt nhu hinh 6.22b.

BAI 23

Mot ddm mit cdt chit I chju lyc nhu hinh 6.23a. Hay vé biéu 46 luc

cét Q,(z), mémen udn M,(z) va chon & hiéu thép I, biét [c] = 16 sz ,
cm

a=200cm,q=0,1 £N—-
cm

GIAI

Phai xéc dinh phan Iyc lién két va viét céc biéu thitc ndi lye. Cu thé 1a:

2
_ qZ +Ry,
Q@)= —qz+_5'—
2
IOsta [a<z<2a
_q (z-2) —q(z-253)| -
a 2! 3

2,6a<z<3a

2a <z<2,ba




_9 (z-2a) _ (z-25a)"
a’ 30 |g T

2a<z<25ba 2,5a<z<8a

Taiz=2athiM(2a)=0 = Ry = % qat.

Thay Re, vao Q(z) va M(z) va vé biéu dé (Q), (M) nhu hinh 6.23b, c.

q 7
! am E
a)
— a IR a

N

~

o2

T lar 1|
ag ~ |
z
al
- Q)
C) 22'7; gal
M
Hinh 6.23.

Mit cét 4 12 mit ct nguy hiém nhat, tai dé:

_ 25qa? 25qa’ _ 25.0,1.200
24W, 24[c]  24x16

<fo] = W2 = 260,4 cm’®

Gmax
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Theo bang quy cach thép can chit I ta 14y: I, c6 W, = 289 cm?. Khi

. ., ¢ 7qga o < . . 2o R e .,
kiém tra lai c6 ké dén Iuc cit Q = % o mit cat nay tai diém tiép giap

giita canh va bung cta né theo cong thitc: o, = /o> +41° ta thdy diéu
kién bén hoan toan dam bao. Cu thé la:

,/cz +41% <[o] = 16 kN/ecm?.

Ban doc tu thyc hién phép tinh nay nhu da chi dan & bai 22.
BAI 24
Cho d4m c6 bidu d8 luc cit va mit cAt ngang nhu trén hinh 6.24.

Biét ring trén ddm chi c6 mdt mémen tép trung tac dung tai A va cac
tai trong khac, C 1a trong tdm mit cit. Hay:

1) Xac dinh tai trong tac dung 1én ddm theo q va a.
2) Vé biéu d6 ndi Iyc ctia ddm theo q va a.

38) Chi ra t4t ca ciac mit cAt ngang ma trén d6 ta tach ra cac phén t&
hinh hdp ¢6 mot mit vudng gée véi truc ddm cé:

a) T4t ca cic phan t6 déu 12 phan t8 trugt thuén tidy.
b) T4t ca cac phéan t& déu 1a phéan t8 chinh.

4) Xac dinh gia tri cha q va a. Biét ring dng suit chinh c6 tri s 16n
nhét dng véi trudng hop 3. a) 14 1,32 kN/em?, ing véi trudng 3. b) 1a
32,29 kN/cm?.

GIAI
- 1) Xac dinh tai trong trén dim

Bidu d6 Q, cho thdy trén ddm c6 3 lyc t4p trung tai A va B chinh
14 cac phan luc R, = 3qa, Rz = 2qa huéng 1én va tai C c6 luc tap trung
P = 8ga huéng xuéng. Doan EB c¢6 lyc phén bd déu di xudng:

dQ 2qa
— =t _— = l«
dz % 2a q

Mémen tap trung M* dugc tim tu:
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>m, =M - 3qa.a —2qa.3a + 2qa.4a = 0

Suy ra M* = qaZ.

-+

L @ | a 2a
1 + 45em
Fga “ :"“""LLU.LLL[d O | Fecm I
Zga
P.—j a Fem
M= ga g g F—
H
’,%4 2 Za 7)?7
Jga'! H .: T ﬂlga Il Sem
P N .
c) “ 8 @
Zga‘
ga’

Hinh 6.24.

Nhu vay tai A ¢6 moémen t4p trung bing qa® quay ngugc chiéu kim
déng hd. So dé tai trong tac dung 1én ddm (hinh 6.24b).

2) V& biéu @6 ndi luc
Biéu dd néi luc nhu trén hinh 6. 24a, c.

3a. Cac mit cdt Hva B c6 M, = 0, Q, # 0 nén trén cac mit cta

phén t& chi c6 ng suit ti€p. Do d6 cac phan t6§ tach ra trén cac mit cit
nay la cac phén t3 trugt thudn tuay.

3b. T4t ca cac mit cit trén doan CE ¢6 Q, = 0 cdn M, # 0 nén trén
cdc mit cla cac phan t8 duge téch ra trén cic mit cét cha doan CE,
khong c6 ing sudt tiép, cac phan t6 nay déu 1a phéan t6 chinh.




e Phan t§ trugt thudn tdy c6 Gng sudt chinh 16n nhét 1a phén to
nim trén truc x:

SC

Omax = ~Omin = |t.w| = |QYI -
1.3
3 3
J,= 313 +3.339+25 +3.3.3.9=688,5 cm’
s =15
to= 3284375 _ ;539 kNIem? @
688,5

e Céc phan t§ chinh thudc doan CE déu 12 trang thai dng sudt don,
phén t& ¢6 tri s6 tng sudt chinh 16n nhét la phan t6 nim & mét trén caa
dim trong doan nay:

2qa’

M
L= =W = . 7,56 =32,29 kN/ 2 2
max|o,| 3 Vi 6885 cm (¢)

X

Gidi hé (1) va (2) tim dudc:
a=136,36 cm = 1,36 m ; ¢ = 0,0797 kN/cm = 7,97 kN/m.
BAI 25
Mot dim chiu lyc cAn bing nhu hinh 6.25a, ¢6 a = 200 cm, [o] = 16
kN/cm?, q = 0,56 I:_NnI . Hay viét céc phuong trinh d vdng, géc xoay, momen
udh, luc cit va vé (M), (Q,). Chon mét cét chit I theo mémen udn?

GIAI

Theo cong thic cia phuong phap van néng ta viét dugce:




2'EJ

X

4qa° (z—2a)? rq (z-2a)*

AE],

=3

1=3

Q,(Z)=Ro|—qZ| v —qal +q(z—2a)
li=1  li=2 |i=3

y P=‘ a %
R e A
a) a0 1 \E‘} 2 N
'?04 * P=1?d
| a L [~ 4 L a
1 T |
qa
b) [@Tﬁ\
ga I
274

LA ‘
95¢a* W

Hinh 6.25.




Céc phan luc My, , Ry, duge xac dinh tit diéu kign:
M,(z=3a)= 0
Q,(z=3a) = - 2qa

Thay M;, = —qa® va Ry, = qa vao phuong trinh V(z) va ¢(z). Ta sé

- M;l = _qaz; ROI = an

dugc phuong trinh d¢ véng va géc xoay dang tudng minh.

Theo cic ham MJ(z) va Q,(z) ta vé biéu 6 (M,) va (Q,) nhu hinh
6.25b, c.

Chon s6 hiéu thép chit I theo M, = 2qa? (hinh 6.25¢):
2qa’ _ 2.0,5.200°
[o] 16

Theo quy céch thép can chit I ta chon Ig c6: W, = 2560 cm® dé ké
d&n anh hudng cia lyc ct.

W, 2 = 2500 cm®.

BAI 26

Cho két cdu chiu lgc nhu hinh 6.26a.
1. Cac thanh BC va BD c6 mit cidt ngang trén, dudng kinh

d= % . Tim @ng suét 16n nh4t trong thanh BC va BD theo q, a?

2. Thanh AB c6 mét c4t ngang 13 hinh chit nhat, kich thuécbxh
= ix%. V& bidu dé néi Iuc Q, va M, va kiém tra bén cho thanh AB?

Biét [o] cha thanh AB la 25.000 g/a.

g

3

a)
Hinh 6.26a.




GIAI

Tach hé da cho thanh hai phdn nhu hinh 6.26b,c. Didu kién cin |
bing cho ta: ' |

* D6i v6i ddm AB: R, = 3qa

Rgp = 4gat
« D&i v6i hé thanh BCD:
.»Rp=4qal
’ 4q‘a4

Do tinh d6i ximg: N = N, = —&

7
2/ Tinh ng suft 16n ‘nhitﬂf;rong thanh BC va BD.

ch_oBD_Nc_ 4ga _ 1600q
= 7T Tp nd? 3
ix28 i
4

3/ Biéu dé néi Iyc Q, va M, trén thanh AB (hinh 6.26e, g).
4/ Kiém tra bén:

* Miit cdt nguy hiém: mt cdt qua E c6 M,,,, = 4gaZ.

e Diéu kién bén:

o,mu:——’;‘“ﬂs c).
W, [o]

G.max = 36.000 g/a
[c] = 35.000 g/a

—> Oumax > [0] nhung khéng qua 5% nén thanh vAn ¢4 bén va kinh




b) la

¢

<)
d) A - : G
A R,
Fga - G v g
e) '
Q|| fae @
riad
3
Parabol _ @
Hinh 6.26b, c, d, e, g.

BAI 27

Mot dAm chiu Igc cAn bang nhu hinh 6.27. Hay xac dinh vi trf x cia
diém dit luc P d€ phuong trinh d6 vong cha AB 1a bac nh4t?

GIAI

Dé cho 6 vong V(z) trén AB 13 bac nh4t thi:




¢(z) = V'(z) = hing va M,(z) =EJ, V() =0 (a)

Goi Ry, 1 phan lyc 6 géi A, thi phuong trinh M(z) trong doan AB 1a:

M(z) = R,z (b)
IP lp N
A 5 ¢ . Z
%ﬂ 1 C 2 3 ID
X
/ 1|. l
R‘” k—— I=3m —.-—d:/m-l—
Hinh 6.27.

T diéu kién can bing mémen d6i v6i diém C (cu thé 1a Tm (B, ) =
0) va céc quan hé (a), (b). Ta rit ra:
_P(l-x-a)

RO] l

=0 hay x=2m.

BAI 28

Mot ddm chiu lyc phan b déu nhu hinh 6.28a. Hay xac dinh chidu
dai x ctia congxén dé dAm 1am viée hgp 1y nhat va chi rd mat cdt ndo chi
¢6 dng sudt ti€p, cdn mit cit nao khong c6 tng sut?

(! T 1
RERE! IB_UEHIC HHD
a) x ", Z -
gL

e

2 b
GIAIL 4 Hinh 6.28.

D& ddm lam viée hop 1y nhét thi ti bidu &8 M ta phai cé:
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IM, 5= IM,|5=IM,]¢ (a)

trong d6:

2

M,(B) = q 52— = M,(C)

CUSIN
8 2

Do d6, giai phuong trinh (a) ta cé:

M(E) =

2 8 2

Nghiém cén tim phai 1a: x = 0,2071 L.

Tai cae mgt cit A, I, K, D mémen udn bing khéng, nén o = 0.

Tai cac miit cit A, E, D khong c6 ting su#lt tiép vi tai @6 Q = 0.

Tai A, D thi Q = 0, M = 0 do d6, tai ddy khéng c6 ca tng suét phap
va {ing sudt tiép.
BAI 29

M6t ddm mit cdt ngang hinh chit I, ¢6 J, = 230603 em* chiu luc

nhu hinh 6.29a. Hay chon tai trong cho phép [q] tac dung 1én dim va
kN

mZ

kiém tra lai 46 bén cha ddm véia=1m, [c] = 16

GIAI
1. Biéu d6 lyc cdt va moémen udn duge mé ta trén hinh 6.29b, c.

2. Tinh tai trong cho phép [q] kiém tra dé bén & nhitng mit cit c6
kha nang nguy hiém

Trén biéu dé M,(2) hinh 6.29¢ mit cit nguy hiém la mit cit 3, tai
d6 mémen 1a 16n nhat M,,,, = 5,466 qa%. Xét diém A trén mat cdt 8 cach
xa truc trung hoa mét doan y,., = 42 cm.

Trudc hét ta chon téi trong cho phép so bé theo ting sust phap 16n
nhét:




0O

b)

P

:2’4 q

/ P
2 b <
iR=6896 ga R 1505,
100 740 | 140 280 *27ge .
777 B |
90
- 3895qa= (6259584N) ‘ -Q_IF@
™ 2495 © ¥
™ 495 ga= (440,992 k) ¥
) x

&£10

—1505ga = (- 241 881 kN,
. ’ ‘
-Jga =( 492 1554N ) ’ )

=25 94’ (401759 558 kN em )

®)
N\

125 ga’= (20121927 kWNem )

1973 ga’= )
(3/7;?,7/{»4”47" y \l\l )/
V.

£465¢a¢: (87948 506/:Ncm)
Hinh 6.29.

&




- M, Vimax < [6] = 16 kN/cm?

Gmax
T,
2
Omax = 3,466xqx100° x42 < 16 kN/cm?
230603
16x230603.0  _ e07189757 KNiem

<
9= 5.466x1007 x42
= [q] = 1,6072 KN/em.

Kiém tra difu kién bén & chinh mat
cit 3, tai diém B c6 y = 41 cm:
My . _ 5466x1,6072x100°.41 _

=Ty YB 230603,0

= 15,619 kN/cm?
o= Q-Sy _ 1,6072.100.2,495.1660 _
718, 230603 x 2,2

= 1,312 kN/cm?.
Theo thuyét bén Gng suft ti€p 16n nh4t:

Ou = /Oy +41} < [0]

= (15619) +4(1,313f =15,84<16 =

G — 16

=_-1% < 0.
16 100 =-1% < 5%

Vay & mit cit 3 tai diém B c6 yg = 41 cm thda maén rét t6t diéu kién
bén khi bi uén.
Xét mat cat 1 tai diém cach tryc trung hoa yg = 41 cm (diém B).
M,, = 2,5qa®
Q.. = 3,895qa

2
MYy _ 3895XLOOT2XI00°X4L _ 1\,

Og =

J 230603,0

X




Q,.S; _ 3,895x1,6072x100x1660 =205 kN
J..8 230603,6 x 2,2 7 em?

X c

O = /0. +4 1 < [o]

o= (11,401 +4(2,05f = 12,115 < 16 kN/em? < [q]

T=

Vay & mét cAt1, Gymay 16n nhét cling thdéa man rit t6t diéu kién bén khi
bi uén.
Kiém tra d6 bén & truc trung hoa trén mat cdt “1”, tai day Q = Q... =
3,895qa.
Theo cong thitc Zuravski dng sudt tiép 16n nh4t tai cac diém trén truc
~ trung hoa la:

c
T _ Qymax‘sx
max
J..8,

trong d6: S; =S, =3137,84 cm? §, = 1,2 cm.

2

Do d6:
. 3,895x1,6072x100x3137,84 — 710 KN/om? < [o] - 9.94 LN_Z_
230603,6 x 1,2 V3 cm
BAI 80

Mot thiét bi ép c6 so d6 trén hinh 6.30. Biét P = 100N, a = 60 cm,
b =10 cm, ¢ = 60 cm, d = 20 cm, [6] = 16 kN/cm? cac thanh 1, 2, 3 ¢b
mét cét tron.
a) Hay xac dinh luc ép R 1én vat ép?
b) Xac dinh c4c dudng kinh ctia cac mit cdt ngang ddi véi cae thanh
1, 2, 3?7

GIAI

Khao sét co cdu may ép. Co hé c6 lién két holémoén gitd, ding, 1y
tudng va c6 mot bac ty do. Chon toa @6 suy réng du 13 gée dinh vi ¢ cla




khadu AC. Cac lyuc hoat ddng 1a luc P va lyc ép R . Cho co cdu mot
chuyén vi kha di tng véi thanh AC quay quanh A mét goc 8¢. Khi d6
thanh DE quay quanh D mgt gbc 56.

Nguyén 1y céng kha di ctia cac luc hoat dong cho ta:

>.8A = Padp — Rdé6 =0 (a)
Vi chuyén vi cia hai diém B va E bing nhau, ta cé:
bdp =cd0 = S = % )

Thay (b) vao (a) ta cé:
R=P 2% = 1800N
b.d
Cé6 thé xac dinh R bing phudng phap cin bing tinh, khi cit thanh
BE va d#t vao mat cét luc doc N, > 0. Cu thé 1a:

2
IM,=P.a+N2b=0 = N,= —%E=—600 N (nén)

SM,=Ne+Rd=0 = R=- 228 _P2& _1q0N
d d.b
X4c dinh kich thudc mét cit ngang:
Thanh BE: F,> 4% = d,22 |—2_ =0,22cm
b[o] n.b[o]
P a
SD 59
[ A
e ——— {?\_{—_ -
56 @/l* b —
e $ —0¢
) %im &
MR AR R IR} SANNTNNANN
— d R
Hinh 6.30.
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P(a-b) 4,3 10P(a-b)

Thanh CA: W,=0,1 d} > > =1,46 cm
[o] (o]

Thanh DE: W,=0,1 d? > Nyle-d) _, dy> w=2,47cm.
[o] b.[c]

BAI 31

Ngudi ta tim thay trong hd so luu mot ddm thép I; cha mét cong trinh da
bi phé hity 6 so d6 hinh hoc va biéu d3 Iyc ¢4t (Q) nhu hinh 6.31a, b. Hay dung
lai sd d6 tai trong, vé& lai (M) va kiém tra lai xem thiét k&€ ban d4u ding khong?

Biét 64, = 22 + 26 kN/cm?,
GIAI

Tt biu db Q va so d8 hinh hoc, khi di ti¥ trai sang phai cho thay:

Tai “O” biéu db Q 6 bude nhay tir dudi 1én dé chinh 13 phan luc Ry = qa,
tuong tu nhut vay tai 2 c6 phan luc R, = 2qa. Tai 3 ¢6 bude nhdy xudhg dudi nén
tai d6 c6 P = qa huéng xudng. Doan 0-1 biéu d6 14 doan thing nghiéng di xudng,

nén trén doan dé tai trong 1a phan b§ déu q < 0 (hudng xubng). So dd tai trong
trén ddm da cho duge mé t3 lai trén hinh 6.31c.

A Sl Sl S

J - — ———

» A T
b) qa/@zﬁ‘h\ l Hé””\?a=f0kﬂ
— I eIT]
ga = 0kN
L b2ga P=ga

Hinh 6.31.
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Phudng trinh M(z) theo (1.4):

2

2| (z-2a)
(z)=qaz-q > -

+ 2qa

|2 | 3

2

Tai z= 8, M(8) = M = g8~ 92— = qa%2.

Theo ham M(z) trong tiing doan {ing v6i miém x4c dinh cua ching, ta
dung duge bigu d6 (M) nhu hinh 6.31d. Tt biéu d6 (M) nhan dugc lai cho thay
miit cit “2” chiu ché d6 lam viée ning nht: M, = qa® = P.200 = 16000 kNem, Q
= 80 kN. D& dAm khong bi pha hily tai dy ta phai c6 d6i véi thép it cacbon dude
dung trong xay dung la:

M, < [0] = 16 kN/em?
WX
hay: —l-g—g—(;g- = 26,8 kN/em?> o, = 22 + 26 kN/em?,

K&t qué nay cho théy thiét ke ban déu dé vi pham diéu kién bén. Dé dAm
bao an toan nén chon L.
BAI 32

Mot dim chiu uéh c6 mit cit ngang, lién k&t va chiu luc nhu hinh 6.32a.

a) V& bidu db Iuc cit Q, v& mémen udn M,.

pP-= _’ql
r! ’
/ /7
' A c B //
b
o, B 3 d
: | 1 1 | ¢ -
| ! !
d_
h=5=0¢6
Hinh 6.32a.
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b) Xac dinh kich thudc mét cit ngang (dudng kinh D va d) c6 dang méot
hinh tron rbéng (hinh 6.32a), cho biét [o], q, . B3 qua nh hudng cfia luc cit.

¢) Xac dinh géc xoay tai A va d6 vong tai C cia dAm.
GIAI

Biéu d8 mémen udn va lyc cét duge cho trén hinh 6.324, c.

. o W 2 e . l2
M3t cit nguy hi€m nh#t 1 mat cit “A” traivoi | M, | = q?

P=£ql
2 l
q
) A < 8
737 L
1L / " L ¥ L 'I" +
2

p ~ ®
s 9/
e) :
Z

Hinh 6.32b, ¢, d, e.

Tinh W,:

3
W= 7;2 (1-7n) = 0,087 D° Diéu kién bén duge viét:

ax |M 2 . .
mwl "|=0%§‘7111)3 <[o] . Do d6 dudng kinh cin tim la:

X

max|c|=
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2 .
___16_q‘l1__ . Géc xoay va do vong ta s& tinh bing phudng phap
n(1-n")[c]
d4m giA tao (hinh 6.32¢). Cu thé 1a:

2l ’ N 3
- Qg = qgt; ) = 2‘};)( (nguige chiéu kim dong ho)

20)° 4
Ve= M; = qg’(g ) = 4(:; (d6 vong tai C hudng 1én).

BAI 33
Mot ddm chiu udn c6 mét cét ngang, lién két va chju lyc nhu hinh

6.33a.

a) V& bidu db lyc cit Q, va mémen udn M,.

b) Xac dinh kich thudc mat c&t ngang c6 dang mot hinh vudng rong
canh a va 2a. Cho biét [o], q, I. B qua anh hudng cta luc cét.

¢) Xac dinh géc xoay tai A va dd vong tai C cua dim.

- M:;’-qzz (q _T
1 . J
A c 1 &8 Y ,f—I \
+ 7] v
a) 7Y iL" 1;7 AN ‘NJ
L [ / i Z 2
1~ T 1 22
Hinh 6.33a.

GIAI

Bidu db lyc cit vA momen udn duge vé trén hinh 6.33c,d.

Miit cit nguy hiém nhét 12 mit cit B trai. Do d6 diéu kién bén cta
dam dudc viét tai day. Cu thé 1a:
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12
Ta rit ra: a3 4

D% vong va géc xoay trong bai ndy ta tim bang phuong phap tai
trong gia tao. So d4 didm va tai trong gia tao dugc cho trén hinh 6.33e.

Do vong tai C va géc xoay tai A 1a:

e _qaQ2D)° I
Vc = Mgt = = q
8§ 4m,

(huéng lén)

q,(2l) g e s
Pa = Qg = £ > = 2(113Jx (ngugc chiéu kim déng hd)
~M=tq! vl
: A lc 8
5) A
— I + l + + /4 —}
Lol
c) 4 7 m
2 2
4)
2 lz
gt q
2F], \/ L ZEL.
e) : A ¢ B

Hinh 6.33c, d, e.




BAI 34

Cho d4dm c6 mat cit ngang va chiu luc nhu hinh 6.34a.

1/ Vé biéu d6 ndi lic Q,, M.

2/ Hay tinh kich thuéc a cla mit cit ngang ddm nhu hinh vé, biét
dim lam bang vat liéu c6 [c], = 5 kN/cm?, [o], = 20 kN/cm? (khi tinh bd
qua anh hudng cua luc cit), C 1a trong tAm mét cét.

M =2kNm X ‘|‘-4—+ : 1-1
g=1kN/m y 7/
' T—> 8 '2 /// X
I il
A K 4 Dy
&) N om y 2m > V// =
fR =1kN ! e
4 Ry 1hN y

B
Y i :\kLLU||||Q|l|l 1kN

50 KkNem

1
c) I/ @

200 kNem

Hinh 6.34.

GIAI

Khi st dung cdng thdc chuyén truc song song ta tinh dugc J, =85a'
Mit cdt bén phai k 12 nguy hiém nh4t tai d6, momen cang thé dudi
M, = 200 kNcm. Mémen chéng udn Wy, va Wy, V6l Ymaxx = 1,98, Yminm =
2,5a dudc tinh nhu sau:

Wx/k= X =

Yoo 12 3




Diéu kién bén:

0 diém chiu kéo 16n nhit y =y, = 1,5a:

2 ]r]’
max G, = M, = 2.10 s[o]k=5( 2) eh)
cm

W 17a%/3

O diém chiu nén 16n nht y =y, = 2,5a:

M 2.10? kN
ing,| = —= = <[0], =20 2
|min | W~ 172775 = (cmz) @
2
Tae(l)suyra a=3 2.10°3 =1,92cm
17.5
2;
T (@2)suyra a>3 2.10°5 = 1,43 cm
17.20

Phai chon a = 2 cm.
BAI 35

Mot ddm chiu lyc can béng nhu hinh 6.35a. Hay vé cac bidu dé noi
luc khi khéng 'thiét lap cac bidu, thic giai tich cta ching, sau d6 hay
chon m#t cit ngang chit I va kleu tra bén toan dién lai cho ddm? Biét
[c] = 16 kN/cm?.

GIAI

Tu di€u kién can bing, ta xac dinh dugc céc phan lyc lién két tai A
va B la: R, = 108 kN, Ry = 52 kN (hinh 6. 35a).

Duya theo 1ién hé vi phan, ta c Q, trén doan AD 1 hing 4m c6 d6
16n bing P. Trén doan AB, Q, 14 ham bac nhat: tai diém A, luc cit c6
buée nhay bing tri s§ cta R, (huéng lén tren), vy tri s6 cha Q, bén phai
mit cét tai A 1a: 68 kN. Tai B, Q,, c6 tri s6 bang Ry (< 0). Tt d6 ta vé
duge bidu d8 luc cit Qy, nhu hinh 6.35b.




Tit bidu d6 Q,, ta suy ra biéu dé M, trén AD 13 ham bac nht: tai D ta
6 M, = 0; tai A, M, = P.a (cing thd trén). Trén doan AB, biéu dd M, 1a
ham béc hai, gia tri M, v& bén phai diém A khong c6 budc nhay (vi khong
c6 mémen tap trung tai A) nén vAn bing P.a = 32 kN.m. Gia tri mémen
tai B bing 0 do lién k&t khdp va khong c6 momen tap trung - tai B.

Tai diém C cach B mét khoang CB tinh theo tam giac déng dang:

g]}_ _ 52kN
CA 68kN
CB + CA =4m
D=dOKN q—'fokN/m
N
o |
D| A Ic B
l‘-a=0,lm—- [-'-‘4171
| R=108kN | Ro=72 kN
|
I | O
y @ 68kN"] | 3m|
A |
€> cl Y
I 52 kN
| 40kn
l 32kNm |
'/(f\ l |
]
2 | ] ®
I
M ‘ |
45 KN

Hinh 6.35.

)
AAHS,
-

o,




Tai mat cét C, lyc cdt Q, = 0 nén M, c6 gia tri cuc tri:

M =Ry.1,78-q. 1,73. 122“45kNm

Dang diéu ctia biéu dd M, trén doan AB nhu mét cai vong hiing lay
miii tén cua tai trong q.

Tl cac gia tri trén ta vé dugc biéu ¢ mémen udn (hinh 6.35¢).

Tit cac biéu d6 M, va Q, trén hinh 6.35b, c, ta thay c6 hai miit cit
nguy hiém 1a: tai C (M™ = 45 kNm), va mit cit & bén phai diém A
Q,=68 kN va M, = 32 kNm).

a) Phén t8 c6 trang thai Ung sudt don déi véi moi diém thudc mit
cét C (hinh 6. 35a).

Mmax
(K) = X <l[c
O tmax —Wx [c]
Tu d6
2
W, > 451'20 ~ 281 cm®

Tra bang thép dinh hinh, ta th&y I N°24 c6: W, = 289 cm* thdéa min
diéu kién bén. V6i mit cit nay, c6 J, = 3460 cm?, S:(l,z) =163 cm? h = 24 cm,
b=11,5cm, t = 0,95 cm, d =0,56 cm.

b) Kiém tra bén véi phén t§ & trang thai trugt thuin tuy (diém B
cia mit cAt bén phai A)

. = QTS 68163
™ J.d 3460.0,56

~ 5,7 kN/em? < [2] = 8 kN/cm?

¢) Kiém tra bén toan dién v4i phan t8 & trang thai ing suit phing
dac biét (C, C’) ctia mat cit bén phai A.

kN

cm

0u= o’ +47% = J1027+4.45 ~ 11,1 kN/em? < [o] =

trong d6:




32.10°

o= S 1105 =102 kN/em” ;
68[163 LY 0,95)2]
T= >~ 4,5 5
3460 x 0,56 cm

BAI 36

Mot ddm tinh dinh nhiéu nhip chiu lye can bing nhu hinh 6.36a.
hiy vé nhanh biéu d6 mémen udn va luc cit. Tinh va vé cac bidu db tng
suit chinh, biéu d6 dng sudt tiép 16n nhat va nhd nhat theo o va 1 doc
theo chidu cao mit cit chi nhat ciia ddm tai vi tri nguy hiém nhét.

b d

GIAI

P& vé nhanh bidu dé néi luc M va Q cia didm tinh dinh nhiéu nhip
gdm céc ddm chinh AC va GH, céc ddm phu CD va DG nhu hinh 6.36a,
ta c6 thé thuc hién theo trinh tu sau déy:

a/ Tach cac dAm phuy va dit 18n trén cdc ddm chinh (hinh 6.36h).

b/ Tinh phan luc d4t vao ddm phu va truyén cac phan Iyc nay 1én
dim chinh theo nguyén 1y tac dung va phén téc dung.

o/ V& bidu d3 M va Q cho ting ddm da tach (hinh 6.36c).

&/ Ghép céc bidu db ndi lyc trén céc ddm da téch lai v6i nhau @& c6
bidu d6 M va Q cho toan ddm (hinh 6.36d, e).

Tt biu 6 M va Q cho th&y, mit cit nguy hiém nhat 14 mit cit tai
ngam H véi M = 180 kNm (céing trén), Q = 70 kN (hinh 6.36d, €). Ung
suft phap va tiép tai diém y bat ky trén mit cét nay:

6 2
G, = 12M"-y; T, = Q [—h——yz) (a)

bh® =" bh® | 4

Ung suét chinh duge tinh theo cdng thic:




BN

—_—

Hinh 6.36.



Tai diém 1: t = 0;

[¢] 1 2
6,= - —+ — 4/\-0) =0
= -2 6
o= -2 -+ JCof =0
22 2
0 b ”
tg20,=— =0; 0/o=0;a =90°
c
Tai diém 2: 1= Ty 0=0;

cl=% 1/0+4‘cfn = Toax)
0= - % JO+412, = T

tg2a, = 3’—(')"“1— = w0 ; 20 = 90° V2 270°,
oy = 45° va o’y = 135°.

Tai diém 3: 1 = 0;

Ty = il ;62 = % Jo? +47 (©

Cac cong thic (a) cho ta vé biéu db o va 1 (hinh 6.36g). Tinh céc dng
suft chinh va sau d6 1a dng sudt tiép cyc tri theo cac cong thiic (b), (c) g
mot day diém doc theo chiéu cao h, ta sé& vé dugc cac bidu d6 6, Oz, Tmax
T, Nhu trén hinh 6.36g.

BAI 87

Cho d4m chiu luc can bing, ¢6 d9 cing EJ = const nhu hinh 6.37a.




1) Tim gié tri cha lyc P dé chuyén vi tai diém A béng 0?

2) Vébidu db Q, M sau khi xéc dinh dugc gia tri cha P theo q tit cau 1?
3) Tinh gi tri cho phép [q] d€ ddm 1am viéc an toan?

Biét réng: [6] = 16 kN/cm? W, = 280 ¢cm® a = 1 m.

P EJ ¢
5 o/ RETINY
&) Ay ‘
2a 2a 1I_ 2a
2a N Za " 22 ¥
5 g 'p ' :A
A s Pd: cs 22422 . E
v a | : G l\ﬂ.; |
T e
L | -.
/) i Za/I X
R :
14_4 : Zga | ' i
7 eI T
7

&
VQ

4

Hinh 6.37.




GIAI
1. Tim gi4 tri luc P 8 chuyén vi diém A bang O:

Ap dung nguyén 1y cdng tac dung, ta vé biéu d6 M do q va P riéng
r& ghy nén va biu 48 mémen don vi do lyc don vi dét tai diém A (hinh
6.37b, ¢, d). Nhan biéu dd, ta cé:
16

1 2
Q —— 4a.2qa?. = 2a= —qa’.
Sgc3 2 q 3 3 q

4a.Pa

Q,g., =—;‘ 2a.2qa”. % 2a=2qa’; Qg =- .a=-2Pa’

Thay vao ta duge: V4 = (-2Pa® + 22 qa?) 1. 0=>P= n qa.
3 EJ 3
2) Vé biéu d6 Q, M.
Thay gié tri P vao biéu 8 Mp va thyc hién phép cong céc bidu dé:.

M = M+ M,. Tit biu d M ta suy ra biéu d6 Q. Ban doc 6 thé vé
céc bidu db sau khi xac dinh céc phén lyc. Cu thé 1a:

Rg = %qa :Re = %qa. Céc bidu a8 ndi lyc duge cho trén cac hinh

6.37e, g.
Hq=?

Diéu kién bén cho ta:

2
808’ _ 101 o < [6]3W, _ 16.3.280

= > = 0,17 kN/cm.
3W, 8a 8.100

BAI 38

Mot ddm chiu lyc cin béng nhu hinh 6.38a. Hay:

1) Xéc dinh lyc P theo q dé chuyén vi théng ding tai A béng 0?
2) V& biéu d6 M va Q theo q?

3) X4c dinh [q] d8 d4m lam vigc an toan?

Biét: EJ, ; W, = 280 cm®, [c] = 16 kN/cm?.




GIAI

1) Tim gié tri lgc P dé chuyén vi diém A bing 0. Ap dung nguyén ly

cong tac dung, ta vé biéu dé6 M do q va P riéng ré gay ra va biéu dé
mémen don vi do lyc don vi dit tai diém A (hinh 6.38b, ¢, d).

g P
(
a) B;lHHHHHHHH}: >
A
15a y l5a . Za
T 1
p L5a . Z5a ‘ Za ﬁiﬁ
b) BE A gc %D
E “ &G/ \, ., E 2FPa 2
I g 2 ! : :
| 774 : 1
o | | . !
: Fa : | E
: 'i—“ ' I E :
) W‘/: -
[} 3 1 :
i : i f
I 7ag . : ' 15
i illigs

9

o
/\
X

N

Q
DY)
Q

»

N
N
[

r____-_--ar______-

7)

N

o
Q
8

N

Hinh 6.38.
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A R A 2
Nhén biéu do, ta cb:

1= 352 gt T Y
Q, c—%l-.—?&.Pa= = Pa?
=42
135 ., 9.,) 1
Th jo ta duge: V,= | +—qa — — —=0 P= >
ay vao ta GHee: Ta ( 128 ¥ 73 )EJ 61
2) V& bidu dd Q vaM:

Sau khi thay gia tri lyc P vao sd @6 tinh (hinh 6.38a) va tit diéu
) s 3} , 7 49 L v.n
kién cdn bang ta rit ra cac phan luc: Rg = § qa; Rc = Ig ga. Cac biéu
d6 lyc cit va mémen udn cudi cang duge cho trén cic hinh 6.38e, g.

3) q duge rit ra tit diéu kién bén:

2
1520 (1 o [oh8W, 168280 0 kN
8W, 15a 15.100 cm
BAI 39
Cho mot ddm nhu hinh 6.39a.
1)Hay vé M) va (Q)?
2) Thiét k& mat cit ngang cho ddm? Biét q = 2 kN/em, a = 2m, [o] =
16 XN
cm

3) Tinh géc xoay va dd vong 16n nhat?
GIAI
Viét biéu thic M, va Q, theo phuong phap van nang:

‘ IRy
Mx(z)= Rmz - qa(Z—a) +qa2 +R03(Z—2a)—q (Z 223) ‘
1=1

i=2 i=

166




Qy(z)=R0|| - qal +Ry;—q(z-

2a)l
i=3

li=1  [i=2
P=ga ga’ g
/ d Zz
. “ .
a) R,y Rz
; a a s, —
Yy
9.10%
3
b) 510 104 @/{NCM
(7]
y 7 2 3
X
) 2./02\
¢ 1 ‘ZTSSHW\ -
o ITOTIOIIITI : 3

M, (z=2,5a)=0
Q,(z=2,52) =0

} = Rm:

4,25.10%

Hinh 6.39.

-qa Ry, = 25an
16

16

Thay Re, va Res vaio bidu dd M, va Q,, theo d6 céc biéu dé M, va Q,

dudc vé nhu hinh 6.39b, c.

Chon dang mat cét ngang 12 hinh chit nhat b x h véi h = 2b, ta c6:

M

- X

W,

X

Gmax

<fo] = W,= 2p'> My
3 7 [o]

4
=b> 3\/ 3.9.10 =21 cm
2.16




vah=42cm

3

az’ zZ—a z—2a)? 25qa (z-2a)’

V(Z)=A¢0|Z— q ( ) q 2( ) + q ( )
3116EJ 31EJ 2E] 16 ~ 31E] |
i=

qaz’ (z a) 2z 2a) L 25qa (z-2a)’

z) = Ao, — +q
(2) = Ay, 2.16E1 16 2EJ
i=3
Xac dinh Agg,:

V(z=2a)=0 = AQq = @o = 7,71.107 rad.
Thay Ao, vao V(z) va tinh:

V(z = 2,5a) = V; =-0,318 em.
Biéu d8 V va ¢ dude cho trén hinh 6.39d, e.

¢ 771.10% 3
578.107¢ 309.10
d) 2/ 3

g /

321.10°
@raJ
v 914 /415
2 3
e o r 0318
Hinh 6.39d, e. ‘ @""

T biu dd ¢ va V ta thay:
max | (p| =3,2.10°rad ; max| V| = 0,318 cm.

BAI 40

Mot khung ABCD chiu Iyc nhu hinh 6.40a. Lién két 6 A 1a géi tua
bat dong, 6 D 12 mot con lan tya trén nén cing phing. Hay xac dinh
phan luc § lién k&t D, khi thita nh4n lyc P va dd ciing ctia khung théa

168



mién diéu kién 13 chuyén vi phat sinh trong khung rat nhé so véi kich
thudc ban d4u ctia né va vé biéu 46 mémen udn trong khung?

GIAI

Hg chi ra trong dé bai 1a hé bién hinh téc théi. Vi ring khi khéng
k€ dén bién dang ctia hé thi phan luc R tai D bing +oo. Cu thé la:

2my,=RO+Pa=0 = R=+w.

Dé xé4c dinh phan luc thi phai k& dén chuyén vi ngang bé cia con
lén phia duéi. Khi 4y ta ¢6 mét két c&u bt bién hinh hinh hoe. Va, diéu
kién can bing dugc xac dinh:

>m, = P.a.coso +j&q)_=0 = P=-Rg = ¢= —?P @

acosQ

Mét khéc, dai lugng § c6 thé tinh theo cich nhan bidu d3 Vérésaghin
3 2
(hinh 6.40b, c). Vi vay, ta cé: g%(l+gj =a%. Do chuyén vi clia

2
Ra(reg)
a) b .
8 ) 4
. ™
R
Ra
¢ ]g
P
A
<) d) 8 18 ,é,
{Ra%l'R%z)
2 :
* () |
| 2
a . ¢ Re

Hinh 6.40.
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khung 1 rit bé cho nén |@/2] << 1 vakhichdy dén (a) ta rit ra phan
luc cAn tim tai D:

3P2E]
10a2

Bidu d8 (Mj) duge cho trén hinh 6.40d.

R=

BAI 41

Mot ddm mit cit ngang khong d6i chiu uén thuén tiy nhu hinh
6.41. Dudng dan héi cha truc dim duge tim bing nhiéu cach, vi du béng
phuong phép van ning, phuong phap tai trong gia tao v.v. déu c6 dang:

2
Vo= @ |
x V) M,
Thé nhung nhu da ‘
biét d6 cong ctia truc ddm z
c6 biéu thic: | 4_. -
1 M, R K
T (b)

B Hinh 6.41.
Bidu thic (b) cho

th&y toan bd v& phai cta (b) 1a mot hiing s6. Nghia 12 dudng dan héi cha
dim chi c6 thé 13 mot cung tron chi khéng phai dang parabol bac 2 nhu
quan hé (a). Vay vén dé 13 3 dau? Va duong dan hdi cha dam 1a dudng
cong nhu thé nao?

GIAI

Duong dan héi cha ddm dudi dang (a) duge tim tryc tiép tif phuong
trinh vi phén gin ddng:
M
V'(z) = —.
EJ

Phuong trinh nay nhéan dude véi gia thiét chuyén vi bé cha didm dan

2
héi. Cu thé la: (ﬂ) <<1.
dz
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1 V''(z) "
DO dé6: —p‘ = m =~V (Z)

N6i mot cach chit ché, khi chiu uéh thudn tidy dudng dan hoi caa
didm 12 mét cung tron. Cung tron nay véi @6 chinh xac cao khi b1en dang
bé c6 thé duge mb ta bing mét parabol bac 2.

BAI 42

M6t ddm nédm ngang mit cit hinh chit [ hinh 6.42a, ngam mot dau
con mdt ddu khéng lién két chiu lyc P thing ditng va huéng xudng duéi.
Hay tim vi tri diém d4t ca Iyc thing ding P dé ddm chi chiu udn phéng.

GIAI

Khi sit dung cdng thitc Zuravski dé tinh ting suft tiép ta sé xay
dung dugc biéu dé phan b tng sut tiép (x) & mat ct bat ky cta dim
nhu hinh 6.42a. Hgp luc ctia cic fing suét ti€p & cAc canh va bung mit
cét 12 ba ndi lyc tiép tuyén 2T,, T,=Qy = P cho trén hinh 6.42b.

Trong d6:

.. h
.8,b, -t
T, = TS0 DO g, Q54 h,

2 1.8 T2 4 M

X

Tuong tu nhu vay ta c¢6 T, cha canh con lai nhung ngugc chiéu
(hinh 6.42b). Hai lyc T, nay tao thanh mot ngiu luc xodn M,, = T,.h, =

Dy hes,.
J

X

Tu hinh vé ta thdy cac Iyc T, va T, ¢6 khuynh huéng 1am quay mit
chit [ theo cing mdt chiu quanh trong tdm O cta né. Vi vy, trén mit
cit chit [ ngoai cac ngi luc ubn va cit con c6 ndi lyc 14 mémen xodn M,
do céc luc Tl va T, tao ra theo chiéu kim déng hé. Ta thu gon hé ba lyc
2T, va T, vé mé6t tAm A nio d6 dé dudc mot vects chinh va vectd mdémen
chinh. N&u diém A dudc chon nhu th& nao d6 dé cho mémen chinh d6i
v6i né bang 0 thi difu d6 c6 nghia 1a ta da khi duge mémen xodn trén
mit cit. Diém A nhu thé dugc goi 13 tdm udn. Cu thé 1a (hinh 6.42b):




Ym, =M, = Q,C=0

_ c= M, _ blh%, \ limax .
=iz _ 1 p |
Q)’ 4Jx L -\ A 4 ‘ r__—_'_‘l;_
bl
Do d6 dé khit hién g, (% T, y }'Qy
tugng xodn thi cin phai < al i . UG
dat luc vao tdm uén A @ |
hinh 6.42c. t |
_ e =
BAI 43 o 7
)
a) .
Gia st c6 mot ddm ¢
don gian tua khép 6 hai
diu chiu uén dudi tac ’
dung cha tai trong )
ngoadi. Ngudi ta mudn Hinh 6.42

trong qua trinh chiu
uén truc ctia ddm lic nao ciing thing. Hay xac dinh tai trong ngoai téc
dung 1én didm dé truc ddm lic ndo cling thing?

9

GIAIL
Chiing ta d3 biét dd cong ctia mdt ddm chiu uén chi do mémen uén
giy ra la:
1 M
—=V'=— (2)
p EJ

Né&u goi @6 vong chi do luc cit gay ra 1a V,, thi géc xoay tudng ing
véi Vg @61 v6i ddm mit cdt ngang bét ky la:

v’Q=-%% ®)

3 day k 12 hé s6 phu thudc hinh dang mit cit ngang.

. e . 6 .. .. P 10
D&i v6i mit cit chit nhatk = g, d6i v6i mit cat tron k = —9— V.V,




Phuong trinh vi phan ctia dudng dan hdi ctia truc ddm do ca M va Q
tao ra la: |

R ©

v /f M'JN 7/
T o > 1w
1 Z r — : >l\v\ -~ I_qu
o . ="
m 4 dz / oo
a) t— @+dQ 8
g(z) = Go*shocz
g A= X -— M= G shet Hinh 6.43.

Dau (-) truée % 12 do khi M va Q déu duong thi chiing tao ra sy

thay d6i d¢ cong v6i dfu ngugc lgi (hinh 6.43b).
T phuong trinh (), dé V” = 0 ta phai cé:
M’ -a?M=0, ’ (@
O day o? = SF .
KEJ
Giai phuong trinh (d) ta cé:
M = ¢;shaz + c,chaz,

dM
— = Q =c,chaz + c,oshaz,

dz

d
€Q_ q = c,a?shoz + c,a’chaz,

dz
Trong d6 c,, ¢, dude tim tit diéu kién bién.




Né&u didm tya khép & hai ddu theo dé bai thi:
taiz=0vaz=IlthiM=0,dodéc,=c,=0vaq=0.
Diéu nay cho th&y ddm ludn luén thingkhi q = 0.

P& dAm vAn lusn ludn thing ma tai trong lai khac khéng, ta c6 thé
b6 sung vao cac ddu cubi cua ddm céc ngoai luc tap trung. Vi du, ta tac
dung vao ddu phai mét mémen tap trung M" nao d6. Khi do, tai z = 0 thi
M = 0. Diéu kién nay cho ta:

¢, =0, M=c,shaz, Q=cochaz, q(z) = c,o’shaz
Phan Iyc tai gbi trai z = 0 sé la:
Q.0 = €10,
con § goi phai:
Q, = c;ochal , M, =c;shal =M.
Theo q(z) va M’ ta ¢6 quy ludt cha ngoai Iyc tac dung 1én dim dé
dém vin luén ludn thdng nhu trén hinh 6.43c.
BAI 44

Cho mét ddm nhu hinh 6.44a. Hay:

1) V& (M) va (Q? ,
R ga

2) Xac dinh P dé ddm g=F/a P
da bén? Véi P ay hiy tinh { r{ 5
d6 vong va gbc xoay tai ; 4 £ i
“0™ Biét: E = 2.10* sz ; | ’4;’ /M' ”%"
[o] = 20 kN/cm? d = 10 Roz
cm,a=2m.
GIAI Hinh 6.44a.

Phuong trinh d6 vong cia ddm duge viét bing phuong phép van
ning:




z 2(z—a)’ (z a)3 (z a)*
ELV(@) = AV El + Ay Ez-q 7y +q > * Ry =5, a1
| i=
|
zZ’| z-2), (z-a)’| P(z—2a)
EJ¢(Z)=EJA¢01 -q—1+qa (Z—a)+R02 +q -
31 2 31 2
i=2| i=3
72 (z-a)’ -P(z—-2a)
M (z)——q? +qa’ +R02(zi-a)+q >
i=1 i=2|
Q,(Z)=—qu+Roz+q(z—a)| ~P|
i=1 1=2| 1-—-3'
M(z=38)=0 = By= 2221,

V= 2)=0 } = AV, =V, =2,57cm; Agy; = o = 0,0142 rad.
V(z = 3a)=0

Thay Ry, = %ﬂ vao bidu thitc cia M,(z) va Q,(z) va vé biéu dd cho
ching nhu hinh 6.44b, c.

Chon s0 bd q theo M, ., = 3/4 Pa = % qa®. Cu thé la:

3.10%q [6l.W, _ 20.0,.10°
—_— < = < X =
[0l = a< =70 = 73107

= 0,06(6) = 0,07 kN .
cm

X

Do d6:

P =qa=0,07x260=14kN.




g
%
9 Tl 3
9 \LU%\&P f Q
3P
4
Hinh 6.44b, c.

BAI 45

Trén mit cit ngang hinh chit 124 (hinh 6.45a) ca mdt ddm chiu
uén ngang phiing ¢b chc ndi lyc M, = -3200 kNem; Q, = 680 kN. Hay
tinh va vé biéu d6 cha céac dng sudt: o, T, T, , O1, O3 doc theo chiéu

min

fi oy e s 3 . N h

caométcéttalcacdlémtu1+9c6t9ad9y1,9=h/2;y2,8=—2-"—,y3,7=112£;
h

y4m=j4£;y5=0-

Xac dinh céc phudng chinh cla o,, 0y O; bing phuong phép giai
tich va phudng phap hinh hoc ciia Mohr va kiém tra bén cho ddm theo
g sudt chinh néu [o] = 1600 daN/em?.

GIAI

Ta tinh ng suét phap va tiép tai mot diém c6 toa d0 y bat ky:

Ung suét phap:
M.y 3200y
J 3460

X

o= ~92,6y (a)

{tng sudt tiép d5i véi cac diém thude phin canh:




2
Qy(% - yz]
=/ ()

T Z
Ung sut ti€p § nhiing diém trén phén bung:
.S¢
Ty = Q-5 (c)
bOJX

Trong d6:
S, 1a momen tinh ciia phén dién tich bi cit & v& mét phia cfia tung
do y. Cu thé la:
S; =126+ 0,28 (122 —y® = 160 — 0,28 y2.
Theo céc cong thic a, b, ¢ ta tinh duge dng suit phap va tiép tai cac

diém mong muéh tit 1 + 9 doc theo chidu cao mit cit. Céc két qua tinh
dudgc cho trong cac ¢t 2 va 3 ctia bang 6.1.
Ung sut tiép cuc tri dudc tinh theo cong thiic:
1 -
Tom =t— /o2 +477.
w2
Gié tri cla céc ng sust nay tai cac diém tir 1 + 9 duge ghi trong et
4 ctia bang 6.1. |

Gi4 tri c4c Ung suét chinh o, va o, dudc cho trorig bang 6.1 tng véi
cac cdt 5, 6 va duge tinh theo céng thic:

Gy3 = %(ci\/cz +41 )

Phuong cta céc ting sufit chinh tuong ding & mdi diém tinh, duge
x4ac dinh tit cong thic:

Gié tri tg2u va céc goc o; duge cho & céc ct 7, 8, 9 béng 6.1.
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1 2 3 4 5 6 7 8 9
Yy [+ T Trnax o4 o
min
/
NE NE NE NE NE tg 2a. [+ M Ol
E L 2 2 L 8
o 4 4 Z P4 Z
(] [+ ] © [} ©
hel © he o ©
1 12,00 1110 0 + 555 1110 0 0,00 T 0°0 90°0°
2 11,05 1020 20 +510 1020 0 -00392 | -107 88 53’
3 11,05 1020 440 + 670 1180 | -160 | -0,863 | —2024 | 6936
£ 4 5,52 510 530 + 590 840 -340 -2,08 | -3210 | 5750
= i
"g 5 0,00 0 560 + 560 560 -560 © 45 0 45 0
@ 6 -5,52 -510 530 + 590 340 -840 2,08 3210 | 12210
7 -11,05 | -1020 | 440 1670 160 -1180 | 0,863 2024 11024
8 -11,05 | -1020 20 +510 0 -1020 | 0,0392 107 9107
9 | -12,00 | -1110 0 + 555 0 -1110 0,00 00 900

Trén hinh 6.45a 1a cac biéu db dng suit o, T, T O1 Os bién thién

doc theo chiéu cao mit cét.

y 0~ doNfem?

v

AN S VANY

N,
" "AANANARY ANANRNRN AN v

AR RN RN

X
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min

L dotfem* [, dahfem U o

pe— '550—- - —
rZ2 370
140 670
530 _ = L J——
560 __ s ___
[T T |
Hinh 6.45a.

L g
V4
80




Phuong céc Gng sufit chinh o,, 6; § cic diém tinh dudc mé ta trén
hinh 6.45b. Thay cho qua trinh tinh toan bing gidi tich trén hinh 6.45¢
trinh bay cach xéc dinh phuong va gia tri cla Gng suét chinh bing
phuong phap hinh hoc Mohr.

Kiém tra bén cha dim theo o, va o;.

Trén mat cdt nay (hinh 6.45a) diém 3 tiép giap giita cAnh va bung

nhung thudc vé& bung 13 nguy hiém nhit: o, = 1180 daN/cm?, o, = —160
daN

cm?

A A A . R s N
Diéu kién bén tai diém nay la:

[+ /163
)/ 5
/ 0 (\'n
R BN 6
b) 8 N§
~
- 62510
;330 6,840
5
63 - e
s kS
7/ 0 L-;
RN \N 6
=3 AN
AN
SN
X
65560~ 67560
6 AY Z
S R
9 N
N 0"\ s
// Q‘
83_t g
<
Ed ¢ 4'-
L 6510
0'3=840 "'6?330"“

Hinh 6.45b, c.
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daN
cm?

| 6, — 03 < [6] = 1180 + 160 < [c] = 1600

|
| Db bén clia ddm theo tng sut chinh trén mat cdt khdo sat hoan
toan dam bao.

BAI 46

Cho dim tya trén hai géi c6 mdt ddu thita chifu dai z c6 mit cdt
ngang va chiu luc nhu hinh 6.46a.

1) V& biéu dd ndi luc Q,, M,, biét chiéu dai ddu thira z < 1.

9) Hay tinh khoang cach z tit ddu A dén vi tri dat goi tya B dé ddm
1am viée hgp 1y va x4c dinh kich thudc 5 cia mit cit ngang ddm.

Biét dim lam bing vat liéu gidn c6 ing suit cho phép khi kéo [c], =
1000 N/em? va {ing suat cho phép khi nén [c], = 6000 N/cm?. Khi tinh bd
qua anh hudng cta luc cit. Gia tri Iyc P = 3,2 kN, chiéu dail=1m.
GIAI

1. Gia tri cta cac phan lyc:

-z

l+z
=Z_=P; Rp=—-.
2 )
Céc bidu d6 M, va Q, duge vé nhu & trén hinh 6.46b, c.

R

2. Xac dinh toa @6 trong tdm C va mdémen quan tinh chinh trung
tam J, cha mait cit ngang cla ddm ddi véi truc x. Ta cé:

165° +85° _

S.
=X =85 +S%)/F+F=—5—5 =
Ye F ( X + x) 1 2 482+882

3= (5+blF)+ (7 + ] F,)

[i({"zﬁ +(28) 6.48] + [&?;i +(6)2.48.28] = 325",

1l

Tit bidu d6 M, ta c6 thé thay cic mit cit nguy hiém tai B, C.
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|IMg| =Pz ; M, =

P(l-z)
2

* Xét mit cit B: Toa d6 cia diém bj kéo 16n nh&t va bi nén 16n

nhét: yX =45; y" = 25. Khi d6 ta cé:

czmax = yrnax =2> [G]k = _1_
szin ynmax [C]n 6
P P
A 8 C 0 ‘;’
x
a) j‘ Y
z / ! X
R, j R:'
Z,P
P (=172

Y T N ., NN @

T A L/

Hinh 6.46.

==
x&




Nghia 13 khi 6., = [0]x thi O < [0],- VAy tai mét cit B vat liéu bi pha
hoai trudc do tng sust kéo. Diéu kién bén tai mit cit B:

43 < [o], )

* Xét mit cit C, tai day M, 1am ddm c#ing thé dudi nén toa dd cua
diém bi kéo va bi nén 16n nhét: y*_ =2a; yn, = 4a. Khi d6 ta cé:

]

e _ Yo 1[0k _ 1
Yoex 2 [0l, 6

0-zmin
nghia 12 khi 6., = [6] thi 04, < [0],. Vay tai mat cit C vat lidu bi pha
hoai do iing sust kéo. Pidu kién bén tai mit cét C:

M, M

—J—y'.;,x =7x928 < [o) @)

X

* Pidu kién chiu luc hdp 1y cia ddm 13 dng sufit nguy hiém nhé4t
trén hai mat cit B, C phai bing nhau va béng tng sudt cho phép [o],,
nghia la:

I—-I\;Ix—d 45 = o]y

M, 25 = [o];
Tu day suy ra: I$Zl=—;— = MC=2|MB|
Hay la: ./’ P(l2— Z) =2Pz > l-z2=4z
Vay: 2z=021

* M 3347, i A Arne |MB| =
T diéu k_len bén: I 45 = [o]x

X -

PLIS 4 1ol

328*




Pl

suy ra: = [olk

=
408°

L 5= 3 PL _ 3\[3200.10022cm
40(c], 40.1000

BAI 47

Mot hé chiu lyc nhu hinh 6.47. Mt cit ngang cla cac thanh la
hinh chit nhat b =2 c¢m, h = 6 cm, I = 100 cm, [c] = 16 kN/cm?®. Hay kiém
tra do bén cho hé?

GIAI

Xac dinh phan lyc lién két:
YXg=Hy=0 = Hy=0

Yyxk =Ra—q.200+Rp=0 = RA=%(3)—O kN.

A 8 c .
H, ‘T’
Zl.— 200cm 1 l
a) R T ~
A D
3
RD
$444,3(DkNem
A c
Ll o ¢/®
' 734 cm —- ]
b) | P —
100
3 KN

Hinh 6.47.




¥m, = q.200.100 —Rp.300 =0 = Rp= 1—29 kN.

Biéu d6 mémen uén va Iuc doc dude vé trén hinh 6.47b.

Tinh dng suit va kiém tra bén cho thanh CD:

Ccp = _1_(106 = 2,78 kN/cm? < [6] = 16 kN/cm? = Thanh nay an toan.

Tinh kiém tra bén cho ddm AC.
Mémen uén 16n nhét trén ddm nay la:
M, = 4444,3 (3) kNcm.

My, | HH30X6 oo o0 N 0o WN
\\ % 2.6 cm cm

X

DAm bi pha hiy tai z = 134 cm ké tit A.

Cac —

BAI 48

Mét nhip 16 xo 6t6 (hinh 6.48) gbm 10 14 bé réng b = 7,56 mm, day
t = 10 mm c6 tng suét cho phép 40000 N/ecm?, mddun dan héi E = 2.10’
N/em?. Nhip ctia nhip 13 I = 1000 mm. X4c dinh tai trong cho phép cla
nhip va 6 vong tudng Gng.
GIAI

C6 thé xem nhip nhu mét ddm chéng uén déu, nghia la:

e = l\v':,x(z) _ _11\;1,_0 < o] )
«(2) o 1 )
trong d6 M, va W, la | — .
mémen uén vd mdémen chéng a'ﬁ——
» 9 o < * ~ s 22, P
udn cia mit cat gitta nhip véi: Ya %’_}_
2
M= 2 w,= 100 RN
4 6 . , IT
T @6 tinh duge tai trong l z 2 l

cho phép tir diéu kién bén:

Hinh 6.48.




Pl _6
4 "10bt?

=[o]

‘Quan hé nay cho ta:

20bt’[c] _ 20.7,5.1%.40000
31 3.100

Tinh d3 vong béng phuong phap tich phén tryc tiép:
’V_M®@ M@ M, _ 2[o)

[P] = = 20000 N.

iz B t EWt FEt (@
z «(2) EW,(@).5
T dé:
Q= v = +M z+C
dz Et
V=+L.;]zz+Cz+D (b)
, Et

Diéu kién bién x4c dinh céc hiing s6 tich phan C, D:
Khi z=0,V=0=> D=0

Khi z=—,¢=0:>C" LG—]I
2 E.t
vay -v=lol,e_loll
Et Et
2 2
taiz=1/2 = V,,, [c]l 40000' 1700 =5cm.
4Ft 42.10°.1
BAI 49

Dam AB c¢6 mit cit ngang hinh chit nhét c6 dién tich F nhu trén
hinh 6.49a. Biét phao c6 dién tich day la A, da chim mét phan trong
nuée. § mit ct bat ky trén AB, tai diém C 1a diém mét ngoai ctia thanh
va chia déu chiéu cao h cta mit ¢At, nguoi ta dit mét thist bi do bién
dang theo phuong nghiéng a = 30° so véi phudng ngang, khi ddm chiu
luc P ta doc duge gia tri bién dang 12 ¢ (phao vén con mdt phan ndi trén




mit nudc). Biét ddm c6 49 cing EJ = const, hé s8 bién dang ngang p va
nude c6 trong lugng riéng 1 v,, v6i 1.4, = 3EJ/.

Hay:
1) V& biéu d6 ndi luc cha ddm.
2) Hay xéc dinh gi4 tri cta lyc P.

GIAI

1) Goi chuyén vi ciia A 12 V,, do d6 lye d4y néi tac dung 1én phao la:

R
R=7AVa = Va= Q)
'YnAO
Mt khéc, dd chim clia phao cting 12 ¢ vong cua dim tai A:
(P-R)
V= ——— 2
A 3E 2
N . 22 < 3E]
T (1) va (2) va de § 1.0 = —ls—
3 P
Ta rut ra: R= ) 3

Bidu d8 noi Iyc cia dAm nhu trén hinh 6.49¢, d.

2) Tach mot phén t6 hinh hop bao quanh diém C trén truc thanh c¢6
céc mit song song véi cac mit toa do. Day 13 phan t§ trugt thudn tdy
nhu trén hinh 6.49e. Ta c6:

: 3Q
ol =t | = = = @
2 F
Vi phén t6 trén ta cé:
6,+6, O©,-OC )
o, = L+ Y cos 200 — TSin 20
2
. V3
o, = 1sin60° = > T ()

Miit khéc ta ciing c6:




¢) — T/ JR-— -
Dién #ich diy A,
7|
5) A K
b
7 7, IIIBITITIO ©

4 m

G, to,=0,+0,=0 = 0,=-06, 6)

Theo phuong nghiéng nay ta cé:

(0. - po,) = T 5" (7

= —r=—_H VR 8
E 2 E 35 F ®)
Nhung Q, = — nén
_l+p f3 3 p 8EFe
€= —— - = =
E 2 2 7F 33 (1+p)
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BAI 50

Mot dAm bing gd ndi trén mét nudc c6 trong lugng riéng y = 0,6.10
daN/ecm®, modun dan héi E = 10° daN/em? =10 m,b=20cm, h=10cm
(hinh 6.50). Hay:

1) Thiét 14p phuong trinh vi phén ctia dudng dan héi cha dam va
chi 1 vi tri cia ddm trong nudc sé nhu thé nao khi ma ddm khoéng chiu
tai P?

2) Viét cac diéu kién xac dinh cac hing s8 trong nghiém ca phuong
trinh vi phin?

GIAI
Ta ky hiéu V(z) 1a chuyén vi thing ding ctia ddm khi chiu P.
Phuong trinh vi phén gén ddng cia duong dan héi la:
EJV’ =M,
Hay:
EJV®™ =M",=q (a)

q daN/em?® 12 lyc phén b bé mat doc theo chiéu dai clia ddm nguge chiéu
véi V ¢6 biéu thic: '

q=-1.b\Vy (b)
Thay (b) vao (a) ta c6:

v 4+ byV 0 (©)
Khi dat:

by "

— =4

o p

Phuodng trinh () trd thanh:
V™V + 4p° V=0 )

Phuong trinh nay dudc goi la phuong trinh vi phén cla ddm trén
nén dan héi.
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l

l

|
|
i

Hinh 6.50.

Vi réing trong lugng riéng clia ddm chi bing 0,6 trong lugng riéng
ctia nude, cho nén khi khéng chiju tai P thi phin chiéu cao h, ctia didm &
trong nudc 14 6 cm va mat trén ctia ddm cach mit nude 0,4h = 4 cm.

Néu goi V(2) 12 nghiém ctia (1) thi trong né sé& chita bén hiing s& tich
phén 1a do véng V,, géc xoay V', = ¢,, mémen M, va lyc cit Q, tai z = 0.

Khi chon géc toa d§ clia z § d4u trai cia thanh (hinh 6.50). Ta c6
cac di€u kién dé xac dinh céc hing s6 nay nhu sau:

Taiz=0 => M,=0,Q,=0
Taiz=U2 = ¢@/2) =0, QU/2) = P/2.

BAI 51

Cho ddm AB chiju lyc nhu trén hinh 6.51, / = 150 cm, h = 12 cm,
b =4 cm. Trong t4m mit cit A cao hon trong tdm mit cit B mot khodng
8 = 0,5 mm. Cho AC = 2 /3. Tai diém K(-b/2, h/4) ctia mit cit chinh
gitta AC ta do duge do dan ty déi theo phuong thé doc &, = ~0,0000565.
Cho E = 20 MN/cm?

Hay tinh tri s8 cta luc P.

L]
p W
b A o %
Zz

A ‘
e cLz/Ji%/
R, ‘

Hinh 6.51.




9

GIAI

Theo coéng thic van ning ta c6 thé viét:

3

EJ V(z) = EJ.AV,+ EJ Ay .z+ Ry, 537

EJ p(z) = EJ Ag,, + Ry

R,; duge xac dinh tu:

4P 3EJS

V@=D=0;0=D=0 = Rn=— +; )
Chu § 13: AV,, =  (theo dé bai).
Tinh P?
M(z = /3) = EJ ¢(z = lI3) =R, l/3 = M(z=13) = %PTI+—EZ{—6 )
6, = Eex = M = M@3) = Eleg @3)
Jx yK

Thay (3) vao (2) ta rit ra:

p= 81 EJ (&¢ _ S 81 20x4x12? (-0,565.10" _ 0,05
4 I \yg I? 4 150 -3 150°
P = 25,834 kN.
Ta c6 thé tim P theo cach khac sau day:
Tu (3) va (2) rat ra:
Ry = 3 EJ. ex = 4,339 kN.
Lyx

Thay Ry, vao (1), ta suy ra:
P = 25,832 kN.
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BAI 52

Hay thiét k&€ mot ddm dd bén ddu mit cdt hinh chit nhat c6 chidu
cao h khéng ddi, chidu rong thay déi doc theo dim:

Céc s6 liéu cho trudc: P, I, h = const, [o], [t] (hinh 6.52a).
GIAI

Momen udn tai hoanh d6 Z:

Hinh 6.52."

Mo6men chéng uén cia mit cit:

b(z)h®
6
Tit di€u kién bén tai mot mat cht z ta rit ra:
2
_ b@)h’ _ M, | _Pz b2) = 32P.Z ;
6 [6] 2[o] h*[o]

3Pl
2h’[o]

W, =,

W,

b(z=0)=0;b(z=l)2)=




Tai g6i tya M, =0, Q, = P/2, vi thé tai day b(z = 0) phai khac khong.
Ta ky hiéu chiéu rong mét cét tai gol 1a b,. Theo diéu kién bén cit ta
phai cb:
3
Tomax = Q, _ 3P <[] = b2 3P
2F 4b h 4 hir]

Hinh déng dm do bén déu dugde vé trén hinh 6.52b. Chiéu dai z,
cha doan ddu ddm dudgc xéc dinh tit diéu kién:
3 P 3PZ, _hlsl

b= a2 T ol A

0

Vi [1] = (0,5 + 0,6) [o] nénZ,=~ (0,5 +0,42) h.

BAI 53
Mét ddm d6 bén déu dugc cho trén hinh 6.53a. Hay tinh cc chuyén
vi 16n nh&t 8., Vinax: Cho trudc P, I,h, b= h32P[Z] ,
GIAI
3
M, = PZ va J.= b(Z)h _ PhZ
2 12 4[o]
Phudng trinh vi phén clia dudng dan héi d6i v6i mdi doan ddm la:
] ( ) h
hoic la:
_Eh_ V=1
2[c]

C#u phuong hai 14n phuong trinh nay ta c6:

2
Eh vz va — Eh V=—Z2—+CZ+C

2[0] 2[o]




Cac hing C, va C, dudc tim tit diéu kién bién cia mdi doan. Cu thé

la:
Taiz=0,V=0;z=12, V=0= C,=0,C,=-/2.
Vi thé: :
2C,[o] l[o]
0 =0,=-03=V(z=0)= ! = —
A B (z ) Eh Enh (a)
Va
I’[o]
Vo = V(z=1U2)= - ——
(z ) AEh (b)
Do d6, theo bai 52 ta co6:
_3 Pl
[G] - 2 hzb (C)
Thay (c) vao (a) va (b) ta thu duge k&t qua cudi cing (hinh 6.53):
2 3
emaxz - }_ —1)—:{'— va Vmaxz_ g il:;_'
2 hd 8 Eh'b
Z P g
Pt e e e R e ] #
4 - ) : l%’ :
\\\ N } ///, x -~ V
7 It A ’ 5
‘ Fonex l’ <
Hinh 6.53.
BAI 54

Hay xac dinh ty s6 giita cAc mémen udn 16n nhat cho phép ctia ddm
theo quan diém cha phuong phap cin béng gi6éi han va phudng phép
tinh theo dng suét cho phép ddi véi ddm cb cac lbai mit cit cho trén
hinh 6.54.




GIAI

Khi tinh theo phudng phap tng suit cho phép, nguoi ta thita nhan
ring trang thai nguy hiém d6i véi ddm 1a trang thai  d6 c6 mot diém
trén ddm o dat dude ocy. Goi W, 12 mdmen chéng udn clia mit cit ngang
thi mémen uén ng véi trang thai nguy hiém nay la:

M, = ocu. Wy (2)

Véi mét hé s§ an toan n chon trude nao dé thi gia tri cia mémen
uén 16n nhat cho phép la:

Mypd = ‘% W, = [o] W, ()

Trong phuong phap cén bing giéi han, ngudi ta thita nhan ring
trang thai nguy hiém ctia dim 1a trang thai ¢ d6 moi diém trén mat cit
nguy hiém o déu da dat dén giéi han chay ocy va tao thanh 8 d6 mot
khép quay dé bién két cfu thanh mot cd cdu. Mémen ubn gy ra trén
mit cit nay mét khép quay duge ky hidu 1a M, , va goi 14 mémen uén
giéi han.

M, =2 OcnS, (©

@)

Hinh 6.54.




S, 12 mémen tinh cla nlla mit cit ngang d6i véi truc Z chia dbi
dién tich mit cit ngang.

Gia st vi cung hé s8 an toan da chon theo phuong phéap dUng suiat
cho phép thi (c) trd thanh:

Ml =2 [0] S,. d)
Ty s6 giita [M, ] va [M,,.,] 1a:
= _._[M"gh] _ 25, (e)
Ml W,

Theo cong thitc (e) d61 véi cac trudng hop trén cac hinh 6.54.

3
a) sziv;sxzz_r 3 ‘I‘|l-—i1r—4~1697
3nr’

a a
b) W,=— ,8,=— = =3/2 =15
) 6 3 N2

bh’ bh’
c) W:FT,Sx:T =>mn =15
d) J,=2030cm’ S, = 114em% h=20cm = n, = 2X20 115
2030
4 2 2
e) Wx a2 = a ,Sx_a_l'a_\/:_%:ﬁ 3 5=2
12av2 642 2372 12
bh®> 3 _ bh? bh(2, 2 h bh?
W,=— — = — sz_ = = _ \/5
D 36 2h 24 43 3&) 12( )
2{~ _ ,
6= bh (2 \/2—2—)24 ~ 2,344
6bh

BAI 55

Mot ddm tinh dinh mit ¢t thay ddi ting bac chiu luc nhu hinh
6.55a. Hay xac dinh téi trong é‘ldl han P, theo cac ty 1é giiia de va

W,4, sau day:
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a) dez =0,6 del i b de2 =0,4 del
Néu W,4, = 100 cm?; 6oy = 24 kN/em? ; [ = 600 cm.
GIAI

<R Fy ~ o o e N A N
Biéu d0 mémen udn trong giai doan dan hoi ¢6 dang nhu hinh

xd,

6.55b. Tuy thudc vao ty sd ma khép déo c6 thé xay ra & B, D hoic &

xd,

C. Gia st khép déo xay ra ¢ B, D, ta cé:

M,, = E%i = W, .Gy = PV =8W“% @
‘ Khi khép déo xay ra & C thi:
M, = P—il =W, .00 = P§ = m )
a) Xét truong hgp W, =0,6 W,
Trong truong hgp nay:
| Py > PO

Pl
4

Hinh 6.55.




Nghia 1a khdp déo phai xay ra ¢ “C” véi

pP. = PO _4de|cCH _4.100.24
gh — = =

=16 kN.
g l 600

b) Xét truong hop ty 18 W, =0,4W,, .

Trong truong hgp nay:

) )
Pgh < Pgh

Do d6, khép déo chi c6 thé xay ra trude 6 “B” va “D”, khi d6 dam tu
két c&u trd thanh cd ciu véi:

p. = p» _8'0’4'de|‘GCH _ 8.0,4.100.24
gh ™ - =

, =12,8 kN.
eh l 600

BAI 56

Mot ddm chiu lyc tap trung cb lién két gdi don tai A va ngam tai C
(hinh 6.562). Hay xac dinh diéu kién dé ddm trd thanh cd cdu?

GIAI

Bidu d6 (M) trong giai doan dan héi (hinh 6.56b) cho thay ddm chi
c6 thé dat trang thai giéi han néu xu4t hién mot khép déo d “C” va mét
khép déo & trong nhip (hinh 6.56¢). Tai cac khdp déo ndy mémen uén
phai dat gia tri cia mémen gidi han My, (hinh 6.56d). '

M3 = My, + BB’ = My, + Mg —Zl— @)

M 13 mémen udn tai B trong ddm don gian khp 6 Ava Cdo P
gédy:a. :
Tu (a) suy ra My
l
I+Z,

M,, = M3 | ®)

M,;, hoan toan xé4c dinh néu vi tri khdp déo xé4c dinh.
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o
TN

Hinh 6.56.

Néu ddm chiu luc khéng phai mét luc t4p trung nhu dé bai ma la
b&t ky thi vi tri khép déo duge tim tit diéu kién sao cho biéu thic M,, cb
gia tri cuc dai.

BAI 57

N . . A . LX) ’ Ky kN
Mot ddm sidu tinh c6 lién két, chiu tai trong phan bs déu q—
cm

(hinh 6.57a). Hay xac dinh vi tri cdc khdp déo dé ddm tré thanh co ciu
va viét didu kién chon mit cit ngang theo q da biét.

GIAI

D& dim tré thanh mét cd c&u thi trong ddm phai ¢6 hai khdp déo.
Biéu d8 (M) trong giai doan dan héi (hinh 6.57c) cho th&y tai B c6 mjt
khép déo md 1én trén. Trong nhip phai xuit hién mét khép déo vi du tai
C md xubng dudi cb toa dd Z, ké tit goi A. D& c6 khép déo nay mémen
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ql 70 Q-

uén tai day My, = —

2 l+7Z
xéc dinh vi tri khép déo:

[s]

dz 2

4]

(+z,)

Diéu kién dé chon mat cit ngang la:

M, ol [(l—zz;,)(nzo)—zo(Z—zo)

Mgh = Oc¢cH- Wd = Wd = Mgh/GCH'

Trong bai toAn nay:

i, 4-2)
W, = 2 °l+Z, . a)
Ocu
D61 v6i mit cat: 5
bh?

Chi nhat: Wy = T =1,6 W,

Chatl: W,=(1,15+1,17) W,
Tron: W,.=1,7TW,; :
Tron réng: Wy = 1,27 W,.

BAI 58

Z 9. i . R
——L) phai dat cyc dai. Diéu nay cho phép ta

:|=0 = Z,=0,414 1.

Vi
A
z 2
1N I[IHHIHﬁ;

%2"21‘

a

Ty
9 lw/
M

Hinh 6.57.

Mot ddm siéu tinh mit ct chit nhat b x h véi h = 2b chiu lyc nhut hinh
6.58a. Hay chon b, h? Biét hé s6 vugt tain, = 1,5, n, = 1,1, 65, = 20 kN/cm?.

GIAl

DAm s& trd thanh médt cd c&u néu c6 ba khép déo xuit hién. Hai
khdp & A va C con mét khdp & trong nhip, cu thé trong bai toan nay 12 &
B (hinh 6.58b).

T hinh 6.58b ta thdy moémen udn gi6i han My, c6 gia tri:




Pl n_ql’ -2 8002
M = Lye L[mePl, noal] 171520800 | 11.5.107800° )
2 2 4 8 2 4 8

= O'CH.Wd =20 Wd = Wdz 260 cm®.
7 SkNIm o sokn

Trong d6 Mj la mémen / 2)
udn tai mat cit B trong ddm Aj“”””ﬂll”lmjc
dan héi don gian tya khép & A Ao 4m 4m ’
va C. Mh o — — o — — — /Mﬂ

D61 v6i mit cit chit nhat h \\ (i Z b)
= 2b thi: Mo P P

=0 12.n £
2 2 8 Py *+% 70 M 4
wd_P_E_:w:zeocmii 7
4 4
Hinh 6.58.
= b=6,38 cm.

Ta chonb=6,4cmvah=2b=12,8cm.
BAI 59

Mot ddm lién tuc hai nhip chiu luc va c6 mit cit ngang nhu hinh
6.59a. Hay xac dinh luc P 16n nhét c6 thé tac dung 1én ddm theo phuong

phép can bing giéi han. Biét § = 0,01a, ocy = 24 -l(—NT ,a =100 cm.
cm

GIAI

Vi ddm 13 hé siéu tinh bac 1, nén dim chi c6 thé bién thanh mot co
ciu nghia 13 dat duge trang thai giéi han néu trén ddm cé 2 khép déo 6 B
va C.

Khéo sat doan AB, 18y m6émen d6i véi B, ta c6 (hinh 6.59¢):

Xét can bing phén trai cia diém C (hinh 6.59d) va 14y mémen d6i
véi C, ta co:




MY
2me=P,.a- abh 2a-M, =0

iM
Pgh = gh A 8 4

: AT
M, = ocy. W, v"—a a+ 2a +

D& tinh W, ta phai tinh vi o

tri dudng trung hoa khi hinh L‘Z
N 2, 9 N, A

thanh khép déo. Duong trurtg 7@} 7% g:c =D

hoa chia dién tich mat cét 5) My e/

+ |

i

ngang thanh hai phdn bing

nhau, dién tich cia mat cét la:

M
. h
F =128 - 8 = 118> Dudng A ,B
s . . A oA ¢
trung hoa cach mép dudi mot ) 0
khoang cach y xdc dinh tit didu R,

kién vira néu:

3.y = —ZE = 5,582 Suy ra

y =1,838.

Moémen chéng udn déo TS ‘T‘S 5 1_

Wd=[1,838(@)35+ AN 777
2 | e) 2178

b
| L 43‘;
+2,175.3 (%)J | H,i,. 7///:{_

-&(0,5+0,17)6 = 11,41 &°.

3. W Hinh 6.59.
Véy: Pgh - 0’ch' d
a
3
P, = 3.24.11,418 =822 kN.

a




BAI 60

Mét ddm thép mit o4t chit nhat canh b x h ¢6 60, = 1,5 [0] chiu luc
can bing nhu hinh 6.60a. Hay viét va vé (M), (Q,)? Xac dinh luc q 16n
nhét c6 thé dat 1én ddm 48 dAm trd thanh co cdu c6 mdt bac tu do va
tinh hé s& an toan déo so véi tinh theo [6]?

-

GIAL

Bing phuong phéap van nang ta c6 phuong trinh mémen va luc cht
nhu sau:

z: (z - 4a)’
M [— — — +R Z-—a 2 . '
(z)=-qaz—1q o2 )‘ +qa’ +q— : )

1 2
00wl ot cae >
1 2 : 3

Ry, xac dinh tit diéu kién bién:

M (z=52)=0 = R = 4qga’l

Theo cac quan hé (1) va (2) sau khi thay vao ching R, = 4qa ta vé
duge (M, va (Q,) nhu hinh 6.60D, c.

Dam & bién thanh co c&u 1 bac tu do néu trén ddm xuét hién mot
khép déo. Khop déo ny xay ra & mat cét “1” noi cd My = 1,5qa’.

Diéu kién xuét hién khdp déo 1a:
1,5 qga® = Mg = [04ydF =204 fydF =208, @
F T
2

2
trong d6 S, = lbh. -ll:P—h— .
2 4 8
T4 didu kién (a), ta xéc dinh duge Iyc q 16n nhét duge phép tac
dung 1én ddm 48 dim bt ddu chuyén vao trang thai déo va tao ra khdp
déo & mat cét “1” 1a:
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Hinh 6.60.

_ 20,4.8, _ 0,.bh* _ 1,5[c].bh?
lan] = =57 = 15a2.4  6a’ ®)

Mémen nguy hiém nhat khi tinh theo ing sudt cho phép la:

[c].W, _ [c].bh?
1,5a2 1,5a%.6

Moo < [6]W, = [q) < (©

Heé s6 an toan n, 1a:

ng = &—h—] =2,25 hay [qg] =2,25 [q].
] ‘




Il. CAC BAI TOAN VE CHUYEN Vi DAN HOI
Phuong phap Morh — Bepewaruns

BAI 61

Cho P, a, Eva J, tinh @y va V¢ =7 (hinh 6.61a) v6i P=10kN, J = 10°
em?, E =210 EI:I,— ,a=200cm.
cm”

2

GIAI

Bidu d8 mdmen do P va do M =1 gy ra dugc cho trén hinh 6.61a, b
con (M. ) = (Mp)/P.

|
A3 ¢ 2]
— 1. . } __:}5
A ®
a) 2 —
e e = —+ ®&-3
! !
e TG . T
MA=1 /] : ~ lo,
g W )
Hinh 6.61.

= Pa%4, o, = Pa%2, @; = 0, ®4 = Pa®
y, = 5/6,y, = 5/8,¥;= 712, y,= 13
y', = a/3, y, = 3a/4, y', = 5al6, y', = 2a/3
Theo cong thic (6.11a) ta cb:
oa = [0,y + (0552 + @3Y3 + @,y)/2] | EJ = 29 Pa”48 EJ = 0,0121 rad.
V,= [0y + (@32 + 0sy's + oy )/2]/ EJ =17 Pa%/24 EJ = 2,833 cm.




BAI 62

Tim dg vong V, tai mit cét C, goc xoay & bén phéi va bén trai khép
A, géc xoay tai g6i B ctia dAm nhu hinh 6.62a.

GIAI

Ta sé giai bai toan nay bang phuong phap “d6 toan”.

Biéu d6 mémen uén ctia ddm thuc vé trén hinh 6.62b. Ddm gia tao
va tai trong gia tao vé trén hinh 6. 62c, tit d6 tinh duge géc xoay va do

vong cia ddm thuc bing cach tinh luc cit va mémen trén dim gia tao.
Cu thé 1a:

4
3 °
a) 4

Hinh 6.62
D% vong tai C | ‘
Goéc xoay tai A: | ;
Qe = %‘23,‘ = 411?12 =-ei <0
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1 Pa Pa’ _ Pa’
2°2EJ, 12E]_ 6K

Qgraphii = =—0,<0

Géc xoay tai B:

Pa’
3EJ

X

Que =+ =¢p. > 0

BAI63

Hay xac dinh chuyén vi théng toan phén cta diém C va chuyén vi
gbc ¢, tai C d&i véi hé cho trén hinh 6.63a, I = 30 cm, h =40 cm.

/4

‘, M.:kacm

ET = /75;75 =78000kNcm?

A
777
GIAI

Ta sé giai bai toan nay bang phuong phap MO — Veresaghm So dd va
cac bidu d6 Mp, M5, , Mp, va M dude cho trén hinh 6.63a, b, ¢, d, e, g, h.

1) Tinh chuyén vi thing toan phin
A=y Aop + A

Aop = EIT (Mr,)(M,) =

M'1.1/2 M'hl Ml(l )
+ —+h
EJ EJ EJ \2

5’(30(15 40) = 0,458 cm
18000
M'h* 540
Ap= ——(M5) (M,) = = 0,222
w= gy (M#) ( )= 2EJ . 2.18000 em

A= B2, + A, = /0,458 +0,222” = 0,51 cm.
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2) Tinh géc xoay tai mat cét C:
M'lLl  Mhl _
+

0= Y (M,) (Mii) - =

EJ, E EJ 18000

0. = 0,0194 rad.

b

-~

¢
8 ®  »H é@
|
' h
Hinh 6.63.
BAI 64
Mbt khung nhu hinh 6.64a. Cho P, a, E va J. Hay tinh chuyén vi
ngang tai A?
GIAI

6.64c, d.

-

*P
LN

|

@

o, = a%2; o, = Pa/8 w3, 0, = a%2 = @,

=P.a/2;y,=a= y3 ys=2P.a/3; y; = 4P.a/3.

Theo céng thitc nhan Vérésaghin, ta cé:

(30+40) =

e Mgmmj |

Biéu d6 mémen do tai trong va Py =1 gay ra dugc cho trén hinh
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Uy = (@) + 0y2 T ©3y3 + 0454 wsys) | EJ = 7Pa’/12EJ

rr— r—a—*l
a) b)
8
______ a | S
{ w2 Pt
; .
# »_ A
Y : g
o YA\
Ty e

Hinh 6.64.

BAI 65

Cho mot khung c6 dd cing EJ = const nhu hinh 6.65a. Xac dinh
chuyén vi ngang tai C va gbc xoay tai B. Bé qua anh hudng cua lyc cit
va lyc doc.

GIAI

Biéu d6 mémen udn M do tai trong gy ra nhu hinh 6.65b.

Dé xac dinh chuyén vi ngang tai C, ta dit tai d6 mot luc Py =1
(hinh 6.65c). Biéu d Mk nhu hinh 6.65d. Ta chia bidu dd6 M, lam ba
phén:




Q,=qa®; Mi(c)=4a/3
Q,=qa’; Mk (c))=a

3 —
Q3=32—;Mk(c3>=o

1 4 7qa*
A¥=—|[ga’. —a + a3.a)=
c EJ(q 3 q

i a? o
ppe [T 2 Mot
8
2a o ‘
/Rf
) ‘
a) 777 :;gaz b)

S

“f&

YN
&

[T )

S|

7irnrnT

2a
<)

&

Hinh 6.65.

D& xac dinh géc xoay tai B, ta dit tai d6 mémen M= 1 va vé bidu
dé My nhu hinh 6.65d.

Thuc hién phép nhan Véréséghin ta cé:

.1 — — 3
0n= — (My) (M) = % (q@* +qa’) = %. >0
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K&t qua nay ching té chiéu géc xoay ¢ B cung chiéu véi chiéu caa

momen _M—k.
BAI 66
Hay viét phuong trinh d6 vong, goc xoay, tinh dé vong 16n nhat va
kiém tra d cing d8i véi ddm cho trén hinh 6.66. Biét E = 2.10* ﬁz_,
cm
I, [V] =2 cm.
v =27/m =87/
~ i orim
M’( 0 ? 2 T —
L hd z
G2~ FM y
Hinh 6.66.
GIAI
Phan luc tai ngam M,=-320 kNm ; Q,= 100 kN.
Phuong trinh d6 vong doan 1 la:
320 22 100 Z°
Vi= - — —+ — —
EJ 2 E] 6
vii 0<z<l/2
4 5
A ( _é) Aq (Z_%)
4, qd,
Va=V,+ +
LR - Y E] 5!
3202 1002 20 @-2) _30(-2) I _
E] 2 E 6 E 24 B 120 27
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Béng cach dao ham phuong trinh 46 vong ta nhan duge cac phuong
trinh géc xoay cta doan I va doan II nhu sau:

dv, 320 100 z
=t 02
dz EJ E] 2

_dV, _ 320 100 2 20z-2) 30 (z-2)°

LR EJ EJ 2 EJ6 B 24

D6 vong 16n nh4t V., xay ra tai z = 400 cm. -

_2272.10° _ 2272.10°
e 15EJ 15.2.10*.2550

=17 cm<[V]=2cm.

BAI 67

X4c dinh géc xoay tai A va dd vong tai diém B caa dam cho tren
hinh 6.67a bang cach nhan bidu dd. Cac s6  liéu cho trudc:

q = 10* N/m, a = 100 cm; J = 3000 cm*, E = 2.10” N/em?.
GIAI |
D& tinh chuyén vi dit ra bing cich nhan bidu dé cua. Vérésaghin ta

can phai tao ra va vé cac biéu d6 mémen udn trong hé di cho va § cac
trang thai ao (hinh 6.67a, b, c).

Ta ch:a dién tich ctia biéu dé M; thanh 4 phan (hinh 6.67b):
0, = % 1,5 qa®=0,75 qa®
2 qa’
0) = —,— =
3 8

0, = 3,5qa.2a =17 qa®

0, = 2qa’.




2qa

q —
P =1
AR B cl ke
a 2a § A % 4
P=2qa a/ @ c/
@\\ a 2a g
i ©) 3
2 NN / =y kv
@ -
qa*/8 2

Hinh 6.67.
Goc xoay tai A: @,.

1 — 1 1
Qp= _EI-(MP) (Ml(p) = E(O,7S+E+2)qa2.l = 0,0165 rad>0

K&t qua ¢, > 0 chiing td mit cit A quay theo chiéu cta nglu luc
P =1 (hinh 6.67c).

Tinh d6 vong tai B: Vg:
V= o (M,) (Miv) ! 7qa32a +2qa* 2.2a| = 1,611 em >0
== w)=— - = =1,
BT gy EJ 3 By

K6t qua duong cho th&y diém B di chuyén 1&n trén theo chiéu lyc
P =1 da chon (hinh 6.67d).

BAI 68

Haé chiu lyc nhu hinh 6.68a. Hay xéc dinh @6 dich gén (sy thay déi
khodng cach) giita hai diém A va B. Cho biét: P = 100 kN; { = 400 cm,

a =200 cm, E = 2.10* sz va J, = 7980 cm*.
cm
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Hinh 6.68.

GIAI

Vérésaghin dé c6 d¢ dich gén 5. Cu thé Ia

LTI P-a
<)

biéu d6 mémen uén (Mx) & trang thai nay (hinh 6.68c).

5 (Mp) (M) _ PP’ Pl’a _ 100.400.200

8= 2,

BAI 69

2 diém A, B.

GIAI

Bl 42E1°T8E)  82.10°.7980

Dé xac dinh d6 dich gan & phai v& bidu d4 mémen udn (Mp) do P gay
ra trong hé xudt phat (hinh 6.68b) va phai tao ra trang thai o “K” va vé

Bing cach nhan cac bidu db Mp) va (MK) theo thuat toan

=2,5cm,

Cho mgt khung chiu lyc nhu hinh 6.69a. Hay tinh d9 dich gin giita

Dé tinh do dich gin giita 2 didm A va B, (tdc 1a tinh chuyén vi
tuong dbi gitta hai diém nay) ta cdn phai vé cac biéu dé mémen udn M,
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trong hé da cho va M, trong hé & trang thai &o chi do 2 lyc P=1 cing
phudng AB nhung ngugc chiéu (hinh 6.69¢).

Cac bidu 6 Mp va My dugc cho trén hinh 6.69b, c.

ofF
ra_} Par\/’i "\\41

EJ 8

+ %Cz—
1A

_
S 27 P=1// @

i

a) & 9
Hinh 6.69.

Thuat toan nhan biéu @8 cha Vérésaghin cho ta do dich gin cin
tim: :

1[ Pzgaf_leaI]
2

T H 3 2 2 2
3 3

5Pa«/_ 059P

“12B)

D4u + ching to hai diém di chuyén theo chiéu luc P=1 da chon.
BAI 70

Mot khung don gian chiu lyc nhu hinh 6.70a. Hay xac dinh gbéc a aé
chuyén vi ctia diém A xay ra theo phudng cuaa luc P.

GIAI

Theo giit kién ctia dé bai vé goc o cin tim thi chuyén vi caa diém A
theo phuong vudng goc véi dudng tac dung cua lyc P phai béng 0.
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! P Pl Sin P

< N

77777777777, a) 7777777 b)

RN

Z(.f/hOhCas

Hinh 6.70.

Do d6, ta can vé biéu d6 Mp nhu hinh 6.70b va vé bidu 5 M khi dat
va0 A mét lyc don vi P = 1 theo phuong vuéng géc véi P (hinh 6.70c).

Nhén hai biéu d6 nay véi nhau theo cach nhan caa Vérésaghin rdi cho -

béing 0 két qué ctia phép nhan dé6, ta nhan dudc géc o cdn tim:

tg2a=1:>oc=ﬂ+£
2 8

n 1a s6 nguyén bat ky.
BAT 71

Mot khung BACD chiu lyc nhu hinh 6.71a. Hay xac dinh khodng
cach x dé chuyén vi thing ding A, cta diém A bing khong?

GIAI

|
Chiing ta xac dinh khodng cach x bing phuong phap nhéan bidu dé
cta Vérésaghin. Gia st luc P dugc dat & vi tri x chua biét ta vé M,. Dit
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vao A theo phuong thing ding Iyc don vi P=1tavé M. Goi Q la dién
tich ctia bidu d8 M, x, 12 hoanh d§ trong tdm cua Q ké tit ngam B, g, 12
tung do ctia bidu dé M, tuong ng vdi x,, ta co:

g =llg° =0 = g.=0vax =1/3.

A:
AR 2EJ

Vay d8 A,p = 0 thi Iyc P cAn dat cach D mot doan 1a x = x, = /3.

P(l-x)

, r wmO

™
<

\
N
o}
)it

D
a) ' c
1’—— x -—“ 2ET ! b)
W7
s AT e 77
7 A '
Q)
Hinh 6.71.
BAI 72

Mbét ddm tinh dinh mit cit khong ddi, chiu lyc can béng nhu hinh
6.72a. Hay viét biéu thic ndi luc trong dim, v& cac bidu a6 ndi lyc do, va
kiém tra xem d6 ciing tai cac mit cit: “0”, “2”, “38” va “5” c6 dam bao
khong? Cho biét: g = 30 kN/m; M" = 50 KNm; P = 40 kN, E = 2.10*
kN/cm2, J = 9840 cm?, [V] = 1 cm; [¢] = 0,01 rad.

GIAI
Céc phan luc Ry, v Ry; dude xéc dinh tit diéu kién cén bang:
> m,(P) =0 = Ry, =60,2kN
Y m, (P) =0 = Re; =57,8kN
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a)

0 ,%} 2/ 3 4 5
Q6mA  1m | 1m 95 lm

’Iﬁoz " R05
AQ(N) 429

40
| )
T

! 17,8

40
I
II 'IIIIIIII'II-.,

Hinh 6.72.

Phuong trinh ciia M(z) va Q(z) v6i EJ = const Vi, theo van nang c6
dang:

2 2
M(z)=-—3gZ' +60,2(z—0,6)l —50’ +30(Z—_22"—6—)— +57,8(z—-3,1)l
T 2 I3 R 5

Q(z) = -307| +60,2| +30(z—2,6)| +57,8|
1 e s |5

Tu cac phuong trinh cia M va Q dudc viét cho méi doan, ta dung
dugc cac biu d6 nhu hinh 6.72b, c.

Dé tinh cac chuyén vi theo yéu ciu kiém tra diéu kién cting cta dé
bai, thuén tién va ton it sic lao dong nh4t, ta phai st dung phuong phap
van ning. Cu thé la:
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z* (z - 60)° . (z-160)
V(z) = AV, + A2 —q B +R, | M SE
1 2 e
_ 4 _ 3
(z-260) IR, (z-210)
41E] 3E]
4 5
z’ (z - 60) . (z-160)
0(z) = Ay —Q@_*’Roz _fET_—__M TE |+
1 2 3
_ 3 _ 2
(=260 (@ 210)
3'EJ 2'E]

=

T
AV, va Ag,, dudc xic dinh tit cac phuong trinh diéu kién lién két
sau:

V(z=60cm)=0
V(z =310 cm) =0.
Suy ra:
AV, = Vo =-1,722.107% cm (diém “0” di chuyén xudng).
AQo; = @ = 2,277.107* rad (mét cét “0” quay nguge kim déng hd)
Thay céc gia tri cha z = 0; 160; 260; 410 cm va cac s6 liéu da biét vao
cac ham V(z), ¢(z) ta cb:
V(z = 0) =-1,721.10% cm ; V(z = 160 cm) = 4,019.107% cm,
V(z = 260 cm) = 5,122.10 cm, V(z = 410 cm) = max| V| = |-0,22 cm |
¢(z = 410) = max lol = | -2,511.102| rad, mit cdt nay quay thun
chiéu kim ddng hé.
K&t qua tinh toan nay cho théy:
maxIVl =0,22 cm < [V] = 1 cm; max l(pl = 0,0025 rad < [¢] = 0,01rad.
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BAI 73

Mot truc bac c¢6 kich thudc va chiu Iye nhu hinh 6.73a. Véi cac s6
liéu cho trude: P, a, M = 2Pa, E, J. Hay tinh géc xoay ¢,, o5 va dd vong
V,, Vi?

GIAI

Véi yéu cdu dit ra ctia bai toan nay ban doc c6 thé dung nhiéu
phuong phap khac nhau dé giai. Vi dy, phudng phap van ning, phuong
phap Maxwell — Mohr v.v... Trong bai nay ta ding phuong phap d6 toan
d6i v6i nhitng ddm miit c4t thay d6i.
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Hinh 6.73.

Phuong trinh vi phan ctia dudng dan héi clia m3i doan dim c6 dang:

EJ, V' =M, (a)
Thay cho (a) ta c6 thé st duﬁg phuong trinh sau:
EJV =M, . §_ ()

X
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O day J, 1a momen quén tinh cia mét cit d6i véi truc trung hoa x

ctia ddm thu gon ndo d6 c6 mit cit khong d6i. Pai lugng M,. ‘;—° dugc

goi 12 moémen udn dén xust va ky hiéu 1a My,
Ta chon J, = 2J; do d6, mémen dan suit trong cac doan la:

M, =P.Z. %1 = 9PZ, : My = Pa.2]
2y

3
Biéu d6 moémen udn din xuit va ddm gid tao dugc cho trén hinh
6.73b. Tit d4m gia tao véi tai trong gid tao nhu trén hinh 6.73b, ta dé
dang tinh duge lyc cit gia tao, mémen udn gia tao tai A, B, C va do d6 1a
gbe xoay va dd vong tai cac diém can tinh theo cong thic:

enggl.

= 1,5 Pa; M,; = Pa.

V(z) M, (©)
. zZ) = —=
B EJ ¢

[\] 4]

Goi B, 1a phan lyc tudng tac gida dim phu BD va cac ddm chinh
AB va DE, phan luc nay cb gia tri.

B,= > Pa.a+Pa. 2 =2Pa%
2 2
Luc cit gia tao tai A, va B, 1a:

Q. =-2Pa?+2Pa.2 =-Pa’; Q,, = -B,= -2Pa’
Ba, 2 8,

My, = +2Pa%a - Pa® —2—a=:i Pa’;
M 3 3
M, = —2Pa2.§a——%Pa2.a— lPaz.la =- llPaz.
goy 2 2 2 4 8
Tt cdng thitc () ta tinh dude céc gbc xoay va dd vong nhu sau:
_ Qg“l —— P_iz_ . [0} = __._Qgt“‘ —_._Pa_2
®=E1 2B’ B~ ZEI  EI
M 3 M 1 Pa®
VA= A = 4 2Pa : VC = #e, = _._1_ j_ .
2EI 3EI EI 16 EI
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BAI 74

Mot vong dém tron bang thép c6 ciu tao nhu hinh 6.74a chiu nén
bdi cdp luc P xuyén tdm, m&i néi A duge mé hinh hoa bdi khép A (hinh
6.74D). '

- Hay tim gi4 tri géc a dé vdi géc d6 chuyén vi tuong hd ctia hai didm
BC 1a bé nhat, véi gia tri luc nén khong déi?

P

U

a)

Hinh 6.74.
GIAI

N&u trong vanh trén kin duge dwa vao moét khdp thi néi chung 4%
cling clia vanh chi c6 thé bi gidm di. Trudng hgp t6t nhat d8 dam bao cho
d6 ciing cia vanh kin c6 khdp kﬂxéng bi gidm, néu khép A-duge dit vao
mit cét tai d6 moémen ubn trong Yénh kin kh6ng khép béng khong.




Trén hinh 6.74c dudng nét dit 13 biéu d6 mémen udn trong vanh

khong khép. Géc o cin tim 1a arcsin— .
n

BAI 75

Hay chitng minh ring dién tich ca biéu d8 mémen udn do tac dung
ngoai gay ra ddi v6i mot khung phéng c6 chu vi kin va d§ ciing EJ khong
d8i thi biing 0, nghia 13 chiing minh rang:

[M,ds=0
S

GIAI

Ta xét mot khung phing chu vi kin bat ky, ¢6 EJ = hang VS (hinh
6.75a). Tudng tugng cit khung tai mot vi tri bat ky va dat vao 46 cac ndi
luc cAn tlm, sau d6 tinh chuyén vi gbéc tuong hé gnia hai mat cét tai vi
tri cét. Goi M, 12 mémen uén do mémen uén don vi M, =1 d4t vao hai
phia cia mait bi cét (hinh 6.75b, ).

KA i oy i
14 |
e) j)
. 7
d)
Hinh 6.75.
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Chuyén vi gée tuong hd theo cong thitc Morh la:
M, M
A= f e Sl 7
s EI
Vi khung ¢6 c4u tao lién tuc, cho nén A = 0.
Vi thé véi EJ = hing thi dién tich bidu 48 mémen usn do tac dung

ngoai gy ra trong khung phﬁng phai la:
[M,ds=0 ¢))
$

V& ¥ nghia tich phén (1) 1a dién tich cta bidu d6 mémen M; trong
khung kin. D6 1a diéu cin ching minh. Két qua (1) ciing ding khéng chi
ddi vdi khung ¢6 chu vi kin ma déi véi tat ca cac loai khung c6 lién két
véi d8i tugng gay lién két, sao cho tai vi tri nay géc xoay tuong d5i bing
khéng va EJ = hing (hinh 6.75d, e, g).

BAI 76

Hay ching minh rdng mét khung phing chu vi kin c6 mét khép thi
j M;.ZdS = 0 véi diéu kién EJ = hing tai VS, § diy M, 12 momen un
S

néi lye do ngoai luc gay ra, z l1a khodng cach dén mét truc bat ky qua
khdp (hinh 6.76a). Tich phan dugc 14y trén toan chu vi khung kin.

GIAI

Dé chitng minh ta cin thao khép va xac dinh chuyén vi tuong h3 cia
hai mit cdt & hai bén khép da thao. Mudn véy ta phai dit vao hai mit cét
nay hai lyc don vi (hinh 6.76b, c) theo mét phuong bat ky nhung trai
chiu. Chuyén vi tuong hé A khi £y theo cong thitc Morh sé 1a:

M, M, 1 V]
A= [ZrElds = — (M, Mids
Sj EJ FJS'[ P

Nhung vi Hl =ZvaA=0, cho nén:

[M,zds =0
C
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il ]

Tryc bat k§ é

)

Hinh 6.76.

BAI 77

Mot ddm chiu mot lyc t4p trung P & diém m c6 mit cit thay doi bat
ky phic tap dén mic viéc xac dinh dudng dan héi bing cac tinh toan ly
thuyét 13 hét sitc khé khan va chi c6 thé cho k&t qua chinh xéc biing cich
do. Hay thiét 1ap quy luét thay d8i chia dudng dan hoi (chuyén vi théng
ditng) theo hoanh do Z (hinh 6.77) trong diéu kién chi c6 mot ddng hd do

chuyén vi va do vong ctia ddm duge xem 12 ty 18 véi luc tac dung pP?
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GIAI

Vi chuyén vi ciia dim duge thita nhéan 1a ty 1& véi luc tac dung P,
nén ching ta sé stt dung dinh 1y tuong hé cia cac chuyén vi dé giai
quyét bai toaAn nay nhu sau:

Ta c6 thé xac dinh chuyén vi cia mdt méit ngang “m” c6 hoanh d3 Z
nao d6 bing cach dit déng hd do & dudi diém K va chat tii 1én ddm &
mit cdt Z (hinh 6.77). Khi di chuyén luc P doc theo truc ddm dén méi vi
tri Z, d6ng hé do cho ta gia tri ctia chuyén vi 8 tuong ting do duge § diém
K. Quan hé nhan dugc & = f(z) chinh 14 dudng dan héi cta truc dim cdn
x4c dinh. Trong trudng hgp P qua ning khong thé di chuyén dudge thi ta
c6 thé giam P xuéng, sau d6 ting d6 vong do dugc theo ty 1& gidm cta P.

P=1
K m
= L)
|
Hinh 6.77.
BAI 78

Mot udm thép mat cht ngang hinh chit Ly, E = 2.10* kN/em? chiu
lye nhu hinh 6.78a. Hay viét:

1/ Phuong trinh d§ vong V(z), phudng trlnh g6c xoay ¢(z), phuong
trinh mémen udn va luc cdt M,(z) , Q,(2).

2/ Hay chi r6 tai hoanh d9 z ndo cac dai lugng V, o, M va Q c6 gia
tri lén nhat vé tri tuyét dsi.

GIAI

Phuong trinh V(z), ¢(z), M,(2) , Q,(2):

225




B Rz’ 01z° 0,1(z-a,)* \
V(z)—A(‘)O'Z+3!EJX - 4EJ, +App(z—a))+ 4.
1 2
2’ 0,1z} 0,1(z-a,)’
¢(z) = Agy + Ry, _2—!—ETX—— 3E, +AQy, +‘71::J‘x—
1 2
2 2 (a)
_ 0,1z 0,l(z—a,)
M,(2)=Ryz~- X + T

1
Qy(z)=R0] -0,z +0,l(z—a,) .
1 2 J

Phan luc Ry, budc nhay cla cac gbc xoay Ago;, Agg, dugde xac dinh tit
diéu kién:
V(z=a,=600cm) =0
¢(z=a,=600cm) =0 )
M (z=a,=400cm) =0

Giai hé (b) ta cé:
Ro, = 20 kN ; Ay, = — 0,01087 rad ; Agg, = 0,00737 rad.
Thay gia tri bing s0 ciia Ry, AQo;, App; va E = 2.10"—1(52- , d = 1840
cm

cm®, a, = 400 cm, ta c6 cac phudng trinh V(2), ¢(z), M,(2) va Q,(z) tudng
minh cu thé dusi day:

V,(z) =-1,132.1071%2* + 9,058.107°z° — 1,087.107%z v6i 0 < z < 400 cm
V,(z) = -9,058.10°2° + 1,087.107%z — 1,449 véi 400 cm < z < 600 cm
0,(z) = —4,529.10°2° + 2,717.1077 2 _1,087.102v6i 0 <z <400 cm

0.(2) = - 2,717.107"2% + 1,087.10° v6i 400 cm < z < 600 cm
M,(z) = -5.102 2> + 20z véi 0 <2< 400 cm
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M,y(z) = 20z v6i 400 cm < z < 600 cm

Ql(z):—%+20 v6i0  <2<400cm

Q,(z) =-20 v6i 400 ¢cm < z < 600 cm
max|V| = 1,754 cm  taiz=269,4 cm

max | <p| =0,01087rad taiz=400cmvaz=0

max | M| = 4000 kNem tai z = 600 cm

max|Q|=20kN taiz=0vaz=>400cm
Biéu d6 (V), (@), M, va (Q,) dugc cho trén hinh 6.78b, c, d, e.
g =41kNfem
p ,
q ‘ w——
0 1 I p, L 2 r: —_—
a) 1 AQ=409cm —F T y
J‘* Q,=600cm
LV((m)
- 1754 1
Z,=269,4 (449
Vo LY ©
7 7
plrad ] gprr
0,01087

¢ 0 /\ — 1 @

f/ i /
g,0035

4000
)

o , M, (kNem) . ; @

@ (kN) |
e) 0 N : ]

Hinh 6.78.

20
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BAI 79

Mot xe 6 td chay trén A [
cAu (hinh 6.792) 12 mot .
. S A
ddm don gian bang thép r :
b
chit I; c6 J, = 7980 cm*, a) ?R +_| —#
W, = 484 cm®, P, = 100 * lie 8
kN, P, = 60 kN, I = 6 m, A 1
[6] = 16 kN/em?, b = 2 m. Y T2 o4y lr
2

Hay xac dinh vi tri caa xe
trén ciu, dé & vi tri d6 cau

—m—p-om_. _qu

NIN

M,/=R,z M,

chiu mémen uén 16n nhat c)
va hdy kiém tra bén cho |
cdu khi khong ké dén &nh
hudng cta luc cit?

| S
()

|
GIAI S F
d) L~ A

L L
2

B[S

|
' 2

Biéu d5 mdémen (hinh
6.79b) cho thdy modmen
udn 16n nhit M, & diém
dat Iyc P, va bing M, =
R,.Z, trong d6 R, 1a phan
luc & gbi tua A. ,

Goi Z 1a khoang cach tit lyc 16n nhdt P, d&n gdi tya A va a la

khoang cach tit P, dén hgp luc Q, ta c6 phan luc R, vA mémen & diém
dat P, la:

_JL_loc -

—S
NIN

Hinh 6.79.

=Q(U-2z-2)/1;M,=2.Q(¢-2z-2)
Diéu kién dé c6 M,,,, 1a:
dM ~
o =@QN(-2Z*-a)=0=>Z*=1l/2-al2=3-0,3=2,7m.
Tai mit cit nguy hiém nhat nay, diéu kién bén la:

Cpax = 2*.Q (I — Z* - 2) / W, = 270.160(600 — 270 — 200)/484 =
kN
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BAI 80

Mo6t doan tai trong phan bs déu q = 0,1 kN/em, ¢6 chiéu dai b = 200 cm
di chuyén trén mot dam congxén bing thép mit cit ngang hinh chit I,,.
Hay tinh chuyén vi tai diém K diu mit phai ddm khi doan tai trong
ding cach ngam trai mdt doan t = 400 cm, 300 cm va 100 cm (hinh

6.80a). Cho biét E = 2.10* sz ; dudng dan héi cta truc didm do Px= 1
cm

_ _ 2 3 _ 2
va Mx =1 gly ra la: VK:E_IJ [li—z—] va @, = ! [ZZ—Z—J.

2 6 EJ 2

GIAI

Goi V(z) va ¢(z) 1a dudng dan héi ctia truc dim do lyc Px =1 va

Mg =1 dat ¢8 dinh tai K gay ra (hinh 6.80b, c). Ta c6 thé tinh chuyén vi
thing ding Vi va géc xoay @i tai cac vi tri t = 400; 300; 200 cm do q gay
ra theo céng thic téng quat nhu sau:

{
App = Iq(z) .adz
¢

trong dé:
q(z) 1a quy luat phan bo chia tai trong trén doan b."
- la dién tich gidi han giita cac dudng:
z=t, 2=t +b va cac dudng cong tuong iing
V(z) va ¢(z) (hinh 6.80b, ¢).

Truwong hop 1: t =400 cm |

600 3 o
Vv ()= [ 2 2y, 5,527 cm
El, ol 2 6

(diém K di xudng cung chidu Pk =1).
9x() = 0,0176 rad,
(mit cit K xoay theo chiéu kim déng hé).
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2)

A =
y ‘
e ] e
w K

Hinh 6.80.

Truong hop 2: t = 300 cm
Vi) = 3,827 cm  (diém K di xuéng)
ox() = 0,0161 rad, (mit cit K xoay thuan kim déng ho)
Truing hop 8: t = 100 cm
Vi =1,152cm  (diém K di xudng)
ox() = 0,1109 rad (mit cit K xoay thuan kim dong ho).
Il. TINH TOAN CAC MO1 GHEP CHU CAT

.

BAI 81

Mit cit ngang ctia mot chi tiét chju lyc ¢6 kich thudc va chiu luc cét
Q=8000daN,h=12cm,h,=8cm,b=6cm, b, =4 cm.

Hay vé biéu d8 phén bd tng sudt ti€p doc theo chiéu cao mit cét.
GIAI

Céng thic tinh {ng sudt tiép theo D. I. Juravski:
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. QS
O T,.8(y)

bh® b,.hd 1
=8000daN;J, = — — 20 —__(6.12° —-4.8%) =
Q 12 12 12( )

3

AN
W
AN AN

N

h
&

X

oY
e &\Q M
N\
o\»\\\:
T:I
A

TM)

h
DN\

I T
4 (3)
‘(Z)

Ty

U—

D61 véi didm 1
S, =0,38.=b. Do'dé: 18} =

D61 véi diém 2

se =p 2=l (E ~ h"h°) =6.2(6 — 1) = 60 cm?
2 \2 4
1) = 800060, 3= 115,4 daNfem?
2080.6

e ”e o2
Daé1 véi diém 3

63)=b-b,=2cm
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¢ = 8000.60 X 3 = 346,2 daN/cm?®

1
¥ 2080x2

e e 3R
P61 vbi diém 4:

Sf‘=60+(b—b0).£"—.11-2 =60 + 16 = 76 cm®
2 4
Q,-S; daN
t(y? =— ~ 438,5 7"
J..(b=b,) cm

Theo céc két qua tinh toan ta c6 biéu dd biéu dién quy luat bién
thién ctia ing sudt tiép doc theo chiéu cao h nhu trén hinh 6.81.

BAI 82

Mot moi ghép dinh tan trong cac gian thép duge cho trén hinh 6.82.
Céc s lidu tinh todn nhu sau:

Pudng kinh dinh tan d = 23 mm; 2 thép géc 90 x 56 x 8; chiéu day
ban ndi & = 1,2 cm; lyc doc N = 300 kN, thép AC,. Hay xéc dinh s0 lugng
dinh tan cho méi ghép.

GIAI

Gi st ring lyc ma mdi dinh tan phai chiu 1a nhu nhau. Dinh tan
¢6 hai mit cét bi cit, cho nén s8 dinh tan cin thiét theo diéu kién bén

cét la:
1= I\i = 300 — <[1]=10 kN/cm? = n, = 3,6 dinh.
nd 3,14.2,3
2—n, 2—>—"—n,
4 4
Theo diéu kién bén ép mit:
N 300

< [o.,) = 28 kN/em® = n,, = 3,9 dinh.

%= h,8d  n,1223
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Ta chon méi1 ghép c6 s§ dinh n = 4.

4 #A
N
i ‘f%
ry
Hinh 6.82.

BAI 83

Hay xac dinh chiu dai méi han/,, [, nhu hinh 6.83. Cac s6 liéu tinh

toAn nhu sau:

Thép gée 50 x 50 x 5; N = 60 kN, [t,] =9 kN/cm?.

GIAI

Diéu kién bén cit cho hai méi han:
N
T=
(, +1,)8cos45°

N 60
= ll + l2 2 =
dcos45°[r,] 0,5.0,7.9

<[w] =

2 A <A N
bé dam bao diéu kién lam
viéc nhu nhau ctia ca hai méi
han, ta phai cé:

=19cm.

M,

!

l ' IRETTITR
— = —% v6i thép nay h, = P\«
lz hl I ENain
1,4 cm, h;= 3,6 cm. i \/ f
\ 2
Do dé: ‘ Al
h 14 |
—=—=04 = [,=13,5cm, Hinh 6.83.
L, 36

l,=19-13,5=5,5cm.




BAI 84

Mot binh hoi ap suét cao hinh 6.84 lam bang thép c6 [olx = 190
N/mm? dudng kinh ngoai cla binh D = 200 mm, dudng kinh trong
d = 170 mm. Ngudi ta lién két hai phdn binh lai bing méi han d6i dau.
Hay kiém tra bén cho méi han?

Khi ding phuong phéap han ban tu ddng dudi 16p thudc han.

Ap sudt 1am viée p = 30 N/mm®.

Hinh 6.84.

Luc tac dung 1én méi han 1a ap lyc tic dyng theo hudng day binh
(d8i v6i m6i han lyc tac dung vudng géc).

2 2
p=p. ™ _30x XITY _ ge5 040N
4 4
Ung sudt tai mdi han:

p 680.040
= = = 78 N/mm®
k= (D’ -d°) 3,14 x (2007 —170%) mm

4 4

Ung suét cho phép cia mdi han trong trudng hgp nay theo dé bai
1a:

[o]k = 190 N/mm?®

Nhu vay méi han bao ddm bén.




BAI 85

Xac dinh luc P c6 thé dat vao cac t&m ghép cha méi ghép han nhu
hinh 6.85 tit di€u kién bén.

Biét: Vat liéu cac t&m ghép AC3 chidu cao méi han h = 8 mm, chiéu

day tdm 8 = 10 mm; [ = 55; % =0,4;1, = 45 mm. Han bing que han D34.

Hinh 6.85.

GIAI

Véi tdm ghép bang AC3 c6 [O']K = 1640 daN/cm Han bing que han
934 c6 [1] = 0,5. [c]x = 820 daN/em?,

Kha ning chiu Iyc ctia t&m ghép:

p<b.é. [clk= é X 1x 1640 = 36900 daN

Kha ning chiu lyc ctia méi han duge xé4c dinh theo diéu kign bén ct:
p<F[v] |
trong d6 F — dién tich tiét dién bi pha hdng theo cit ctia méi han.
F=2x0,7hl+0,7.hb + 2h.,
=h.(1,40+0,7.b +21)

{=50mm
b= i = ﬂ =125 mm
4 4
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F=08x(1,4x5+0,7x123,6+ 2x4,5) = 19,8 cm?
P<19,8x820= 16250 daN

Luc P ¢6 thé dat vao céc tdm ghépla P = 16250 daN.
BAI 86

Xéc dinh luc c6 thé dat vao dau dim congxon cia mdi ghép han goéc
(hinh 6.86a) vdi vat liéu dam c6 tng suat kéo cho phép [c]lx = 140 N/mm?.
Han bing tay que han 942. Cho biét: I = 600 mm; h = 60 mm; b = 10 mm,
k =6 mm.

GIAI

Déi véi moi han goc (hinh 6.86a) dugc tinh toan theo difu kién bén
cit.

Ung suét cho phép cua m6i han:
[x] = 0,6 [o]x = 0,6 x 140 = 84 N/mm?

i P ! P
S T O S e
_..l__{‘_ _.|_."_

= =

| — ! —
a) 5)
Hinh 6.86.

Tai m&i han chiu hai thanh phén lyc (khi chuyén P vé mdi han):

Luc tac dung doc theo méi han Q = P va nghu luc uén M =P.L.

236




Tai mdt diém bat ky trén bé méit pha héng cia méi han (mét pha
hong theo dudng phén giac cha tiét dién mé1 han) néi chung c¢6 hai
thanh phén tng suit: Tq do luc Q va oy do mémen M giy ra c6 phuong
vudng géc nhau.

e - . 2 .. h f
Diém c6 Ung sudt 16n nhat 1a nhiing diém tai + 5 Do d6, mét cach

gan ding ta cé:

o [T [(PIY  (PY |
r—,/cM+rQ- E7l +-1~:— < [*]

2 2
trong d6: W = 2x0,7 KL = 14 6%60

= 5040 mm?

F=2x0,7.kh=1,4x 6 60 = 504 mm?

: 2
(m) +(—P—) < [t'] = 84 N/mm?
5040 504

Tit ddy ta xac dinh duge tai trong P cho phép 16n nhat: [P] =695 N.

Khi méi han duge thuc hién nhu trén hinh 6.86b, thi khi dé diéu
kién bén phai dude tinh theo ing sut phap:

Thay vao ta cé:

o=y = sloh; W=
Suy ra:
pys (bW 1401060° 0
BAI 87

B6 phan gdi d6 dAm ciu chay ¢6 cdu tao nhu hinh 6.87a. C4c dinh
buléng c6 dudng kinh d = 20 mm va [1] = 6000 N/cm?.

Xéc dinh tai trong P c6 thé tac dung 1én géi.




GIAI

Tudng tugng ddi lyc P vé tam phén b3 “0” cua hai diy dinh (hinh
6.87) ta sé duge lyc: P, = P va mét mémen M = P.c. Mémen nay sé gay
x04n céc dinh.

Gia thiét P, phan b§ déu

1én cac dinh. Luc cdt trong méi , 25 1 —p
dinh sé la: | 150 ;—\
= -I:l—I = % (1) §
S
Goi P; 1a thanh phdn ndi

lyc trén mdi dinh do M géy ra.
‘Cac ndi luc nay tao thanh méot
ngiu luc cin bing v6i mémen N}
ngoai luc M. Cu thé 1a tong

moémen cua cac ndi lyc nay Hinh 6.87a
bing M: ‘

6
M=Pc= Y Pp, @)
il
trong d6 p; 1a khodng cach tif tdm O dén tam mbi dinh. Vi ndi luc trong
cac dinh ty 1& véi khoang cach nén ta c6:

_Pl = B— hay Pi= &Pk
Px Pi P«

Thay gia tri P; vao (2) ta c6:

6
M=P.c=l)LZpi2 = P.= M

Px =t i piz

Px 3

T hinh 6.87c ta tinh dugc:

PL=Ps=Ps=pPe=12,5cm ; p.=ps=T1,5cm; ¢=30cm.




00, 100

Hinh 6.87b, c.

Cong thic (3) cho thay luc cit Q; = P, trén mbi dinh do M giy ra
chi phu thue d6 16n p,. Do d6 luc cit 16n nhat tdng cong do P, va do M
gay ra cho céc dinh 1 va 3 1a (hinh 6.87c):

Q,=F+Q = Q=Q+2c0s(Q,.Q)Q,Q +Q’

2
Q= \/(3) +2P6 .0,508sino.+ (0,508 P)’* = 0,622 P.

6
Luc P ¢6 thé duge phép truyén 1én géi dd ddm la:
2
Q= = 1< 242 6000 =302 kN.
4.0,622
BAI 88

M{t truc truyén mét mémen xoén M, = 2700 daN.m béng méi ghép
then hoa (hinh 6.88). Biét D = 80 mm, d = 68 mm, h =6 mm, b = 12 mm,
I = 100 mm, s6 then hoa i = 6. Xac dinh ting suﬁt cAt va ép mit ma then

phai chiu?
GIAI

Gia thiét tat ca cic then hoa d8u chiu tai nhu nhau, ta c6 néi luc
ma mot then hoa phai chiju 1a:
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M, _ 2x270000 _

P, =

d.”  68x6
2
= 13235 daN

Ung sudt cét:

P, 13235
1= —=
bl 12.10
Ung sudt ép mit:
_ b 13235
Cep=™ T =
lh 10.0,6

BAI 89

=1102,5 daN/cm®

Hinh 6.88.

= 92205 daN/cm?.

Hay thiét k& mot méi n&i gém hai thanh 1 va 2 béng g théng c6

daN

[1] = 8 daN/em?, {ng sufit ép mét cho phép [o,] =80 —, hxb=20x
‘ , cm

20 ¢cm (hinh 6.89). Thanh
1 chju lyc nén N, = 5000
daN/cm?, o = 30°.

GIAI

Thanh kéo 2 chiu mét
lyc N, = N, cos 30° = 5000 x
0,866 = 4330 daN.

Chiéu dai x ddu méi
néi duge tim tit diu kién
trugt:

N,

T max

S[t]:>x2
X :

Dién tich chiu ép mit cin thiét 1a:
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—3—39— =27,1cm
20.8 :

Hinh 6.89.




N, —@—541cm = y= il—ol-—27lcm

Taldy cho ché tao:
y=3cm.

BAI 90

Mbt dong co dién dugc gid ¢ dinh bang 4 buléng nhu hinh 6. 90.
Phén ¢6 dinh cia dong co cb trong lugng G = 60 kN, phén quay c6 trong
lugng G* = 15,0 kN, dat
cach truc quay mot doan
OA = e = 1 mm. Ddng co
quay déu véi van toc géc o
= 240 rad/s. Hay xac dinh
duong kinh caa buldng.
Cho biét vat liéu lam
buléng c6 [o] = 18 kN/em?.

= i 1
777//{//////////// p‘ﬁ“ﬁ"?//////;/////
: R i
1 N i

GIAI
Hinh 6.90.
Goi N 1a phan lyc ma
nén tac dung vao dong co, R 12 lyc ma cac buldng dit vao dong co va W,
1a gia toc ctia khdi tAm cha toan hé, theo dinh 1y chuyén dong ctia khdi

tAm ta co: ;
MW, =G +G+N+R (a)
Hinh chiéu cta (a) 18n phudng x la:
G'+G
g

W, =R ®)

Chon gbc toa d tai 0, theo dinh nghia caa khoi tAm ta c6:

G'.x,+0Gx, G'.x, _G'esing+Gx,
G+G G +G G +G

X, =
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. G'en’sinot
ViXO:O’Wx: xC:__(D__O)

G*+G
G e.0lsi e’ - .
Tu (b) tardtra: R=-— D eo sinat D Rpu = G eo e
g g
Gia thiét cac buléng chiu lyc déu nhut nhau, ta c6 luc cit ma méai
2. 1. R ‘e’
buléng phai chiu 13: Q = —™= - G co .
4 4g

Diéu kién bén ctia buldng cho ta xéac dinh dudng kinh d cia buléng
nhu sau:

W

9=E&<[T]=LG_]=9kN =d> 16Q
F 3 nd® "~ 2 cm? 37![1]

Tmax

N J 16G ew’ \/16.15.0,1.2402

= /416 =2,04cm~21 mm.
3.7.9.4.981 3.314.9.4.981 em = &% mm.

BAI 91

Mot ddm mit cdt thay d6i chiu luc va lién két can bing nhu hinh
6.91a. Hay xac dinh d6 vong 16n nhit vé tri tuyét d6i, géc xoay 16n
kN
cm?’
J; = 9840 cm*, J, = 19062 cm*, cac s8 liéu khac duge cho trén hinh vé.

nhét vé tri tuyét d6i va vi tri cha cac mit cit d6. Bist E = 2.10*

GIAI

D& dap tng yéu cAu dé bai thi phuong phap t6t nhét cin st dung 13
phuong phap van niing. Theo c6ng thic (6.9). Cu thé 1a:

gl = [Bl] Agon 5 Sz =[B,]1[B;] Agou +(B,] Ag02;
S,=1[B,][B;1[B;1AS,, +[B;]1[B;] AS, +[B,] AS,, . (a)

Trong dé:
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d)o\ ¢1/EJ1 ¢2/EJ1\ ¢3/EJ1 ves } Ag(}] ___(0’ A(PZ“ ,O,RZI )T;

\
0 4 G/EL, /BN AS,, = (0,0,0,—P,..)"
[B] = NS N Lz oo T
0 0 o ¢ » AS,; = (0,0,M",R;,-q...)
0 0 0 > g O S T
i % & o] 5(2)=(V(2).0(2).M(2),Q(2))

—

G=13). 1

P=50kKN
chm 7

M'= 10

o ~l TR

o £ A I
L w0 _+_; 400cm'

kN, cm

416,3em |
b) e 90318 g5312
0 AN

<

fe———— Z265cm
Y brad '

¢ 1239.107 ] 1
R’[;;z.m‘ 2356.107
0 / .
\ | _/ 4
o 3e46 ]

Q 2332
d) ®
0 Q e
4632
5632 P 7666 -
_1,426.10

-3
0
e ‘
/ 392.‘/0B<

M Y kNem
435 cm

Hinh 6.91.




Céac &n s6 trong (a):

R, Ry, dudge xac dinh tit hé phuong trinh:

V(z =200 cm) = 0, V(z = 600 cm) = 0, M(z = 600 cm) =

= Ay = 1,239.107° rad, Ry, = 46,32 kN, R,; = 324,52 kN.

Khai trién phuong trinh (a) véi cac s6 liéu dé bai va AQoy, ROI, Ros
vita tim duge ta cé tudng minh cdc ham V,¢, va dudi day 1a cac bidu 46
tuong ting nhu trén hinh 6.91b, ¢, d, e:

Vi(z) =-3,92.10°%.2° + 1,299.1073 2 0<z,<100 cm
V,(z) = -4,211.10%.2° — 6,074.1075.22

+1,22.10™.z + 9,065.1072. 100<z,<200 cm
Vsi(z) =-1,093.107° + 1,019.107.2° — 1,739.1075.22 — 2,356.107%.2

— 4,547.107%2, 200 <£z; < 600.
¢:(z) =-1,177.107".2% + 1,299.10, 0<z<100cm.

0x(z) = -1,263.107.22 - 1,215.10°.2 + 1,22.10™, 100 < z < 200 cm.
03(z) = -4,372.107°.2° + 3,058.107".2%,
—3,479.10°.z — 2,356.107%, 200 < z < 600 cm.

max [V| =|-0,5312 cm | tai z = 416,3 cm; max | ¢ | = 4675.107° rad,
tai z = 600 cm.
BAI 92

Cho mét ddm dd bén
déu mit cdt chit nhat,
chiéu cao khong ddi h va
chiéu réng b(z) thay déi
theo z. Hay tinh géc xoay
va d6 vong tai A theo q, [,
E, h cho trude (hinh 6.92).

GIAL. Mbémen quan tinh
cia mit cdt ngang ¢ ngdm
B c¢6 gia tri: J,= bh¥/12.
M,.,=M(z=0)= -ql¥2

Tinh mémen din xudt M,,:
Vi ddm 43 bén déu cb

h = const va J, § vi tri M,,,,
nén: : Hinh 6.92.
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L

My = M,,., = —ql%2

Luc cit gid tao vd mémen gid tao tai A trén ddm gia tao hinh 6.92
l1a: '

‘ r.r Pl
= q—.0l=q— ; M,,= q—.l.= =ql¥4
Qua= q 5 q > ga = 4 25 q
Chuyén vi cin tinh nhu sau:
3
0, = %‘;‘A - ;’g (quay thuan kim déng ho)
, M 4 . .
V,= —84 = +ql (mat cat A di xuéng).
EJ 4E]

BAI 93

Mot ddm siéu tinh chiu yc cin bing nhu hinh 6.93a. Hay viét va
vé (V), M), (Q) va xac dinh tai trong cho phép tac dung 1én dim? Biét
réng mit ct ngang cia ddm 13 mét hinh trén réng ¢6 D = 1,2 cm,
d =0,8 cm, [6] = 16000 N/cm? a =1 m.

GIAI

Viét phuong trinh dd véng V(z), géc xoay ¢(z), mémen udn Mx(z) va ‘

luc cét Q,(2) bing céng thiic van ning. |
Goi M}, Ry, 13 céc phan lyc thita 6 ngam O, ta c6: ‘
2 3 3 a3

z R, z _P(z-a) +2P(z a)
21EJ, 3'EJ 31EJ, 3!EJ, )

V(z) = M,,.

o olz P(z a)2 2P(z a
P(2)=V'(x)= +R,, B J‘li _1'
01

M, (2) = ¢' @EJ, =M, +Ryz %P(z a)| +2P(z- %_
2 3
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Q@)= R"'l - P| +2P |
b T2 s
Céc phuong trinh xac dinh My, Ry 1a:
V(z=3a)=0
¢(z=3a)=0

Thay két qua nay vao (1), (3) ta dudc cac phudng trinh tudng minh
cua M,(z), Q(z) nhu sau:

@

} = M, =0, Ro,=2—9p— T (hinh 6.93b)

M,(z) = 29£z—P(z—a)+2P (z — a);

‘ Q@=2 -P+2p.

Biéu d4 (Q,) va M, dugc cho trén hinh 6.93c, d.

’y
M | P 5

,,) 1+—L+

")311”5

o j
f}f* 2 <] Sl
? o |57

.ip,
d
JfPa

Hinh 6.93.




Miit ct nguy hiém nh&t 13 mit cit “3”.

2

M,... = — Pa.
3

Diéu kién bén:

M
Wmax <[o] = [P]<[o].0,1D*1 —n%. 2_321 =

X

= 16000.0,1.1,23(1 —%) F300" [P] < 33 kN.

Thay M;,= 0, R;, =—29£ vao phudng trinh (1), ta ¢6 phuong trinh

dudng dan héi nhu sau:
2.3
—Pz 3 PRy
V() = 9 _P(z-a) N 2P(z - 2a) .
6ET,  6H, 6EJ

Biéu d4 V(z) cho trén hinh 6.93e.
BAI 94

Cho m¢t d4m c6 sd db va s6 liu nhu bai 51, nhung ngudi ta ha thap
g6i tua (tai A) dé truc didm & trén dudng thng ndm ngang, sau d6 thay
th& goéi tua bdi lién két nhu trén :
hinh 6.94. Lo xo c¢6 d6 cimg C = E LP K
3EJ,/I°§ trang théi ty do (khi P = 0). 7 2

u

Hay tinh d§ vong tai mat cét C.
My

GIAI

Ta s& khit siéu tinh cia ddm
nay bing cong thitc van ning:

*
M, Z° z*

EJ V(z) =AV,, +




. Y4
El,o(z) =M, z+ R, 7

2
3
Trong d6: AV, = Ra = Rol”
C 3EJ,
M, va R, duge tim tit diéu kién bién sau day:
P Pl
Vz=D)=0vagz=0)=0 = Ry= — , M5 = —
( D (P( D 01 27 01 54

Chuyén vi théng ding tai C 1a:

3 2 3 3
vc( =g£)= P.l + Pl .i+ P .8l3=0,0183 Pl
3 27EJ,.3 S4EJ, 18 27E], 6.3 EJ,
3
hay V.=0,0183 —ZM =0,138 cm.
2.10°4.12

IV. BAI TAP TONG HOP

TiNH DAM THEP
BAI 95
pishd1

Cho: - So d6 ddm va tai trong

- So @8 mit cit ngang nhu hinh 6.95a va bang dudi day:




P g 2P L'; 1
Van g _e‘_l_ T
q @;' F@ Q
A
¢ ! Z 3 > /@
4 M e al
xa 2ot Aa 2e<q xXa
! S
e "

Hinh 6.95a.

trong d6: - a= 120 cm, o = 2,2
- P =Bqa, Vi B = 2,2
- M* =yqa® véiy=2
Tam thép dé (2) i 400 x 10 (mm)
T&m thép long (1) 800 x 12 (mm)
Thép géc (3) '
X3
{ ﬂ ‘ 80 x 50 x 5 (mm)
Y /,/ Yo = 2,60 cm
W F, = 6,36 cm?
@ Yo
Ja=416cm!
Nhiém vu

1. Xac dinh cac phan lyc lién két.

2. V& cac biu dd néi luc: luc cit Q v mdmen udn M bing phuong
phap mat cit va van nang.
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3. Tinh cac dic trung hinh hoc cia mit cit ngang: dién tich mit
c4t ngang F, mémen tinh ca 1/2 mit cdt d6i v6i truc x, mémen
quéan tinh J,.

4. Kiém tra d6 bén & nhiing mit cét c6 kha nang nguy hiém. Biét
[o] = 16 kN/cm?, q = 0,5 kN/cm.

5. Tinh géc xoay ctia mit cit ngang “17, 46 vong cua trong tim
mit cit ngang “3” va maxlg|, max[V| dng véi gid tri q = 0,5
kN/cm. Biét E = 2.10” N/cm?.

Nhim dam bio qua trinh rit gon duge thuén tién va tranh sai sot,

ta thay th& nhém gia tri thudng lép lai bang mot gia tri dai dién duy
nh&t. Cu thét la: '

A =qa =264 cm; P = Bqa = 132 kN ; M’ = yqa® = 14400 kNcm.

CAU1
Xéac dinh phan lyc theo q.
e A
| (0
] z
1 Z 3 4 5|/
A Ry 2A A 2A R4 A
rese 528 246

Hinh6.95b.
a. Tinh phdn lyc tai goi do 4(R)
Téng mdémen ddi véi gbi da 1:
¥m, = PA — 3Aq.0,5A — 2P.3A + R,.5A — Aq.5,6A — M'=0

_ 5PA+7A’q+M’ _ SPA+T7A’q+M’
5A 5A

= R,




o R < SaBa’q +7(ca)’q+ya’q _ Safa+7a’a+ Ya
! Saa Sa

5.2,2.2,2.120+7(2,2)2.120+2.120
= R= 522 9

= R, = 655,42q (kN).

Nhu vy chiéu gid dinh ban d4u la ding.

b. Tinh phdn lyc tai g6i dd 1 (R,)

Zm,=P.6A - R,.5A + 3Aq.4,5A + 2P.2A — Aq.05A-M'=0
10PA +13A%q-M" _ 10PA +13A%q-M" -

>R, =
5A 5A
2 2 2 2,
& R, = 10aBa‘’q +13(aa)’q - ya’q _ 10aBa +13a‘a—ya q
Saa S5a
10.2,2.2,2.120+13.2,22.120-2.120
e R= 5.2,2 a

= R, = 1192,58¢ (kN)
Nhu vay chi€u gia dinh ban d4u 1a ding.

CAU 2
V& céc bi€u d8 noi luc: hic it Q va mémen udn M.

A. Phuong phap mit cit

a. Khdo sdt doan 0 - 1 vdi géc ldy tai 0,; P q
Ta c6: ! /— M,
Y=Q,+P+q.z,=0 01\1
2 0 4
Zm0,=M1+P.zl+qﬁ=0 !
2 S—
Do d6:
Hinh6.95c¢.
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Ql =-P-qz,

2 0<z,<A
M, =-P.zl—% 1

o Véiz, =0 tacé:
Q, = -P = —Paq = -2,2.120q = -132 (kN)
M =0
e Véiz, =Ataco:
Q,=-P-qA=-Baq-aaq=-2,2.120q - 2,2.120q = -264 (kN)

2.2 2 2 ‘ .
‘ M, = —afa’q - 222 =_292120% - %2_2.1&_ = -52270 (kNem)
i b. Khdo sdt doan 1 — 2 véi géc L6y tai 0,:
Ta cé:
YY=Q+P+qz-R,=0 P
4
2
Smg =M+ Pz, + 22 R (—4)=0 v .
2
Do @dé: 7 0,
7 A |R, e
Q,=R;-P-qz,
M, =R,.(z, - A) -} A<z,<3A 2
2
_pg -3
Pz, Hinh 6.954d.

oVii z, = A ta cb:
Q, =R, - P —qA =1192,568q — 264q — 264q = 321,4 kN

9z _ _q2,27120°
2

M, =-P.z, - Y -2,22.120%q = -52270 kNcm

e V61 z, = 3A ta cé:
Q,=R, - P —3qA =1192,58q — 264q — 3.264q = 68,3 kN




2 A2
M,=R.2A_P3a_ B A

9g2,2%.120?
& M, = 1192,58q.2.2,2.120 — 3.2,22.120%q — q—’z——
= M, = 53481,12 kNcm
c. Khdo sdt doan 5 — 4 vdi géc 8y tai 5:
q9
Ta cé: 4 /_
_ _ My <
2Y=Q,—q.z;=0
o, N .
qzz . 3 M
Tme =M+ =% +M =0 QA | d
2 2,
Do d6:
Q,=qz, Hinh 6.95¢.
2 0<z. <A
M4 =_gﬁ_ . 5
2
e V6i z; = 0 ta cb:
Q=0

M, =-M'"=-2.120% = -14400 kNcm
o VGi z; = A ta cé6:
Q,=264q kN

_ g2,2%120°

M, = - 2.120%q = -31824 kNcm

d. Khdo sdt doan 4 — 3 vdi goc gy tai 5:
Ta c6:

2Y=Q;+R,—qA=0
Xmg; = M; + qA (24 “%\) + M._R4(z4 'A)= 0

Do d6:
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/1
M '3 < :
Os ~ .
) 3 4 5
, 2 k4
A
Z4
Hinh 6.95g.

o Véi z, = A ta co:

Q; = gA — R, = 264q — 655,48q = —195,74 kN

M, = -0,5.2,22.120%q — 29900q = -31824 kN

o Véi z, = 3A ta co:

Qs = gA — R, = 264q — 655,48q = —195,74 kN

M, = 655,42q.2.264 — 2,5.2,22.120%q — 28800q = 71526,72 kNem
B. Phuong phap van nang

Tit cong thilc van ning (1.6) ap dt_mg cho lyc cét Qyvd momen udn
Q ta c6 cac phuong trinh sau:

Q. (z) =—264q EFH}_‘J q(z-3. 2@*» 2. 264‘1‘_
+R, —q(z- 6.264‘)l;
5

? 2
M, (2)=-264q2-q=| +R,(z-264) +q£z—_3.2i64_)—‘
2 3
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~2.264q(z — 4.264) ;
+ R‘,}(z ~6.264)—q

4 s
Ngoai phuong phap xé4c dinh cac phan Iyc da 1am § cau 1, phuong

phap van n#ng con cho phép xac dinh nhanh chéng cac phan luc R, va
R, tit chinh hai phugng trinh van nang trén theo diéu kién:

(z—-6.264)
2

Qs(z=1848cm) =0 ; M,;(z = 1848 ¢cm) = ~14400 kNcm.

Giéi hai phuong trinh nay ta lai thu duge két qua da lam & cau 1.
Nghia la:

R,=1192,58¢ kNT ; R, =655,42q kNt

Biéu thic tudng minh ciia Qy(z) va M(z) theo q ¢6 dang:

Qk(z)=—264q—q.z, +1192,58q’ +q(z—3.264),
1 2 3
~2.264q +65542q—q(z—6.264)’
‘4 5

? _ 2
M(z) = —264q.z - q% +1192,58q(z - 264), +&;;26_4)_
| 2

e |

= 1
2

~2.2649(z - 4.264)| +655,42q(z - 6.264) - L2 =6264)° 3-264)

1 BB

Duéi day 1a bidu dé lyc cit va mémen uén dudc vé tit ca hai phuong

phap mit cit, van ning va bidu 46 dd vong, géc xoay doc theo truc ddm
(hinh 6.95h). |




= - 264kN
P=132kN g 2P - 0.5 kN fem
/—— y
/
z
0 1 2 3 4 5 /
'R R, 7 ]
266 | " 526 264 528 264 | M= 14400 kNfem
WN
3323
_J__\\ 683
@ ) / 732
(kN) S [«% N
i
132 195,77
264
L 52270
31824
ﬂ : 14400
M ()
(MCII"!)
53481 71512,7
Biés d5 l:/c cé+ @ va mémen My,
r21em —) | -] l 4135./0°rad
} | 4728.10"° ,
¢y 212.007 - 2912.90°
“ .3 L73.10 N
7 352500 N
gt ®
| 2047.707°
| v 9907
034 ‘ ﬂl !/_*
0 | L0 ,
2w (][] |
M= g ®
9442¢m \ 2794
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3. Tinh cac déc trung hinh hoc clia mit cit ngang

Dién tich cit ngang F, mémen tinh cia 1/2 mat cit d6i véi truc x,
moémen quan tinh J, :

- Tinh dién tich mit cit ngang F

I] £00 {
L G ]
BIRAIE
410 14 “ 7 p;
%, o
A ;
l
) 9
470
] AL
[ ]

Hinh 6.95I.

Ta c6:

F, = 80.1,2 = 96 cm®

F, = 40.1,0 = 40 cm?

F; = 6,36 cm?®
=>F=F,+F,+F; =96+ 2.40 + 4.6,36 = 201,44 cm®
- Tinh mémen tinh cta 1/2 mit cdt ddi véi truc x
Goi:

S,.: Mémen tinh cia t4m thép long 1

S,,: Momen tinh cha tdm #:hép dae 2

S;,: Mémen tinh caa tdm thép géc 3.
Ta cé:
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Siu=Frya

Sox = Fo.yeo

Sax = Fa.yes
Véi:

Ye1 = 20 cm

Yoz = 40,5 cm

Yes=40-2,6=37,4cm
Do d6 ta dugc:
S, = 20.48 = 960 cm?®
S, = 40,5.40 = 1620 cm?®
S, = 37,4.6,36 = 237,864 cm®
= S, = (960 + 1620 + 2.237,86) = 3047,5 cm?

— Tinh mémen quéan tinh J,:

Goi: J;,: mémen quéan tinh ctia tdm thép long 1;
dJa: mdémen quan tinh ctia t&m thép dé 2;
Ja: mémen quan tinh cia tdm thép géc 3.
Ta c6:

bh’  12.80°
12

=5120 cm*

B Jlx =

bhy . o _40.°

In=du+y:.F, = 2 +y5.5F + 40,5%.40 =65613,3 cm*

Ju=ds+ y2.F,=41,6 +37,4°.6,36 = 8937,7 (cm*)

= d, =d, + 2d,, + 4d,, = 51200 + 131226,6 + 35750,8 =
=218177,4 (cm?)
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CAU 4

Kiém tra d6 bén & nhiing mét c4t c6 kha ning nguy hiém.

N o R A ~ P N
T biéu d6 mdémen udn va luc

cdt, ta th&y mat cit “3*” 1a nguy him oy <00 [
nhat: I 3 ] %
M= =M = 71512,7 kNem 0 F@
' Q
Qy = 195,71 kN. o
Xét diém 2 thude vé long 1a didm 4 X
nguy hiém:
e Tinh {ing suit phap: @):l I/_@ 3
M, 71512,7
Cp = = 40 = L 1
J. 218200 %
Yy
= 13,12 kN/cm? Hinh 6.95k
o Ung suét tiép tai diém 2:
5 _
.= Q,S; _ 195,71.1620 = 1,21 kKN/em?

15,  218200.12
o) Ung suét tuong duong: |
6w = y 62 +47 = 15,35 kN/em® < [o] = 16 kN/cm®.
DAm dG bén & diém 2 chia mat ct “3*.
e Tinh {ng su4t tai diém 3 trén mat c§t “3”:

_ 715127

= = 13,25 kN/em? < [6] = 16 kN/cm?,
5321,95

Cs

o Ung sudt tiép tai diém 1 thude mat cit “1*”:

_ 321,4.3055,728
" 218200 X 1,2

= 3,75 kN/em? < % = 8 kN/cm?2
Két lugn: Dim lam viéc hoan toan an toan vé bén.
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CAU5

Tinh géc xoay ciia mit cit ngang “1” va do vong cla trong tdm mait
cit ngang “3” (ing véi gia tri q = 0,5 kN/cm.

D& gidi quyét ndi dung nay, thuan lgi nhit 14 st dung phuong phép
van nang.

a. D vong ciia trong tdm mdt cdt ngang “3”

Chuyén vi thing ctia ddm véi s6 doan n = 5 theo phuong phap van
nang la:

3 4 _ 3 _ 4
V. = AV, +A¢,.2— 264g.2° qz + 1192,58q(z - A) + (z-3A)
3IE]  4E] 3!EJ 4'EJ
1 2 3
g (Z=4AY| (e 4r (Z-6A)  (z=6A)
245 E H9E TYTam )
4 5

Nhén xét: Ta thdy tai cac gdi d3 1 va g6i d3 4 14 nhiing gdi cling tuyét
461 nén dd vong tai d6 béng 0, do d6 ta c6:

_ 264q.A° qA'|
" Vie-ay =AVy, +A@y . A- 3E) = 31E] =0 @
1
264q.(6A)°  q.(6A)*  1192,58q(6A - A)’
* Vamon =BV + 80004 = e = e ¢ 31E]
(6A - 3A)* (6A - 4A)°
=Y q-528¢q———| =
YT IR Y 0 ®)
4
Giai hé trén ta dudgc:

AV,, = +0,6756 cm,

Apq, =—0,00212 rad.
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D6 vong tai mit cit “3” chinh 1a chuyén vi thdng ding tai vi tri
z = 4A thudc doan 3. Ta thay céc gia tri A = 264 cm, q = 0,5 kN/cm,
E = 2.10* kN/cm?, J, = 218200,0 cm* va AV, = +0,6756 cm, AQy =
—0,00212 rad vao (1) ng v6i doan i = 3 va tinh ta dudc:

V, = -2,01 cm (diém 3 di xubng).

b. Géc xoay tai mdt cdt ngang “17:

T biéu thic tinh d6 vong V, ta suy ra duge bidu thiic tinh géc xoay
¢, theo dinh nghia:

0,= dv, . Cu thé la:
dz
264q.2* z’ 1192,55qz*
¢, =Ap, - d - + X d
2.EJ 6EJ 2E]
1 2
3 2 2 3
+ 2 gl -528q2—| +65542q———q—

6EJ 2E] 2EJ " 6EJ

Géc xoay tai mat cit ngang “1” chinh 1a géc xoay tai vi tri z = A
thudc doani=1, nén ta cé:
264q.A2 _ q.A3
2.EJ 6EJ ©
1

Prony == 0,00212 -

Thay vao (¢) cac gia tri: A = 264 cm, q = 0,5 kN/cm, E = 2.10* kN/em?,
J, = 218200 cm* ta nhan duge:

0,(z = 264 cm) = —0,003525.10~ rad (xoay thuan kim ddong hd).
max|p (z = 1421 cm)| = 4,73.10° rad (xoay ngugc chidu kim déng hd).

max|V (z = 944,2 cm)| = |-2,19 em| (di chuyén xudng dudi).
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BAI 96
PE SO 2
Cho: - So d6 ddm, tai trong.

— S0 @8 mit cit ngang (hinh 6.96a) va bang dudi day.
a=18pB=10y=125

f‘(z)—"

I
P=pga ZpP g M*=ga? $
T, i Sy
xa <a <a 2ota Xa :
ry r3 \
__%( 1
Hinh 6.96a. I :
Tam thép dé€ (2) 400 x 10
Tam thép long (1) 800 x 2
Thép goc (3) 80x50x5
Yo=25cm
X F, = 3,36 cm?

Jys = 41,6 cm*
Y g
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Nhiém vu:
1. XAc dinh cac phan lyc theo q
2. V& céc biu d6 noi luc: luc cit Q va mémen M

3. Tinh tai trong cho phép [q]. Kiém tra lai @6 bén & nhitng mat
cdt 6 kha nang nguy hiém. Bidt a = 1,2 cm, [6] = 16 kN/ecm?,
E = 2.10* kN/cm?.

4. Tinh géc xoay cla cic mit cit ngang 0, 1, 4, 5 va 40 vong cua
trong tdm cac mit cit ngang 0, 8, 5 Ung v6i gia tri [q] da dugc
tinh todn & cau 3.

5. Viét phuong trinh d¢ vong, géc xoay va tinh max| V|, max |g|.
GIAI
1. Tinh phan lye theo q:
Chon géc toa dd O tai ddu trai cha dam.
Truc z trang véi truc cta ddm va huéng sang phai.
Goi: Phan Iyc lién két tai g6idd 1 1a R,
Phan lyc lién két tai g6i d3 4 1a R,

Ap dung phuong phép van ning dé xay dung phuong trinh va vé
cac bi€u d8 momen udn My(x), luc cit Q (2).

ST I z-a_ )’ , (z-a.)’°
MK(Z) = ; ':Moi +Poi (Z_ai~1)+Aqoi(_2!ll)—+Aq oi ( 3! ')_+...]
2 _ 2
—pz -3 +R,(z-0qa) +______q(z 202) —2P(z-30a) — q(z —3ca)
2 3 4
q(z - 5aa)
+R.(z-5 4z
.(Zz—50a) 5 @




K=1n _ 2
Q)= [Poi +Aq,(z-a; ) +Aq, SZ—%_Q— +] (b)

=—P—qz‘ +R,‘ +q(z-20a)| -2P-q(z-3ca) +R4+q(z—5aa)'
1 2 3 4 5

Diéu kién dé xac dinh R, R, 1a:

M, (z = 60a) =-M’
Q, (z=6aa) = 0

— 6Poa —18qaa® + 5R,0a +8qo’a’ —6Paia —
2,2

2,2
_Jaxa +R,0a+ 3 M =0

- P-6qoaa+R, +4qoa—-2P-3qoa+R, +qoa = 0

Thay P=PBqa,a=1,8,p=1,7y=125ta dudgc:
R, =6,58qa = 868,56 kN ©)
R, = 3,63qa = 479,16 kN

Vay chiéu cha R, va R, ding nhu d& chon trén hinh vé.

2. V& bidu dé lyc cit Q, va mémen uén M, theo ¢

T cac ham (a), (b) véi két qua (c) ta dung duge céac bidu d6 (Q), M)
nhu sau (hinh 6.16b).
8. Tinh tai trong cho phép [q] kiém tra lai d bén & nhitng
mit cit c6 kha ning nguy hiém
Tinh so bd tai trong cho phép [q] theo didu kién bén d6i véi ing
suflt phap 16n nhét ciia mdt ddm chiu udn nhu sau:

max

= Niv < o] @

cmax

X




W, 12 mémen chéng uén clia mit cit ngang

W= _Je _ 2181774

y max/ min 4

=5321,39 cm® 2)

x = 218177,4 cm* 14 mémen quén tinh cha mit cit ngang “3” d6i
véi truc trung hoa x.

Theo biéu d6 mémen udn M, ta thay mat cit c6 mdmen 16n nhat 1a
mit cit “3”. Véi:

= 60kN g 2qa=120kN g
9@ k q y

EEEEENR ENEENEN 125¢a*
4 Yy 2 J 4 5 |/ = 9000 kNem

rea | t8a 18a déa A Lea

216 216 276 432 276

AN, cm
. ,
{96ga

378¢a

A Q02ga_~ ]!
a/ z
g 229 \ 46294

M 1 532ga® @

Hinh 6.96b.
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M = 5,33qa® = 5,32q.120° 3)

Thay (2), (3) vao (1) ta cb:

2
o = 53201200 _
5321,39

. 5321,39.[c] _ 5321,39.16

5= = >— = 1,1 kN/em
5,32.120 5,32.120

= [q] = 1,1 kN/ecm
Kiém nghiém d¢ bén:

T biéu d6 moémen va luc cdt ta thiy tai mit cit.“3” luc cit va
mémen udn déu 16n. Nhu vay ta tién hanh kiém nghiém bén tai mat ct

nguy hiém nay véi [q] = 1,1 KN Cu thé la:
cm

M, = 5,32.1,1.120° = 84427,2 kN/cm
Q;=1,98.q.a =1,98.1,1.120 = 261,36 kN

Ta xét diéu kién bén 8 hai diém 1a I, I" thugc vé 1ong (hai diém nay
¢6 ng suét tuong dudng biing nhau) véi dng suét phap va dng suét tiép
nhu sau (hinh 6.96a).

Ung suét phap:
o, = M, Y, = 84427,2 .40 = 15,47 kN/cm?
1, 72181774
Ung sudt tiép:
_ 261,36x40x1x40,5

= 1,617 kN/cm?

T

218200 x 1,2

= G = {02 +417 = 15477 +4.1617* =

= 15,80 kN/cm?® < 16 kN/em?® = [o]
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Nhu vay tai diém I va I" thudc mit cit “3” théa man didu kién bén,
thanh khéng bi ph4 hay.

4. Tinh géc xoay ctia cac mit cit ngang va ddé véng cua
trong tim ciac mit cit ngang dng véi gia tri [q] = 1,1 kN/em da
dugc tinh toan & cau 3

P& tinh cac chuyén vi nay, t61 uu nht 1a ap dung phuong phap van
ning cho dam c6 s§ doan n = 5 nhu sau:

_ Pz’ gz* (z - aa)’ (z -2aa)*
V(@) = AVor+ Ay 2= — T T T
1 2 T3

_ap (z-30a)? q (z - 3aa)* +R, (z-50a)’ +q (z - 5aa)*
3'E) 4'EJ 3'EJ] 41ET
4 5

Thay céc gia tri: P = qa; R, =6,58qa ; R, = 3,62qa vao phuong trinh
V(z), ta duge: :

3 4 _ 3 N 4
V(2)= AVo+ Mgy z- L2 _ R | 65g0,(2700) | | (z-208)

3IE]  4!EJ 41E] |
1 3
(z-30a)’  (z-30a)*| (z-50a)’  (z-50a)
-2ga - '+3,62qa +
CE Y E B 3E sy | @

4
Tit didu kién bién:
V(z=0a)=0
V(z =50a) =0
Cu thé 1a: |




[ _qa(ea)’  q(oa)’ _ ®)
V(z = aa) =AV,, + Ag,,.aa 3E] ATE] =0
qa(soa)  q(5aa)’
V(z = 5aa)=AV,, +Ag,, .50a - - +
1V )=8V0 * 80 31EJ 41EJ
respqalioa) | Gaa)' o Qo) Qe ©
L 31EJ 41E) ~ 3'EJ 41EJ

Thay céc gia tri: a = 120 cm; g = 1,1 kN/em; o = 1,8; E = 2.10* kN/cm?
va J, ~ 218200,0 cm* vao (b), (¢) va gidi hé nay ta thu dugc:

AVOI = +0,5233 cm g A(pOI = 2,1.10-3 rad.
Ti&p tuc thay AV, Agy; vita nhan dugc vao ham (a), ta tinh dugc:
V,(z = 648 cm) = -1,315 cm (diém 3 di xudng). -

Phuong trinh géc xoay tai z bat ky caa didm theo phuong phap van

nang la:
dv qa.z’> qzZ’ (z - a)’ (z -20a)’
—= =A@, — ——— — ——| +6,58 +
e e T T I T TR B I I
1 2 3
(z-30a)’ (z-30a)’ (z-50a)’ (z-5oa) @
-2 - +3,62 +
A 1Ty Y e
4 5

Géc xoay tai mat cit “4” 1a géc xoay tai vi tri z = baa nén ta co:

i} 50a)> q(50a)’ (4aa)’  (3aa)’
~ 50a) =—2,1.10 »_ga( - +6,58qa +
o(z =50 25 6EJ B T4 ems

20a)’ 20a)’
-2qa( )_q( )

2E) 6E]
¢,(z = boa = 1080 cm) = +5,072.107 rad (mit cit “4” quay ngugc

chidu kim déng hd).




Tuong tu cach tinh & trén theo ciac ham (a) va (d) ta tinh dudc cac

chuyén vi thing dting va chuyén vi géc tai cac mit cét chi dinh con lai
nhu sau:

Vo(z = 0) = AV, = +0,5233 cm; V,(z = 1296 cm) = +1,047 cm
¢o(z = 0) = —2,1.107° rad; ¢,(z = 216 cm) = — 3,27.10° rad;
¢5(z = 1296 cm) = +4,626.10™° rad.

Trong bai todn nay cac ham (a) va (d) con cho phép ta xac dinh
chuyén vi thing ding va géc xoay 16n nh4t vé tri tuyét d6i nhu sau:

Vi (2 = 677,8cm) | = |-1,324] ¢ ; @,a(z = 1060 cm) = +5,09.10~ rad.




Chuong 7

THANH CHIVU LUC PHUC TAP
“\“‘

I. TOM TAT LY THUYET
Mgt thanh duge goi 1a chiu lyc phtc tap néu trén mit cit ngang
cta thanh tén tai it nhat hai trong sau thanh phén ndi lyc sau day:
Nu Mx9 Qy’ Mya Qx va Mz'
trong d6: z 1a truc hinh hoc ctia thanh.

X va y la cac truc quan tinh chinh trung tdm cha miét cit ngang.
Trong tdm mit cit ngang trung véi tam udn, Q, va M, 1a nhiing noi luc
tdc dung trong mat phzeing ¥z, con Q, va M, — trong mit phé’mg XZ.

A. UNG SUAT

Trong truong téng quat, ' mdi diém K(x, y) bat ky trén mit cit
ngang c6 hai loai ing suét 13 tng suit phép tuyén ¢ va tng suit tiép
tuyén .

1. Nhém néi luc gay ra ing suit phap o gdm:
N,, M,, M,.
Tai diém bat ky K(x, y) cac tng suit dé dugc tinh:
N

z

Mx M)’
=z, +—L,
S R A T

hodc 1a:
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M, |
y| % J’

X y

G =+ |Nz| + I X
K L —_—
F J

| x| (7.1)

Trong (7.1) 14y d&u (+) néu didm K nim & vung kéo do cac ndi luc
tudng dng gy ra, ngudc lai 14y ddu () .

Phuong trinh tryc trung hoa (dudng c6 ting sudt phap bang 0) dugc
xac dinh béi phuong trinh:

N M M
z 4 X y+—%2x=0 7.2
F o3 0, (7.22)
hoic la:
M .y M, .x
1+ —=2 4 2 =0 7.2b
N N,© (7.28)

Khi thanh chiu mét luc P nén hosc kéo dit & diém (xp, yp) song song
véi tryc thanh thi phuong trinh (7.2b) c6 dang:

X ¥
2 4L = 7.3
2 b (7.3)
trong dé:
i2 i2
a=- - :b=- —* véii, i, 12 ban kinh quan tinh cia mit cét
Xp Ye
ngang va c6 gia tri la:
2 _._JY .32 _Jx
=" i =0
F F

Diéu kién bén trén mdt mit cdt ngang: ‘

Z
<
g3

x + — <[6lg/m (7.4)

2. Nhém ndi luc gy ra ing suét ti€p t gbm: Q,, Q,, M,
Ung suit tiép t do cac ndi lyc nay giy ra la hé vecto déng phéng va
duge xac dinh nhu sau:
T=T + ;c'Qy + %M, (7.5)
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Cac Ging suét ti€p thanh phéan trong (7.5) dugc tinh theo cac cong
thic da cho trong cac chuong 5 va 6.

Diéu kién bén trén moét mit cit ngang:
Tmax = [T] (7.6)
3. Trudng hop tdng quat & mot diém nao d6 trén mit cit ngang toén
tai dong thoi ca o va 1 thi diéu kién bén 1a:
ou < [olk (1.7)
Ung suét phéap tuong duong 6,4 dugde tinh theo mot trong cac thuyét
bén da gidi thiéu trong chuong 3.

Cén chi ¥ rang khong phai ldc ndo ciing xac dinh ngay duge diém
nguy hiém nhat. Vi vAy, ngudi tinh toan phai so sénh mot vai diém trén
chu vi clia mit cdt khao sat dé thady mic dd nguy hiém cta ching. Diém
nguy hiém nh4t 13 diém trén chu vi mat cit, tai d6 Gng suét tudng
duong dugc tinh theo mdt thuyét bén nio d6 c6 gia tri 16n nhat.

B. CHUYEN V| TRONG HE DAN HOI TUYEN TiNH

1. Phuong phap tai trong don vi gia tao

D& tinh toan chuyén vi A, tai mit cit K theo mot phudng nao d6~
d6i véi hé dan héi tuyén tinh chiu tac dung ngoai phic tap cé thé sit
dung cdng thic tdng quat sau day cia Maxwell — Mohr:

A =—i§ik5im +Z J‘ﬁkM Zj

i j=l 1, j=1 L

ZJ——Y A 4, + Z I——Mé?d’"‘ dz + (1.8)

IMk (t2m t]m)dZ'f'ZIﬁkat dz

=y, Fl;

Céng thic (7.8) chi ding véi cac hé thanh thing va thanh cong c6
d6 cong bé, trong dé:
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a. Luyc Pi=1 duge chon chiéu tuy ¥, con phuong thi phu thude vao
phuong chuyén vi cdn tim. Néu két qua tinh ra A, > 0 thi chiéu
chuyén vi cin tinh 14 chifu cha luc Pi= 1 da chon. Néu A, < 0
thi chifu chuyén vi cn tinh 13 chifu ngude véi chidu Px = 1 d4 chon.

b. D&u téng trong s hang thit nhat & vé pha1 dugc 1dy theo “i” (s6
lién két c6 chuyén vi cudng biic i = l,n). Ra 12 phan luc & lién
két “i” ¢6 chuyén vi cudng biic do Py =1 giy ra 6 trang thai “k”.
8, 12 chuyén vi cudng blc xay ra & lién két “” trong trang thai
“m” do cac nguyén nhan nao d6 giy ra & trang thai “m”. Khi
R cung chiéu véi §,, thi Ri> 0.

c¢. Cac tich phén trong (7.8) 1a nhiing tich phin xac dinh trong doan
thanh thi j c6 chiéu dai I, trén d6 ham duéi ddu tich phén 1a lién
tuc. Ddu tdng (Z IJ dugc ap dung cho tit ca cac doan thanh
=1y
ctia hé. Cac dai lugng Mk, Ni,Q,, Mu, My, Npu, Qu, My 14n lugt
1a céc bidu thitc ctia ndi luc trong doan [; 8 trang thai “k” va trang
thai “m”

2. Phuong phap nhéan bidu dé (thu@t toan Vérechtchaguine)

Né&u a6 ciing ciia méi doan thanh /; 12 khéng d8i thi mdi tich phan
Maxwell-Mohr (7.8) c¢6 thé tinh bdng cAch nhan biu d8 cha
Vérechtchagnine:

n Qo
A = Z_C+g°‘— L (k=1,4) (7.9)
J k

trong d6: C, = EJ, C, = EF, Cy = GF , C, = GJ.
Y

Q; 1a dién tich cia (M), (N, (Qu), M,) thu(ii doan [; C;la trong
tdm cua Q;, 8c, 1a trung d¢ caa (Mx),(Nk),(Qg),(Mz) tng véi hoanh

dd caa C;.
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3. Cach tinh chuyén vi theo dinh Iy Castigliano

“Dao ham riéng cha thé ning bién dang dan héi U theo mot trong
cac ngoai luc P ndo dé bang chuyén vi ¢6 vi tri va phuong tng véi luc
Py

U M&M NoN anQ
A= _ZIEJaP s+ ZIEFaP I ds (10

trong doé:

Ak 12 chuyén vi suy rong c6 thé 1a chuyén vi thing ho#c chuyén vi
gbc tuong ting véi luc suy rong Py hosic M. N&u muéh tinh chuyén vi tai
mdt mit cdt ndo dé theo mdt phuong nao d6 ma tai d6 khong c6 sin luc
tap trung Px hodc Mg thi cAn dit vao dé mét luc Py hodc Mg, rdi thuc
hién phép tinh (7.10), cudi cung cho P = 0 hosic Mg = 0. Néu Ak > 0 thi
chiéu ctia chuyén vi cAn tim trang véi chiéu cha luc suy rong Py va néu
Ak < 0 thi ngudgc lai.

4. Phuong phap van ning|
Déi vdi cac thanh thing tinh dinh hoic siéu tinh mat cét thay d6i,

chiu tai trong va lién k&t bat ky thi viée xac dinh vi tri dudng dan hoi cia
thanh & trang thai bién dang, tot nh4t 1a st dung phuong phap van ning.

Khi st dung phuong phap nay cin phai din bai toan khdo sat vé
cac bai toan: kéo (nén), xoén va ubn ngang phang trong cic mit phing
vudng géc nhau, sau d6 chng hinh hoc cac két qua cla cac bai toan
thanh phan. Cac cong thic sit dung da giéi thiéu & cac muc 3 chuong 2,
muc 2.2 chuong 5, muc 4 chuong 6.

Il. CAC BAI TOAN GIAI SAN

BAI'1
Mot 10 xo hinh tru chiu kéo (hinh 7.1a), ¢c6 D = 80 mm, d = 20 mm,

@ =15 n=10, E = 2.10° & ¢ = 8.10° dal\,l, [6] = 6000 daN/cm?
cm”

cm’
(hinh 7.1a). Hay tinh luc kéo cho phép [P] va chuyén vi doc truc u, 8 ddu
tu do cda 16 xo?
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GIAI

Theo dé bai o = 15° > 14° nén
tai diém A trén mat cit ngang
(hinh 7.1b) ¢ mét trong caa day la

diém nguy hiém nhat véi: 7;/%

M
o——I\i —=16PP(1+i)sina / ﬁ/
F W nd 4D “ i
R ‘P z 1
va
< B y
b
Q M 8Pl3(1+—9——)cosa 9:5 )
F W nd 2D
a)

Diéu kién bén theo thuyét bén
thi 3 1a: Hinh 7.1.

2 2
= 16PP (l+£—) sin2a+(l+-—g—-) cos’ o <[o].
xd 4D 2D

Tu bt ddng thic nay ta rit ra:

3
P< n.2.6000 = 1050 daN.

16.8J ( +—2- ) 0,067 +(1 +l) 0,933
4.8 2.8

Chuyén vi doc truc § dAu tu do clia 16 xo dudc tinh béi cong thic:

_ 8PD’n d? ) sin’« d> \cosla| _
u= — 2| 1+— H 1+ — =
d’ cosa 4D E 2D G

_ 8.1050.8%.10 27 Y 0,067 22 0,933] _
SR hiacndiad ] § Pl = +|1+—"5 | === | =3,54cm
24.0,966 4.8°/2.10 2.8% ] 8.10

Né&u chi k& dén bién dang xoén thi U gin ding nhu sau:
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8PD’n _ 8.1050.8°.10
Gd* 8.10°.24

u-=

= 3,64 cm.

BAI 2

Hay kiém tra bén cho mét coc yén xe dap (hinh 7.2a). Coc yén la
mdt 6ng thép c6: dudng kinh ngoai D = 24 mm, dudng kinh trong d = 20
mm, [o] = 16 kN/em?, chiu lyc P = 60 daN tit yén truyén xudng.

z
| Peasx
Y Psinec
4 n 1
/ d §
2 ~
. D,c ’ 2 Q.
Yy 8 ‘
b  TT7
'Hinh 7.2. .

GIAI

Tu k't c4u thuc hinh 7.2a, ta 1ap so d6 tinh coc yén nhu hinh 7.2b.
Mit cit nguy hiém nhét clia coc yén khi chiu lyc 1a mit cit B lién két
gilta coc yén va khung xe. Mat cét nay chiu mét luc nén N = Pcoso,, mot
mdmen udn M, = Psina.l gy kéo viing bén phai truc y va nén viing bén
trai truc y. D& yén 1am viéc dt bén, ta phai c6 dng sudt nén 16n nhat tai
diér1 “2” théa man didu kién:

max|0'| =

< [o]

N My‘z Pcosa Psina.l

"F W 7w 2+01D3(1—n“)
Yy Z(D —d) ’

Cu thé 1a:




4.60.0,8 60.10.0,6
2 2 + 3 4
n(2,42-2%)  0,1.2,4°(1-0,83")

= 34,74 + 1559 = 1594 daI\ZI < [0] =1600 daN

cm cm’

BAI S

Cho két c&u chiu lyc nhu hinh 7.3a. Biét P = 4qa; M* = 2qa®.

%A‘
¥ P
¢’ _
:21;7 T 5 //é Z}L’i
J'L 2a a 4/
a) y
R,
0
P=4¢a
(q P M= zga’
4
Z4
Za a
RA

b

Hinh 7.3a, b.




1) X4c dinh kich thudc ctia thanh CD theo diéu kién bén. Biét CD

c6 mat cit ngang tron, {ing suit cho phép bang [o].

2) V& biéu d4 noi luc Q, va M, clia thanh AB.

3) Xac dinh tng suit phap 16n nh4t trén thanh AB biét thanh c6

mit cit ngang hinh chit nhat: b = 2 .h=2,
20 10

GIAI

Phan lyc lién két tai A va D dudgc tim tit diu kién:
2me=0 = R,=0
2my, =0 = Rp=6qa.

1) Xdc dinh kich thude thanh CD:

Theo diéu kién bén:

F_>.Nz
[c]
—>n_(122%—>[d]= 24aq =2 6aq
4  [o] | n[o] [c].7 _
p
R . /q RC - M'
" bga * o OO “
A‘ B
4qa
Q
20,
4)
W y
R ”
‘ 1O e g
b) Y - .
M. ¥
Hinh 7.3c, d, e, g.
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2) Biéu db ndi luc trong thanh AB (hinh 7.3, ¢, g)

3) Ung sudt phdp ldn nhét

+ Mit cdt nguy hiém: mit cit qua C va B ¢6 M, ., = 2qa°
+ Ung su4t phap 16n nhit

M, 2qa’ _12qa’ _ 24000q

0z max — - 7 = 2 -
W,  bh” bh a
6
BAI 4
Mot truc truyén duge y
cho nhu hinh 7.4a. Hay vé 50cm 50cm
2 N . .o — * =
biéu d6 ndi luc va kiém tra al . P=3kN [\ M ZMN*—%’SkNC m
bén cho truc. Biét d = 6 cm; =20 ] Z

[0] =12 sz . ﬂ>\P2=7,1N
cm X

95,5

» AkN)
GIAI b o l

7

J, (w)
0 115 2
Trén hinh 7.4b, ¢, d o/ @
12 cac bidu d6 moémen (kNcm)
x04n, uén quanh truc x M,(kNcm) 178 @
vay. d/\m

2

Tung 44 céc bidu dé 0 !

nay dude do bang kNem.

Mit cit nguy hiém
nhét cia truc 13 mat cét

. , Hinh 7.4.
“1*, tai @6 c6:

M, = 95,5 kNem ; M, = 75 kNem ; M, = 178 kNem.

Ung suét tuong duong 16n nhat tai mat cit nay la:
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Cwu ~

\\

X

0,1d°
=9,72 —klz < [o] = 12 KN/em?
cm

Truc ¢ bén.
BAI5

Mot xa g6 1 (ddm) bing gb
mit cdt ngang 16 x 20 cm (hinh
7.5a) tua ty do trén cac dan vi
kéo 2. Khodng cach giita cac vi
kéo bang [ = 3 m. Tai trong
thing dtng phan bs déu q =
400 daN/m dugc truyén cho xa
gd.

0,1.6°

G6c nghiéng a cha canh 2 g
thugng vi kéo 1a tga = 1/2. =
Hay xac dinh dGng suit kéo. | * Y btéom
va nén 16n nhit trong xa gé va
tinh d6 vdng toan phin & mat
cit gilta xa g6? Bist E; = 10° Hinh 7.5.

daN/cm?2.

GIAI

Mdmen uén 16n nh4t xay ra & giita xa gb c6 d6 16n:

_al’ _ 4.300°

Mmax
8

Do dé:
M, = M,,...cosa = 45000.0,894 daNem,

= 45000 daNcm.

M, = M,,...sina = 45000.0,447 = 20115 daNem.

2 2 2
E/I_m:\/Mx+My+O,75MZ :\/752+1782+0,75.95,52=
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Truc trung hoa n—n ctia mit cit ngang (hinh 7.5b):

J 1 b’ 1 20°
teB= — 2% tga = — — — = — —. — =-0,7813 = —tg 38°
2 ="y T 26 g
Cin cd vao chiéu caa M,, M, (hinh 7.5b) hodc duong trung hoa n-n
vita xac dinh ta nhan ra ngay diém chiu kéo 16n nhdt 1a D va nén 16n
nh4t 1a B. Cu thé la:

M, M, M
= = X 4+ =6 —= +___y_ =
o = |0l W, W, (bh2 hb’)
__ 6 (40248 . 20115) 613 daNlem"
16 x 20 \_ 20

D6 vong 16n nh4t 13 & gitta nhip nhu da biét 1a:

(@

g, = qcosa. =4,00.0,894 = 3,576 daN/cm
q, = gsina = 4,00.0,447 = 1,788 daN/cm
T\t cong thitc (a) dd vong theo cac phuong y, z 1a:

_ 5q,' _5.3,576.300.12 _
384EJ,  384.10°.16.20°

-0,35 cm (3 phia Am truc y);

4 4
=_ 5q 0 __5.1.788.300.12 -0,28 ¢cm (G phia 4m truc x).

384E),  384.10°.16°.20

P vong toan phan f la:
£= | VI+W? = /0,357 +0,28” = 0,45 cm.

Dj vong f ndm trong mit phéng vudng goc véi duong trung hoa

n-1.




BAI 6
Mbt két c&u hén hgp chiu luc cAn bing nhu hinh 7.6a.

1) Hay chi ra mit cit nao cta cac ciu kién chi ¢6 dng sust phap,
khéng ¢6 {ing suft ti€p va mit cdt ndo chi c6 dng suit tiép 16n nhat ma
khéng c6 ng sudt phap.

2) Cac cdu kién déu 1am bing thép chit I, hay xac dinh s8 hiéu thép
nay cho ting ciu kién?

Biét [0] = 16 kN/em?, céc s6 lidu tinh toan khac dugc cho trén hinh 7.6a.

G H
< '\‘q-lﬂ/‘V i3 360
D ORI, \£ <

A
» (o ‘d 77§
A
q,h" L.ﬂm 72,0m l 120m  Y4om [%a\\ @:‘ F@
T lz006NT 1200kN o
+ . L ©
0 X
A
A
Y
J—_—
Y

Hinh 7.6.

GIAI
1. D€ tra 19i ciu héi 1 can phai vé cac bidu dé ndi huee

Phan Iyc tai cic lién két D, A, B, E dugc tim tir diéu kién cin bing
va duge cho trén hinh 7.6a. Céac doan thanh DG, GA, GC, CH, HB, HE



chi chiu kéo va nén c6 bidu @3 trén hinh 7.6d. Moi mit cét ctia cac thanh
nay chi c6 ing sudt phap, ma khdng c6 Ung suft tiép. Cac doan AC, CB
chiu udn va cit c6 biéu d6 mdmen udn va lyc cit nhu trén hinh 7.6b, c.
Cac mit cht & gita cac doan AC va CB ¢6 My v2 Q =0, tai cAc mat cit
13y chi €6 Gyaxmn M2 khong c6 dng sudt ti€p (x = 0). Cac mit cit tai A,
C, B thudc ddm AB chi c6 ting suét tiép bing nhau va la cac ing suft
16n nh4t.

2. Xac dinh s6 hiéu thép I
D& véi cac thanh DG, GA, HB va HE c6 N gan bing nhau vé dd
16n, ta s& chon cing mdt mét cit F=Fy:
F, 2> 260 _ 60 cm?.
16
Theo quy céch thép can dinh hinh ta chon I c6 F, = 61,9 cm?.
D& véi thanh GC, CH ¢6 N = 537 kN thi F = F, dugc chon nhu sau:

F,= _521 = 33,5625 cm?
16
Ta chon I, c6 F, = 34,8 cm®.
D& véi dim AB chiu udn c6 mit cit nguy hiém nh4t tai gita cac
doan AC va CB véi My, = 720 kNm, theo diéu kién bén ta c6:
2
W, 2 E-OTBI—(L = 4500 cm®

Khong c6 thép can sén loai W, nay nén cin phai thiét ké thép I tit
céc thép t&m va thép L duge cdu tao nhu hinh 7.6e va bang duéi day:

T&m thép dé (2) 360 x 10 mm
Tép thep long (1) 360 x 12 mm
Thép géc (3) 80 x50 x 5 mm
X,
3
Y, = 2,60 cm
il F,= 6,36 cm?
P s srrsrrrreis il
% J,s = 41,6 cm?*




BAI 7

M¢ét truc truyén AB bing thép c6 so dd lién két va chiu luc nhu
hinh 7.7a. Trong d6: q = 0,45 kN/m, P, =6 kN, P, =9 kN, M"' = 1,8 kNm
[0'] =12 kN/sz, GC = GD = 1,8 kN.

Hay xac dinh duong kinh truc?

9 ";«6‘ 59
@ AL‘U ERRRRTTAIT [T1113

<l~ 30cm + 40cm —- 30em J»

Y Q,
/4 728 kN cm 5,625 kNem
¢
S54kNem
30" N cm €]
Vo=
9 270kNem
e
180kNcm @

Hinh 7.7.

GIAI

Biéu d mémen do timg loai ngoai luc q, G, P, M* gay ra dugc cho
trén hinh 7.7b, ¢, d, e. Tit cac biéu db cho thdy cac mat ct tai C va D 1a
nhiing mét cit c6 kha nang nguy hiém nhat.
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Mbmen uén téng cong tai cac mit cit C va D la:

TaiC: M, = M2+M?2 = |587° +907 = 108,6 kNem

TaiD: M, =, M2+M? = /58,77 +270° = 276,7 kNem.

Vay mat cit ngang nguy hiém 1a tai D.
Mbmen tudng duong theo thuyét bén ing sut ti€p 16n nhat 1a:

M, = M2 +M2+M? = 2767 +180° =330,1 kNem

Pudng kinh cta truc thanh cén tinh 13:

d=13 13% = 6,5 cm.
12.0,1
BAI 8
Mot ddm céngxén mit cit thay ddi chiu lye nhu hinh 7.8a. M4t cit
tai ngam c6 J = bh¥/12; F, =b.h ; b = const.

Hay tinh chuyén vi thdng ding tai ddu tu do B ctia ddm bing cong
thitc caa Mo.

k4

GIAI
(q
A '
Zz - HHH “” B x%%{thm
a) h ; *me F— 4 '_J' b
1 P-1 y
Z —
) ¢ +—2% —
T K
> l
Hinh 7.8.
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|
Chon toa d6 z hudng sang trai véi géc & B. Ta tinh' chiéu cao h(z) =
—hl— dién tich mat cit tai z 1a F(z) = b.h(z) = b.h 7 =F, —, d,(z) =
hlz(Z) = T2_ %3— =J A;—; . Biéu thtic mémen uén va luc cit & trang thai
thuc “m” va trang thai 40 “k” 14n lugt 1a:
2

VA
Mq:-q? ’ Qq:Q-Z;

Mk =-z , 6K=l

Cong thiic tinh chuyén vi ca Mo khi k& dén c3 b1en dang uén va
trugt cé dang:

B iMKM ‘y N z_2 dz
_ZL El(z) DA GF() dz"jo( Z)( qz) 7

Bagy

i 4 2
+ 19 J;. lgzdz _ g . 6q/
GFA_% 2EJ, ' 5GF,

> 0 (diém B di xudng).

BAI 9

Mot khung chiu Iye nhu hinh 7.9 . Hay tinh chuyén vi thing déng
clia diém dat lyc P, bing |

phuong phap thé& ning. 1%;»
Tr:ong tinh toé’n chi ké ¢ —

dén moémen udn va luc ff’-
doc. . EF p
1 EJ i '
GL&I A ‘,;‘r‘. / 8 { D
A Lz |

Theo dé bai khi bd ) ! UZ

‘qua bién dang trugt thi
biéu thtc thé ning bién

dang dan héi c6 dang: Hinh 7.9.
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M? N?
U= —dz + —dz a
Z I 2EJ Z j 2EF (@)
Phan lyc tai cac lién két A, C dugc cho trén hinh vé.

Biéu thic th€ niang bién dang dan héi tudng minh trong truong hgp
nay c6 dang cu thé nhu sau:
3 Y\
2

EF

1. Y 1Y

(_ EPZI) 1 (5 Pzz) 2
U=£——E,J_—-dzl+£ -—EEI——dZZ'i'E dZ3=
PP P3P _ P3P

=+ ———+ = — ()
24EJ . 48E]  4EF  16EJ  4FF

Chuyén vi thing ding ctia diém dit lyc P theo dinh ly Castigliano

la:
3
Ap = —ay— = E— + E—Z— > 0 (diém D chuyén dich xudng dudi theo
oP 8EJ 2FF
chiéu caa P).
BAI 10

Cho mdt khung khong gian, chiu lyc khong gian nhu hinh 7.10a.
Hay thiét k& dudng kinh d, cho doan 4 (doan AB). Cho biét: P, = 200
daN, P, = 100 daN; P; = 240 daN; [, =0,3m; [, = 0,4 m; [;= 0,6 m; I, =

0,8 m; [o] = 10° @2— .
cm

GIAI

Trude hét ta hiy xac dinh phan lyc lién két tai ngam A.

Céac phan lyc tai ngam A dugc chi trén hinh 7.10b. Sdu phudng
trinh can bing d6i véi hé luc khong gian cho ta:

>z =A-P=0; A,=P,=200daN

> Y =A,-P,=0; A, =P, =100 daN
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tai

tai

tai

tai

¥
£ A
P 7 M
¢ 1 / 4
5 SN
Y/ 2 (4 Ay x
A
A Z
3 / - Z
4 M
8 .
4 4 < )
a) b
Hinh 7.10.

D X=-A+P;=0;
2M;
M,

MAy = Pyl, — Pyl, = 240.0,8 — 200.0,3 = 132 daNm;

A, =P, =240 daN
=M, -Py;=0; M, =Py;=240.0,6 =144 daN

= MAV + P]_ll - P3l4 = O;

M, =M, -Py+Pyl,~1) = 0;
MAx =P, - Py, -1, =200.0,6 - 100(0,8 — 0,4) = 80 daNm.

Nb6i luc trong doan 4 (doan AB) dugc xac dinh théng qua cac phan

lye 6 A vitz. tim nhu sau:

N=-A,=-200daN;M,= M, =144 daNm; M, = MAy—A,‘. z

z=0, M,(0) = M, =132 daNm;

z=1,=0,8m, M,y = MAy -A,.l,=132-240x 0,8 =-60 daNm.
M,=M, +A,z

z=0, M(0)= MAx = 80 daNm

z=1/4, M,(—‘li) =80+ 100.0,8 =160 daNm.
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Mémen udn tudng duong theo thuyét bén thi 3 1a:
Mus = M2+ M2+ M2 = 1607 +60> +144> = 223 daNm

Mg  223.10°
[oo 10°

Dudng kinh d, ctia doan 4 vita duge chon méi ké dén tac dung cha
mémen udn va xodn. Trong doan nay cdn cé luc doc N = 200 daN, vi vay
cdn kiém tra bén cho mit cit B, nay c6 ké dén N.

Véid, = 6,1 cm thi F = 29,2 cm?, W = 44,6 cm® W, = 22,3 cm®.

Mo6men udn téng cong:

W=~0,1d; > , = do> Y223 ~6,1 cm.

M, = | M2+M? = 160’ +607 ~ 171 daNm

Ung suét phap do N va M, giy ra:

2
c= H + M, = 200 + 171.10 ~ 774 daN/cm?
F w292 22,3
Ung suét tiép do M, (bd qua luc cét):
2
=M, _ 144.10° _ 323 daN/cm?
W 44.6

P

Ung suét tuong dudng theo thuyét bén thi ba:
Gus= 0’ +47° = /7747 +4.323? ~ 1008 daN/em?

Vi 6,4 = 1008 > [o] = 1000 daN/cm® nhung khdng quéa 1%, nén trong
thiét k& nay ta 14y d, = 6,1 cm 1a t5t nhit.

BAI 11

Mot ddm chinh d3 san bing thép c6 mit cit ngang 13 mdt hinh chi
I s6 33. Sd d6 chiu luc ciia ddm nhu trén hinh 7.11a. Hay kiém tra diéu
kién bén toan dién theo thuyét bén thit ba. Biét:

q =10 kN/m ; P=200kN ; [c] =180 MN/mz,

GIAI

Biéu d3 noi Iuc ctia ddm nhu hinh 7.11b, ¢. Mt cit ¢6 mémen uén
16n nhat M, _,, = 45 kNm tai giita nhip va mit cdt c6 lyc cit 16n nh4t &
hai ddu cudi dam:
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|
| Qymax | = 210 kN
a) Kiém tra diéu kién bén theo itng suét phdp
Mit cét nguy hiém nhat 13 mat cdt ¢6 M, ., va diém nguy hiém
nh4t 12 céc diém 1 va 9 (hinh 7.11a):
M

X max

< [o]

Gmax
X

Tra s6 tay k§ thuat ta duge W, cla thép chit I s6 33: W, = 597 cm?,
do dé:
45.10°

= W = 175,56 kN/m?® < [o] = 180 MN/m?2.

O-max

Vay diéu kién bén theo ting suit phap dudc thdéa méan.

b) Kiém tra diéu kién bén theo iing suét tiép

Phan t6 chiu trang thai ﬁ#g suit trugt thudn tiy nguy hiém nhat
14 cac phén t6 ndm trén truc trung hoa x (diém 5 hinh 7.11a). Mat cdt c6
max T,,, 14 mit cit c6 Q,,, = 210 kN.

Theo c¢dng thitc Zuravski ng sudt nay duge tinh:

S5 (0
Tmax = &max—x() < ['C]
J,.8.(0)
Tra s6 tay k§ thuat ta th&y d6i v6i thép chit I s6 33: J, = 9840 cm?,
80) =d =7 mm, S¢ (0) = 339 cm®. Do dé:

_210.10° x 339.107°

= : — =103,5 MN/m?
9840.107* x 7.10

tmax

Tri s6 clia Gng sudt tiép cho phép [t] c6 thé tinh theo thuyét bén
thit ba (o1, = 2 1y, < [1]).

[x] = ] = @= 90 MN/m?®
2 2

Vay Tpe = 103,56 MN/m? > [t] = 90 MN/m? nhung da vugt qua 5%, cu
thé 1 vugt qua:
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w 100% = 15%
90

nén diéu kién bén theo ting suit ti€p khéng duge thoa mén.

y P P
_I_ / —— 02 m |l —_— 0,2177 ——
T~ 222z /q
RENREDL:¥
<ty WM
7
4
/ 5,
- 9
<& 27
N l=2m —
1]z Q kN a)
g : 210 208
15+ 0
| .\LLLLL' @
|
b —
|
Y, | 45
AN -7
MI kNm
Y C)
Hinh 7.11.

c) Kiém tra diéu kién bén theo itng sudt phitc tap

Ta phai chon phén t3 3 diém c6 tri s6 o va 1 déu 16n. Do d6, phai kiém
tra tai mit cit ¢ luc cit Q, vA m6émen udn M, cung tuong d8i 16n. Theo
bidu @6 néi luc, c6 thé chon mit cit cach diém tua mot doan a = 0,2 m, tai
day M, = 42 kNm, Q, = 208 kN. D6 1a mit cit nguy hiém. Trén mit cit
nay ta chon diém nguy hiém cén duge kiém tra 1a cac diém 3 va 7 & chd
ti€p giap giita d€ va than chii I. Theo s6 tay ky thuat, véi thép chit I s 33,
céc diém d6 ¢6 15 = 1, theo cong thiic Zuravski va 6; = o, nhu sau:

_Q d 2]
“e o [s.0-5

(Cong thic nay ciing 1a céng thite tinh ting su4t tiép tai diém bat ky
trén than chit I khi xem 3 14 diém bat ky).

~
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Sau khi thay s6, ta dugc:

208(339.10*’ - % 107 .0,1542]
Tg = ~ = =77 MN/m®
9840.10°% x 7.10
3
va Gy = M, Y, = 42.10 . 0,154 = 65 MN/m?,
I 9840

X

Thay o, va T; vao cdng thic tinh Gng suit tuong duong theo thuyét
bén thi 3 (ing sudt ti€p 16n nhat), ta co:

o, = ol +41 = 657 +4.777 .
Vay G, =167 MN/m’® <[] = 180 MN/m*
Tém lai, sau khi kiém tra bén toan dién, ta th&y stc bén uén cha

ddm khoéng dugc dadm bao an toan vi ddm bi pha hiy trén truc trung hoa
do {ing sudt tiép.

BAI 12

Mot cot c6 mat cit hinh vudng bi nén léch tam trén truc y. Ung suét
tai diém A bing +200 N/cm?, tai B bing 0. Hay xac dinh tai trong va vi tri
cuia tdi trong tac dung 1én cot, ing suit nén 16n nhat & cot (hinh 7.12).

GIAI

Cp = — P (1+—20'.12yc = 200 N/em® (1
AETE 40 )° em” (1 Pl «
P 10.y .12 / //
-10.y..
=~ 1+ 2 =0 (2 9
o8 402( 40? ) ® = 7
Tu phuong trinh (2) ta xac . ‘o'f/
dinh dudc dd léch tAm y,cta tai . dem
trong:
- I R
14+ 10.y20.12 -0 0
40 P
407 40 | L
hayy. = =— cm.
12.10 3
Thay vao (1), dudgc: Hinh 7.12.
_ P2 (1_ 20.4?.12): 9200
40 40°.3
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Rit ra P =32.10* N.
Ung suét nén 16n nhét xay ra & bién D-D caa cbt:

_ 3210 20.40.12
Op = — 2 2
40 40°3

) = -600 N/cm?2.

BAI 18

Mbt dung cu dé kep c¢6 dang nhu hinh 7.13. Cho: h = 15 mm, b = 5 mm,
e = 50 mm. Tinh mémen ctia ngéu lyc ¢6 thé dat vao vo ling dé cho tng
suét 16n nhit 6 than gia khong vugt qua ting suit cho phép.

Cho [o] = 160 MN/m?. Budc ca ren vit A = 1 mm. Gia thiét bd qua

cdc anh hudng ma sat. p
GIAI T 172 (Einy
1] -
Quan hé giita moémen ' -..
ngéu luc dit vao vo lang va luc 1
nén téc dung vao chi tiét c6 thé A‘/ —?—-c 1w
xé4c dinh bang nguyén ly cong | 1,
kha di: \:l
2
N=2I M
A
Hinh 7.13.

Ung suét & than chi tiét:

N (1+@) = 224 (1+@) <[o]

Omex= 5h  h) Abh\  h
2n(1+§)
h
v 16000.0.1.05.L5 _ oo

2.314| 1+ 65
2 L5

b
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BAI 14 i

Mot ddm cOngxdn c6 mat cit thay ddi chiu luc nhu trén hinh 7.14a.
Biét P, = 1,63P va h = 2b. Xac dinh gi4 tri va phuong ctia d6 véng § dau
tu do.

GIAI

D4m c6 mat c4t thay d6i nén d6 vong toan phan bing téng do véng
trong tiing doan. Goi J,,, J,; 12 cAc mémen quéan tinh cta phin ddm c6
mit cit hinh chit nhat, J,,, d,2 14 mémen quén tinh ctia phdn ddm c6
mit cit hinh tron.

3 4

g, = o _2b°
12 3
hb* b
J, =2 -2
T 12 6

Jo=J.= D’ m(b4/5)* _ 25m.b*
2T 64 64 64

Theo phuong phap Mo — Vérésaghin ta cé:

b,”/

|;
A0 ) o
)

a s Qa

P

é A
a) 1 : x
Pa
/! 2aF
b Vo
A My, |
a
9 i s  Za
&=t M,
Hinh 7.14.
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2 3 3
Ap, =Z g'?“ _ D + :;a . Tuong tu d6i véi P ta c6:

x1

2 XA 3 - 4Pa3 _ 2 2
Ap=Y. M)(Mi)EJ, =Pa’/3E],, + F Apex = /Aw, +A, .
L x2

Thay cAc gia tri mémen quan tinh vita tim dugc & trén va P, =
1,63P vao bidu thiic ctia A,y ta c6: '

BAI 15
Mbt ddm thép céngxén chiu lyc va lién két nhu hinh 7.15. Cho
p=2400 N, q =4000 N/m,l=2m; o =30% E= 2.10” N/em?; [c] = 16 000
N/cm?,
Xac dinh s6 hiéu mat cét

ddm thép hinh chit I? - 3(:/’_ ~,
’ <

GIAI 38 I P ’&'
Mémen uén cdc dai & y
ngam | Hinh 7.15.

M, mex = Plsina = 240.2 %

= 2400 Nm
2
M, o= -13;— + Plcosa = 400.4 + 240.2.0,866 = 12160 Nm
o N P 7, - W (N A A ~ P R p
Thit 14n thi nhéat, dat k = W" = 8. Tt diéu kién bén ta c6 thé raut
y

ra cong thitc mémen chéng udn nhu sau.

_ M, + kM, 1216+8.240

W, = 100 = 196 cm®.
[c] 1600
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Ta chon mit cit didm thép chit I,, c6 gia tri mémen chéng uén nhéd
hon va gin nhat:

W, =184 cm®, W, = 23,1 cm®.

Tai diém A va B & mit cit ngam ta c6 |o,,,| = |0, do dé:

M N My mx 121600 = 24000

X max

Omax — +
W, W 184 23,1

X y

~ 17000 N/cm?

Vi
On =101 15 _ 17001600

1000 ~ 6,2% > 5%
[o] 1600

~do @6 ta 18y mit cit s6 I, véi W, = 203 cm®, W, = 28,2 cm® khi dé:

_ 121600 . 24000

Cmax = 14500 N/cm?
203 28,2

Ung suét 6,,,, nay nhd hon [6] cd:

1600 -1450

100 = 9,4%
1600

BAI 16
Cho q = 6 kN/m; L = 6 m; [0] = 140 MN/m? o« = 30° (hinh 7.16).

Chon s§ hiéu mit cét ddm
thép chit L.

GIAI
Hinh chiéu cua tai

trong q 1én truc z va truc y
(hinh 7.16):

Q.= gsina ; g, = qcosa !

Thanh phin g, phin
b& déu trén chiéu dai l tao

Hinh 7.16.

’
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ra bién dang nén. Thanh phén q, 1am d4m bi uén ngang. Mémen udn
cyc dai & mat cit gitta nhip dam:

|

\

M,.... = q,/%/8 = qL%/8cosa ' |

Ta 14y gia tri nay dé thii chon mit cit 14n thd nhat. Khi d6:

W= Muw __ql" 600036
* |o| 8[c]coso  8.14.107.0,866

=2,23.10" m® = 223 cm®

Mt cit chit I s6 22 ¢6 mémen chéng uén 16n hon va gin nhit véi
gié tri nay: W, = 232 cm®; F = 30,6 cm®.

& mat cit c6 M, tac dung Iyc nén doc truc z bing:

L ql qL
Nz=—=--"2=——.tga
275 2 2 F

Ta kim tra mit cit d4 chon & trén khi c6 xét thém luc doc:

_INJ |, Moo 6000.6 6000.36

= + =
Oex” TF TTW,  2306.10°43  8.232.10°.0,866

= 137,8.10° N/m?= 137,8 MN/m?.
Ung suéit 6, nhd hon [o] cd:

_[_ﬂ_—_lgw_| 100 = 22 100 = 1,6%
140

[o]

C6 thé chi ra ring mit cit nguy hiém nhét cach mat cit gidta nhip
mét doan kha bé, do d6 anh hudng khong dang ké. That vay, d6i véi mét
mit cit bat ky ta cé:

2
Ic,,,,,,l = % (izz cosa — %— cosa) + S(Z_FQ sino

d
|°|max = o cosa — E cosa — L sina =0,
dz  2W w F

nén mit cit nguy hidm & cach géi trai mot doan z, béng:

Vi

3
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ytga_ 6.2 23210
F 243 306.1043

o} mat cit ndy (z, = 3,420 m)

2= L = 3,420 m,
2

o] = 1 _ 6000.6 3.420 — 6000 3,420 ﬁ + 6000.3,_5408 _
232.10 2 2 2 30,6.107.2

=137,85.10° N/m? = 137,85 MN/m?
titc 1a 16n hon @ng suft & mit cit giita nhip gin 0,05%.
Vay mit cét chit I cdn chon 13 L.

BAI 17

V& biéu dé noi luc ctia thanh giy khiic khong gian. Xac dinh mit
cét nguy hiém, tinh gia tri tai trong cho phép. Cho bidt a = 1 m, mit cit
thanh hinh vuéng 6 x 6 cm, [0] = 16 kN/cm® Khi tinh bd qua téc dung
ctia Iyc cit va diing thuydt bén tng su4t ti€p 16n nhat (hinh 7.17a).

GIAI

Céac bidu d3 ndi lyc cta thanh cho trén hinh 7.17b.

Mt cit nguy hiém nhat 12 mit cit A (hogic B). Ta tinh tai trong cho
phép tit diéu kién bén § diém 1 vi diém 2 ca cac mit cit nay. Cac bidu

dd tng sudt doc theo céc canh cia mit cit nghi nguy hiém dugc cho trén
hinh 7.17¢.

Tai diém 1

2

qa
2
— _qa 2 qa ‘
= +logl + logl == + = + =<
o Ionl IO' 1| |0'2| F W W [o]

Thaya=100cm, F=6x6= 36 cm? W = 6%6 = 36 cm®.

100 + 10000q + 10000q

<16. Riat ra g < 0,0382 kN/em.
36 2.36 36

Ta duge
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Tai diém 2.

——

o= lowl +lowl =T+ =3¢ 36 36

2
| = @, 9@ _ 100q N 10000q _ 10100q

M qa’ _ 100009

xoén

T= =

«.6 0208.6° 45

E> 2 4
P77
A L)
o
=«
Mniﬂz
¢
D

Hinh 7.17.

Thay vao cong thic kiém tra bén:

,/c’ +41* <o)

ta rdt ra q < 0,0305 kN/cm.

So sanh hai két qua, ta chon tai trong cho phép [q] = 30,5 N/cm.
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BAI 18

Mot hé treo chiu lyc nhu hinh 7.18a. Hay vé bidu dé noi luc trong

bang ctia phdn AF véi cac phudng trinh:

2z=0 va Ymp(P)=0

Hinh 7.18.

} hé
GIAI
Tudng tugng cit thanh EF bing mat cit 1-1 (hinh 7.18a). Xét can
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Suy ra:
H,=0; R,=0
Xét can bang phin FB véi phuong trinh:
Ymg(P)=0 = Ry=45kNT
Doan AF khéng ¢6 ngoai lyc tac dung nén khéng c6 ndi luc.

Biéu thifc mémen udn va luc cit trong doan FB véi gdc toa do Z tai

F ta co:
— 2
M(2) = Nggz ‘ ~q (izi : (@)
1

TaiB M@E=6m)=0 = Ng=15kN>0

= ‘ 3 ‘
Q(2) -q(z-3) ®)

Thay Ngg vao (a), (b) va vé cac biéu d6 M va Q nhu hinh 7.18b, c.

Xét diéu kién can biing nit E, tit tinh d6i xing qua dudng EF cua
phan CED va phudng trinh hinh chiéu 1én phudng y, ta c6:

2y=0 = Ngc=Ngp=19,5kN>0

Biéu d Iuc doc trong hé cho trén hinh 7.18d.
BAI 19

Xac dinh tai trong cho phép [q] tac dung lén thanh chiu lye nhu
hinh 7.19a. S8 liéu tinh toan cho nhu sau:
P,=20qa ; P,=3,75qa
M, =25 ga’
GIAI
Ta nhan th&y theo so d6 dim va tai trong thi mat cit tai ngdm la

mit cit nguy hiém nhat. Cac thanh phén ngi lyc trén mit cit d6 duge
biéu didn nhu trén hinh 7.19b. Céc tri s§ duge tinh nhu sau:
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M, = -25qa® + 5ga®— 20qa,5a = —120qa?
1
M, = —gba 223 - 8,75.qa.10a = —50qa’®

M, = 200qa®.

7 2
[ M;509a" M= 1e0gat
3 N ( c A
Sa /‘18' a ;J_ ] .0\ B »
, x
\1\ P . l ‘A z
~ fla s | ﬁfg =2004a
2a YIP z
' a) Yy 2 b
Hinh 7.19.

Cac diém nguy hiém trén mat cét 12 A, B, C. Ta bit ddu tir diém A
dé x4c dinh tri s6 tai trong cho phép. Tai d6 ta chi ¢6 Ging suét phap véi
diéu kién bén la:

M M
L+ — <o)
W, W

Omax

Thay s6 vao ta c6:

- 2 2
_ 50qa ;6 . 20qga .26 <[o]
2a.a a(2a)

max

Tu d6 ta rit ra duge:

450 -[:—] = [o] (a)

Déi vdi diém C: Theo thuyét bén thé nang bién ddi hinh dang ta cé:

2 2
Oy = ‘/(M"] +3(MZJ < [o]
i Wx Wd

Hay
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2 2
50.qa’.6 120.qa’
= [ 222 43— | <
o \/( 2a.a’ ) (0,2462aa2 te}

Ta rat ra:

449 fal _ [o] (b)

a
Déi véi diém B ta c6 ciing theo thuyét trén:

2 22 2 )2
o = 200.qa2.6 +3}0,79. 120qa _| < @l
a(2a) 0,2462a.a

Do dé:

451 lal _ (o] (©)
a
Tit cac két qua (a), (b), (¢) ta thdy diém nguy hiém 1a tai B. Vay ta
1ay:
] = 28] = 5,65 kN/m.
451
BAI 20

Cho mot khung khéng gian chiu luc nhu hinh 7.20a. Xac ¢inh mat
cit ngang nguy hiém ctia khung va chon kich thudc mat cit ngang trong
cac doan AB va BC, biét ring: trong doan AB thanh c6 mit cit hinh chit
nhat véi chiéu cao h = 2b, trong doan BC mit cét ngang 12 hinh tron.

Céc s6 lidu tinh toan cho trudc nhu sau:
M* = 10000 Nem; P, = 5000 N; P, = 2000 N; q = 1000 N/cm
AB=900m;BC=6OCm;CH=50cm;HK=35cm.
GIAI

Hé truc toa do chon cho mdi doan thanh dugc biéu dién trén hinh
7.20a. Cac bidu d6 ndi luc duge biéu dién nhu trén hinh 7.20b.
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Hinh 7.20a.
a) Chon duwémg kinh cho thanh BC

Mat cdt nguy hiém caa doan thanh BC 13 mat cit ngang sat tai B.
Trén mit cit d6 ta c6 cac nodi luc nhu sau:

N,=-2000N; M, =6125 Nm;
M, = 3000 Nm; M, =21 100 Nm.
Chiéu cAc noi Iyc duge biéu dién trén hinh 7.20c.

DPiém nguy hiém 13 diém cé Ung suft nén l6n nh4t. Tri s6 dng suit
phap tai d6 la:

M, . N, V2L12.10°+3%.10° 20004
cmin = - —— —_— -_— -
W F 0,1d* 3,14d>

u
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d K
T0ONm
H A 6125 Mm H L
6125 Nm
A d , 8
/ 000 N
| 21100 Nm
7626 Nm 6125 N 79300Mm
M-C
K K
/ % tg 35000N
H z LT 6/26Nm H Lo
1> 2000n

\__

/

T e
™\ s000Nm ,HHHIHHI
25000N

Hinh 7.20b.

_ 21,31.10° 2000 Z
Omin = 3 = 3 M
0,1d 0,785d y

X
AT

Tri s8 (ng sudt tiép la: % Y]

L oM, _ 6125
max W O,2d3

p

Theo thuyét bén thé ning
bién d6i hinh dang, diéu kién
bén cua phéan t6 la: Hinh 7.20c.
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3 2 2
th:\/mz\/[zm.lo , 2000 ) +3(6125J < o]

0,1d° 0,785d* 0,2d°
Thay tri s [c] vao diy va r;ﬁt gon ta duge phudng trinh:
d® - 0,065.10° d - 1,09.107d — 4,82.10°=0
Giai phuong trinh nay ta c¢6: d = 0,13 m.

b) Chon kich thudc cho thanh AB

Mit cit nguy hiém cta doan My
thanh AB ciing 13 mit cét ngang sat 7 ! x
. s N A a o < P : /X/’
tai B. Tri s0 ndi lyc trén mit cat d6 . 0 —=3
la: ; y %’ N
1
N, =-35000 N ; M, = 3000 Nm; MJ

M,=21100 Nm ; M, =6125 Nm.

Chiéu cac thanh phén néi luc
duge bidu difn nhu hinh 7.20d. Hinh 7.20d.

Céac diém nguy hiém trén mit cit 13 1, 2, 8. Ta chon kich thudc mit
cit ngang ti diéu kién bén cia ba diém dé:

Diém 1: Tri s6 ing sudt nén 16n nhat tai d6 la:

W, W, F

X y

o = [M M, N, (21L10%6 6125106 35000
i 2b.b’ b(2b)’  b(2b)
Diéu kién bén cta phén t8 1a:

21,1.10%.6  6.125.10%.6 35000
2b° 4’ 2b’

,s[o]

Thay tri sd [c] vao, ta di d?’n phuong trinh:
b®-1,75.10"*b — 'J72-5.10"5 =0

Giai phuong trinh nay cho%ta b~ 0,091 m.
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Diém 2: Ung suét phap tai day c6 tri s0 1a:

_ (M, N, 21,1.10%.6 35000
c=- +—=%|[=- — +
W, F 2b.b>  2b.b

X

Ung suét tiép 16n nhat:
M 3.10°

¥4

W 0.246.2bb?

p

Tmax

Theo thuyét bén th& nang bién d6i hinh dang diéu kién bén cia
phén t6'1a:

s 2 5 \2
vas JTTIT = \/(21,1.10.6+35000) +3( 3.10 ) ‘i

2bb’ 2bb 0,2462bb’

Thay tri s3 cta [o] vao va riit gon ta duge phuong trinh:
b®- 3,06.10° b? - 2,2.107"b — 40,8.10° = 0
Nghiém phuong trinh nay la:
b ~ 0,086 m.

Diém 3: Ung suét phap tai diém nay la:

[M, N,) (6125.6 35000)
o=-|L+-2|=- +

\\" F 4b° 2b’
Tri s6 ting sudt tiép tai day la:

3000

= 41, = 0,786 —200 __
T 0.246.2bb?

Theo thuyét bén thé ning bign d6i hinh dang, didu kién bén clia
phén t& la:

2 3 2
Gm:m___‘/(6125.6+35000) +3(O,786 3.10 )

4v° 2b’ 0,246.2b°

< [o] = 10 kN/em?.
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Rit gon lai ta duge phuong trinh:
b®- 8,06.10%b% — 321.10"%b — 155.10° =0

Giai phuong trinh ta cé:
b ~ 0,075 m.

Nhu vay d€ théa mian diéu kién bén & cd ba diém ta phai chon
b=9,1cm, h=2b=182cm.

Kinh nghiém thiét k€& cho thdy trong bai toan chon kich thudc cta
mit cAt ngang khi thanh chiu luc phtc tap, ta thudng gép phai cac
phudng trinh bac 6 hay bac 3. Vi vay dé don gian,thudng ngudi ta so bd
chon truée kich thudc ciia mit|cit véi gid thist 1a trén mit cit khong c6
lye doc N,. Sau khi sd bd chon kich thuée, ngudi ta kiém tra lai d6 bén
cta thanh, khi ¢6 ca lyc doc N, tac dung. N&u diéu kién bén khong thda
mén thi ra ting kich thuéc cta mit cit. Cach gidi quyét bai toan nhu
vy trdnh dudc viéc gidi cac phuong trinh béc 6 hay bac 3 kha phic tap.

BAI 21

Mot don bay kiéu tiép xﬁci ¢6 dang nhu hinh 7.21a. Ld xo CK c¢6 sb
vong la n, dudng kinh day 16 xo 1a d, dudng kinh trung binh cla vong 16
xo 1a D. Hay xac dinh gia tri lyc P &8 chuyén vi thng ditng ddu cuéi A
cta don by vira bing khe hd ban ddu A giita A va E? Gia thist géc ning
cua céac vong day la rat bé.

L ~
\ ' -°
p l{ Ejz Gld,n
A{ A EJ, 8
]
I }E
L 4
i b |
Hinh 7.21a.
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GIAI

1) X4c dinh chuyén vi thdng ding tai A do bién dang cta thanh
ABC: A?

T T2L/l: - T

A P=1 _

Hinh 7.21b.
Goi T 1a lyc 16 xo dit vao thanh ABC tai C (hinh 7.21b), ta cé:

Ymy(F)=0 = T=Pl5... (a)
2

Biéu d6 moémen do luc P va P=1 giy ra trong thanh ABC dugc cho
trén hinh 7.21b.

M=o 3t 2E, 3
1 2

Py 2, PLlL lezﬁ(_ln_J,l_ZJ... (b)
3 EJ| EJz

2) Bién dang ctia 10 %o giy ra chuyén vi thing ding tai A 13 A,?

Mbmen xoén trong 1o xo do T va T gay ra la:

D PD I '
M=T =222
2" 2 1, ©

i

[ ]
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Goi S 1a chi€u dai day 16 xo S = n.D.n, ta cé:
L M, MzdS .L PD [ PD? ( l JZ nDn

g =

_l__
L, 21 4

_8nD'nP() _8D°Pn (1Y
Gnd* (4,) ~ Gd* ],

(c6 thé tinh A, theo ty 1&:

— d6 gidn cta 16 xo do luc T).

1) 8pD°n (Y
A=a |- L
* (lz) Gd4 (IZJ

3) Xac dinh luc P cdn thiét

Chuyén vi thdng ding tai A do bién dang ctia 16 xo va ctia thanh
ABC 1a t0ng cac bién dang thanh phén:

2 3 2
A=A +A,= Pl; | l, + l N 8PD4n _l,_
3 \EJ, EJ, Gd l

Luc P cén thiét d€ diém A vita cham diém C 1a:

A

Z(1, L) soa(LY
3\EJ, EJ, Gd* [,

BAI 22

M&bt c6t chiu luc phic tap nhu hinh 7.22a.
Hay tinh 6,0, O, va Vi tri truc trung hoa trén mit cit dé.
Cho biét:

q = 200 daN/m, P, = 24000 daN, P, = 16000 daN, P, = 400 daN,
b=12cm,h=16cm,71=2m. |
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GIAI

Miit cét nguy hiém nh4t 13 mét cdt & chén cdt, tai do:
N, = -P,— P, =—-40.10° daN

M, = P‘g + P, 1/2 = 186.10° daNcm

M, =-P, — — =—— = -168.10° daNcm.

Céc vecto ndi luc gay ra dng sudt phap trén mat cit nguy hiém
nhé&t duge md td trén hinh 7.22b. Ddu cha céc ing sudt trén cac goc
phén tu cia mit ct nay do cac ndi Iyc tuong ting gay ra duge cho trén
hinh 7.22b.

Ta thdy diém B c6 3 14n chiu nén, con diém A c6 2 14n chiu kéo. Do
d6 khong cin xéac dinh tryc trung hoa ta cé thé tinh ngay dude Omavmint

daN
*475—
omu:iEiM‘iMi:—y-iM‘iMlz o
— F W, W F W, W *_89] daN
cm?
Pudng trung hoa:
Phuong trinh dudng trung hoa cho bai toan nay:
M..
1+ M"',Z + ",)2( =0 (a)
N,.iy N,.ij

N, <0, M, <0, M,>0
h2

2
2 =-—=12em? ; ii = — =21,3cm®
1 12

Do 6, vi tri truc trung hoa duge tim tit (a). Cu thé 1a:
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ip NGl 40.10°213 _

x. M 168.10°

-5,07 cm.

Dudng trung hoa n—n va biéu dé ing suit phap dugc cho trén hinh
7.22c.

BAI 23
Cho mot cdt c6 mit cit ngang hinh chit nhat chiu nén léch tam, c6

lién két nhu hinh 7.23a. Diém O 1a trong tAm ctia mit cit ngang.

1. Tim vi tri cha diém dat lue C(x,, y) dé {ng suit trén canh AB
béng 0.

2. Tinh gia tri tuyét d6i 16n nh4t cla dng suit, néu P = 9.10* N dat
tai C vura tim.

GIAI

Trong trudng hgp téng quat ing suft tai K(x, y) trén mat cit ngang
cua thanh chiu kéo léch tam la:

M
o= y+—’x+-Ig-=%(l+M+x°x)

:2 2
J, J, i i

x y
P X
y max o] =0,225kN/cm?

A
\

a)
Hinh 7.23.

0 day cc dai lugng M,, M,, y, x, N déu duge gi thiét 1a duong va
céc ban kinh quén tinh i}, y; 14n lugt c6 gia tri:

314




‘Z_JX . *2 —Jy
== ;i =-1,
* F ¥ F

Theo dinh nghia dudng trung hoa ta cé:

1+ 22X g ey Y Xy D
i 1y a b
trong do6:
+2 i2
a:.__lL ;b:__y- (2)
YC xC

Béy gio phudng trinh (1) ¢6 dang:
| gea-Xa
b
Vi AB la dudng trung hoa nén:
y=200m=a—% = a=20cm.
Quan hé (2) cho ta:
i2 40° x20

= = = -6,666 cm.
a 12x40x20x20

yc=_

Diém dat lyc “C” ndm trén truc Oy cach géc toa do vé& phia Am mét
doan y.= -6,6 (6) cm (hinh 7.23a). Ung suét 16n nh#t vé tri tuyét d6i xay
ra trén canh déi dién véi canh AB 1a (hinh 7.23b):

M 90 N 90x6,6(6) kN

x| = 6 =0,225 — .
w 40%x20  20x40? X cm?

X

maxlcl =

BAI 24

M3t cot chiu nén léch tdm béi lyc P, = 8000 daN dit ¢ diém C ddu
cdt c6 toa dd x,, y.. Mit cit ngang cla ¢ft 12 mot hinh chit nhat canh
b =30 cm, h =40 cm.

315



Yéu cau:

1) Xac dinh quan hé gilta 46 léch tdm e = y. v6i b dé trén mit cit

|
\
ngang caa cot khong c6 Ung sudt phap kéo, khi x. = 0. ﬂ‘
2) V& biéu dd dng sust phap ﬁe :
trén cic mit cit ngang caa cot !
néu x, = -15 cm, y, = —20 cm. 62
]]]Emhimmu e=0

GIA’] 'E H]IF b
‘€<—6
1) Trudng hgp nay luc P, 2

dat trén truc y véi y. = e (hinh
7.24a). Ung sudt phap & céac &2 b
diém trén bién A, B 1a: a) 5 §

Céng thiic nay cho théy:

Khie=0thico=——P— = const.
bxh

Né&u e < b/6 thi 6 ¢6 mot

v e — b ~ A 2 g
dau. Néu e = g thi o trén cac Hinh 7.24.
4iém bién A va B 14n lugt la:

c=-— ;0=0
F

. b .., 2 C s s o N
Khi e > g thi trén mat cit c6 hai loai ing suét kéo o > 0 va nén



Biéu db (o) trong cac truong hgp trén duge cho trén hinh 7.24a.
2) Trudng hgp nay dd léch t]a‘im theo dé bai x, = -15 c¢m, Ye=-20 cm.
Ta tinh:
M, = 8000.20 = 160000 daNcm
M, = 8000.15 = 120000 daNcm.
Tinh cac dic trung hinh hoc:

F=bxa=40.80 = 1200 ¢cm?

30.40° 40.30*
6

W, = = 6000 cm®.

= 8000 cm®; W, =

Ta tinh tng sudt 6 bén dim géc clia cac mit cit:
__ 8000 160000 120000
'~ 1200 80000 6000

G, =—6,7 - 20 + 20 = -6,7 daN/cm?,
Gy = —6,7 + 20 + 20 = 33,3 daN/cm?,
6,=-6,7+20-20=-67 daN/cmz.
Theo cac két qua nay bidu dd (o) duge cho trén hinh 7.94b.

=—-6,7-20~-20=-46,7 daN/cm?,

BAI 25

Hay kiém tra bén cho cot chiu Iyc nhu trén hinh 7.25a.
Cho biét: Py= 40T, P, = 8T, P, = 4T, P, = 2T
I=1m,h=24cm, b=8cm, [o] = 1400 daN/cm?.

GIAI

Mit cit nguy hiém nhét 1a mit cit tai ngam, & d6 c6 cac ndi lye sau
day:

N, =P,+ P, =48T; M, =P,. -;— + P,.0 = 496 T.cm = 496000 daNcm
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M, =132 T.cm; M, = P,. % =24 T.cm = 24000 daNcm

Q,=4T; Q, = 2T.
Trén hinh 7.25b 13 bidu d3 ctia cac loai Ung sudt do ca sdu thanh
phin ndi lyc géy ra trén mat ct nguy hiém nay la:
Tai A:
Gian = Omax =0 + 0”7 +0” =250 + 646 + 516 = 1412 daN/cm®
Tai B:
6 =0 +¢” =776 daN/em®

-1,=59-31=28 daN/cm?
o° +41° = /7667 +4.28? = 768 daN/em®.

T= Tzmax

Cwp —

G- i max Jja,
=0153.69=4%  fem?®

Hinh 7.25.
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| Tai C:
L o =0 +o” = 896 daN/em®
T =1, + 1, = 60 daN/cm?

Gup = 0 +41° = /8962 +4.60% = 904 daN/cm?

Ung suét tuong dudng tai diém A 12 16n nh4t, tuy 16n hon [o] ¢ 1%
nhung c6t van lam viéc an toan.

BAI 26

Mot cot chiu lyc nhu hinh 7.26a. Cho P = 3,14 kN, d = 10 em, [o] =
16 kN/cm®. Hay vé& cac biéu dd noi luc va kiém tra bén cho cot, bd qua
anh hudng cta luc cit?

GIAI

Tu so d6 thuc, bing cach rdi luc v& tAm cdt ta c6 so db tinh nhu
hinh 7.26b. Céc biéu 4 N, M,, M, c¢6 dang don gian va duge cho trén cac
hinh 7.26¢, d, e. |

Ti cac bidu db cho thay cac nodi lyc tai ngdm A c6 gia tri 16n nhat.
Mit cdt ngang tron khong d8i, cho nén diém nguy hiém nh4t 1a mot
diém chiu kéo trén chu vi ngam A.

N, yM+AM)  dom  s00m 160 500 _

max — - + -
T F W, ol 0lDa & 0L
4
= 290, 2% - 6,6 kNlem* < [o] = 16 -
10° " 10
Cot thira bén.
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Y

r AZ Az Az
4P
* =2Pd
‘\\ & 4P 2Pd
y / \
DI, —
! _.Q C — —
3 = * I
?"I-j I — —
I V{ — —]
=¥ : Y —] — P
—al - — N
\B.J' _ Y, 'U“ P:Py B g K
A;-- \ v A — N
_ y 3p{1 4Pd
i
? N ONONO
. c) d) e)
Hinh 7.26.
BAI 27

Cho thanh AB ngam tai A c¢6 mét cit ngang tron chiu lyc nhu hinh
7.27a.

1) V& cac biéu a5 M,, M,, M,

2) Xac dinh dudng kinh d cta truc AB dé d3m bao diéu kién bén
theo thuyé&t bén ing sudt tiép 16n nhat.

Biét [o] = 24 kN/cm?, a = 10 cm, [ = 40 cm, P = 600 N. Thanh BC
chiu Iyc P tai ddu C dugc coi la tuyét ddi cling.

GIAI

So d6 tinh va cac biéu d5 mémen M,, M,, M, dugc cho trén cic hinh
7.27,c¢,d, e.
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) M 2P ¢
A1
LA : -
z A o 8 ..
7 P
y 4 1 l
2)
e en M Ve 4
Céac biéu d0 moémen li’ad
cho thdy mat cit nguy hiém  » ZIA > 8
nh4t 13 mit cit tai ngam A g JP/I, /

véi: M, = 2Pl = 48 kNcm;

I
e e, |
4Pa = . Cac M
a \24 lchm’ Cac M& , g | @
Omex VA dudng kinh d duge
tinh nhu sau:

MQ,=\/Mi +M: + M} PW @
d)

= |/(2PI)* +(PI)* +(4Pa)’ ,
= |J(48)? +(24)* +(24)° A
M::i | 4Pa ¢_: \ZPa
Oz max — O,1d3 -<—[ ] 4Fa @
)
W,=0,1d°>

3 M,;_
t
=d= 0.1[0] = 2,9 (cm) Hinh 7.27.

Chon [d] = 3 cm.
BAI 28 -
Mbt truc truyén mang hai puli I va II (hinh 7.28a). Puli I dugc kéo
bdi mét ddng cd ¢6 cong sudt W =T kW va s0 vong quay n = 200 vg/ph.
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Pudng kinh puli D = 400 mm. Dya vao thuyét bén tng suét ti€p lén
nh#t, xac dinh dudng kinh truc, biét ring Gng suit cho phép cua vat ligu
lam truc [6] = 8 kN/cm? Bo qua luc ma sat & cac & d3, trong lugng ban
than truc va puli.

A
7.
V2

s i Y

d__l;___ N I §

A"_—g; N

Hinh 7.28a.

L'y

GIAI

Mémen xoén tac dung vao truc:

= v = % =0,3333 kNm = 33,33 kNem

®
trong d6:
®= m_ ———3’14'200 =21 rad/s
30 30

Theo diéu kién can bing ctia mémen xodn:

D D D D

M=2t = —t,—=2t, — - t, —
) 29 7?2
Rt ra:
b= t,= M _ 2.33,33 = 1,67kN
D 40

So d6 tinh va céc biéu d6 M,, M,, M, duge cho trén hinh 7.28b, ¢, d, e.
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Cac mat cit ngang 6 A va C 1a cac mit cit ngang c6 kha nang nguy
hiém.

M:_;,’ 334N 34 = Soren

*

M
8 e /ﬂTa £
73

A Somn| g 00 500 l Tl
1

2 (I, e, ®

v e ®
726 25k Negry
¢ mﬂﬂﬂﬂﬁ\

Hinh 7.28b, ¢, d, e.

Noi lyc trén mat cit ngang & C la:
| M, = 125,25 kNem

M, = 75,15 kNem

M, = 33,33 kNem

Mémen tuong dudng tinh theo thuyét bén tng suét tiép 16n nhit
bing:

M, = 125,252 + 75,157 +33,33 ~ 150 kNem
Noi luc trén mat cit ngang 8 A:

M,=0

M, = 150,30 kNem

M,= 33,33 kNcm
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Mbmen tuong duong bing:

M, = 4/ 150,307 +33,33 ~ 154 kNem

So sanh hai gia tri cia mémen tudng duong, ching ta két luan
ring: mit ct ngang & A 12 mit cdt ngang nguy hiém. Tit didu kién bén:

Ow = €< [o]
hay:
154 <8
0,1d°
Ta rit ra:

d= 3 E% ~ 5,76 cm

?

Chon dudng kinh tryc d = 5,8 cm.
BAI 29

Truc truyén (II) c¢6 banh ring hinh tru rang thdng truyén cong sudt
W = 10 ma luc tit dong cd (I) quay véi t8c dd n = 100 vong/phit dén banh
xe (IIT). Phuong céac luc tac dung ghi trén hinh 7. 29a. Ung suét cho phép
caa vat lidu ché tao truc la [c] = 10 kN/cm?.

Xéc dinh kich thudc cén thiét cla truc truyén theo thuyé&t bén thé
n#ing bién d8i hinh déng va thuyét bén dng sudt ti€p 16n nhat. Xét hai
truong hgp: c6 ké dén thanh phéin lyc huéng tdm va khong ké dén. Khi
tinh bd qua trong lugng truc va su méit mat Iye trong qua trinh truyén
chuyén dong giila cic banh rang va 6 3 truc.

GIAI

Trén cd sd hé toa d6 xyz ta 14p dudc so d6 tinh nhu hinh 7.26b.
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ZCANN
x oy
100" 4pomm | 190
R

M'=PR
L AR v
70 30em N79 p
p er

Hinh 7.29a, b.
Mo6men xoén tac dung vao truc duge quy d6i theo cong thic:

W 10

M, = 716200 716200_136 = 71620 Ncm.

n |
Trudng hop 1 (khong ké anh hudng cha lyc huéng tam Py, Py).

Tinh cac luc gy udn P, va Py

p= M. 71620 _ 516N, p,= M, _ 71620 _ 4501 N
R, 10 R, 20

Biéu dd mémen xoén M, dugc cho trén hinh 7.29¢.

Bidu d6 moémen udn M, va luc cit Q, do céc lyc tac dung trong mét
phéng yz dude thé hién trén hinh 7.29d.

Bidu d4 moémen udn M, va lyc cit Q, do cic ngoai lyc tac dung trong
mit phing xz dugc md ta trén hinh 7.29%.

> s . |
T bidu d6 mdémen udén M, ta cé:
M, . = 447 Nm
Dudng kinh tinh theo thuyét bén ing suft ti€p 16n nhat:
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d:s‘/‘/m ) ) m ,m,sz@

0,1[c]
hs7162N f=3580N
V447007 + 716207 . A
=3 ~
\/ 0,1.10000 ’% © ’% Q)

L4470 3580

~ 4,38 cm d) ¢ 18] e
LTI 2650

Truong hop 2 (c6 ké
dén lyc hudng tam) 147N

L ;% @
Ngoai mémen uén M,, N I i & | 260Nm

truc con bi uén do mémen

P=2610N
uén M,. ) " | @
Thanh phin lyc huéng w» |© S P
tam: +

3¢5 IO TE]
P,.=P.tg20°=7162.0,364= ¢ 4 1310

=2610 N i I

P, = P,.tg20° = 3581.0,364 = L W @

= 1305 N. 229Nm fim
Biéu d8 mémen uén
M, ¢6 M., = 229 Nm & Hinh 7.29c, d, e.

cing miit cét v6i M, ey
Mbmen tuong dudng tinh theo thuyét bén dng sudt tiép 16n nhét:
M= M2, + M2, +M? = |[447007 +22900° + 716207 =

X max y max

= 87475,27 Ncm
DPuong kinh truc

d=3 Mo 3 87475,3 ~ 4,39 cm
0,1.[c] 0,1.10000

Mbémen tuong dudng tinh theo thuyét bér} thé& nang bién d6i hinh
dang 16n nhat:
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X max y max

M,, = J M2, +M2_ +0,75M2 = /44700 +22900% +0,75.71620

= 79809,57 Nem
Puodng kinh truc:

do o M _ [7980957 o
0l.[c] YV 0,1.10000

BAI 30

Tinh chuyén vi thing ding tai A cia hé nhu hinh 7.30a va tinh ing
suit tuong duong 16n nhat tai ngam C.

Biét: d, q, a,/, E, G.

GIAI

1. Tinh chuyén vi thdng dtng tai A

Bidu dd moémen udn
va xodn do tai trong don vi
va tai trong ngoai giy ra
dugc cho trén cac hinh
7.30c, d.

Thuat toan Vérésaghin
cho ta:
Ap=(Mu) Mp) + (Mix ) M)
1 ga® 3 11

LI PO
Bl 6 4 H 2

2
x_

Hinh 7.30.

327



2. Tinh G4y tai ngam C

o, = (M“ 2+4 M, 2
tdmax Kwu Wp

= j_a_l_2+4 qa 2:)0- :___cla__ l2+a2
L0,1d> 2.0,2d° T 0,1d° '

BAI 31 A
M;

Truc AB ngam tai A, ddu B ) 2a
han ciing véi thanh CD, lién két
vi thanh chéng CE nhu hinh s N a
7.81a. Pudng kinh ctia truc AB /
bing d, vat liéu c6 mdédun trugt b 8 cy
bdng G. Vat liéu trén thanh CE £r. 6%
c6 E = 2,5G. a?

e @ —ofe—q |—

1. Tinh quan hé giiia lyc P
N A g . ,\Q‘
va mdémen xoin M, sao cho | £

chuyén vi thidng ding tai C
bang 0. Hinh 7.31a.

2. V6i P va M, tinh dudc & cdu 1, tinh {ng suét 16n nhat cha AB
theo thuyét bén ing suit tiép 16n nhat.
GIAI

Pé thanh CE khéng c¢6 ndi lyc, chuyén vi thdng ding cta diém C
ctia hé phai bang khéng (A, = 0).

Biéu d4 noi luc: mémen g(‘)'n v mdmen xoén ciia hé ABCD do ngoai
luc M; va P va do luc don vi P = 1 dat tai C vé trén (hinh 7.31 b,c).
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4Fa

S
S

8)

Fa

4a

o a

Hinh 7.31b, c.

Thyc hién phép nhan biéu d6 va diéu kién dé bai ta céb:

El_\2

Ac= L (1.4Pa.4a.—2-.4a) —_ [—- Pa.2a (M; - Pa).2a.a] =0 (a)
. 3 EJ,
trong d6:

EdJ, d9 cting khi uén ca mit cit ngang;

GJ, d6 cling khi xoén cia mit cit ngang.

Véi hinh tron J, = 2J, giai phuong trinh (a) ta duge:

M, = -6Pa. |

Nhu viy mét trong hai ngoai Iyc M, hosc P phai ngude chibu véi
hinh 7.31a.

Ung sufit 16n nhat trén thanh AB véi M., va P vita tim duge 1a:

2 2
cu(BB) = \[o? +47% = J (4Pa) ;V”’ﬂ’a) _ %ﬁ’?

X
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BAI 32

Thanh AB c6 mit cit ngang hinh chii nhat b = 12 cm, h = 20 cm.
Vat liéu 1am thanh c¢6 m6édun dan héi E = 2.10* kN/cm?, [o] = 16 kN/cm?®.
Mot ddy mém treo vat ning P vét qua rong roc C va D. Bang dung cu do
bién dang, ngudi ta do bién dang & mit trén cia thanh doc theo phudng
song song véi truc thanh, trén sudt doan BD th4y tri s& bién dang khong
thay d6i va bing € = —2,5.10°. Cho a = 1 m (doan day ndi vao tudng goi
B song song véi truc thanh). B6 qua ma sat gitia day va rong roc.

Yéu cdu:

1) Khéng tinh todn ma bing nhan xét cho biét trang thai ing suit
tai cac diém trén doan BD 1a trang thai dng sudt gi? Giai thich.

2) V& bidu d6 ndi luc ctia thanh AB theo P va a.

3) Xac dinh lyc P=?

4) Xac dinh tng suit chinh tai cac diém trén truc thanh cia doan
AC (theo P va a).

5) Kiém tra bén cho thanh (theo ing suét phap).
GIAI

1) Bién dang doc trén mit doan thanh BD khéng thay ddi chi c6 thé
x4y ra 2 kha ning:

¢ Doan thanh chiu nén don;

e Doan thanh chiu udn thuén tuy.

Trong trudng hop nay khong thé x4y ra udn thudn tdy vi tai g6i B
chi c6 thé ¢6 phan luc ngang ma khéng c6 mémen, nén doan BD chi la
chiu nén, do 46 cac diém & trong doan nay & trang thai ing suat don.

2) Do doan thanh BD chju nén don nén Rg =0, do d¢6 H, = P. B4 qua
ma sat giifa diy va rong roc nén luc tac dung lén didm nhu trén hinh
7.32b, ¢, d. Biéu db ndi luc nhu trén hinh 7.32e, f, g,

3) Doan BD chi chiu nén véi luc doc N = P nén:
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N
o= —
F

= g = Ee = P={EFe=2.1012.20.2,5.10° = 120 kN

4. Trén doan AC c6 Q = P. Tach phan t6 c6 cac mit song song vii
cac mit phﬁng toa dd bao quanh diém bat ky trén truc thanh thudc doan

La
} a

k
1

9 ¢ f\%

o
5 N SN A Y
A ~P\.4 8 o
ip 4%

A 2 8

g > < d
,,% o E,}AP AN
e Y

%;PLHHIIHBHHIH||||||P@ )

[[ITIITBIII1Ty @
P

)
SO @
[ Y

Hinh 7.32.
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AC nhd trén hinh 7.32h (nhiing diém nay trén truc doan AC 1a nhiing
diém trén truc trung hod). Phén t& nay 1a phan t& trugt thuan tay. Do
d6 cb:

o en 29030 g
2 F 2 12.20

5) Kiém tra bén cho dam:

Mit cit nguy hiém: Mat cit phéi cda C. Tai mat cét nay cé:

N:_[3_E : M=Pa
2
ig—120
N[ IM|_ 2 120.100
max|c| = |=|+|=| = .
F w 12

+ = 15,433 kN/em? < [o] =
20 | 1220 cm” < [o]

= 16 kN/cm?

Nhu vay ddm an toan.
BAI 33

Cho mot hé phéng gém 4 thanh cing chiéu dai I. H¢ c6 lién két
ngam ciing & mot ddu con déu kia cac thanh duge lién két citng véi nhau
qua mot t&m clng tuyét d6i chiu tac dung cua ngiu lyc c6 mémen M,
trong mat phing t&m. Hay tinh géc xoay cta t&m? Trong tinh toan thua
nhan ring, khi lam viéc t&m ludén luén & vi tri thing ditng va dudng
thing ndm ngang O, O, di qua trong tam cac mat cit ddu cac thanh
tring véi phudng clia mdt trong cic truc quén tinh chinh trung tdm cia
céac thanh.

Khoang cach giita cAc thanh 1a a, b, ¢, 46 cling x0dn va udn cta cac
thanh 14n lugt la:

C,, Cy, Cs, Cs; By, By, By, B, (hinh 7.33a).
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Hinh 7.33.
GIAI
Theo dé bai thi tdm ciing sé& bi xoay mdt géc ¢ trong mit phing cla

né quanh mét diém “O” nao d6 (hinh 7.33b). Géc ¢ ndy mé ta chuyén vi
tuong déi khi xoén ctia m&i thanh va c6 gia tri 1a:

M. .
CL1=QP=Q3= Q=0 = Clz , - =14 (a)
Do d6, ta rit ra:
M, +M,, + M;, +M,=(C,+C;+C3+C) ¢ (b)
G.J_
Chayla: C;= —;—ﬂ.

T quan hé hinh hoc trén hinh 7.33b, ta tinh dugc:
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1 3 1 3
f,=ep= P->M,|:f,=—-a)p=—|P, - =M
1Tees B,(' 21 ) :=C-a)¢ Bz(z 21 )
f=(@+b-e) =—1——(P——3—M)vé (c)
3 ¢ B, ’ 27"

1 3
f,=(@+b+c—-e)op= —B:'(P4—2—ZM4)

Trong cac quan hé nay, P,, P,, P;, P, va M,, M,, M;, M, 1& nhiing

luc, mémen udn dit & cudi ciia mdbi thanh tuong tng va cac do ciing

chéng udn cua cac thanh 1a B; = }_EIZ_J (i=1,4). Vi t&m luén thing

i

ding va lién két cling véi cac thanh nén géc xoay do udn 6; = 0. Cu thé

la:
e,=—1—(;lp ;)MI—O 0,= 12(%P2—%M'2)=o
1(3 3 1 (3 3 @
63__(2ZP3_I_2)M3=0;Q‘ZB_4(2_ZP‘_Z—ZM‘)=O
T hé (d), suy ra la:
M—%l , (=14) e

Thay cic M, trong (e) vao hé (c) va giai chiing, ta c6 luc gy udn tac
dung & cac ddu thanh:

P,=4Beqp; P,=4B,(e—a) ¢ ; P;=4B;(a + b —e) ¢;
P,=4B,atb+c—¢e)o : (8
Diéu kién tinh cho ta:

P»1+P2=P3+P4 = Bep +Bye—a)p=Byatb-e)p+Batb+c—-e)p
T quan hé nay vi tri cia tdm quay O duge xac dinh bdi:

- B,a+B,(a+b)+B,(a+b+c¢)

B, +B,+B;+B, ®
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Diéu kién can bing tinh Zn?o( P,) =M, cho ta:

M, + M, +M,;+M,, + P;.e +Pye—a)+Pya+b-e)+

+Pa+tb+c-e)=M, @

Chi y d&n cac quan hé (b) va () ta viét phuong trinh (i) nhu sau:

o(Ccy + ¢y + ¢y + cy) + 49B,e® + 40By(e —a)? + 4¢By(a + b — e)?

+4¢B(at+b+c—e)?=M, k)
Tur (k) rit ra ¢:
MO

(p:
ici +4[B,e2 +B,(e-a’)+B,(a+b-e) +B4(a+b+c—e)2]
i=1 .

O

Véi cac gia tri e va ¢ vita xac dinh, ta c6 thé tinh dudc M,; tu (a), P,
tu (g) va M; ti (e).

Nhu vay mit cit ngang _cﬁla mdi thanh déu chiu ba loai néi luc:
mémen udn, mémen xoén va lyc cét. Viéc kiém tra bén phai dude thuc
hién theo mdt trong céc thuyét vé trang thai gi6i han cta vat lidu (cac
thuyé&t bén).

BAI 34

Mot ddm cong c6 db cong 16n nhu hinh 7.34 véi O 1a tam cong cta
tryc ddm. Hay xac dinh khoang cach x giita dudng tac dung cta lyc P va
tdm O d€ truc trung hoa clia mét
cdt ngang I-I tai ngam di qua
trong tAm ctia mét cit nay.

GIAI G

Ung suéit udh trong dim cé as
cong 16n duge xac dinh theo cong

0 1 , *
thiic: - —’

-__ M
T Ferry) ()

Hinh 7.34.
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6 day r 1a khoang cach tit tdm cong dén truc trung hoa, con e la
khoang cach tit truc trung hoa dén trong tim mit cét.

Trong trudng hgp ndy mémen uén M = P(r + e + x). Khiy = e, nghia
12 tai trong tAm thi dng sudt (a) sé la: ’ |
P(r+e+x).¢e

Cu=T Fe(r+e) ®)

Trén mat cit ngdm vita ¢6 mémen udn M va vira c6 Iuc kéo N = P,
do @6 diéu kién dé tryc trung hoa trén mat cét I-1 di qua trong tdm cta
né, ta phai c6:

_ P(r+e+Xx).e N P =0
Fe(r+e) F

T phuong trinh nay rut ra:
x=0.
BAI 35

Mot thanh tron bing duara chiu xoén va kéo nhu hinh 7.35a. Hay
x4c dinh hé s6 an toan theo diéu kién déo va pha huy. Biét: M = 800

daN daN
daNcm, P = 3140 daN, d = 20 mm, cb- 4200 —, cch- 2400 —,
cm cm
ok o}
ko= —2 =10, —2 = 057=k,
Cen Sy
GIAI e
Moi mit cit ngang caa a) ,
thanh trong bai toadn nay l _
déng kha nang nguy hiém
va trén mdi mat cit nhiing 500 S 1000
diém trén chu vi 12 nguy 5) z
hiém nhat. M6t trong nhitng 1

didm nhu thé c6 trang thai

@ng suit nhu hinh 7.35b. " Hinh 7.35.
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Trong d6: ‘

G = N = ﬁ% _ 3140 _ 1000 daN/cm?;
F =nd 3,14
1= M, MZ'16 = 800 = 500 daN/cm?.

\\Y nd? 1,6

P

X4c dinh hé s6 an toan theo diéu kién chay n,:

G = O +41% = 4/1000? +4.500° = 1410 daN/em®

Do d6:
n. = Gan _ 2400
* 5, 1410

=1,70.

Xéc dinh hé s& an toan theo trang théi phé hiy ng:
Theo thuyé&t bén Mo, ting Sudt tuong duong dugc tinh:
1-k 1+k
G = b 5+ b 62+412F_\.

2 2

- 1—0,57.1000+1+O,57

J1000% +4.5007 = 1320 <N
cm

Do d6, hé s8 an toan theo trang thai pha hay la:

k
ng= 3o o 200 _50g
c 1320
BAI 36
Mot truc tron dic dudng kinh d = 10 mm lam bing thép cb ogg =
21000 daI\j » Opa = 51219,51 diN‘— . Truc duge it trong mdt budng chiu
cm cm’

ap lyc cao p = 5000 daN/cm? v truyén mdémen xodn ‘Mz=_800 daNcem
(hinh 7.36a). |

Hay x4c dinh hé s an toan n, so véi trang thai pha hiy?
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T000
z
A / S

b)

t Hinh 7.36.

GIAI

Diém c6 trang thai dng suét nguy hiém nhat d6i véi tryuc 1a diém K
bét ky trén mit truc trong budng chiu 4p Ilyc. Tai K truc chiu céc ting
sudt sau:

M M, 800

tzt— z

W 03d° 02d°

P

o, = 6, = —p = -5000 daN/cm?

= 4000 daN/cm?

Cac ting suét chinh:
o’ = —p = -5000 daN/cm?;

2 2
o’ = GZ;G‘ + ‘/(GZ—O") +1, = = 3000 + \/(——50200) +4000° =

2 2
=+2220 diNz— ;
cm
2
=0t O (0= 0] o2 o 23000 gng - 7990 S
2 2 2 cm
Do 36, theo phén loai ting suit chinh ta c6:
o, = 2220 ﬂ ; G = —5000 ﬂ ; 03 = —7220 daN/cm?.
cm cm
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Ung suét tuong duong theo thuyét bén cxtia Mohr:
Ow = 6, — ko = 2220 - 0,41.7220 = 5180 daN/cm?
Hé s6 an toan so véi trang‘théi pha hiy theo dinh nghia la:

p = o _ 21000
G. 5180

BAI 37

Mbét thiét bi bu (tu lua) hinh 16 xo xo0dn &c (hinh 7.37a) duge lam

- bang thép c6 o,, = 4500 daN/cm?. Day 16 xo ¢6: dudng kinh ngoai d, = 10

mm, dudng kinh trong d, = 2 mm, dudng kinh ca éng ba D = 400 mm.

Thiét bi truyén mét lyc q = 2000 daN/em? va chiu kéo bdi mot luc P = 20
daN. Hay tinh hé s6 an toan khi thiét bi hoat dong? :

GIAI

~ o AL Tie L . z 2o N 2 A « z
Ong cua thiét bi bu chiu xodn v6i mémen xoan trén mit cit ngang

la:
M, = PTD L 20 x 40 =400 daNcm.
Ung suét tiép 16n nh4t trén mét ngoai cia 6ng bing:
Ty = Toax = M’ ~ M, _400_ 2000 daN/em?.

T 02d(1-nf)  02d° 02

Con trén mit trong cua ong la:

1 —d—z— = 2000.i = 400 daN/cm?2.
d 10

T,=1

Véi sy ¢6 mit cia ap lde trong q = 2000 daN/cm?, trong 6ng sé tén
tai cac ing suft vong o,, doc truc o,, huéng kinh o,. Biéu d6 phén b6 cha
cac ting sudt nay va Gng suit 'tiép 1, doc theo chidu day ong du0c cho
trén hinh 7.37b.

Ung su4t vong tai diém 1 va 2 tudng tng la:
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2 2
22d22 9000 2.0,22
d? —d? 1-0,2

G, =+q =166 daN/cm?,
d2 +d§ _

I 2

= 2170 daN/cm?.

c,=1q

Ung suét doc truc trén mit cit ngang cta dng:
2

2 =83 daN/em?®.

1 2

o, =*q

Ung sudt hudng kinh tai diém 1 va 2 tudng ding bing:
6, = 0; 6, = —p = -2000 daN/cm?.

Trén hinh 7.37c 1a cac phan t8 chiu @ng suit duge tach ra quanh
diém 1 va 2. e

2170

V™ 16 uﬂll“““ul"

)
/ i §
L ///////// A !
4
c) z . y
Hinh 7.37.
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Ung sudt chinh trén phén t6'1 va 2:

Trén phdn té'1:

2
G,+0 6,-0
6, = ’2 ‘+\/( 22 ‘) +1) =

2
_ 83+166 \/(83—2166) +2000° = 2130 2

2 cm

Gy = 0 ’
2

o= 222 % (“z’ct) +r? =-1875 2

2 2 cm

Trén phén t& 2:
2
o = 83+2170 + (83—2170) +400% = 2250 daI\zf;
2 2 cm

o, = +10 daN/cm?
‘ 0,3 = —2000 daN/cm?®.
Ung suét tuong duong d6i véi cac phéan t8 1 va 2 la:
Theo thuyét bén thé ning bién ddi hinh dang:

6w = | O) +62 —0,0, = 4 21307 +1880? +2130.1880 = 3470 daN/cm’;

Ouz = 4 22507 +20007 +2250.2000 = 3680 daN/em?.

Hé s6 an toan theo giéi han chay sé la:

G, _ 4500
Cuz 3680

N, = = 1,22.

Theo thuyét bén Mohr:
Gy = Oy — ko= 2130 + 1880 = 4010 daN/cm?;
Gus = 2250 + 2000 = 4250 daN/cm?.
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Hé s6 an toan chay theo thuyét nay la:

4
Ny, = ﬂ = 1’06.
4250
Ca hai thuyé&t bén déu chi ra diém nguy hiém nh4t 12 nhitng diém &
mit trong clla 8ng. Su khac nhau giita hai thuyét bén trong trudng hgp
nay chi 1a:

1,22 ; 1,06 _ 9,8%.

BAI 38

Mot truc cham hdp gidm téc truyén déng nhd cip banh ring hinh
tru rang nghiéng (hinh 7.38a). Hay chon dudng kinh theo diéu kién bén
tinh cho truc. Biét rang: ¢ = 4,1 cm, b = a = 6,6 cm, luc vong Py = 4,53
kN, luc huéng tam P, = 2,12 kN, luc doc truc P, = 1,01 kN, d, = 33,2 cm,
Qk = 3,5 kN.

oo 9 kN A - d ~ 2 2
Giéi han chay o, = 30 — hé s6 an toan n, = 6,8. Trong tinh toan
cm

duge phép bd qua anh hudng ctia luc doc va lyc cit.
GIAI
1) Xéc dinh mit cit nguy hiém nh4t
D& bidt duge didu nay cdn phai 14p so db tinh tit s¢ dd chiu lyc da

cho. Cu thé 1a:

a) Dan ngoai luc tac dung 1én hé vé truc hinh hoc cta truc trong ba
mat phing yz, xz va xy (hinh 7.38b).

b) V& céc biéu d6 mémen uén M,, M, v mdmen xodn M, béng cac
phuong phap di biét & chuong I. Céc biéu d6 nay duge cho trén hinh
7.38¢, d, e.

Qua céc biéu d6 cho thdy mit cit nguy hiém nhat 12 mat ct I-I chd
14p banh rang hinh tru ring nghiéng. Tai d6 c6:
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d) . pZ

M,
)é\
Q

2
M—p b p dia_212x66 101.332.66 _ ., 1 Nem
l 21 13,2 2.13,2 :
2
M =p, B, Quac_453.66 356641 _ g 15 iNem
l l 13,2 13,2
M, = M, =P, S 453X 332 _ 759 kNem.
2 2
: ¥ p *
| 2 | A i<l poo M.
z
. ,42. RS P4
< ! <D Q.
M =p,d /2 [ > i
RAy Pr RBy
b) TA—EA Pr TB
AL
R M-. Pv RBx
A 7y TB

e) P
vl
cag ml \ .
QT ‘ “M&L_'_Qk_c
g)
Hinh 7.38.
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Theo thuyét bén iing sui't ti€p 16n nhat:

M= M2+ M2+M? = /147 422,127 +7527 = 752,33 kNem

Duong kinh truc cdn chon la:

752,33
d> 3 Ma/0l[o] = / =3 68 = 11,95
u/Odle] = 30730 em

Chond =12 cm.

BAI 39

Cé6 mét 6ng thép hinh 7.39 mit cit hinh vanh khin moéng chiu uén
thudn tdy, kéo — nén, xoén. Ngudi ta do bi&n dang doc thé tai cac didm
A, B, C cich nhau 120° trén mét mit cdt ngang. Cac két qua thu duge
nhu sau:-

€4 = 1.10°, 65 =0,8.10°, ¢, =-1,8.10"°

Tai A ngudi ta con do bién dang theo phuong xién géc 45° véi truc
thanh va dudc ¢, = 0,65.107.

Gia thiét cac thé doc khong c6 téc dung tuong h3 véi nhau.
1/ Hay tinh Gng sudt phap trén mit cit ngang tai cac diém A, B, C.

2/ Tinh gia tri cia lyc doc va cdc mémen udn trén mit cit ngang.

1-1

L

Hinh 7.39.
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3/ Tinh Gng su#t ti€p trén mit cit ngang tai A va gia tri cda
moémen xodn. |

4/ Tinh ng suét 16n nhit theo thuyét bén thi tu.

Cho biét: D = 20 cm; 8 = 1.cm; E = 2.10°daN/em?;, p = 0,3 va W, =
3,14 D? 5/4; W, = 3,14D*5/2.

GIAI
1/ Do cac thé doc khong c6 tac dung tuong hé nhau, nén ta cé:
o, = Eg, = 2.108.1.107° = 20 daN/cm?,
op = Eeg = 2.108.0,8.107° = 16 daN/cm?,
oc = Eec = -2.10%.1,8.10° = —36 daN/cm?.

2/ Vecto cac ndi lye nhu 6 hinh bén, ta tinh cic dng suéit phap tai A,

B, C nhu sau:
M Y
0A=N’+—y=20 (a) 8
F W,
M/
N, 1M f3Mm ”
=2 - X4 _X =16 / A
PTF 2w, 2 W, ® 7
M c
cczﬁ_l__)'_ﬁ%‘_z_36 (c)

Giai hé a, b, c ta di dén: |
M, = 20 W, = 20.3,14.20%.1/4 = 6280 daNcm.

M, = %wx = 52.8,14.20%.1/4.1,732 = 9427 daNcm.

3/ Tinh ng suét tiép 1, tai A:

T dang thic o,, + O350 =0A= 20
- 0,.=20-0,,
Theo dinh luit Hic:
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Eise = % (045" - ”0-135°) = % [645" -0,3 (20 T O s )]

Ee,.=0,,(0+03)-6

o - Eeet6 _2100065.10°+6
S 1403 1,3
,.= 14,6 daN/cm®.

Theo cong thic tinh {ing suit trén mit cit xién ta cé:

O = Ca + i“—cos2.45" - 1,8in2.45°
2 2
=§+§.O—Tzr.l=10—‘tu (a)
2 2
Thay gia tri cia ©,,vao (a) ta duge (hinh

45°
- bén):

=10~ 0,,=10-14,6 = 4,6 daN/cm?2.
Mobmen xoén:

3,14.20%.1

M,=W,|,| = 4,6 =
2
= 2889 daNcm.
4/ Tinh {ng suit tuong duong 16n nhat
Otdmax-

M= | M2+M2 = /94277 + 6280
M.,; = 11327 daNem.
Ung suét phap cuc dai do udh:
M _ 11327 11327
W, 3,14.D*8/4  3,14.20%.1/4

X

Omax

| Omax = 36,07 daN/cm?2,

Oumax = ) Ol +372 = 4/ 36,07% +3.4,62
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Otamax = 36,94 daN/cm?.
BAI 40

Mot 6ng mong tru tron bi khoét mot 16 nhd chiu xoén va chiu kéo
déng thdi (hinh 7. 40a). N&u 6ng chi chiu xoin bdi moémen M thi dng

suiit phap 16n nhit o, max XUAt hién & diém A va bing 2t (hinh 7. 40b). Néu
dng chi chiu kéo bdi lyc P thi Ung suft phap 16n nhat xu4t hién § diém B
(hinh 7.40c) va bing 3c. Vay, dudi tac dung dong thdi cta P va M thi

Omex bing bao nhidu? va ng sut nay phat sinh ¢ diém nao? Khi ch} ké
dén tac dung ctia ng suat cuc b,

GIAI

Theo dé bai thi cac s liéu cho biét vé iing suét phap Omax 12 Ung
suét cuc bd do M va P doc 1ap gay ra. P& gidi bai toan nay khong thé t6

ligp cac két qua trén duge, ma cin phai tién hanh nhu sau.

Budc 1: Khéo st trang thai Gng sudt tac dung trén phan t§ abed &

L, - . | S 4.
diém xa 16 (hinh 7.40d). Tai day, © = 21:4 ;0= . Ung suft chinh o,
nd".h ndh
va o3 dudc tim theo cong thitc quen biét:
Cra= = + 1 o’ +41?
2 2

Mt cét trén d6 o, tac dung nghiéng véi mit cit ngang (vong tron

c6 phap tuyén z) géc o va duge xac dinh theo céng thitc tg2o =
2'c 4M

c Pd

Bude 2: Tach ra mét phan t6 chinh efgh quanh 18 noi c6 ting suét
cuc bd (hinh 7.40e).

Trong trudng hgp tac dung déng thai ndy cia M, va P thi ing suft

cuc bg 16n nhat nhu da bist Omax = 36° — 6” (xem “Tinh hoc v6 méng dan
héi cha Lurié - XBKH&KT Lién X0 ~- 1949).
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$ day o’ 13 dng sudt 16n nhat va ¢” 13 dng sudt nhé nhit trong s6
céc Gng suit da duge x4c dinh § trén®. Cu thé la:
o =o0,, ¢’ = 0os.

Do dé6:

Omex =0 + 2 4/ 67 +47°

Ung sudt nay phat sinh & diém A (hinh 7.40e) ciia mép 16 trén
phuong dudng kinh song song vdi phuong ;.

SFT-

“ 0t @gﬁa_

d)

Hinh 7.40.
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BAI 41
M¢ét thanh cong niia dudng tron, mit cit ngang hinh thang khéng
déi doc theo truc thanh chju lyc va lién két nhu hinh 7.41a.

Hay tinh Gng su&t phap 16n nhat trong thanh cong nay. Biét:
b;=4cm,b,=1cm,h=9 cm, R, =3c¢m, R, =12 cm, q = 0,5 kN/em.

GIAI
Bing phuong phap mit cit cac bidu dé M), (Q), M) dugc cho trén
hinh 7.41.
Mt cdt nguy hiém nh4t 1a mat cét tai ngam A, tai day cé:
N=0o,M,= 3,142qR?

Khoang cach tir tdm cong d&n trong tam C ciia mit cit 1a:

Hinh 7.41.

349




b,+2b, 1

R=R,+ - =9,6cm
b, + b,

Ban kinh cong cta 16p trung hoa
(b, +b )h2 . _

2(bR bR)ln ~(b, b)h]

1

-

2
_ “4+1.9 — 572 cm

2 (4.12-1.3)11113g -(4—1)9]
!

y,=R-r=0,88cm

Moémen tinh:

S,=Fy,= Ll 42-b2 .h.y =22,5.0,88=19,8 cm®.
Ung sudt 16n nhat & cac thé bién 1 va 2 trén mat cit nguy hiém A
la:
Tai 1:
y,=R,—r=3-572=-2,72cm
p;=3cm
2
o, = ﬁ l\'l_ Yo +3,142qR '2,72 N
F S, p 19,8 3
2
o = 3,142.0,5.9,6 . 2,72 _ 6,63 kN/cm.
19,8 3
Tai 2:
yo=Ry—r=12-5,72= 6,28 cm;
ps=R;=12cm
2
5= 0— _1\_'1_12_ __ 3,142.0,5.9,6 . 6,28 — _ 3,83 KN/em®.
Sy P2 19,8 12
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BAI 42

Mbt thanh mét phan tu dudng tréon mit cit ngang hinh thang chiu
lgc phan b8 déu thing diing, ngam tai A. Ban kinh cung tron p (hinh
7.42a). Hay kiém tra bén cho thanh chiu lyc phic tap nay.

e
ﬂ . .

Biét:b,=4cm, b,=1cm,
h=9cm R, =3 cem, R, =12
kN
Cmq=0,5—, [GK]=1
cm

kN/em?, [6,] = 4 kN/em?.

GIAI

Bing phuong phép
mit c¢it (xem chuong 1)
cac biéu dé noi luc: (N),
Q), M) dugc md ta trén
hinh 7.42. Ti cac bidu dé
nay ta thiy mit cit nguy
hiém nh&t 13 mit cit &
ngam A. Tai day cé:

N,=-1,57T1gp=-
1,5671.0,5p
M, = 0,571 gp® =
0,571.,0,5.p%
; QA =0.

Ban kinh tdm cong
caa truc thanh la:

4 bi+2b,

=R
P ! b, +b,

1_
3
4+2.1

=3+ l
4+1 3

=9,6cm

0

-—-R,——-

Hinh 7.42.
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Ban kinh cong cua 16p trung hoa r:
(4+1).9

2[(4-1.3)111% -9(4—1)]

Vi trf truc trung hod duge xac dinh bdi y,:

=5,72 cm

r=

y,=R-r=6,6-5,72=0,88 cm

Dién tich mat cdt ngang F v mdmen tinh cia F d6i véi truc trung
hoa S, la:

b, +b

F= 4——2 h=225cm%
2

S, =F.y,=22,5.0,88=19,8 cm?®,

Toa b cac diém bién trén mat cit:
y,=R;-r=3-5,72=-2,72 cm
y,=R,~r=12-572=628 cm
=R, =8cm;p, =Ry = 12 cm.

Mémen udn va luc doc tai A:

M, =0,571.qp% = 0,571.0,5.9,6% = 26,312 kNcm
N, =-1,571 gp =-1,571.0,5.9,6 = -7,54 kN.

d ’ ~ ”, R T A 9 < N
Ung sudt trén cac diém bién cla mit cat ngam:

oo N M oy 754 26312272 0 KN
F S, p 225 198 3 cm

oo IS4 _26313 272 a5 g1 5 Ll
225 198 3 cm

Mit cht tai ngdm A chi chiu dng suéit nén (mot d&u) o < 0, cac ding

su&t nén nay déu nhé hon [o],. Vay thanh hoan toan an toan vé bén.
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BAI 43

Mbt chi tiét hinh try tron ¢6 ranh quanh chu vi duge 1am bang vat
liéu c6 biéu d3 kéo dan — déo ly tudng nhu hinh 7.43a. Mét két qua
nghlen cu 1y thuyé&t® da khing dinh ring bidu dé dng suit phap trén
mit cit c6 ranh trén hinh 7.43b. Tuy nhién tit bidu dd kéo dan — déo
hinh 7.43a r6 rang 14 o,,,, khéng thé vugt qua gidi han chay ocy dude. Vi
thé, bidu dé ing sust nh4n dugc tit nghién ctu 1y thuyét (hinh 7.43b) r4
dang nghi ngd vé tinh dung dan cla cac tinh toan va bic tranh thuc caa
Ung suit & mat cit cé giam yéu nay.

Hay binh luin vé nhan xét trén.
GIAI

Nhiing nhén xét dd dua ra & phan dé bai khéng thé 13 co s& dé phu
nhén tinh ding din cta két qua ly thuyét ¢a mé ta trén hinh 7.43b. Vi,
rét don gidn 1a biu d3 kéo (hinh 7. 43a) 1a két qua ctia thi nghiém kéo &
trang thai dng sufit don. Trong khi d6, & gn ving mit cit bi lam ranh
trang thai ing suit 1a trang thai dng suit khéi, c6 ing suit huéng kinh
o, va Ung suflt vdng o, 12 cac tng suit kéo. Vi thé Ung sudt doc truc o,
dat duge & day phai 16n hon gi6i han chay ocg.

Fo
e
|

o

; |

o l

L , 2z

a) b)

Hinh 7.43.
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MUC LUC

Trang
TAP 1
Lai tya
Don vi do ludng st dung
Chuong 1. NOI LUC VA BIEU DO NOI LUC
I. Tém tét 1y thuyét
I1. Cac bai toan giai sin
Chuong 2. KEO VA NEN
I. Tém tét Iy thuyét
II. Cac bai toan giai sn E
Chuwong 3. TRANG THAI UNG SUAT VA CAC GIA THUYET
VE TRANG THAI UNG SUAT GIOI HAN
I. Tém tat 1y thuyét
II. Cac bai toan giai sdn
Chuong 4. PAC TRUNG HINH HOC CUA HiNH PHANG
L. Tém tét 1y thuyét
II. Cac bai toan gidi sdn
Phu luc |
Tai ligu tham khao
TAP 2
Loi néi dau : . 3
Chuong 5. XOAN
A. Tém tét ly thuyét 5
B. Cac bai toan gidi sn 14
Chuong 6. TINH TOAN PO BEN VA PO CONG CAC CAU
KIEN KET CAU CHIU UGN
A. Tém tét 1y thuyét
B. Cac bai toan gidi sdn
Chuong 7. THANH CHIU LUC PHUC TAP
I. Tém tét 1y thuyét
II. C4c bai toan giai sdn




MON sUC BEN VAT LIEV
TAP 2

TAC GIA : PGS. TSGVCC. DANG VIET CUONG

Chiu trdch nhiém xuét bdn: PGS. TS TO DANG HAI

Bién tap: ThS. NGUYEN HUY TIEN
QUANG NGOQC

Trinh bay bia: HUONG LAN

NHA XUAT BAN KHOA HOC VA KY THUAT
70 TRAN HUNG PAO - HA NOI

~ - - ? S
TUVEN TAP CAC BAI TOAN GIAI SAN {

In 500 cudn, khé 16 x 24 cm, tai Xi nghiép In Thuong Mai (B§ Cdng Thuong)
Quyét dinh xudt ban so: 75-2007/CXB/44.2-02/KHKT-09/8/2007.

In xong va ndp luu chiéu Quy I ndm 2008.
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