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LOI MO DAU

Muc dich ctia Strc bén vt liéu 1a nham trang bi cho k¥ su va sinh
vién nhing kién thirc can thiét dé giai quyét cac bai toan ky thuat lién
quan toi cac khau tir thi cong, thAm dinh dén thiét ké. Chinh vi thé ma
dic trung cudi cung trong qué trinh nghién ctru cta khoa hoc nay 1a viéc
ap dung cac két qua nghién ctru vao thuc tién va chi c6 théng qua viéc
tmg dung vao thuc tién khoa hoc ndy méi c6 thé ding viing va phat
trién.

Strc bén vat liéu c6 mot vi tri dic biét quan trong trong co hoc, bdi
n6 dong vai tro ciia mot chiée cau ndi giita cac mon khoa hoc co ban véi
cac mon co hoc chuyén nganh. Hon nira, n6 lai 1a vién gach dau tién dat
nén moéng cho linh vuc co hoc vat ran bién dang — Mot linh vuc chuyén
nghién ciru cac quy luat tong quat vé sy hinh thanh va phat trién cac tac
dung co hoc sinh ra trong 1ong cac vt ran thyuc do tic dung ngoai bat ky
gay ra.

Kinh nghiém lam viéc v&i sinh vién cho thay, ho gip rat nhiéu kho
khan khi van dung 1y thuyét vbn rat triru tugng va phtic tap ciia mon hoc
ndy vao giai cac bai tdp dudi dang md hinh du di cho sin va cang kho
khan hon khi &p dung vao céc bai toan cua thuc té k¥ thuat. Mat khac,
phan 16n trong s6 nhiing sinh vién say mé nghién ctru mén khoa hoc nay
thuong khong théa min véi cac bai tip gidi mau theo mot khuén mau
ctg nhic nhu van thuong 1am trong cac sach 1y thuyét va bai tap hién
nay. Sach dugc bién soan thanh nhiéu tap nham phuc vu cho cong tac
day va hoc trong cac truong dai hoc k¥ thuat, cho nhu cau 6n thi cudi
khoa, 6n thi tuyén vao cac h¢ cao hoc va phuc vu cho nhu cau tham khao
nang cao cua can bd giang vién tré, k§ su dang truc tiép thi cong. Voi
muc dich d6, mot mit ngoai nhitng bai toan & mirc do dé va trung binh
v6i nhiéu phuong an giai khac nhau phuc vu cho dong dao sinh vién cac
chuyén nganh: Co khi ché tao may, co khi 6 t6, co khi déng tau, co khi
giao thong vén tai, xdy dung, cau duong, cong trinh thuy loi..

Véi long mong moi nang cao kién thire, tri tué vé mon hoc cho
sinh vién, ching t6i thay can gidi thiéu cudn Bai tap Sirc bén vat licu 1
clng cac ban. Mic du cubn sach duge bién soan nghiém tac, cong phu,
chdt ch€ véi su cap nhat chon lgc cac thong tin mdi nhat, nhung chéc
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chin s& khong tranh khoi thiéu sot. Nhom téc gia rat mong va cam on su
dong gop, trao ddi ¥ kién cua cac chuyén gia, cac thdy co gido truc tiép
giang day Stic bén vt liéu, tit ca cac ban sinh vién su dung va doc cudn
sach nay dé cubn sach dugc hoan thién hon trong cac 1an xuat ban sau.
Hdi Phong, ngay 15 thang 8 nam 2018
Nhom tac gia



CHUONG 1: NHUNG KHAI NIEM MO PAU

I. TOM TAT LY THUYET
1.1.LNGOAI LUC
1.1.1. Pinh nghia.

Ngoai lyc 1 nhitng lyc ciia moi truong xung quanh hay ciia vat thé
khéc tac dung 1én vat thé dang xét.
1.1.2. Phan loai ngoai luc.

Ngoai luc dugc phan thanh hai loai chinh: tai trong va phan luc
lién ket
a. Tai trong: La lyc tac dung 1én vat thé dang xét ma diém dat, phuong,
chiéu va tri s0 (do 16n) coi nhu da biét trudc.

b. Phan luc lién két:

Phan luc lién két 1a luc hay ng'?lu luc phat sinh ra tai nhitng chd
tiép xuc cua vat thé dang xét vai vat the khac khi c6 tai trong tdc dung
1én no. Tri s6 va phuong chiéu caa phan luc lién két ngoai viéc phu
thudc vao tai trong con phu thude vao hinh thire lién két. Vi vay chung ta
s€ xem x¢&t cac loai lién két va phan lyc lién két tng vo1 no.

1.1.3. Cac loai lién két va phan lyc lién két

a. Cdc logi lién két phang:

g
N

a) b) c)
Hinh 1.1
Goi di dong (con goi la khép di déng)

Gbi di dong 1a loai lién két cho phép thanh quay xung quanh mét
khop va c6 thé di dong theo mot phuong xac dinh. Lién két nay han ché
su di chuyén mot phuong. Theo phuong bi han ché nay s& phat sinh mot
phan lyc lién két. So d6 cua su lién két nay nhu ¢ hinh 1.1a

Goi twa co dinh (hay con goi la khdp cé dinh)



Gdi ¢b dinh 14 loai lién két chi cho phép thanh quay xung quanh mot
khop, con moi di dong thé“ing khéc déu bi han ché. Tai lién két nay s€ xuét
hién mot phan lién két co phuong xac dinh. Phan Iyc nay c¢6 thé phan tich
thanh hai thanh phan: thing ding va nim ngang. So d0 cua lién két nay
dugc bicu dién & hinh 1.1b

Ngam

Ngam la loai lién két han ché moi sy di chuyén cua thanh. Tai lién
két nay s& phat sinh mot mémen va hai thanh phan lyc thing dung va
nam ngang. So do cua ngam duogc biéu dién & hinh 1.1c

Vi lién két khong gian thi sé phan Iyc lién két s& nhiéu hon.

b. Cach xdc dinh phan lyc lién két

bé xac dinh cac phan lyuc lién két, ta coi vat thé dang xét nhu mot
vat ran tuyét doi va tat ca ngoai luc tic dung Ién vat thé tao thanh mot hé
luc can bang. Truong hop tit ca cic ngoai lyc nam trong miat phang
chta tryc thanh goi 13 bai toan phang. D6i v6i bai toan phang c6 ba
phuong trinh can bang tinh hoc. Con d6i voi bai toan khong gian co sau
phuong trinh can bang tinh hoc.

Dbi v6i bai toan phang co ba dang phuong trinh can bang tinh hoc
sau day:

a) Tong hinh chiéu cta cac ngoai luc 1én 2 phuong x, y khong song song
va tong momen cua cac ngoai lyc lay ddi voi mot diém tuy y bang
khong.

SX(B)=0 I XY(R)=0 Y M,(P)=0 (11

b) Tong hinh chiéu cta cac luc theo mot phuong u va tong moémen cia
cac luc d6i voi hai diém khong cung nam trén phuwong vudng goc véi
phuong u bang khéng

SUPB)=0 1 XM, (P)=0 i X M,(R)=0  (12)

¢) Tong momen cia cac lyc liy d6i voi 3 diém khong thang hang bang
khéng

S M,(P)=0Y. M,(F)=0 : ¥ M (P)=0 (13)

i= i=1



O day Pj la cac ngoai luyc; i=1,2,...n

Khi s6 phan luc lién két can phai tim bang sb phuong trinh can
bang tinh hoc, bai toan duoc goi 1a bai toan tinh dinh. Khi d6 ta co thé
xé4c dinh duoc cac phan luc lién két bang cac phuong trinh can bang tinh
hoc. Con khi s6 phan Iyc lién két can phai tim 16n hon sé phuong trinh
can béng tinh hoc, bai toan dugc goi 1a bai toan si€u tinh. O bai toan siéu
tinh, muén xac dinh dugc cac phan luc lién két phai sir dung thém cac
phuong trinh vé diéu kién bién dang. Véan dé nay s& duogc xem xét ki ¢
chuong sau

1.2.NOILUC
1.2.1. Dinh nghia

Do thay d6i luc lién két gitra cac phan tir bén trong vat thé khi vat thé
bién dang duoc goi la ndi luc.

Theo dinh nghia trén ta théy ré“mg ndi luc chi xuét hién khi vat thé
bi bién dang ttrc 1a chi khi c6 ngoai luc tac dung 1én vat thé.
1.2.2. Phwong phap mit cit

Pé x4c dinh noi luc, ta ding phuong phap mit cit. Noi dung cua
phuong phéap nhu sau:

Xét mot thanh chiu luc can béng. Muén xac dinh ndi luc trén mit
cit 1 — 1 hinh 1.2a nao do:

Hinh 1.2

Ta tudng twong cit thanh bang 1 mat cét 1 - 1 chia thanh thanh 2
phan A, B. Xét cén bang cta 1 phan, phan thanh nay ciing phai nam
trong trang thai can béng tinh hoc cho nén ndi luc trén mit cit va cac



ngoai luc tac dung lén phén thanh nay tao thanh mét hé luc can béng.
Tir cac phuong trinh cin bang tinh hoc ta xac dinh dugc cac thanh phan
noi luc trén mat cat1-1.

1.2.3. Cac thanh phén ndi lwc trén mit cit ngang.

Trong trudng hop mit cit 1 - 1 1a mit cit ngang, trén mit cit ta
chon hé truc toa d§ nhu sau: phap tuyén clia mit cét 1a truc Oz, hai truc
Ox va Oy nam trong mit cit va vudng goc véi nhau; géc O tring voi
trong tAm mat cit (Hinh 1.2b). Tai moi diém trén mat cat déu co ndi luc.
Thu gon tit ca cac ndi luc vé diém O ta duoc 1 lyc chinh R va mémen

—_—

M 6 phuong chiéu va trj s6 xac dinh.
Phan E thanh 3 thanh phan theo phuong 3 truc:
- Thanh phan theo phuong truc z ki hiéu 14 Wl va goi la lyc doc;
- Thanh phﬁn theo phuong truc x ki hi¢u la 6): va goi la luc ct;
- Thanh phéan theo phuong truc y ki hiéu 1a Gy’ va goi 1 lyc cit.
Phén tich M thanh 3 thanh phan quay quanh 3 truc

- Thanh phan quay quanh truc z ki hiéu 1a I\/TZ va goi 1a momen

xoan,;

- Thanh phén quay quanh tryc x ki hiéu 1a W va goi la mémen
uén;

- Thanh phan quay quanh truc y ki hiéu 1a W va goi la momen
uén.

Nhu vay téng quat trén mit cit ngang c6 6 thanh phan noi lyc Ny,
Qx Qy1 MZ,MX, |\/|y
1.2.4. Qui wéc ddu ciia cac thanh phan ndi luc

- Luc doc N, duoc coi 1a dwong khi né c¢6 chiéu di ra khoi mat cit.

- Luc cit Qy, Qy dugc coi la duong khi n6 cé chiéu trung vé6i phap
tuyén ngoai di quay mot goc 90° theo chidu kim dong ho.

- Mémen xoin M, dugc coi 1a duong khi ta dimg nhin vao mit cit thay
né quay theo chiéu kim dong ho.



- Mdmen udn My dugc coi 1a duong khi né 1am dan (kéo) vé phia
duong cua truc y. Néu chidu duong truc y chon huéng huéng xudng
dudi thi My duong khi 1am dan (kéo) thé dudi.

- Mémen ubn My duoc cot 1a duong khi n6 lam dan (kéo) vé phia
duong cua truc x.

1.2.5. Cach xéc dinh cac thanh phén ndi lwc trén mit cit ngang

Phan thanh dang xét nam trong trang thai can bang tinh hoc, cho
nén ndi lyc trén mat cit ngang va cac ngoai luc tic dung 1én phan thanh
nay tao thanh hé luc can béng. Ta lap dugc cac phuong trinh can béng
tinh hoc nhu sau:

N_,+§Z(P,.):0 )
0, +> X(P)=0 @
0, +3Y(R)=0 ®)
MZ+§MZ(R):O 4
M. +§MX(R):O (5)
M},+’Z::My(PI,):0 (6)

O day P; 1a ngoai lyc tac dung 1én phan thanh dang xét.

Sau phuong trinh trén biéu dién mbi quan hé giira cac thanh phan
ndi lyc trén mat cat voi ngoai lyc. Ching ta s€ st dung moi quan h¢ nay
deé xéac dinh cac thanh phan noi lyc.

1.2.6. Biéu d6 ndi luwe
a. Khdi niém: D6 thi biéu dién sy bién thién cta cic thanh phan ndi luc
doc theo truc ctia thanh
b. Trinh tir vé biéu do noi luc:
Budc 1: Chon hé truc toa do

Budc 2: Xéac dinh phan lyc lién két va momen phan luc lién két.
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Budc 3: Chia thanh thanh timg doan nho sao cho doc theo mdi
doan ndi luc bién thién theo mot qui ludt lién tyc. Qua thuc té nguoi ta
théy rﬁng diém chia sé la nhiing diém c6 ngoai lyc tap trung, diém bat
dau va diém két thiic ngoai lyc phan bd.

Budc 4: St dung phuong phap mit cit va cac phuong trinh can
béng tinh hoc dé xac dinh ham cta nodi luc doc theo mdi doan thanh

Budc 5: V& biéu db biéu dién cac ham noi lyc dd xac dinh trén,
danh dau, gach biéu dd.

Trong biéu d6 ndi lyc nguoi ta vach cac doan thang theo phuong
vuong goc voi truc thanh dé biéu dién tri sb nodi lyc trén mat cit ngang
tuong Ung.

Cha y: + Khi v& biéu dd noi luc thi dudng chuan (truc hoanh) dugc
liy song song véi truc thanh va ndi luc trén mit cat ngang s& duoc biéu
thi boi nhitng doan thing theo phuong vudng goc véi truc.

+ Biéu d0 mémen udn My, My dugc vé vé phia thé bi kéo.
1.2.7 Mdi quan hé vi phan giira mémen uon M,, luyc cit Qy va tai
trong phén bd q(z)

Tach ra tir mot thanh chiu luc mot doan thanh chiéu dai dz (hinh
1.12a bang 2 mit cat (1-1) va (2-2). Khoang dz nhé dén mirc co thé coi q(2)
= const. Cac thanh phﬁn nodi luc trén mit cit cua dz duogc biéu dién & hinh
1.13b

1, .2 a(2)

N s i ) EEE
5 i T

| 4 dz

Hinh 1.3a

Xét can bang phan t6 trén ta dugc

2Y=-Q -q@dz +(Q, +dQ,) =0
DM, =—Qdz—M + q(z)d—z2 +(M_+dM )=0
: z
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Bé qua luong v cung bé M,

2
bac cao q(z)% tor cac

phuong trinh trén ta duoc:

do,

p =q(z)
M,

dz =2
d*M

= =q(z)

Y

1 q(2)
< E%XRX) AT
Q/! © Ce
1 dz
Hinh 1.3b

M, + dM,

Q + dQ,

(1-5)

Nguoi ta cé theé st dung moi quan hé trén dé v€, kiém tra bicu do

noi luc.
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Il. CAC BAI TAP GIAI MAU
V& biéu dd noi luc cho céc thanh sau:
Bai 1.3.1: So d6 hinh 1.4a

1 2 3
a) ZA ] 8P P »2 P z
A B C D
X 1 2 3
2a _|_ a 2a
W .
Zn NZ1 3 3
AT = iy
L D
- 3
2 5a-z
Za 8P N7
A B
2
L z

3P 2p
y (%) allS: clilig

5p |

Hinh 1.4

- Chon hé truc toa do nhu trén hinh 1.4a: géc O tai A, truc z di tir
trai sang phai.

- Xac dinh phan lyc lién két: dbi v6i bai toan nay tai ngam A chi
ton tai mot phan luc lién ket 1a Za (chiéu gia dinh).

Str dung phuong trinh cin bang tinh hoc:

YF,. Zpn+2P+P—-8P =0
— Za = 5P > 0 (chiéu gia dinh 1a dung)
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- Chia thanh thanh 3 doan AB, BC, CD. Diém chia doan 13 diém
dat céc luc tap trung.

- Xét doan AB: Dung mit cat 1 — 1 cat AB tai vi tri bat ky c6 toa
doz(0<z<2a)

Gitr lai phén thanh bén trai mat cat 1 — 1. Can clr vao cac ngoai luc
tac dung 1én thanh nhan thay trén mat cat 1 — 1 chi c6 mdt thanh phan
noi luc 1a luc doc N Luc doc N, duoc biéu dién theo chiéu duong quy
udc, xét can bang cua phan thanh dugc giir lai:

YF,: N,'4Za =0

—N;'=-Zp=-5P

Nhu vay doc theo doan AB luc doc la héng $0.

- Xét doan BC: Dung mit cit 2 — 2 cat BC tai vi tri bt ky c6 toa
do z (2a <z < 3a).

Giir lai phan thanh bén trai mat cat 2 — 2 ta ¢6 phuong trinh:

YF,: N+ Za-8P =0

—N,//=3P

N, cling 1a héng s6 khi mat cat 2 — 2 thay ddi doc theo doan BC

Xét doan CD: : Dung mat cit 3 — 3 cat CD tai vi tri bat ky co toa
d6 z (3a < z < 5a). Luc doc N;° duoc biéu dién theo chidu duong quy
udc, gitt lai phan thanh bén phai mat cat 3 — 3 ta c6 phuong trinh:

YF,;: N2 -2P=0

— N;% = 2P = const

Biéu dd luc doc N, duge v& nhu trén hinh 1.4b

Bai 1.3.2: So dd hinh 1.5a. Biét P; = 120KN, P, = 180KN, g = 20KN/m,
a=15m
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K 5 —~t— —|— |~

Wy
1
ZA joe— ‘q_<_<__>N§ 3
A ) Nz3 R
-t — =
- ;
2
Za ‘_‘_‘—q N __>N22 3a-z
A B
2
|_ z
120
O] e
KN
O
90 % 60
Hinh 1.5

- Chon hé tryc toa do nhu trén hinh 1.5a: gbc O tai A, truc z di tir
trai sang phai.

- Xac dinh phan luc lién két: d6i v6i bai toan nay tai ngam A chi
ton tai mot phan luc lién két 1a Za (chiéu gia dinh).

Str dung phuong trinh can bang tinh hoc:

YF;: Zpn+tP1—P2—qa=0

—Za=-P1+P,+qga> 0

— Za=90KN > 0 (chiéu gia dinh la dung).

- Chia thanh thanh 3 doan AB, BC, CD.
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- Xét doan AB (0 <z < a): Can ctr vao cac ngoai lyc tac dung 1én
thanh nhan thay trén mat cat 1 — 1 chi c6 mdt thanh phan ndi lyc 1a luc
doc N,'. Phuong trinh c4n bing cta phin thanh duogc giit lai:

SF,;: N+ Za-qz=0

— N =-Za+0z

Ta thiy N, & doan nay 14 ham béc nhét theo z.

- Xét doan BC (a < z < 2a): phuong trinh can bang ctia phan thanh
duogc gitr lai:

SF,;: N2+ Za-qa=0

— N2 =-Za+0a=-60KN

Vay trén doan BC luc doc N; 1a héng $0.

- Xét doan CD (2a < z < 3a): phuong trinh cin bang cua phan
thanh dugc gitr lai:

YF: N ~P;=0

— N,* =P; = 120KN

Vay trén doan CD luc doc N; la hﬁng $6.

Biéu dd luc doc N, dugc v& nhu trén hinh 1.5b.

Bai 1.3.3: So d6 chiju luc hinh 1.6a

Doi hai luc P vé trong tam mat cit C ta duge so dd tinh nhu hinh
1.6hb.

- Chon hé truc toa do nhu trén hinh vé: géc O tai A, truc z di tur
dudi én trén.

- Xac dinh phan luc lién két: d6i v6i bai toan nay tai ngam A chi
ton tai mot phan luc lién ket 1a Za (chiéu gia dinh).

Str dung phuong trinh cén bang tinh hoc:

YF;. ZA+3P -2P -5P =0

— Za=4P > 0 (chiéu gia dinh 1a dung).
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Nz N

> ® 1 '5P1 1 T 1 N C
»ﬁmw Ny Al |y lAl ”_l Al

| £ Za Za Za @

a b) c)

Hinh 1.6

- Chia thanh thanh 3 doan AB, BC, CD

Can ctr vao céac ngoai lyc tac dung lén thanh nhan théy trén mat cat
chi c6 mot thanh phan ndi luc 1a lyc doc N,

- Xét doan AB (0 < z < a): phuong trinh can bang cua phan thanh
duogc gitr lai:

YF,: N +Za =0

— N} =-Zp=-4P

Ta thiy N, & doan nay 1a hing s6

- Xét doan BC (a < z < 2a): phuong trinh cin bang ctia phan thanh
duoc gitr lai:

YF,;: N+ Za-5P =0

—N2=-Zp+5P=P

Vay trén doan BC lyc doc N; la héng )

- Xét doan CD (2a < z < 3a): phuong trinh cin bang cua phan
thanh duoc gitr lai:

YF,:NS2-3P=0
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—N,>=3P
Vay trén doan CD luc doc N; la héing $6

Biéu dd luc doc N, duoc v& nhu trén hinhl.6¢

Bai 1.3.4: V& biéu d6 ndi luc cho thanh trén hinh 1.7a khi ké dén trong
lugng ban than cua thanh. Biét thanh c6 cung vat liéu, trong luong riéng
1ay=25KN/m®.

50
C [
£
S 20cm
N\‘—ﬂ ] |
| £
2 | 2 o 2
r
| N
2-2
|
B
100KN 48
40cm |
| £ ?Nzl
I
1 | 1 1 + 1
| o |
1-1
Al M Al
& Za Za @ 61,42
a) KN
Hinh 1.7 b)

Khi ké dén trong luong ban than ciia thanh thi trén doan AB ¢6 luc
phan bo doc tryc thanh 1a qi, trén doan BC ¢6 luc phan bd doc truc thanh
la gp.

g1 = v. F1 =y. nd%/4 = 3,14KN/m

92 = v. F2=7. b = 1IKN/m (b = 20cm)

- Chon hé truc toa do nhu trén hinh vé: géc O tai A, truc z di tur
dudi lén trén
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- Xac dinh phan lyc lién két: dbi v6i bai toan nay tai ngam A chi
ton tai mot phan luc lién két 1a Za (chiéu gia dinh).

Str dung phuong trinh c4n bang tinh hoc:

YF,;: Za+50-100-01.3—02.2=0

— Zp = 61,42KN > 0 (chiéu gia dinh 1a ding).

- Chia thanh thanh 2 doan AB, BC.

Can ¢t vao cac ngoai lyc tac dung 1én thanh nhéan thay trén mait cat
chi ¢c6 mot thanh phan néi luc 1a lyc doc N.

- Xét doan AB (0 < z < 3m): phuong trinh cén bang cia phan
thanh dugc gitr lai:

YF,: N1+ Za-01.z=0

— Nt =-Za+ .z

Ta thay N, & doan nay 1a ham s6 bac nhat.

- Xét doan BC (3m < z < 5m): Phuong trinh cin bang cta phan
thanh dugc gitr lai:

YF;: N2 + 02.(5m-z) —50=0

— N2 = - 02.(5m-z) + 50

Vay trén doan BC luc doc N; 1a ham bac nhat

Biéu dd luc doc N, dugc v& nhu trén hinh1.7b
Bai 1.3.5: Cho thanh chiu lyc nhu hinh 1.8a

- Chon hé truc toa dd nhu trén hinh 1.8a: géc O tai A, truc z di tu
trai sang phai.

- Xac dinh phan lyc lién két: dbi v6i bai toan nay tai ngam A chi
t6n tai mot phan Iyc lién két 1a Ma (chiéu gia dinh).

Str dung phuong trinh c4n bang tinh hoc:

¥m;: Map—10M +2M +M =0

— Ma =7M > 0 (chiéu gia dinh 1a dang)
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Hinh 1.8

- Chia thanh thanh 3 doan AB, BC, CD

Céan ctr vao céc ngoai luc tdc dung 1én thanh nhan théy trén mat cat
chi c6 mot thanh phan ndi lyc 1a mé men xodan M,.

- Xét doan AB (0 < z < a): phuong trinh cén bang ciia phan thanh
duogc gitr lai:

Tm;: M, - Ma =0

— M,' =Ma=7M

Ta thdy M, & doan nay 14 hang sd.

- Xét doan BC (a < z < 2a): phuong trinh can bang cta phan thanh

duoc gitr lai:
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Tm;: M;%- Ma+ 10M = 0

— M =-3M

Vay trén doan BC m6 men xo0dn M, 1a héng $6.

- Xét doan CD (2a < z < 3a): phuong trinh can bang cua phan
thanh dugc gitr lai:

Tm,: M,*+ M =0

—M2=-M

Ta thiy M, & doan nay 13 hang sd.

Biéu dd mo6 men xoin M, duoc vé nhu trén hinh1.8b.
Bai 1.3.6: So d6 chiu lyc hinh 1.9a

- X4c dinh trj s6 cia mdé men phan bd m.

- V& biéu db ndi luc cho thanh.

Giai:

- Trj sb cua m duge xéc dinh tir diéu kién can bfmg vé ngoai luc:

Ym;=0—->M;+M;-m.2a=0

m = M{+M, _ 3200+1400 4600 Nm
2.a 2.0,5 m

- Chon hé truc toa do nhu trén hinh 1.9a: Gdc O tai A, truc z di tir
trai sang phai.

- Xac dinh phan lyc lién két: D4i voi bai toan nay tai cac gbi d&
truc (ngam trugt) A va E khong phat sinh phan luc lién két.

- Chia thanh thanh 4 doan AB, BC, CD, DF.

Can ctr vao céac ngoai lyc tac dung lén thanh nhan thay trén mat cat
chi c6 mot thanh phan ndi luc 1a mé men xoan M,
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Ml 3200Nm M2 = 1400Nm

%WB Aoobssines foc

M =3200Nm
1 Ml

M2 = 1400Nm

33
V4
- 3
M1 = 3200Nm s 2E F
6,5a-2
3 QF %Q

Nm - 100
b) @ /l/l d?

illkd

Hinh 1.9

3200

- Xét doan AB (0 <z < a): Trén doan AB md men xoin bang 0.

- Xét doan BC (a < z < 2,5a): phuong trinh can bang cua phan
thanh dugc gitr lai:

— M;' =-M; = -3200Nm
Vay trén doan BC mo men xoan M, 1a hang sb.

- Xét doan CD (2,5a < z < 4,5a): Phuong trinh cn bang cta phan
thanh duogc gitr lai:

Tmy: M2+ My —m.(z-2,5a) =0
— M;*=-M; + m.(z - 2,53)
Vay trén doan CD m6 men xodn M, 13 ham bac nht.

- Xét doan DF (4,5a < z < 6,5a): phuong trinh c4n bang cuia phan
thanh dugc gitr lai:
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Tm,: M;® -M;=0
— M,® = Mz = 1400Nm
Vay trén doan DF m6 men xo0dn M, 1a héng $6.
Biéu dd mo6 men xoin M, duoc v€ nhu trén hinh 1.9b.
Bai 1.3.7: So d6 chju lyc nhu hinh 1.10a
- Chon hé truc toa d oxyz nhu hinh vé cé géc o trung voi A.
- X4c dinh phan lyc lién két.
Tai géi cb dinh A ton tai phan lyc lién két Za, Ya.
Tai gbi di dong D ton tai phan luc lién két Yop.
St dung hé phuong trinh can bang tinh hoc:
YE:Z,=0
YE: Y, +Yp—2P—-P=0
l

21
Y l—P.=—2P.— =
\Zmp: Ya.l 3 3 0

Giai h¢ phuong trinh tim duogc:

Za =0, Ya-4P/3, Yp = 5P/3 (Chiéu gia dinh 1a dung).

- Chia thanh thanh 3 doan AB, BC, CD

- Xét doan AB: Dung mit cat 1-1 cach O mot khoang z va giir lai
phan thanh bén trai (0< z < 1/3). Trén mat cat 1-1 chi ton tai hai thanh
phan ndi luc 1a Qy va My. Chiéu duong cia ching dugc biéu dién nhu
trén hinh v€. Qy va My duoc xac dinh bang cac phuong trinh:
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O

4PJ:

N H P/3
b) [TTTIT1T11 %D /5P/3

Hinh 1.10

YFy: Qi - Ya =0 — Qy =Ya= 4P/3. Vay Qyla hang s6 trén doan
AB.
Zmol: Mxl - YA.Z =0
4p
= Mxl = YA.Z = ?.Z
Vay My 1a ham bac nhét trén doan AB
- Xét doan BC: Dung mit cit 2-2 cach O mot khoang z va giir lai
phan thanh bén trai (/3 < z < 2 1/3). Trén mit cat 2-2 chi ton tai hai
thanh phan ndi luc 1a Qy va My. Chiéu duong ciia ching dugc biéu dién
nhu trén hinh vé. Qy va My dugc xac dinh bang cac phuong trinh:
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2Fy: Qp-Ya+P=0— Qy=P/3. Vay Qyla hé“lng s6 trén doan
BC

l
Ymy,: My, — Y.z + P. (z—§) =0

[ 4P l
> My, =Y,z —P.(z—§)=?.2+P.(z—§>

Vay My 1a ham bac nhét trén doan BC

- Xét doan CD: Dung mit cat 3-3 cach O mot khoang z va gitr lai
phan thanh bén phai (21/3 < z <1). Trén mit cat 3-3 chi ton tai hai thanh
phan noi lyc 1a Qy va My. Chiéu duong cta chung dugc biéu dién nhu
trén hinh vé. Qy va My duoc xac dinh bang cac phuong trinh:
2Fy: Qua + Yp =0 — Qp =-Yp =-5P/3. Vay Qy la hang s trén doan
CD.

2Mo3iMyz = Yp. (1 —2) =0

5P
:>Mx3:YD.(l_Z): ?(l_Z)

Vay My 1a ham béc nhat trén doan CD

Biéu db Qy va My véi quy udc va cach vé dugc biéu dién nhu trén
hinh 1.10 b, ¢
Bai 1.3.8: So d6 chiu luc nhu hinh 1.11a

- Chon h¢ tryc toa d oxyz nhu hinh vé c6 géc o trung voi A.

- Xéc dinh phan Iyc lién két.

Tai gbi di dong B ton tai phan lyc lién két Y.

Tai gbi c6 dinh D t6n tai phan lyc lién két Zp, Yop.

Str dung hé phuong trinh can bang tinh hoc:

SFy:Zp =0
XF,:Ys+Yp,—P—q.4a=0
Imp:Yg.4a — P.5a—q.4a.3a+ M =0

Giai hé phuong trinh tim dugc: Zp = 0; Yg = 4qa, Yp = qa (Chiéu

gia dinh 1a dung).
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M=qa ;Yp

q & 3
TN >
3a |C 3!3

Hinh 1.11

- Chia thanh thanh 3 doan AB, BC, CD

- Xét doan AB: Dung mit cat 1-1 cach O mot khoang z va giir lai
phan thanh bén tréi (0< z < a). Trén mat cit 1-1 chi ton tai hai thanh
phan ndi lyc 1a Qy va M. Chiéu duong cua chung dugc biéu dién nhu
trén hinh v€. Qy va My duoc xac dinh bang cac phuong trinh:

YFy:Qu+P+qgz =0 > Qypu =-P—-0gz =-0a - qz. Vay Qyla ham
béac nhét trén doan AB
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qz*
Zm01:Mx1 + Pz + T =0
qz’
> My, = —qaz — -
Vay My 1a ham bac hai trén doan AB ¢6 cuc tri tai z=0
- X¢ét doan BC: Dung mat cit 2-2 cach O mot khoang z va gitr lai
phan thanh bén trai
(a<z<4a). Trén mat cit 2-2 chi tOn tai hai thanh phﬁn noi luc la
Qy Va My. Chiéu duong cta ching dugc biéu dién nhu trén hinh v&. Qy
va M, duoc xac dinh bang cac phuong trinh:
2Fy: Qp — Yg P +qz =0 — Qy2 = 30a - qz. Vay Qy la ham bac
nhét trén doan BC

qz’
Zmoz:sz_YB.(Z_a)'i'PZ‘i'T:O
72
= M,, = 4qa(z —a) —qaz—T

Vay My 1a ham bac hai trén doan BC c6 cyc tri tai mat cit co toa
d6z=3a

- Xét doan CD: Dung mit cat 3-3 cach O mot khoang z va gitr lai
phan thanh bén phai (4a < z < 5a). Trén mat cat 3-3 chi ton tai hai thanh
phan ndi luc 1a Qy va My. Chiéu duong cia ching dugc biéu dién nhu
trén hinh vé. Qy va My duoc xac dinh bang cac phuong trinh:

2Fy:Qyz+Yp =0 — Qyz=-Yp =-qa. Vay Qyla hang s trén doan
CD

dYmy3:Myz —Yp.(5a—2)=0
= M,; =Yp.(5a —z) = qa(5a — z)

Vay M 1a ham bac nhét trén doan CD

Biéu d6 Qyva My dugc vé nhu trén hinh 1.11 b, ¢
Bai 1.3.9: So d6 chiu lyc nhu hinh 1.12

- Chon hé truc toa d9 oxyz nhu hinh vé c6 géc o trung voi A

- Xéc dinh phan Iyc lién két

Tai ngam A tdn tai phan lyuc lién két Ya, Za, Ma

St dung hé phuong trinh can bang tinh hoc
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ZFZ:ZA =0
ZFy:YA—Pl—q2a+P2 =0
Imy:My—P.a—q.2a.a—M+P,.3a=0
Giai hé phuong trinh tim dugc: Za = 0; Ya = ga, Ma = ga°
(Chiéu gia dinh 1a ding)
- Xét doan AB: (0<z<a)
YFy: Qyi —Ya+0z =0 — Q1 =(@a- qz. Viy Qyla hiam bac nhat
trén doan AB
qz*
moliMxl _YAZ+T+MA =0
2
= M,, = qaz — %— qa®.
Vay My 1a ham bac hai trén AB c6 cyc tritaiz=a
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q M = 4qga®
ZA ) = 3
a) NN AN ENEEN I D__
A 1 B 2 C 3
kg a | a | a R,=20a
M M = 4ga?
02|2 C D
oy 3a-z
My “'P,=2qa
3
D
g
R P=20a

Hinh 1.12
- Xét doan BC: (a <z < 2a).

ZFy: Qy +P2 - g(2a-z) = 0 — Qy2 = -2qa + q(2a-z). Vay Qyla ham
béac nhét trén doan BC
(2a —2)
Ymy: My, + M — P,(3a—2z) + q(2a — Z)T =0
(2a-2z)?

> M,, = —4qa*+P,(3a—z )—q -
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Vay My la ham béc hai trén doan BC
- Xét doan CD: (a <z < 3a).
2Fy: Qyz + P2 =0 — Qyp =-P>=-2qa.
Vay Qyla hang sé trén doan CD.
Ymy3:My; —P,.(3a—2)=0

= M3 =P,.(3a —z) = 2qa(3a — z)
Vay M, 14 ham bac nhat trén doan CD.
Biéu d6 Qyva My duoc v& nhu trén hinh 1.12 b, c.

I11. BAI TAP TU GIAI
Bai 1.4.1: V& biéu d6 noi lyc cho thanh nhu hinh 1.13a
P= ga q
AL B c
I_ a _I_ 2a
Hinh 1.13a
Bai 1.4.2: V& biéu d0 ndi lyc cho thanh nhu hinh 1.14a khi ké dén trong
luong thanh. NONNNRSSY
Biét P = yFl A
2F
B
_]
R
!
] -
C
3P
Hinh 1.14a
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Bai 1.4.3: V& biéu dd ndi luc cho thanh nhu hinh 1.15a

Bai 1.4.4:

|
|
|
|
|
|
|
|
|
|
|
!

60KN

2m

g=15KN/m

2m

-—

60KN
Al

le— -— <«— <
2m

SSEANNNNY

Hinh 1.15a

V& biéu d6 ndi luc cho thanh nhu hinh 1.16a.

A

| a

[«5)

M,
E T A g

Hinh 1.16a

Bai 1.4.5. V& biéu d6 noi luc cho thanh nhu hinh 1.17a
8000NmM  3000NmM

2000Nm

4444444

A

hd
i v v Vv Y l— (

80cm T 60cm _I_ 40cm _|_ 40cm

Hinh 1.17a
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Bai 1.4.6. V& biéu dd ndi luc cho thanh nhu hinh 1.18a, 1.19a, 1.20a,

1.21a
Y Yy vYYvYvYYYYYYY
B
P =3qa ”

Hinh 1.18a

a
Hinh 1.19a
P=2qa
q M=qa?
|
3 C 3
a L a0\
Hinh 1.20a
iP =0a q
éA B C D
a | a | a
Hinh 1.21a
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IV. DAP SO

Bai 1.4.4: Hinh 1.13b
@ M@(H/qa

Hinh 1.13b

(@

qa/

Bai 1.4.2: Hinh 1.14b
Bai 1.4.3: Hinh 1.15b
Bai 1.4.4: Hinh 1.16b
Bai 1.4.5: Hinh 1.17b

YFI <::>

60

120

[

2YFI
P 140 200
TFI /
3YFI @ KN
Hinh 1.14b Hinh 1.15b
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%ﬂg/mj@jﬂ gof

1400
Hinh 1.16b
2000
5000
o izl
Hinh 1.17b 3000

Bai 1.4.6: Hinh 1.18b, 1.19b, 1.20b, 1.21b

20a
—
=
204
ga°
Hinh 1.18b
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P
3P/2
Pa
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Hinh 1.19b

5qe/6
70416

Hinh 1.20b
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CHUONG 2: KEO NEN PUNG TAM THANH THANG

I. TOM TAT LY THUYET
1. Pinh nghia, luc doc, ing suit, bién dang

Mot thanh duogc goi 1a chiu kéo hoac nén ding tam néu dudi tac
dung cta ngoai luc, trén mat cat ngang cua thanh chi c6 mét thanh phan
ndi luc 1a luc doc N; khac khong.

Luc doc N; dugc xem la duong khi gay kéo va dugc xem la am khi
gdy nén voi phan dugc xét.

Ung suit phap o, phan bd déu trén mit cit ngang va duoc tinh
theo cong thirc:

N
o, = 72
Trong do: N, — Luc doc trén mit cit ngang

F — Dién tich mat cit ngang
Trén mit cit nghiéng c6 phap tuyén n tao mot goc o v6i phuong
tryc cua thanh c6 thanh phan tng suat phép 13 o, va tng suat tiép 1, ta
duoc xac dinh qua cong thuec:

1 .
o =Eaz(l—cos2a) T, 250'2 sin2a

Bién dang doc ¢, (Bién dang dai ty d6i theo phuong doc truc)

Dinh luat Hac (Hooke)
o N
gZ - = __Z
E EF
Trong do: E — M6 dun dan hoi vé kéo nén cua vt liéu.

EF — D cimg chdng kéo nén
Bién dang dai tuyét dbi giira 2 mat cit cach nhau 1 doan I:
N
Al = [—=dz
EF

0
Néu M. _ oons trén toan bd chidu dai thanh thi bidu thirc tinh Al
EF
c6 dang:
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_Nd
EF

Néu thanh gé)m ¢4 n doan ¢6 chiéu dai |; (i=1,2,3...n), trén mdi

Al

doan I ¢6 Vo _ onsr thi biéu thirc tinh Al s8 1a:
EF

<\ EF
2. Tinh toan diéu ki¢n bén

D061 vi thanh 1am bang vat liéu déo, ta c6 diéu kién bén:

max o, |=max|—~£ <[]
Trong do: [6] — Ung suat cho phép cua vat liéu
_ %
0]

och — Gi61 han chay
n— H¢ so an toan
Doi vai thanh 1am bang vat li¢u gion, ta cé di€u kién bén:

k

lo
max‘o{‘ <[o] = 7’
Aot oL
max‘az < [0]" .
Trong do: [6]x [6]n — Ung suat cho phép vé kéo va ung suit

cho phép vé nén cua vat liéu thanh

o, ,o, - Gioi han bén kéo va gidi han bén nén cia
vat li€u thanh

n — Hé s6 an toan
3. Tinh to4n diéu kién ctrng

Pé 1 thanh chiu kéo nén dung tim dugc 1am viéc an toan ngoai

thoa man diéu kién vé bén, thanh con phai théa man ca diéu kién vé
cung.

Theo bién dang ty dbi:
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N,
EF

max

<[¢]

max

2

Theo do co dén giita 2 dau cua thanh:

az,| =[Al]

Theo chuyén vi mit cét ngang:

AKX < [A]

Trong do: [€] — Bién dang cho phép

[Al] = D0 co gidn cho phép
[A] — Chuyén vi cho phép
4. Ba bai toan co ban
Ttir diéu kién bén va diéu kién cling ta co ba dang bai toan co ban:
- Bai toan kiém tra
- Bai toan xac dinh tai trong cho phép
- Bai toan x4c dinh kich thudc mat cit
5. Bai toan siéu tinh
Bai toan siéu tinh trong thanh chiu kéo nén dung tam la nhitng bai
toan ma chi véi cac phuong trinh can bang tinh hoc ta chua thé xac dinh
duoc ndi lyc va ing suat trong thanh hoac hé thanh. D& giai quyét bai
toan siéu tinh ta phai viét thém cac phuong trinh néu 1én cac dicu kién vé
bién dang cia thanh hodc h¢ thanh.
S6 bac siéu tinh cua bai toan siéu tinh duoc tinh bang sé phan luc
lién ket trur di sO phuong trinh can bang tinh hoc c6 thé thiét 1ap duoc.

II. CAC BAI TAP GIAI MAU
Bai 2.1. Cho thanh tron chiu luc nhu hinh v& Hinh 2.1: Biét D = 2d
V& biéu dd luc doc N, ing suét o,

Tim ‘0:

&

Z Imax

)
max

Tinh d¢ co gian gitra 2 dau thanh Al g.
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Za

| < [»1O

G% 5P

mmEnnngl

yRENAR "
d? — Vd?

Hinh 2.1
Chon hé truc Oxyz nhu hinh V€.
Xac dinh phan lyc lién két tai A: Za
XF,: ZA—TP+2P =0
— Zan=5P
Chia thanh lam 2 doan AC va CB
Xét trén doan thanh AC (0<z<24). Dung mdt cit (1-1) cit doan

@ g @
_@_

AC, xét can bang phan bén trai:

XF:0 N -Z, =05 N. =27, =5P

Xét trén doan thanh CB (24 <z <64). Dung mat cit (2-2) cat doan
CB, xét can bang phan bén phai:

IR0 N242P=0—>N:=-2P

V& bicu do luc doc N..

Tinh tmg suat phap o, cho timg doan thanh: _N,
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AC 5P 5P cD 2P 2P DB
—>0, =—5 = o, = = o

z 7D? ﬁ z D? - g z =
4 4
V& biéu d6 ung suit oy
Tu biéu d6 o, S| =8
Z Imax ﬂdZ
Tinh bién dang doc cho tirng doan thanh: e =%z
* E
A 5P ow 2P s —SP
e =——r0 el = - &)l = -
Erd Erxd Exd
Bién dang doc 16n nhat trén thanh.
8P
>le| =——
e Exd

Tinh d6 co gidn giita 2 dau thanh

Alag = Alac + Alcp + Alpg

N,l N,l N,l
Al,=| =% | +| =% | +| =
EF ), \EF)., \EF),

_5P2a 2Pa 2P3a

Al = _cha
¥ Exnd® Exd’ ELdZ
4
AZAB=_16Pa
Exd’

Bai 2.2. Cho thanh chiu lyc nhu Hinh 2.2:

2P 8P
md’  zd
4

Biét: P=gqa, q=10 KN/m,b=5cm, a=1m, [c] = 160 MN/m?,

[e] =2.10* E = 2.10" N/m?,
V& biéu dd e doc N, ung suét phép o.

Hay kiém tra bén va cing cho thanh.
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P P qa 92

N

Py
IS
.,

© b2
6P 6R faa
' , 202
—%z—% . | e g_

3b?
1 4 4
7% s o S

Hinh 2.2

Chon h¢ truc Oxyz nhu hinh v&.

Xéc dinh phan luc lién két tai D: Zp

>F,: Zp—-6P+3ga—-P=0

— Zp=4qa

Chia thanh lam 3 doan AB, BC va CD

Xét trén doan thanh DC (0 <z < ¢). Dung mat cit (1-1) cit trén

doan CD , xét can bang phan phia dudi thanh:
XF1 N -Z,=0>N. =2, =4qa

Xét trén doan thanh CB (¢ < 7 <24). Dung mit cat (2-2) cat doan
CB, xét can bang phan dudi:

IR0 N2 46P-Z,=0—>N’=-2qa

Xét trén doan thanh BA (24 <z <54¢). Dung mat cit (3-3) cit doan
BA, xét can bang phan trén:

XF0 N —P+q(5a—-2)=0— N =qa—q(5a—z)
Tai: z=2a — N} =-2qa
Tai: z=5a —» N’ =qa

V& biéu d6 luc doc N,
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Tinh ng suat phéap o, trén timg doan: . _ N,

‘ F

N O';C — 46161 O_ZCR _ _2qa O_ZRA - qa—CI(Sa_Z)
3b’ 3b° b’

Tai: z=2a —» _»_ —2qa

Tai: z=5a —» _._94

V& biéu dd ung suét o
- Kiém tra bén cho thanh:
Tir biéu dd ; — Ung suét phap 16n nhat trén thanh

o= 2ga _, Mat cat nguy hiém cia thanh 13 tai B

‘O-’ Bl P

= Imax = b
Thay s8: || = 201100 ¢ KN/em? < [o] = 16 KN/em’
Vay thanh du bén

- Kiém tra di€u kién cling:

Tinh bién dang doc trén thanh:

GZ
g, ==
E
N 87DC — 46107 8763 — —2610 ng — C]a—CI(SCl—Z)
] 3EDb ° 3Eb ) Eb’
Tai: z=2a — _» _—29a
‘ Eb
Tai: z=5a —» «_ 99
z Ebz
Bién dang doc 16n nhat trén thanh.
>le| = Zq?
= Imax Eb
Thay s6 va so sanh: el = 2.0,1.100 _ ,,os<[e] = 2.10™
2105
Vay thanh du cung.
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Bai 2.3. Cho thanh chiu kéo nén dtng tam (Hinh 2.3):
Biét: P=5KN, a=0,6m, [c] =10 MN/m? [Al] =0,4cm , E =

10° N/cm?.
V& biéu d6 lyc doc N, ung suét phéap o, theo P, F, a
Hay xac dinh dién tich F.
EF 3EF EF
z P 5P 2p / D Za
p—— - | —
E C
A X
2a a a 3a y
1
P — N N 1 2
l: 2
[ 2
Z
4P
d 2P
® g
LITTTON ]
P
4P it
5= @ L F
%) HER P
P 3F
=
Hinh 2.3

Chon h¢ truc Oxyz nhu hinh V€.
Phan lyc lién két tai A: Zp
XF,. Zp—2P+5P-P=0

— ZD=-2P

Chia thanh: 3 doan AC, CD va DB

Xét doan thanh AC (0<z<3q).
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2F;1 N +Z, =05 N, =-Z, =2P
Xét doan thanh CD (3¢ <z <4aq).
IR0 N2-2P+Z,=0—>N:=4P

Xét doan thanh DB (24 <z <5q).

ZF;0 N2+ P=0->N=-P

V& biéu dd luc doc N,.
Tinh Gng suat phap o
o =N
F
_,J;C=2i G§D=4i Jfﬁ=i GfBzi
F ’ 3F ) 3F ) F

V& biéu dd ung suét o,;
Tir biéu dd o, — Ung suét phap 16n nhat trén thanh

AC _2i
o =l =7

_» Mit cét nguy hiém cta thanh thudc doan AC

Theo diéu kién bén: o| =22 <[o]
Z Imax F -
—>F22—P:é:10cm2
[0'] 1,0

Do co gidn giita 2 ddu cua thanh:

AlAB = AlAc + Al(:D + AlDE + AlEB

N,I N,I N,I N,I
Al, =| +| = +| = +| £
EF AC EF CD EF DE EF EB

_2P3a 4Pa Pa _P.Za

Al + —

EF 3EF 3EF EF
v, =37

EF
Theo diéu kién cimg: AL = SPa _ [Al]

AB EF -

Lpy b :75'f'60 =3,75(cm’)

E[Al] 10°.0,4
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Vay dién tich F = 10 cm?.
Bai 2.4. Cho két ciu chiu luc nhu Hinh 2.4

Biét: P=120KN, =4 m, [c] = 160 MN/m?, E = 2.10* KN/cm?.

Hay tim s6 hiéu mat cit ngang cho thanh DC.

Vi s6 hiéu tim duoc, tinh chuyén Vi théng ding tai diém B.

A D

- ___E._:_g_ P

2a 3a

Hinh 2.4a
Thanh AB xem nhu tuyét d6i cimg.

7\_:1%&
J\:
o
N
w

Dung mat cat (1-1) cit thanh treo DC —» trén mit cat (1-1) xuat

hién luc doc .
Xét sy can bang clia thanh AB
Phuong trinh can bang : S>M,=P5a-N"2a=0

N> =2pso (Thanh DC be
z 2 Nz
chiu kéo) —
Ung suit phap trén thanh %@V C !
DC. A
e  NZ 5P | 22 3a
UZ = A = — Ui L o
F 2F
Hinh 2.4b

Theo dieu ki¢n ben ta c6:  _oc _ 5P _ [o] > F> 5P

% TaF 2[o]

Thay s6: f, 2120 18,75(cm’)
2.16

Tra bang $6 hi€u thép chir I, chon thép cé $6 hiéu IN°14 ¢6 F =

18,9 cm?.
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- Tinh chuyén vi thing dung tai diém B.
Khi hé chiu lyc va bién dang. Ta thdy cac diém trén hé dich
chuyén C - C’vaB —» B’

Tt hinh vé co:

cC'_AC_2a P
BB' AB
Sa . 2a | 3a 7|p
N ] |
2 C
4.4 4 B
N, 5Pl % A \‘\
CC'=Al,, =—* = ' e
" EF 2EF ¢ B
5 5Pl _25PI
2'2EF 4EF
Thay s0 ta dugc: pp._ 25.120.400 —0.793(cm)
4.2.10%.18,9

Bai 2.5. Cho két cau chiu lyc (Hinh 2.5), Xé4c dinh s6 hiéu mat cit ngang
cho cac thanh.

Biét: q =800 KN/m,1=4m, a=30° [oc] = 16 KN/cm?.

Hinh 2.5a

Chon hé truc toa do phéng Oxy.
Dung cac mat cit (1-1), (2-2) va (3-3) cit cac thanh (1), (2) va (3)
—» Trén mat cit xuit hién céc luc doc: N v N>, N

Xét sy can bang clia thanh AB:
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a 3a a

Hinh 2.5b
Phuong trinh can bang:
Y F,:N;sina—N,sina=0 > N, =N,
Y FE :N,+N,cosa+N,cosa—q3a=0

>M, :N;.Sa—q3aga=0 —N, =%qa

Thay vao phuong trinh thir 2: pn (a2 £+NZ ﬁ—(ﬂa ~0
z z 2 z 2

5 5

%qa+2N§7—q3a=0 —> N, =N, = qa

Ung sudt phép trén cac thanh:

N, 3qa ;. N, _3ga i _N;_3qa
©F 2F °F  2F ° F  2F
Theo diéu kién bén ta c6:
Thanh s6 1:
3

o =3 <[0] > £z

2F, 2[o]

Thay Sé) ta dlIQC: F> 3.8.40 — 30((,1’)’12)

‘T 216

Nhu vay tra bang thép goc voi F =30 cm?, nén ta chon mit cit 1a 2
thép c6 sd hiéu L90x90x9

Thanh s 2:

‘Jj‘zﬁqas[d] —F Z\Bqa
2F, ©20]
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Thay sé ta dugc: F> V/3.8.40 —17,32(cm?)
21 ’

Tuong tu: > V3qa
' 2]o]
Vay tra bang ta dugc thanh thép s6 2 va 3 cung 1a thép chir IN°14
c6 F=18,9 cm®,
Bai 2.6. Cho hé thdng thanh chiu lyc (Hinh 2.6). Xéc dinh tai trong cho
phep [q]
Biét: P=qa,a=1,5m, d =10 cm, [c] = 16000 N/cm?.

100x100x10 D
L P= y@
Bl )
F
2|

o
ﬁf

=17,32(cm*)

q
NIRRT %
A X
E
. 3 i
Hinh 2.6a
St dung 2 mit cat (1-1) va (2-2) dé
cit céac thanh treo AB va CD Nz

Noi luc trong thanh treo AB 1a luc

q
doc N wwuw%

Noi luc trong thanh treo CD 1a lyc A
d(_)C NZCD 3a

Trudc tién ta xét sy cAn bang cta thanh AE Hinh 2.6b
Phuong trinh: >M, = q.3a%a -N)"3a=0

SN = %q o >0 ( Thanh AB chiu kéo)

Xét sy can bang ciia thanh BF
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Phuong trinh cin bang; P=qa

CD
>M, =N"3a+P.a—N."2asna=0 OMNZ
(04
F%

AN
3 B C
— —qa.3a+qa.a-N," 2a.sina =0 ’ a ‘ a ‘
2 N’;B \ \ \
—>1—21qa2.—NZC”.2a.sina=0 Hinh 2.6¢
cDp 116161 V(')’l . a 1

>N, =——— sing=————==—+

4.sinax l@* +(2a)’
N = 11/Sqa >0

4
Ung sudt phap trén cac thanh AB va CD:
G;B = NZ = 3q32 = 6q621

F, ) 7 rd
4
S NS _ 113/5.qa
‘ FCD 4FCD
Theo diéu kién bén ta co:
Thanh AB:
rd’.|o
|- <fo] = T[T
d 6a
Thay s6 ta dugc: < 7516 _ 1,395 KN/cm
Thanh CD: FCD =19,2.2 = 38,4 cm’
o 11J_ 113/5.qa 4.FCD.[O']
o= r SleloasT e
113/5.a
Thay s6 ta dugc: g< 4.19.2.2.16 _ - 0,666 KN/cm
1135150

Vay tai trong cho phép la: [q] = 0,666 KN/cm



Bai 2.7. V& biéu d6 luc doc, ung suét va chuyén vi cua thanh chiu luc

nhu trén Hinh 2.7a. A
1 \ \ ©
Ta thay tai 2 dau A va B cuia thanh di€u bi —r
ngam chat. l P ©
Theo 1y thuyét tai A va B déu xuithien 2 26F | A
thanh phan phan lyc doc truc. Za, Zg I
Xét can bang cho thanh AB: ‘ o
Phuong trinh: Y'F, =7 —P-P+Z,=0 EF ‘ i
Ta thay trong phuong trinh trén c6 t6i 2 4n
s6, nhu vay bai toan nay la bai toan si€u tinh bac B
1. Hinh 2.7a

Dé giai quyét bai todn nay ta can lap thém 1 phuong trinh bién
dang bd xung cho thanh.
Phé bo ngam tai dau B va thay vao d6 1 thanh phan phan luc 1a Zg.

Zs 14 7P
i 9" oF
AT 7Pa
9EF
| — X
©
=% B He iz
. c ) 18F
F)
EF 3 o]
4 4P
‘B o oF
Ze ®)
Hinh 2.7b

Str dung phuong phap mit cit ta tim duoc luc doc trén cac doan
lan luot 1a.

N™=-7Z,; N?=P-Z, ; N“=2P-Z,
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Pé thanh AB sau khi loai bé dau ngam B twong duong vé bién
dang nhu thanh luc ban dau thi Al =0

Do co gidn giira 2 ddu AB cua thanh:
Al,=Al_+Al +Al,

N,I N, N,
Al, =]~ +| £ +| =4
EF AC EF CD EF DB

(2P-Z,)a +(P—ZB)2a Z,3a

Al =

. 2EF 2EF EF
. (2P-Z2,)a . (P-2,)2a Z,3a 0
2EF 2EF EF

Giai PT trén ta tim dugc: , _4 p.
"9

4 14

Sy —_dp s e dp s e 1p
9 9 9

z

— V& duoc biéu do lyc doc N,
Ung suat phap trén cac doan AC, CD, DB
DB _4P ; CD_Si ; AC_14P_E

% TTor 7 T1sF 7 TI8F 9F

—s V& biéu dd tmg suat phap o,

Chon A lam gbc

Do thanh khong ton tai lyc phan bd nén biéu d6 chuyén vi la cac
duong thang bac nhat.
Nzlj _14Pa _7Pa
EF ). 92EF 9EF

= o, =

TPa N SP2a 12Pa
9EF 92EF O9EF

A’ =Al, =Al_ +Al, =
A’ =0

— Ta v& dugc bi€u do chuyeén vi Az
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Bai 2.8.
Tinh Gng sut phap trén mit cét
in g suat phap trén mat ca P,

xién (1-1) di qua diém A va Gimg sudt T T2
. A ~ o L. en . _
t1.e7p trén mat cat xién (2-2) di qua o B./|/ _*_
diém B nhu (Hinh 2.8) o 20\0| |
L | O
St dung phuong phap matcat 1~ [ |~ | 7
ta tinh duogc luc doc cho 2 doan: iPZ— 70 KN 1—4—0—1 T
/1
N! =—P =—40 KN 30
S /|
’
A
N:=P,-P,=70-40=30 KN /)f
’ 7 /
Ung suat phap: I |
N, _ 40 _ o KN/em? TP1=4OKN
©F 42
Hinh 2.8

2 2

(o =
F 42

Tai diém A thudc doan sb 1, ing suét phap trén mit cit xién duoc
tinh theo cong thuc:

ol = %O‘; (1—cos2a) = —%.5(1 —c0s120)

Véi o = 60°

o' =-3,75 KN/em?

Ung suit tiép tai diém B trén mat cat xién duoc xéac dinh theo cbng
thirc.

Tl = lof sin2a = %.3,75 sin60

Véi o = 30°
77 =1,623 KN/em?
Bai 2.9.
Cho két cau chiu kéo nén dung tdm nhu hinh v& (Hinh 2.8).
Thanh AB tuyét ddi cimg duoc giit boi cac thanh treo bang thép.
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Xac dinh tri s§ cho phép cua tai trong M biét [c] = 150 MN/m?, E =
2.10* KN/cm?.

-1
F=5cm? @a
M
A c [~ ]
AR
_ ~F
@)
LY |
a 2a
Hinh 2.9a

Ta dung 2 mit cat (1-1) va (2-2) dé cat dong thoi 2 thanh 1 va 2.
Di xét can bang cho thanh AB.

Phuong trinh © Y M =N,.a+M-N.3a=0

Trong phuong trinh trén c6 2 an s, ddy 1a bai toan siéu tinh bac 1.
Dua vao su bién dang cua hé khi chiu luc ta c6 duoc mbi lién hé:

Phuong trinh bién dang: €C'_AC _ a
BB' AB 3a

Véicc'=al ; BB'=AL
Do 1 trong 2 thanh 1 va 2 ¢6 1 thanh chiu kéo va 1 thanh chiu nén.

Al _ T 5 AL =-3A1
AL 3

2

Tasuy ra: N2/ _ N,/

M
EF EF A c 7
N = 3N 2
R \ Tl/d{(\;
H¢ phuong trinh: -
{2N§ =-3N, ,[ F

N'.a+M-N3a=0 | 22 |

Ket qua: pi _2M ;. 3M

" la " 1la Hinh 2.9b
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Ung suat phap trén cac thanh: ol = —2M ol = 3M
11aF 11aF

Theo diéu kién bén ta co:

‘Ul‘: 2M <[o] MS[G].llaF
‘' 11aF 2
2 3M [o]-11aF
=t slel sl

AlaF
_)Ms[a] 3 al’ _15.11.100.5 _ ., KN.cm

Vay tai trong cho phép [M] = 27500 KN.cm
Bai 2.10.

Cho mot hé gdm 3 thanh thép cing loai c6 mit cit ngang nhu hinh
(Hinh 2.10a). Biét F =4 cm?, vat lidu c¢6 [c] = 150 MN/m?, o = 30°, | =

2m.

Xac dinh tai trong cho phép [P] dé thanh thoa man didu kién bén.

V6i tai trong tim dugc tinh chuyén vi thing dung tai diém A.

/7%/7%%
C

Hinh 2.10a

Chon hé truc toa do phéng Oxy.
Dung 3 mit cat (1-1), (2-2) va (3-3) dong
thoi cat cac thanh AB, AC va AD. Nee

. o N o
Trén mat cat xuat hién cac thanh phan lyc

doc Nag, Nac, Nap.
Xét can bang tai diém nut A. A

Phuong trinh:
> F,=N,.sina—N, sina=0

y
 Niac
7 NAD
o
X
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—N, =N

AD

> F =N,.cosa+N,.cosa+N, —P=0

—>NAB\/2§+NAD\/2§+NAC—P:O

Ta thdy day 1a 1 hé gdm c6 2 PT nhung c¢6 3 4n s6 — Day 1a bai

toan siéu tinh béc 1

56

Cén 1ap thém 1 phwong trinh bo xung.
Khi chiu lyc — Piém A dich chuyén ti A’
K¢ AK vudng goc véi A’D

Dua vao su bién dang cta hé ta tim dugc moi quan hé.

NAB:NAD N —N — 3P
Ta c6 hé PT: a = "lap T
: 3J3+2
NAB£+NAD£+NAC—P:O_> op
2 2 =
3 fB+2
NAD :7NAC




Ung suit phép trén 3 thanh: _w _ P

o, =0, =—F=———
(B3 +2).F
o = 2P
‘ BB+2).F
Ung suat phap 16n nhit: ‘ 07‘ oV =0 = 3P
e 0T 3B 42)F
Dua vao diéu kién bén: o, = 3P [o]
(33 42).F
L pe [0].GV3+2).F
3
Thay s6: p< w—ﬂ —143,923 KN
3
Vay tai trong cho phép [P] = 143,923 KN
Vi tai trong [P] tim dugc tinh chuyén vi thang dimg tai A
Chuyén vi thing dung tai A: AA'= Al = N,l!
AC EF "
Thay vao ta co: AA'ZL. 2P| _ 2.143,923.200 —0.0999 cm.
EF'3J3+2 210'4.3V3+2)
Vay chuyén vi thang dimg tai A: AA” = 0,0999 cm.
e
Bai 2.11.
Cho mot hé nhu hinh F
(Hinh 2.11). Thanh AC tuyét ~ £Z622 © D
d6i cing, chiéu dai thanh 1 Q
V'c’i 3 l?an’g 1, thanh ? be}ng %l. -l OIF P o~
Tat ca cac thanh déu lam tu 5
cung loai vat li¢u. — - . ) C__
1) Tinh tai trong cho A a D
phép [P] theo diéu kién bén ”s .
khi dat P tai D cach A mét ' '
khoang bang a. Biét F =6 Hinh 2.11
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cm?, [c] = 160 MN/m?

2) Xac dinh vi tri diém datluc P (a= 7 dé thanh AC chi ¢6 dich
chuyén tinh tién va xac dinh ndi luc cua cac thanh treo trong truong hop
nay.

1) Xac dinh tai trong cho phép [P]

Str dung dong thoi 3 mat cat (1- N
\ L. \ N1 N2 8
1), (2-2) va (3-3) catcac thanh 1,2va3 |
Xét can bang phan bén dudi cla =
he Pl
2 |
D C

Trén mit cit ngang xuat hién cac AV
thanh phan luc doc 13 Ny, No, N3 ,LJ ‘ ’
2a a

Ta c6 hé luc can béng ( N1, No, ‘ !
N3, P)=0

Hé PT can bang:

>F =N+N,+N,-P=0

>M,=N,2a-P.a+N3a=0

Nhu vay ) phuong trinh 18p dugc & hé luc trén 1a 2, ma s6 an can
tim la 3 Day la bai toan siéu tinh bac 1.

Tu bién dang cua hé ta c6 mdi quan hé¢ nhu sau:

Q B o C
5 i |
M Als
L 2a a

Al,-Al, _CB 1

Al —AlL, AC 3
—3(AL—AL)=Al - Al
Al =3AL +2Al, =0

Ap dung cong thirc tinh d9 co gidn ctia thanh chiu kéo nén diing
tam ta duoc:
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EF EF 2EF
Giai hé 3 phuong trinh trén ta tim duoc:
SN =Bpn-lpn-2p
21 7 21
Ung suét phap trong cac thanh 1, 2 va 3 lan luot 1a:
, 3P , P ., 5P
Ol=_"—0.=-—0/=_"—
C21F 0 TF ° 21F
Ung suat phap 16n nhat trong thanh:

0| =0l = 13P
Z Imax - z 21F
Theo diéu kién bén ta co:
21F.
‘ : :BPS[G]—)PSM
e 21F 13

Thay s6 ta tim dugc: P< 21.6.16 —-155.076 KN
13 '

2) Xac dinh vi tri ciia diém dit luc P sao cho thanh AC chi c6 dich
chuyén tinh tién.
Pé thanh AC chi c6 dich chuyén tinh tién thi:
Al =Al = Al
N. N,21 N.
—> = = =
EF EF 2EF

N =2N,; oy =Ns
2
Mit khac ta luén ¢6 mdi quan hé can bang:
SF=N+N,+N,-P=0
Thé vao PT trén ta duoc: 2N, +N,+4N,-P=0

1 2 4
_)Nz :;P,]\i1 :;P,N% :§P

St dung diéu kién can bang cho thanh AC:
>M,=N,2a-P.x+N,3a=0



lP.2a —Px +iP.3a =0
7 7

—>x=2a
Vay ta cAn dit lyc P cach A mot khoang x = 2a ( Tai diém B)

I11. BAI TAP TU GIAI
Bai 2.1.

Cho thanh chiu luc nhu hinh vé:

Biét: P=110 KN, D=2d=10cm, a=1m, E =2.10° MN/m? [o]
=15 KN/em?, [¢] = 2.107,

Hay kiém tra bén va cimg cho thanh.

Tinh d¢ co gian gitra 2 dau thanh Alag.

+
A c p | B
. Za 7!‘ Sa Ao Za
Hinh 2.12

Huéng din:
Chia thanh lam 3 doan: AC, CD, DB
Lucdoc: N' =4P;N’ =-3P;N’ =—P
4P 3P 4P

Ung suat phap: o’

’07 b -
rd> xd> rd’
Ung suét phép 16n nhat trén thanh:
4P 4.11
‘0', =——= 20 =5,605< [O']
e wd 7.5
Bién dang doc 16n nhat:
| =2~ A0 5 em107 <[e]
e Exdt 21075
Do co gidn gitra 2 ddu AB: A] = — 8Pa =-0,056 cm
Y Exnd
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Bai 2.2. T

Cho thanh chiu lyc nhu hinh vé:

Cho biét: F=10cm? a=1m,E=210" 3EF
N/cm?, [c] = 140 MN/m?, [Al] = 0,3 cm. 3p~

Hay tinh tai trong cho phép [P]. L IC
Huéng din: S ‘ 5

Chia thanh lam 3 doan: AC, CD, DB

Lycdoc: N' =—5P;N* =3P;N' =—P & 44 EF

Ung suét phap: ‘

o 5P o 3P P PTB
3F F F
Theo diéu kién bén: Hinh 2.13
o| =F<[o]>P< Flo]_10.14 _ ¢ 666 KN
F 3 3
Theo diéu kién cimg: ‘AIAB‘ - 4Pa < [Al] S P< [Alj;lEF =150

KN
Vay tai trong cho phép [P] = 46,666 KN

Bai 2.3.
Cho thanh chiu lyc nhu hinh vé:
Cho biét: P; = 20 KN, P, = 70 KN, P3 = 30 KN, g = 20 KN/m, a =
1m, E = 2.10° MN/m?, [o] = 10 KN/cm?, [¢] = 2.10™.

Hay tim kich thudc b ctia mat ct ngang.
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| Ja a|a

Hinh 2.14

Huéng din:

DB

62

Chia thanh lam 3 doan: AC, CD, DB

Luc doc:

N!=—-P =-20

N? =P, —P +q(z—3a)=50+0,2(z—3a)

2.

o _
b’ 2b ’ 2b°
Tu diéu kién bén: ‘O-

| o= 70 <[o]->b< 0y g7em
m2b 2.[o]

N=—-P +P, +qga—P, =40
Ung suét phap: 5 = _ 50+0,2(z=3a) . ,, _ 40

Bién dang doc: g — _ 20 ;&P = 50+O,2(z—3a) ;
: Eb® 2Eb’
_ 40
2Eb’
Tirdidukién cimg: [¢ (=) "0 I<[g] 5p> [ 10 _2 96 cm
max 2Eb2 2E[8]

Vay kich thudc ciia mit cat b = 2,96 cm.



Bai 2.4.
Cho thanh chiu luc nhu hinh vé:

Hay v€ biéu d6 ndi lyc, ing suat, chuyén vi.

A A
2 |

S}
© ‘ F=5cm? ‘ ‘
L — _‘_
3P S
P|=40 KN 2EF
\
~ | 1
3P S
+— EF N
S |
. \

B e
Hinh 2.15a Hinh 2.15b
a) Thao bo ngam tai B, thay thé bang phan luc Yg
Lycdoc: N' =Y ;N> =Y, —3P;,N’ =Y, —2P
PT bién dang: Al, =0

—>Y, :EP
5
Két qua lyc doc: N' =£;NZ =_47P;Nf =£
: T g ot 5T s
Két qua img suat: ' =E;o-2 =_4l;03 =£
- S5F ¢ S5F ° 5F

Biéu do chuyén vi: Chon diém A lam gbc vi Az* =0
b) Théo bé ngam tai B, thay thé bang phan luc Yg

Lucdoc: N' =-Y ;N’ =-Y;N’=3P-Y,

PT bién dang: Al =0
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_ _ P-Y).
I YB.Za+ YB.a+(3 B)a:O

EF 3EF 3EF
Gii PT trén ta dugc: y == p
8
Két qua lyc doc: N :_3£;N? = _B;]\P :721})
z 8 F4 8 z 8
Két qua ing suat: ' :_37]3;0-_2 :_i;oﬁ :E
’ 8F 8F ° 8F

Biéu d6 chuyén vi: Chon diém A lam gdc vi Az* =0, Tinh chuyén

vi tai 1an luot cac diém theo cong thire do co gian Al.

Bai 2.5. Cho két cdu gdom c6 thanh AB tuyét d6i cimg chiu lién két khop
tai B va giang boi thanh CD nhu hinh. Thanh giang CD lam bang thép
chit I ¢6 mé dun dan héi E.

Biét: P = 150 KN, [o] = 15 KN/cm?, E = 2.10" N/m? a=1m.

Hay xac dinh $6 hiéu cua thanh giﬁng CD. Véi sd hiéu tim duoc,

tinh chuyén vi thang dung tai diém A.

D
! 30° B
C

2a | Ja !

Hinh 2.16

A

Huéng din:

64

Dung mit cat (1-1) dé cat thanh CD, trén thanh CD
Xét can bang thanh AB:

S M, =P5a—N,3asin30=0-N, = 130P
Ung suét phap: o = 1op
’ 3F



Theo diéu kién bén:

10P _10.150
3[c] 3.15
Tra bang thép hinh chit I ta chon duoc: IN°24 c6 F = 34,8 cm?

Goi C’ va A’ 1a cac diém dich chuyén cua C va A sau khi bién

2
=33,333 M

af'Dzli)’()[f,)S[a]—)Fz

dang
CC"_3a_ 4a3cc
AA' Sa 3
co - .AZCD _ o Nepd') _ 40Pa
sin30 EF ) \[3EF

_ 5.40Pa _ 5.40.150.100
3V3EF  343.2.10°34,8
Bai 2.6. Cho hé gdom 2 thanh AB va AC lién két khép véi nhau tai A
nhu hinh:
Cho biét ring: [o] = 15 KN/cm?, E = 2.10* kN/cm?.
Hay tim tai trong cho phép [P]. V61 gia tri [P] tim duogc, tinh
chuyén vi thing dung tai diém A.

1

=0,829 ¢m.

m

Hinh 2.17

Huéng din:

Dung mit cit (1-1) va (2-2) dé cat thanh AB, AC: Lyc doc trén
mit cat ngang Nag, Nac

Xét can béng tai diém A ta tim dugc

NAB = NAB = L

3
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SRR P
Ung suat phap: o =0 =

3F
Theo diéu kién bén: || — \EF <[o] > P<BF[c]=122,1

KN/cm?
Vay tai trong cho phép [P]=122,1 KN
Goi A’ 1a diém dich chuyén cua A sau khi bién dang:
AA’ 13 chuyén vi ta can tim

AL 2 (NACZJ P.800

0830 _ﬁ EF B 3\/§EF
g 122.1.800 g om
33.2.10°.4,7

Bai 2.7. Cho h¢ gém 2 thanh AB, DE 1a clmg tuyét ddi, cac thanh gidng
BD va DH c6 cung dién tich miat cit ngang F = 10 cm?, ung sudt cho
phép [o] = 140 MN/m?.

Hay xéc dinh [P] theo diéu kién bén.

Hinh 2.18

Huéng din:
Dung dong thdi cac mit cét dé cit thanh BD va DH.
Xét can bang thanh AB:

>M,=P3a+N,4a=0->N,, = —jP

Xét can bang thanh DE:
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N

BD

> M, =N,3a+N,, 3asin60=0—>N, =—

NI)H = ﬁ P
2

&l

Ung suat phap: o> = —ﬁ;g[’” = @
’ A4F 2F
Theo dicu kién bén:
o] :@S o] P 2F[o] _225.12
2F NE) NE)

Vay tai trong cho phép [P] = 346,41 KN
Bai 2.8. Cho két cdu gdm thanh tuyét ddi cing AB va cac thanh giang
AD, HC1 nhu (Hinh 2.19). Céac thanh AD va HC; lam tur cung vat li¢u E
va ¢6 cung mat cat F. Do sai s gia cong, khi thyc hién ndi C véi C; thi
trong cac thanh giang phat sinh noi lyc.

Hay xac dinh khe ho & dé ung suit trong cac thanh gidng khong
vuot qua ung sudt cho phép [o]. Cho [c] = 10 KN/cm? E = 2.10*
KN/cm? F=20cm?, a=15m,1=2m.

=

=346,41 KN

Cib _+_
Co O @
N AV
AN 45° ! B
1
a a

Hinh 2.19
Huéng dan:
Khi ndi C va Cy, trong thanh CH va AD s€ xuét hién cac thanh
phan lyc doc Ncn, Nap
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Xét can bang thanh AB:

>M,=N_a-N,2asind5=0->N,_, =N, -2

Xét quan hé hinh hoc cta bién dang giita trang thai trude va sau
khi noi diém C va C;

CCy+CyC1 =6

C,: La diém dich chuyén cta C khi ndi C va Cy

CC,: La chuyén vi cua C trén thanh AB

C,Cy: Do gian dai cua thanh C1H

Ta tim duoc luc doc:

v @ N - EFoS

o \/Eh +a " \/Eh +a

Theo diéu kién bén:

VaEs (Vah +a)o]
- < s<— 01530 cm
7= a0

Vay 6 = 0,153 cm
Bai 2.9. Cho két cdu gdm c6 thanh giy khuc ABCD tuyét ddi cimg
duogc dat trén gdi d& C va giang boi 2 thanh AH va BH nhu hinh H.4.
Thanh AH c6 dién tich mat cét ngang Fy, thanh BH c6 dién tich mat cat
ngang F,. Cac thanh c6 mé dun dan hdi E.

Cho biét: [6] = 11 KN/cm?, F; = 20 cm?, F, =30 cm? a=1,5m.

Hay xac dinh tai trong cho phép [q] theo diéu kién bén. Véi tai
trong [q] tim duoc, tinh chuyén vi thang dimg tai diém D.

ALY Ly

2a Wo!

Hinh 2.20
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Huéng din:
Xét can bang cho thanh ABCD
PTCB:
SM_=Pa-qg2aa—N,2a—N,, a2 =0
M&i quan hé vé bién dang:

AlAH = AlBH '\/5 % NAH = ;|.N8H

Giai ra ta duogc két qua:
N - 4ga _ 3qa
Mg " 8432

Theo diéu kién bén:

4qa
(o =—<|o
... 20(8+342) ]
20(8+3~/2
q< ( ! \/_)[0]:4,489 KN/cm
da
Tinh chuyén vi thing dung tai D
DD' BB' BB' Al
= —>DD'= =2
a 2a 2 \/5
pp'=—399_ 24 _ 137 cm.
8+3v2 EF

Bai 2.10. Cho h¢ thdng két cau nhu trén Hinh.2.21
Hay xac dinh dién tich mat cit ngang cho cac thanh treo. Biét rang
[6] = 16000 N/cm?, P = 100 kN, q = 100 kN/m.
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Cr 2
m

B
| m Im

Hinh 2.21

Huéng din:

Dung d@)ng thoi cac mat cit dé cit thanh 1, 2 va 3, trén mat cét
xuat hién cac thanh phan luc doc N1, N2, N3

Xét can bang thanh AB:

SM,=P.1+N2=0-N, :;sto KN
Tu diéu kién bén cho thanh 1

F>t _3125 cm’
2[o]

Xét can bang thanh CD:

S F =N,+N,—g2-N, =0
>M_=¢21+N2-N,5=0-N, =60 KN
N, =190 KN

Ap dung diéu kién bén cho thanh 2 va 3
N _ 190

2
F>—t=—""-11_875°M
[0'] 16
F>2 _ 60 _5 75 om’
’ [0'] 16

Bai 2.11. Cho thanh tuyét ddi cing duoc giit boi cac thanh treo 1 va 2
bang thép nhu hinh vé& ( Hinh 2.22).
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Biét: Dién tich mit cit ctia 2 thanh 1 va 2 déu 1a F = 6 cm2, thép
¢6 gi6i han chay 13 o, = 25 KN/cm?, mé dun dan hdi E = 2.10* KN/cm?,
hé s6 an toan cua két ciu n = 1,6.

Hay xac dinh gia tri cho phép cua tai trong tac dung Ién thanh
tuyét ddi ctng.

2
— @ Vordooay
N F .
q @~
. NERED
A B
I 2m 3m
Hinh 2.22

Huéng din:
Goi luc doc trén 2 thanh 1 va2la: N' ; N?

> M, =N'200+N>.500—¢.300.350 =0

A2 N =§A12

AL 5
Giai hé PT ra ta dugc: p — 350.9 N? = 1750.q
z 9 z 9

Theo diéu kién bén:

‘0_7 _ 1750.q <

Z Imax 9F
Vay tai trong cho phép: [q] = 0,482 KN/cm

Bai 2.12. Cho két cau chiu Iyc nhu hinh vé& (Hinh 2.23):

Cho biét d6 cimg cua cac thanh 14 nhu nhau va bang EF. Hay tinh
ndi lyc phat sinh ra trong céac thanh.

[6]—>q< LM =0,482 KN/cm
1750
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@
P 45°
—~—
45°
Hinh 2.23
Pap s6:
N! =@ PN N2 p N =2_‘/§.
’ 2 : 2 2




CHUONG 3: TRANG THAI UNG SUAT —
CAC LY THUYET BEN

I. TOM TAT LY THUYET
1. M@t s6 khai niém co ban

- Trang thai wng suit tai mot diém: Tap hop tat ca cic thanh
phan Gng suat trén tat cd cac mat cat di qua mot dieém goi 1a trang thai
ung suat tai dieém do.

Oy
| e
|

JA——— = -

Hinh 3.2

- Mit chinh: La mit cit ma trén d6 tng suat tiép bang khong
duoc goi 1a mat chinh, qua mdt diém ludn tim dugc ba mat chinh vuong
goc voi nhau .

- Phwong chinh: Phuong phap tuyén cta cac mit chinh goi 13
phuong chinh .

- Ung suét chinh: Ung suit phap trén mit chinh goi 1 tmg sut
chinh. Ky hiéu 13 61, 67, 63 theo thtr ty 61 > 6, > os.
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Gy O3 O2

oy G4 Gy Oy o2} O

& 4

J o, oy
a) b) c)
Hinh 3.3

- Trang thai ing suit khéi: La trang thai (mg suét ton tai ca ba
g suét chinh khac khong. (Hinh 3.3a)

- Trang thai ing suat phang: La trang thai Gng sut c6 mot ung
sudt chinh bang khong, con lai hai mg sudt chinh khac khong. (Hinh
3.3b)

- Trang thai ing suat don: La trang thai img suat c6 hai ing suat
chinh bang khong, con lai mot tmg suat chinh khac khong. (Hinh 3.3c)

2. Nghién ctru trang thai ing suat phang bang giai tich

L~

Oy é Oy
- i I oy o,

1 / _____ — Ix

L __-_]__- \ T
;
a) y b) 5,
Hinh 3.4

- Ung suit trén mit phing cit nghiéng song song véi truc z
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v Oy
Hinh 3.5
c, +0 G, —OC .
c,=——Y 4% Yeos2a -1, Sin2a
u 2 2 Xy
x_Gy .
Ty =— 5 —SIn20+1,, COS20,
2

Tinh chdt: o, +0, =o, + o, = const

Tw = Tw

- Xac dinh phwong chinh, ing suét chinh:
Cong thuc x4c dinh phuong chinh: tg2a0,, = ————

Cong thic nay dung dé xac dinh tng suét chinh:

O3 =L20yi%\/(cx —Gy)2 +4r)2(y

Cong thirc xac dinh tmg suét tiép cuc tri :

Toex = i%\/(cx —Gy>2 +4’C)2(y

min

3. Nghién ciru trang thai ing suit phiang bang vong tron Mor
- Phuong trinh vong tron Mor

(6, -C)* +1%, =R?

) c, +0,
Trong do: =—
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Phuong trinh trén cho ta mdt vong tron vé trén hé truc toa do;
truc hoanh la truc oy, song song véi phuong x, truc tung la truc 1,y song
song v6i phuong y; c6 tim C cach gbc toa d0 mot khoang

~~ x+ 7 , - 1 X .2
OC=G—ZGV; c6 ban kinh R:E\/(GX —Gy)2+4’l7)2<y va moi diém

nim trén dudng tron sé tuong
mg voi mot mit cit cia phan

Tuv

t0. Toa d0 cua diém nam trén
duong tron cho ta gia tri Ung D
suat trén mat cat tuong Ung

hoanh d6 14 Gmg suét phap, tung ~ ©
d6 1a Gmg suat tiép. Vong tron co
phuong trinh nay goi la vong tron

Mor.

Hinh 3.6

4. Nghién ciru trang thai ing suit khoi
- Ung suit tiép 16m nhat

O3
6,6,
Tmax - 2 }

| &

- Pinh luit Hiic tong quat

1
& = E[Gl _“(62 +63)] 7 ‘
Hinh 3.7
1
&, = E[Gz _H(Gl +63)]
1
€3 = E[Gs _H(G1 +62)]

Dinh luat Hac nay s& ding cho ca truong hop mot phan t6 biéu
dién bang ba mit c6 phuong x, y, z khong phai 1a mit chinh :
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€ = é[cx _“(Gy +0, )]

&y :é[ y_“(cx +Gz)]

€, = é[cz - ”(Gx + Gy)]
- Bién doi thé tich twong ddi % =0

Trong dé6: Thay doi thé tich cua phan t6 1a AV
Thé tich ban dau ctia phan t6 1a V
Ngudi ta da ching minh dugc ring O=¢, +¢,+&, VA

O=¢, +e, +eg,

- Pinh luat Hiic vé truot N T 5
- Biéu thirc bién dang @0 —-——-= E A -
\ -
1+p D
g, =1 X b
=T N\ (®)
; RS T
- Bién dang trugt, goc truot: \\\
2(1+p) N
Y=——"1 N
E D . [
o e Y
- modun dan hoi vé trugt —=lc
E __¢ Hinh 3.8
21+n)
. T
- Dinh ludt Huc vé trwot . Y = E (3-17)

5. Céac ly thuyét bén
a) Ly thuyét vmg sudt phap cwc dai (hay Iy thuyét s 1)

Oy = Glr(nax =015 [G]k = %
0 = =l <o} = 2
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, b) Ly thuyét bién dang dai twong doi Ion nhat (hay 1y thuyét bén
50 2)
G, =0, — u(cz + 0o, ) < [G]k
hoic 6, =0, —u(o, +0,)< [G]n
¢) Ly thuyét irng sudt tiép I6n nhdt (hay 1y thuyét bén sé 3)
O, =0,— 05 < [G]
d) Ly thuyét thé nang bién doi hinh dang (hay 1y thuyét sé 4)

_ 2 2 2
Oy = \/Gl +0, +0; —06,6,—-0,0; —0,0; < [cs]

e) Ly thuyét bén Mor
Oimo = O1 _&Gs S [G]k
[Oon]

II. CAC BAI TAP GIAI MAU
Vi du 1: Tim gié tri tng sudt phap va tng suét tiép trén cac mit
cit xién ctia phan t trén hinh v&. Céc tng sut cho trude tinh bang

KN/cm?

a) b)

3 1
NG
60° 459

15
c)
||
30°
Hinh 3.9

Bai giai :
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a) Vai hé truc Oxy va Ouv nhu hinh

ve ta co:
3
2
— _f. %_X.
o, =9 \Asiu

)

-
Ap dung cbng thicc xac dinh
(rng suat trén mat cat xién ta co :
o,+o, 0,-0C

o, = + Y cos2a—1,..Sin 2
‘ 2 2 Y

-2+5 -2-5
= +
2

~1,5+3,5.0,5-3.(~0,87)
=5.86(KN / cm?)

.£0s2(30°)-3.5in2(-30°)

o,—0, .
Ty = .8in2a +7,,.082a

uv

= _22_ S sin 2(—30°) +3.c0s2(-30°)

=3,5.(-0,87)+3.0,5

=-1,545 (KN/cm?)
b) Vai hé truc Oxy va Ouv nhu hin vé ta
co:

-
o

4
=0

z'xy 1 >>>>> 1
o, =45° ‘?‘ ‘

Ap dung cong thic xac dinh ung 4;%7&
Suét trén mat cat nghiéng ta 6 :

o.to, o,—0, .
o, = + .C0S2¢c —1,,.SIN 2x
2 y
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= ﬂ+ﬂ.cos 2.45°—-1.sin 2.45°
2 2

=1(KN /cm?)

O, — O .
7, =——=>.sin2a +1,,.052x
2 Yy

= g.sin 2.45°+1.c0s2.45°

=2(KN /cm?)
c) Vi hé truc Oxy va Ouv nhu hinh V¢ ta c6: c)
o,=0
u y
O'y = O \ I
7, =—6 tG
a, =120° ( | X
Ap dung cong thuc xac dinh wng suat trén 30°
mat cat nghiéng ta co: V -
o,to, o,—-0C .
o, = L4+ > .cos2a —7,,.5IN 2
2 2
=-6.5in2.120°
=-5,2(KN /cm?)
o,— 0, .
T, = ~.sin2a +7,,.0052a
2
=6.c0s2.120°
=—-3(KN /cm?)
Vi du 2 : Trén cac mit cit di qua 1
diém cua vat thé trang thai tng suit phang o, -
’ u
chiu t&c dung baoi nhitng tng suat ghi trén
hinh v&. Tinh Gng suit chinh va phwong
chinh tai diém do. 60° 30°

o, =-8KN /cm?

o,, =4KN/cm? 5,

o, =-7 KN /cm?
Bai giai: Hinh 3.10
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- Gin voi hé tryc Oxy nhu hinh v& ta o %
. o, =60°

CO:
a, =150°

, 6u2
- Str dung cong thaece tinh (ng suat trén iy oy
mét cat nghiéng ta co: /\<

_o,+to, 0,—

O, = + ~.C0S20, —7,,.5iN 2
2 2
o,to, 0,-0, . %
O, = + .cos2a, —7,,.5IN 201,
2 2 Y

o, =1 o,+T

o, = + .0s2.60° -7, .sin 2.60°
ul 2 2 Xy
o
o,—1 o, +7
Guz =

+ .€0s2120°-17,,.5in 2.120°
2 2 !

0,5.0,-3,5+0,250, +1,75-7,,.0,875=-8
=
0,5.0,-3,5-0,250, -1,75+7,.0,875=4
0,75.0, —1,,.0,875=—4,675
=
0,250, +7,,.0,875=9,25
o, =4,575(KN /cm?)
=
7, =9,264(KN /cm?)
Vaytaco:

Olo

Oy
Ty = 9,264(KN /sz)
‘GX_‘ ,4 )G‘X X
T
Oy

- Xac dinh phuong chinh :

Xy

Goi ag la goc tao bdi truc x voi
phuong chinh nhu hinh vé ta c6 theo
cong thirc xac dinh phuong chinh

o, =4,575(KN /cm?)
2 Tyx t
o, =-T(KN/cm?)

b
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—2r,,  —2.9,264
o,—0, 4 575+7
<1920, =-1,6
< 20, =-58°+k.180°(k €[])
< a, =-29° +k.90°

a, =—29°
=
a, =61°

t92a, =

Vay phuong chinh 1a 2 phuong tao véi truc x cac goc -29° va 61°
- X4c dinh tng suét chinh :

Ap dung cong thtrc tinh Gng suat chinh

_o,+0,

1 2 2
- += _
Gm?nx 5 15 \/(GX 0,) +4r
Taco:
o HST5-7,1
min 2 2
& 0, =—1,2125+10,9232
o, =9,71(KN /cm?)
o =—12,14(KN /cm?)

J(4,575+7)2 +4.9,264°

So sanh véi tng suat chinh da c6 6,=0 ta két luan
o, =9,74(KN /cm?)
o, =0(KN /cm?)
o, =12,14(KN / cm?)

Vi du 3: Trén 2 mat tao véi nhau 1 goc bang
30° va di qua 1 diém & trang théi tng suat phang c6 .
cac g suat 6,=5 (KN /cm?) ;t4,= -7 (KN /cm?) va 30°

Tw =9 (KN /cm?) lc, Ty
Tinh nhitng tng suat chinh tai diém ay.
Bai gii - Hinh 3.11
Theo quan hé (tng suat trén 2 mat cat vudng goc ta co :
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T, = Tyx=7(KNlcm2)

xy
Ap dung cdng thtc tinh wng suat trén mit cit nghiéng

Oy,—0O .
Ty = ~.sin2a +1,,.C082cx
2 y

uv

o 0x2—5 5in2.60° +7.c052.60° = 6

Qo

& (0, -5).0,433-35=6

< o, =26,94(KN /cm?)
o, = 26,94(KN /cm?)
= Nhu vy ta c0:{ o, =5(KN /cm?)
z,, = 7(KN /cm?)
Goi gbc ag la géc hop béi phuong chinh véi truc x
Theo cong thic dé xac dinh phuon chinh ta co:
27, =27
o, —0, 26,94 -5
& 20, =—32,6°+k.180°
© a, =-16,3°+k.90°
a, =73,7°+k.180°
{ao =163,7°+k.180°
Nhu véy ¢6 2 phuong chinh Gng véi cac géc ag 1a 73,7° va 163,7°
- Xac dinh wng suat chinh

tg2a, = - 0,64

Taco:
o, +to, 1
—_X y 2 2
amx— > iE\/(GX—O'y) +4z,
_ 289445, 1 [(26,94-5) +4.7°
2 2
=15,97+13

G, = 2,97(KN /cm?)
Két hop voi 1 tng suét chinh da c6 1a 6,=0

{aumax =28,97(KN / cm?)
=
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o, = 28,97(KN / cm?)
Taco { o, =2,97(KN /cm?)
o, =0(KN /cm?)

Vi du 4: Nho dung cu do bién dang (tenxomet)ngudi ta do duoc
d6 gidn dai ty di tai diém A cua dam doc theo cau khi ¢4 tai trong. Do
gidn dai theo phuong x-X (song song véi truc dam) 1a £,=0,0004, theo
phuong vudng goc véi truc dam £,=0,00012. Xac dinh tng suat phap
theo phuong x va y cho biét: E=2.10%(KN/cm?), u=0,3

L1y

X X
gy AY S
Hinh 3.12

Bai gidi :
Khi dam c6 tai, theo hinh vé taco o, =0
Str dung dinh luat Huc ta cé:

1
&, == (0, ~ulo, +0,)

1
& =g (o, ~ulo,+0,))

1

0,0004 = (¢, ~035,)
< 1

-0,00012= (0, ~0,3%,)

o,—0,30,=8
fe—
c,-030,=-2,4

o, =8(KN /cm?)
o, =0(KN /cm?)
Vi du 5: Tim tng suat chinh va phuong chinh ctia phén t6 & trong

trang thai img suat phang vé& trén hinh 3-3 bang phwong phép giai tich va
phuong phép do thi
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Bai giai :
5 kN/cm?

Phuwong phap giai tich

Taco: -—1
o, =3kN /cm*, o, =5kN /cm?, 7, =— 2 IN-Lem

I 3 kN/cm?

2 2 kN/cm?
Nhitng Gng suat chinh bang : T
Hinh 3-13a
o = ;Uy i%_\/(gx —o'y)2 +47}
O = 3;5 + 1 35y a2
Hay

o, =0, =6,24kN /cm’

=0, =L 76kN /cm?

m,

Om

Phuong trinh tinh theo cong thirc

—2z,, _ —2.(-2) _

1920 = o,—0, ~ 3-5
Hay 2 =—63°30"
Ta dugc a, =-31°45'
a, = -58°15'

Phwrong phdp dé thi : ( Xem & Hinh 3-13a)
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5 kN/cm?
O
02 Gl
2
m’»{ '3 kN/cm 4 5 Al o
2kN/em? O 1 2jo; |3 C 5
G, =176
l 1 4

G =624

Al

Omax = Gy = 6,24 kN/cm?
Gmin = G, = 1,76 kN/cm?
o, =58°15', o, = -31°45'

Hinh 3-13b
Vi du 6: Tai mot diém trén mot mat cia mot vat thé chiu luc nguoi
ta do duoc bién dang ti ddi theo céac phuong om, on, ou nhu sau:

£, =281.10" g =-2,81.10"; &, =1,625.10"*

Xac dinh phuong chinh va ung sut
chinh tai diém ay. Cho:
1=0,3;E=2.10* kN/cm® (hinh 3-4)

Bai gidi

Tu dinh luat Huc ta rat ra dugc cac ung
suat phap theo phuong m van :

1

& :E(O-m —ﬂGn)

£, = é(am — o, )= ﬁ(an -0,30,,)=-2,81.10"
Hinh 3-14
Vay :
o, =4,32kN /cm?
o, =—4,32kN /cm?
Viét bién dang theo phuong u, ta co:
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1 1
&, :E[au ~u(o,+0,-0,)] =W[au ~0,3(4,32-4,32-0,)|=1,625.10"

Tiur do suyra:
o, =2,5kN /cm?

Ung suét tiép 16n 7, tinh dugc tir cong thirc:

o, =% | O "% o047 sin2a
2 2
Hay
25- 32;4’ 32 4324432 o0 a5 r_sin2.45°
Hay 7., =—2,5kN /cm?
Gia tri tmg sudt chinh tai diém cho trudc :
Gmax,min = n ;_ “h i%\/(Gm -0, )2 + 4Tr31n
4322482, 2 4321432 + 42,5
2 2
O = DKN / cm?
o= —5kN /cm?
Phuong chinh
tg20=—2tm __ 225 (5767
o, -0, 432+4,32
a, =15°
a, =105°

Vidu 7: Tai diém A trén mat mot vat thé, nguoi ta do dugc cac
bién dang ti d6i theo ba phuong xép theo hinh sao goc 60° (H.3-15), &,
€m, €. Lap cong thic tinh nhimg Gng suat chinh va phuong chinh tai
diém ay.

Bai giai:
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Twr cong thirc cua dinh luat Huc ¢ trang
thai (mg suét phang,ta rut ra:
o, = 1 (Eg, +ul)
m 1+ ﬂ m
Trong do:
| =0, +0,,.0- =0, 10,

Hinh 3-15

Ap dung cong thic

X

o, = + L cos2a —1,,sin 2
2 y

_oyto, o0,-0O

Va dat:
K=o, -0,

Ta c6 ing voi 3 phuong trinh x ,m ,n:

L(ng+y|):l+50052.0-rxysin2.0

1+ pu 2 2

L(Egm +ul)= l+50032.60"-rXy sin 2.60°
1+ u 2 2

L(Egn +ul)= l+5c052.1200-rXy sin 2.120°
1+ u 2 2

Gidi hé nay tarttra:
2E
3(1+ p)
_2E
- 3(-p)
Ty = L(gn -&.)

V3(L+ )

Tir d6 ta tinh dugc g suat chinh va phuong chinh:

(26, —¢,—¢€,)

(e, +&,+¢€,)

T
+1 K4 920 - .

2

O =

I 2.
max Xy !
min 2
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Hay thay I K, z,, bang gia tri ciia chiing,ta dugc:

O-m?rf = 3(1E/u) (‘9x +é&, -’_gx)i 3(\:{?_51) \/(gx _‘S‘m)2 +(8m _‘C"n)2 +(‘9n _‘9x)2
\/g(gn _gm)

tg2a =
J 28, — &, — &,

Vi du 8: Mot hinh try tron dac béng thép co
duong kinh D=50mm dit vira khit vao mot ong
dong co bé day 8§ = Imm. Hinh try thép bi nén véi
lgc P=150kN (H.3-6). Xac dinh phuong chinh va |!
{mg suét chinh tai diém 4y. Cho: p=0.3 :E=2.10* ||
kN/cm? |

|
|
|

Bai giai :

|
|
|
|
|
|
Tach tir hinh tru thép mot phan 6 hinh lap || === |
phuong c6 mot canh song song véi phuong cua lyc P = _ P
(phuong z), hai phuong con lai (x va y) chon bat |
ki ta c6 Gng suét ctia phan td:

Hinh 3-16

o, :?z 15052 =—7,6kN /cm?
314.—
4

Ung suit ¢ hai phuong con lai bang nhau va bang mg suat & cac
mdt song song vdi phuong z:

o,=0,=-(Q

Ung suit nay bang ap suét trong lam cang ong ddng. Pat Gng suét
cing 6ng ddng (theo phwong ciia chu tuyén dng ) 14 o,ta co:
P o
20
_ 260
D
Do dan twong ddi cua try thép theo phuong vudng goc véi luc P
(d6 dan theo duong kinh).
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1
gt :E[_q_zut(_q_'_o-z)]
t

D6 din twong dbi cua 6ng ddng theo phuong chu tuyén (chu vi

duong tron):

&g =—

E,

Vi hai @6 dan tuong d6i nay bang nhau, tirc 1 :

£ =&y
Hay
Z[a-mare)]=Z
E Hy =g
Hay
1| 260 200 o
= (o) | ==
E| D D E,
Hay
-
2—(L—p)+—=4
D( ) E,
o= 010’3'7’6 =1,12kN /cm?
25 (1-03)+2
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Vidu 9:

Mot tam thép kich thudc axbxc dat giita 2 tdm tuyét dbi cing, 2 tim
nay duoc lién két v6i nhau bang 4 thanh

(xem Hinh 3-17). Khi tm thép chiu &p (/P
h.rc’ P phén b6 déu trén 2 mit bén thi tng (-UI E— X‘
suat kéo cua thanh la bao nhiéu? Tinh FrrTrTt
Gmg sudt chinh trong tim thép. Cho y
Em=Ethanh =

Bai giai:
Pit N 1a lyc cing ¢ mdi thanh giang o
.ta ¢ gié tri cac ing suat ctia tim thép:

—4N
o,=——;0,=—p;0,=0 I I

ab

So sanh bién dang cuia tim va thanh giang , ta co:

£, tim = ¢ thanh

Hay
2y =
E, ab E.F.
Twr d6 rit ra:
E
Yy Eth F
N=—>*—
1+4 Eth Fth
E.ab
F
Vi Sn=ponen N= £
E, 1+4-0
ab
Ung suét oy trong tAm thép :
F
4 _th
L _TAN_ HP b
b g 4F
ab
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Vidu 10: Ix
Mot tru tron bang thép (u=0,3) dat v : -

khit gitta hai tudng ciing nhu trén hinh vé.
Phan giira tru chiu luc p phan bd déu.
Tinh Gng suét tinh theo 1y thuyét thé nang ]
bién d6i hinh dang & phan giita va phan
dau cua hinh tru.

Bai gidi

Ung suat theo phuong y va z & mm—-

doan 1 va doan 2:

Doanl:aylza =0 1-1

)
boan2:0, =0, =—p
Ung suat 0,6 2 doan tinh dya vao

dinh luat Hac va sy so sanh bién dang cua
2 doan:

O doan 1 : Hinh 3-18

O doan 2 :

1

gxz :E|:GX2 _’U(O-YZ +Gzz )] :é(axz +2'u p)

Téng bién dang theo truc x cua ca 3 doan bﬁng khong, tac la:

2Al+  Al=0
Hay 2¢,a+¢,a=0

Hay 2¢, +¢, =0

Thay gia tri & (a) va (b) ,dugc :

20

1
—2+=(o, +2up)=0
E E( y, T21DP)
- A -2
Vi o, =0, nén o, =0, :?yp
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Nhu vay ¢ doan 1 :

O doan 2 :

Ung suat tinh theo 1y thuyét bén thé ning bién dang :

Gyz :O‘ZZ =02:(73:—p

0, =0y~ up=-02p

boan1: o, =0,2p

. _ 2 2 2
Doan2:0, = \/Gl +0, + 0, —0,0, — 0,0, — 0,0,

= py/0,04+1+1-0,2-1-0,2
=0,8p

3.1. Mot thanh thing chiu kéo dung tam boi luc P = 40kN. Dién
tich mdt cit ngang thanh F= 5cm® Tim mat xién gbc a voi mit cat

Tim Gng sudt phap va ung suat tiép trén mat xién goc 30° voi mit
cét ngang.

I11. BAI TAP TU GIAI

Bap dn: o =14° 630°=6 KN/cm?; 75°= 3,46 KN/cm?;

3.2. Ung suit toan phan trén mat cat m-n di T

qua mot diém ciia mot vat thé trong trang thai ing
suét phang P=3000 N/cm® ¢4

phuong tao thanh mét goc 60° voi mat cit.Trén
mdt vudng goc voi mat
tiép.(H.3-19)

cat nay chi cé ung suat

Hinh 3-19

ngang dé cho trén mat ay gia tri Ung suat phap bang bon lan gia tri ing
suét tiép.
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Tinh tng sudt phap va tng sudt tiép trén mit tao thanh goc
45° mit cit m-n

Tinh tng suat phap 16n nhét tai diém.

Bdp an: 045°=2798 N/cm?; 745°= 1298 N/cm?; omax =3278 N/cm?
3.3. Mot lang try hinh tam giac
gén vao mot vat thé khac & mit AB nhu
trén hinh 3-9. )
. )
Lang try chiu céc lyc ti€p xuc phan bo /
déu & mat bén p =1kN/cm?,

Tinh ap lyc va luc tiép xtic trén A B'
mit AB.Bé day cua lang try dy liy bang
don vi. Hinh 3-20

Ddp an : Npg=-4,8 KN, Hag =-1,4 KN.

3.4. Trén cic mat cit di qua mot diém cua mot vat thé trong trang
thai Gmg suat phang c6 tac dung nhitng tng suét ghi trén hinh (3-21);(3-
22);(3-23).Tinh nhiing tng suat chinh va phuong chinh tai diém d6.

Gu
Gx" ﬂ 30° Gy | Ty

' i
B
- —1— —
= 2 Ou1
oy =5 kN/cm? ;Tyx Gy _18 kN/cm u
642 = 2 kN/Cm? ou = 6 kN/cm? Oy = 20 kNfcm?
,= 6 kN/cm? ox= 10 kN/em? ou= -30 kN/em
o= 45° . =7 kN/em? o= 15 kN/ecm
0= 150° Y B bat k?
Hinh 3-21 Hinh 3-22 Hinh 3-23

Bdp dn 3.4: omax =6,2 K Nlcm?: oy =75°54"; omin = 1,6 K N/cm?;
0 =166°54°

Ddp dn 3.5: omax =22,24 K N/cm?; a1 =30°; omin= 6 K N/cm?: ay
=120°
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Pdp dn 3.6: omax =24,9 K Nicm? aq =-19°30°; omin = -39,9 K
N/em?: a =70°30"

3.7-3.17. Tim gia tri Gng suit phap va ung suét tiép trén cac mat
cit xién cta phén td v& trén hinh (3-24)+(3-34).Cac ung suit cho trudc

tinh bang kN/cm?,
— —
AN AN A4/

4

*&

|

4

5 7
10
— — —
60°

£ IA‘

Hinh 3-24 +3-34

Dap an :
a ou (K N/cm ?) o ( KN/cm)?
3.7 30° -0,24 5,32
3.8 30° 2,54 5,46
3.9 150° -4,03 6,33
3.10 30° 4,33 -2,5
3.11 135° 6 -2
3.12 30° -6.25 -6,5
3.13 Bat ki -7 0
3.14 Bat ki 8 0
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3.15
3.16
3.17

150°
135°
150°

2
-2

-1
2
3,46

3.18-3.26.Tim tmng suat chinh va phwong chinh cia cac phéan t6
chiu lyc trén hinh v& bang phuong phap d6 thi (H.3-35+3-43).V& ra cic
mit chinh & mdi phan té (don vi cho 1a kN/ cm?.

-~

1,41

|

__]

2

-

T— — —
Hinh 3-35 +3-43
Dap an :
o1 (KN/cm | 0, hodc o3 o1 )
%) (K N/cm ?)
3.18 4.4 1,6 -25° 65°
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3.19 5 1 45° -45°
3.20 2,82 -2,82 -65° 25°
3.21 0 -3 -35045° 54°45°
3.22 1,12 -7,12 52° -38°
3.23 5,7 0,7 --19° 30° 70° 30’
3.24 7,23 -1,23 -65° 25°
3.25 0,82 -4,82 -65° 25°
3.26 2 -2 45° -45°

3.27. Cho mot phan td & trang thai Gmg suat phang c6 mg suét tac
dung nhu tren hinh vé& (3-44).Tinh &, &, &, (phuong u tao v&i truc thang
dung 1 goc 30°).

Cho E=10*kN/cm? ;u=0,34
8 kN/cm?

| / u
0 6 kN/cm?
‘ 2 kN/cm?

Hinh 3-44
Ddp dn:  £=3,82.10"; &=596.10"; ¢=7,61.10";
3.28. Nho dung cu do bién dang (tenxomet) nguoi ta do duoc do
dan dai ty ddi taik diém A cua dim doc theo cu khi co tai trong (3-
45).D¢ dan dai theo phuong x-x (song song vdi truc dam) 1a £,=0,0004
,theo phuong vudng goc vai truc dam g,=-0,00012.

Xac dinh Ung sudt phap theo phuong x va y. Cho biét:
E=2.10"kN/cm? u=0,3
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Hinh 3-45
Bdp dn: ox =8 KN/cm?; o, =0

3.29. Trén mot phan td ldy tir vat thé chiu luc ¢ tac dung Gng suat
6=30 kN/cm? va t=15 kN/cm?X4c dinh bién dang dai tuyét ddi cua
duong chéo mn.Cho E=2.10*kN/cm?, G=8.10°kN/cm? pu=0,28 (H3-46)

a
T n \/B P

A C

—| o P
{30° /\D/\I
m - o

Hinh 3-46 Hinh 3-47
Dap an:  Aypn=0,093 mm

25 mm

3.30. Khéi 1ap phuong ABCD dugc nén déu ¢ bén mat bén nho
mot co cau nhu trén hinh (3-47)

Tinh do bién dang thé tich AV , biét kich thudc 7X7x7 cm va
E=4.10°kN/cm?, n=0,3 ,P=50kN

Pdp dn: Ay=99 mm®

3.31. X4c dinh bién dang dai Aa, Ab, Ac, cta céc canh a ,b,c va
bién dang thé tich ciia mot phéan t6 hinh hop chiu luc nén P, P nhu trén
hinh  (3-37).Cho  P,=60kN, P3=120kN, a=c=2cm, b=4cm,
E=2.10kN/cm? pu=0,3

Xac dinh gia tri lyc P; can thiét dat vao hai mat con lai ctia phan
t6 dé bién dang thé tich AV=0.Xac dinh Tmax trong truong hop nay.
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Pdp an: A;=1,5.10" cm; A, = -55,4.10" cm; A.=1,12.10 cm;
PI = 300 KN; tmax = 33,75 KN/cm?

3.32. Mot khéi hinh tru tron A bang déng dugc nhét khit vao mot
16 khoét cua mot vat cung tuyét ddi B va chiju nén P=50kN. X4c dinh ap
lwc nén vao vach 16 khoét. Xac dinh bién dang Ah va AV cua khoi
dong.Cho duong kinh cta khdi d=4cm ,chidu cao h=10cm ,u=0,31
,E=1,1.10"kN/cm?.(H3-38)

BPadp an: p=-1,8 KNfcm? ; 4h = -0,026 mm Ay =-3,33 mm®

Ps

z P
2, 777777777) 7777777777) :
\/> 4 4 P, P,
7 7 o -
/] A Qo .
1 .0 =
1 A~ ¥ < :
B v .
@© Yy /4 .
X 7 4 .
S ; A e
77777777, Ps)
Ld | | \Q
TP .
y 2

Hinh 3-39 Hinh 3-38 Hinh 3-37

3.33. Xac dinh gi4 tri cic (mg suat trén miat bén ciia phan té hinh
1ap phuong c6 canh a=5cm.Cho biét bién dang dai tuyét d6i Ax =5.10"
’mm, Ay =1.10°mm , Az =7,5.10mm ,va bién dang goc yxy =2.107" vy,
= yux =0, E=2.10%°kN/cm?, G=8.10°kN/cm? p=0,3 (H3-39)

Tinh gia tri cac (mg suét chinh ctia phan t6.

Ddp dn : oy = 46,5 KNlcm?; o, = 34,2 KN/em? ; 7y = 160 KN/cm® ; 74,
=1y, = 0; 01 = 200,5 KN/cm?; o, = 54,2 KN/cm? ; o3 = -119,8 KN/cm?,

3.34. Mot khéi 1ap phuong bang bé tong dit vao vira khit rinh ciia
vat thé A chiu 4p sudt phan bd déu ¢ mit trén p=1 kN/cm*Xac dinh 4p
luc nén vao vach ranh va do bién dang thé tich tuyét d6i.Cho canh
a=5cm, G=8.10°kN/cm?,1i=0,36 .Vat thé A coi nhu tuyét dbi cing (H3-
40)
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Hinh 3-40

Padp an:  px=0,036 K N/cm?; AV=-60 mm®

3.35. Mot khéi thép hinh 1ap phuong dugc dat khit vao 1 18 khoét
trong mot vat thé coi nhu tuyét ddi cimg.Hinh 1ap phuong bi nén boi luc
P (H3-41)

Bo qua lyc ma sat giita thanh cta 2 vat thé, tinh bién dang dai
theo phuong lyc P va bién dang thé tich ty d6i caa khéi 1ap phuong. Cho
E=2.10°kN/cm?, p=0,3

Xét truong hop theo phuong x ¢6 khe ho § gitta khdi lap phuong
va thanh bén cua vét ctirng (hinh b) va truong hop theo phuong z ¢6 thém
khe hé bang 38(hinh ¢).Cho §=0,01mm.

b)

y
P =50 kN
4
£20 m 7 X 9
Sl g

a) SN s
Hinh 3-41
Dap dan : a) e =-4,64.107; 0 =-4,64.10°
b) &=-512.10"; 60 =-4,12.10"
¢) &=-589.10°; 0 =-3,74.10°
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3.36. Mot phan t6 khong bi bién doi thé tich, c6 hai tmng sut
chinh: 6;=100kN/cm?, 6,=60kN/cm>H4i tmg suat chinh thir 3 phai bang
bao nhiéu?

Bdp an: o3 = -160 KN/cm?

3.37. Mot tim mong hinh chit nhat ¢6 bé day 8 dat giira vach cling
song song. TAm chiju luc kéo P va lyc nén Q nhu trén hinh (3-42)

Tinh 4p luc nén ctua tAm vao vach va do bién ddi thé tich cua tAm.
B0 qua lyc ma sat giita vach va tim.

P

\ P

y
sy LE Q Q

\ 2 X

J Z
T ip

P b
Hinh 3-42

Bdp én: N =o,ab= g(P. a — Q.b) Véi diéu kien N<0.
3 (1—2u)-(1+u)(§_g)
Eé b a
3.38. Tinh ung suét tinh toan (twong duong) cia cac phan td co
g suét chinh ghi & bang dudi day theo cac 1y thuyét bén,thir 3,thir 4 va

0

1y thuyét bén Mo (Pon vi MN/m?) . p=0,3 ;m=Zk -1 4

Gon
0, o, O3
a 160 60 20
b 40 30 -50
c 55 -60 -90
d -10 -70 -80
d 40 0 -150
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e 160 0 -70
Dap an:
Truong hop Theo ly thuyét bén
3 4 Mor
a 140 125 132
b 90 85,5 110
C 145 132,3 181
d 70 67,6 102
d 190 173,4 250
e 230 204 258

(don vi chung: MN/m®)
3.39. Tim Gng suit tinh toan theo thuyét bén thtr 3 va tht 4 d6i voi
cac phan tb trong trang thai Gmg sut phing c6 tng suat nhu sau (Pon vi

MN/m?).

102

o, o, Ty
a 140 100 45
b 120 0 -30
C -200 -400 -90
d 0 0 120
d 80 20 40
Dap an:
Truong hop Theo 1y thuyét bén
3 4

a 169 147

b 134 131

C 434,5 379




d 240
100

208
100

(don vi chung: MN/m?)

3.40. Mot 6ng mong hinh tru tron c6 dudng kinh trung binh

d=100mm day §=5mm

Bi kéo doc truc boi 1 luc phan bd déu q =40 N/m m? va chiuap lucp o
phia trong.Tinh ap luc p cho phép theo 1y thuyét thé niang bién doi hinh

dang cuc dai,biét ring ung suit cho phép [6]=100 MN/m?.

Badp an: p = 10,5 N/mm?

3.41. Mot khdi thép hinh 1ap phuong dit vira khit trong ranh cia
mot khéi thép 16n (coi nhu tuyét d6i cimg ).Khdi thép chiu ap luc p=120
MN/m? nhu & hinh v& (H4-2).Kiém tra do bén cta khéi thép theo 1y
thuyét ing suét tiép cuc dai,va 1y thuyét thé ning bién ddi hinh dang cuc
dai,biét rang [6]=140 MN/m? .B6 qua luc ma sat giita nhitng mat tiép

xuc cua 2 khoi.

by

Hinh 4-2
Pdp dn: o = 120 MN/m%; 64 = 113 MN/m?
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CHUONG 4: PAC TRUNG HINH HQC CUA MAT CAT

I. TOM TAT LY THUYET
1. Céc dinh nghia yA

Gia sir trong mit phang toa do Oxy
c6 mit cit ngang véi dién tich F, A (x,y)
1a mot diém bat ky trén mat cit F, Xung
quanh A ta 1dy 1 phan té dién tich 1a dF
(Hinh 4.1)

1.1 M6 men tinh ciia mit cit doi véi
mét truc

Hinh 4.1

Mémen tinh cua dién tich F d6i véi truc x hay ddi vai truc y la cac
biéu thirc tich phan sau day:

S, = fde S = jxdF

Néu mo men tinh ctia mat cat F ddi voi 1 truc ndo d6 bang khong
thi truc do6 goi 1a truc trung tdm ciia mat cit.

Giao diém cua 2 tryc trung tim goi 14 trong tdm cta mat cat C(xc,
ye)

Toa dg trong tam:

S,V
F F

Neéu dién tich F bao gom tong dai s6 ctia nhiéu di¢n tich don gian

yC:—' _XC:

F = XF; thi toa d0 trong tdm cua n6 dugc xac dinh theo cong thirc.
> Fx >F,
_ =l —
F ° F

1.2 M6 men quan tinh ciia mit cit ngang

Ye

Ta goi mémen quén tinh cua dién tich F dbi véi truc x hay y 1a céc
biéu thtre tich phan sau day:
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J =[ydF J, =[x*dF

M6 men quan tinh ddc cuc cia dién tich F ddi véi géc toa 3o O
duoc xac dinh boi tich phan sau day:

J =[pdF=J +1J,

O day: p - La khoang cach tir gbc O t6i diém A(x,y).
M6 men quan tinh ly tim ciia dién tich F ddi v6i hé truc toa do
vudng goc Oxy la biéu thic tich phan:

J, = j xydF

Mot hé truc c6 Jxy = 0 thi dugc goi 1a hé¢ truc quan tinh chinh. Nhu
vay khi d6 Jy va Jy goi 1a m6é men quan tinh chinh

H¢ truc quén tinh chinh Oxy c6 géc toa do O trung véi trong tdm
clia mit cat (Jxy = 0, Sx = Sy = 0) thi dugc goi 1a hé truc quan tinh chinh
trung tdm. Tuong ung ta c6 md men quén tinh chinh trung tam.

Néu mit cit ma c6 1 truc 1a truc dbi xung thi truc dbi xung la 1
truc cta hé truc quan tinh chinh trung tdm. Truc quén tinh chinh trung
tam con lai s& vudng goc véi truc ddi ximg va di qua trong tim C cua
mat cat.

2. Cong thirc tinh mé men quan tinh ciia mét s6 mit ciit ngang

a) Hinh chir nhat b) Hinh binh hanh

‘ | 1
- Y-
.
bh’

_bn. b J==
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¢) Hinh tam giéc d) Hinh tron
y 1 v

3. Cong thirc chuyén truc song song ciia mdé men quan tinh
A(x,y) trong hé truc Oxy. A(X,Y), O(a,b) trong h¢ truc O1XY song
song v&i h¢ truc Oxy (Hinh 4.2) khi d6 ta co:
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J,=J +2bS +b'F
J,=J +2aS +d’F My
Jo=J,+aS +bS +abF

Néu Oxy 1a hé tryc quéan tinh
trung tam (Sx = Sy = 0)

J, =J +b'F X
J,=J +da'F B}
I, =J, +abF X

Néu Oxy 1a hé tryc quan tinh
chinh trung tam (Jxy = 0, Sx =Sy = 0)

J,=J +b'F J,=J +a’F

J, =abF
4. Cong thirc xoay truc ciia moé men vy
guan tinh

Ouv la vi tri sau khi hé truc Oxy
da xoay di 1 goc a (Hinh 4.3)

J+J T —J, .
=——+ “2 ~cos2a —J sin2a

u 2
Hinh 4.3
J +J  J —-J )
=——2—-—" “2cos2a+J_sin2a
u 2 2 Xy
J —-J .
J, =— 2 ~sin2a +J cos2a

Gia tri ciia cac m6 men quan tinh chinh va phuong cua céac truc
chinh:

JA_+JV 1 2 ,
max 2+2\/(J)—JV) "’4'.]_“v
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J = S+, 1 (J.=J,) +4J2
2 2 : ,

Xy

tgo,, =
g I/2 J)C _Jmax

min

I1. CAC BAI TAP GIAI MAU

Bai 4.1. Tim toa d¢ trong tAm cta mat cat

nhu hinh vé: I
Chon h¢ truc toa do goc ban dau Oxy.
Chia mat cat hinh thang 1am 2 hinh 1a
hinh I (Hinh chit nhat) va II (Hinh tam

6a

giac).

Goi toa do trong tdm cuia mdt cit 1a 8a

C(Xc, ye)
Hinh 4.1

Toa do trong tdim C cua hinh duogc tinh theo cong thirc sau:

B _i_ S;+S;’ _F’xé+F”xé’
° F F'+F" F'+F"

4a.6a.2a+ ;4a.6a. (4a + 4;} )8
X. = =—a=3,111a

4a.6a+ ;4a.6a ? Yy

v _S, _Si+ST _ Fly +Fy, I
F F'+F" F' +F"
1 S I
4a.6a.3a+—4a.6a2a ]
V. = % =—a=2,666a
4a.6a + 5 4a.6a 1 .

Vay toa do trong tam C(3,111a, 2,666a)
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Bai 4.2. Tim toa d0 trong tAm cua mit cit
nhu hinh vé:

Chon hé truc toa do géc Oxy.

Chia mit cat lam 2 hinh 13 hinh I
(Hinh chir nhat to) va II (Hinh chir nhat bi
khoét).

Goi toa do trong tAm cua mat cat 13
C(Xc, Yc).

Toa dg trong tdm C cua hinh dugc tinh
theo cong thirc sau:

I_ 1/ 1 _.1 n _.n
S, S-S F'x/-F"x,

y

'XC = =
F FI _Fll Fl _FII

4a.6a.2a—3a.4a. (a + 3;)

4a

!

A

6a

2a

Hinh 4.2

4a

X. = =1,5a 1

¢ 4a.6a-3a.4a

S S -S' Fy -F'y! g

:F_FI_FII FI_FII
_4a.6a3a-3adala

Ye

4a

*— —

Y x<

Ye 4a.6a—3a.4a
Vay toa dg trong tam C(1,5a, 4a)

—— -

b

\
Bai 4.3. Xac dinh vi tri trong tam ‘
va tinh md men quéan tinh ddi v6i

truc trung tdm song song voi canh
day cua hinh thang cén trén Hinh

4.3a Z‘b

Chon hé truc toa do géc Oxy nhu hinh v&

Hinh 4.3

V<

Y
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Chia mat cdt lam 3 hinh 13 hinh I (Hinh chit nhat giita), II (Hinh
tam giac bén trai) va III (Hinh tam giac bén phai).

Goi toa d0 trong tAm cta mit cit 1a C(xc, Yc)

Do Oy la truc d6i xtng nén y
—> X =0 $

Tung d6 trong tam C cua

hinh dugc tinh theo cong thirc 1
sau: o X

y oS SLeSesy B /// j

F F, -I—F” +F111
Flyé Flly Fllly”’ L——J

F, +F” +F111

1, 1b, b 1b, b
_b.bab §§b§ 22773 4, Vay toa do trong tim C(0, ﬂb )
Ye = 1b 1b _gb ?

bb+——b+——b
22 22

Tinh mé men quén tinh chinh trung tam Jx:
J,o=J,+J +J) =T, +2J]

Ye =

Str dung cong thirc chuyén truc song song dé tinh cac mo men
quantinh J' va J!

3 2
Ji=J,f.+be’=b'b +(b—4bj bb=—"p’

227 9) " s
Ly :
J§’=JZ;+b§F”=2+(4b—bj L——
~ %6 |9 3)227 64
Jo=aiaart =L e 134
s17 76 108

Bai 4.4. Xac dinh hé truc quan tinh chinh trung tdm va tinh mé men
quén tinh chinh trung tim ctia mit cat.
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=

’<~

Chon hé truc toa dd géc Oxy nhu
hinh vé.

8b

Chia miat cit 1am 2 hinh 1a hinh I
(Hinh chi nhat dudi), I (Hinh chit nhat
trén).

2b

NN

Goi toa dg trong tdm ctiia mat cit la
C(Xc, Yc) — -
Do Oy la truc ddi xtimg nén — X¢ =0

Hinh 4.4
Oy la 1 tryc quén tinh chinh trung tam.
Tung d¢ trong tdm C cua hinh dugc tinh theo cong thirc sau:
S, SI+S" F'y.+F"y,

S X

" F F+F" F +F"
0+ b.8b.(b+4b)
V. = =2b
6b.2b+b.8b

Nhu vy ta tim dugc toa do trong tAm cta mit cit C(0,2b).

Ye

— Tu dé xac dinh dugc hé truc quan tinh chinh trung tdm XCY.
Tinh m6 men quéan tinh chinh trung tam: Jx, Jy
2b.(6b)’ N 8b.b’ _ 110

I =T +J! =
12 12 3

b4

J, =T, +J;
Ap dung cong thirc chuyén truc song song;

J =T +bF = 6”%’) +(2b)’ .6b.2b = 52b"
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b.(8b)’ 344

J'=J" +bF" = +(Gby b8h ="'
J =JL+J" =520 +3M;'4b“ = 5(3)0b4

Bai 4.5. Tim hé truc quan tinh chinh trung tdm va tinh mé men quén tinh
chinh trung tAm cta mit cit.

Chon hé truc toa do géc Oxy nhu

hinh vé ’<+.‘

Chia mit cét 1am 3 hinh 13 hinh I

|
(Hinh chit nhat trén), II (Hinh chir nhat S
dudi bén trai) va III (Hinh chit nhat dudi {
bén phai) |
Goi toa do trong tAm cua mat cat 1a | ©
C(xc, Ye) | =
Do Oy la truc d6i xtmg nén — Xc |
al 2a_la|_
Oy la 1 tryc quan tinh chinh trung
tam Hinh 4.5
Tung d6 trong tam C cua hinh dugc tinh theo cong thuc sau:
S _
yC = F Tyz TY—Y
M6 men tinh cua mit cit dbi véi i- | Gia —i
truc Xx. [
Sr\:Sj+SX"+SX”’:F’yé+F"yé’+f/’;>{Aléé/%/ c‘\n“’=
A | « |
S, =0+a.10a.(-6a)+ a.10a.(—6a) =—120 Cl -
/[1/ i =2 8
o , . ' (07 -~
Di¢n tich ciia mat cat ngang: . /‘/ | /< m
F=F +F"+F" =6a.2a+a.10a+a.104 W ]
a
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F=32a’
_ —120a’
Ye =0y

Ta tim dugc toa do trong tam clia mat cit C(0,-3,75a)

—3,75a

— Xac dinh dugc h¢ truc quén tinh chinh trung tdm 1la XCY
Tinh mé men quén tinh chinh trung tdm Jx, Jy

J, =T+ +J" =T +2]]

7 2a.(6a)’

, =36a’
12

J, =J +aF" _M0aa (3} 410a="0
’ 12 2 3

J, =J +2J =364 +2.730014 =Z;8a4

Jo=J 4+ J" =T 42"

Ap dung cong thirc chuyén truc song song dé tinh JovalJ;!

J=J +PF = 6“'3“) +(3,75a) 6a.2a =172,754*
Jr=g e pF =9 o asay a10a =221 4
J, =J +2J" =172,754* +2.3215 4
24 y
1322 Po T |
J, = Taz“ = 440,666a" 77D |\ 2770
/A
Bai 4.6. Cho mit cit gbm 2 thep chir I — —ft —}— f- —=
N°24, hdy x4c dinh khodng cach c giita 2 I/i | i\ll
mit cat dé co Jx = Jy (Mt cat hop 1y). . .

<, L. \ A C
Do mit cat c6 2 truc Ox va Oy déu .

1a céc truc ddi xtmg ctia mit cit. Hinh 4.6

—» Hé truc Oxy 1a hé truc quén tinh chinh trung tim ctia mit cit.
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Ta chia mit cét 1am 2 phan 1a I va II.

M6 men quan tinh chinh trung tam Jy va Jy:

J =J +J!=2J!

J =2.3460=6920 cm*

J, = J! +J;’ = 2.]; (Do 2 phan dbi xtmg nhau qua truc y)

Str dung cong thirc chuyén truc song song ta c6

2
J' =T +aF' = 198+(;j 34,8

J, :2.[198+(;j .34,8} cm?

Do mit cap hop 1y ta c6 Jx = Jy

2.(198+(§j .34,8} — 6920

Giai phuong trinh ta tim dugc ¢ = 19,36 cm.

Bai 4.7. Xac dinh hé truc quan tinh chinh trung

tdm va tinh cAc m6é men quéan tinh chinh trung tam
cla mat cit nhu hinh.

nhat dudi) va Il ( Nira hinh tron phia trén)
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Chon hé truc toa do ban dau Oxy
Chia mit cat lam 2 hinh 13 hinh I (Hinh chi

40cm

FESS

Goi toa d0 trong tAm cta mit cit 1a C(xc, Yc)
12

Hinh 4.

3

Do Oy la truc ddi ximg nén — X¢ =0

\'

Oy 1a 1 truc quan tinh chinh trung tam

Tung d¢ trong tam C cua hinh dugc tinh theo cong thuc sau:

S

X

F

M6 men tinh cua mat cat doi voi truc x.

Ye =



S =S +S'=F'y.+F"y!
S :0+17r.r2 (4r+20j:9315 cm
! 2 RY/4

Dién tich cia mit cit ngang:

F=F +F" =12.4O+;7r.r2 =12.4O+;7z.152

F =833,25 cm?
y. _5._ 9315 —11,179 cM
F 83325

Ta tim dugc toa d trong tam ctuia mat cit C(0;11,179)

— Xac dinh dugc hé truc quén tinh

chinh trung tdm la XCY ?y
Tinh md men quan tinh chinh trung T
tam JIx, Jy /1\7
. 3 4 ‘r
Jy=J§+J§'=4012 +1ﬂd X
12 2 64
X

40cm

_40.12° 1 7215

9
/y 12 2 64 i/r‘/
]

J, =25630,3125 cm* ]
J, =T, +J; 7
Ap dung cong thirc chuyén truc song song dé tinh JovaJ;!

S g pp = 12080

X

+(11,179).12.40

J! =123985,62 cm*
J'=J" +b2F"

1% _172'614 (4rj2 r’ _17[(2r)4 _(4rj27rr2

“T264 37) 2 2 64 \37) 2
gr=LzZ@ry (A mr LA 11179 |
Y2 64 37) 2 \3x 2
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W ALS

gu 1715 (415Y 715 (415
T2 64 3z ) 2

J" =87051,21 cm®
J, =J +J" =123985,62+87051,21 =211036,83 cm*

+20—11,179j
3

Bai 4.8. Xac dinh hé truc quan tinh chinh trung tdm va tinh mémen quan
tinh chinh trung tAm cta mat cat ghép sau day

Tr’a bang thép ,hinh ta duogc: y=yd Y T "
Do6i véi mit cat [N°22a I
F' =286 sz, X, =2,47 o 7 7) 100x100x10
cm 0, = X7
J' =2320 cm®, J' =186 7/
4 ' v/
cm
. , ' — = X=X,
Péi véi mit cit 100x100x10 O:df
F"=19,2 cm? y =283 |
cm
o
‘];1ax :Jfl() _ 284 Cm4 / __/, N"24a
J:nlin = Jxli) = 74’1 Cm4 !
Jh=J" =179 cm* Hinh 4.8

Tim toa d trong tm cua mat cat
Chia mit cit lam 2 phan 1a I (Thép chir [N°22a) va Il (Thép goc
déu 100x100x10)

Chon h¢ truc x1;01y; lam géc ban dau, d6i véi hé truc nay
§,=8,=0

St = F y"=19,2.(11-2,83)=157¢cm’
Sh = F".x! =19,2.(2,46+2,83) =102 cm’

Vay trong h¢ truc toa do géc ban dau toa do trong tam C
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1 11
yo=Sa _Su¥Sh_ 04157 40 em
F  F'+F" 286+19,2
Sy SutSh 04102, e

X. = = = =
© F F'+F" 286+19,2
Toa d6 trong tdm C(2,13;3,28)

Tir d6 ta xac dinh duoc hé truc trung tim XCY cta mit cat nhu
trén hinh vé.

Trong h¢ truc toa do nay trong tdm O cua hinh I 1a:
a1 = Xo1 =-2,13cm

b1 =Yo1=-3,28 cm

Trong tam O; cta hinh IT 1a:

a2 = Xoz2=3,17cm

b, =Yoo, =4,89cm

Xac dinh mdé men quan tinh Jx, Jy cia mat cat d6i voi hé truc trung

J =J +J"
J=J' +bF' =2320+3,2828,6 =2627,69 cm*
J'=J" + b F" =179 +4,89%.19,2 = 638,11 cm*
—J, =J. +J" =2627,69+638,11=3265,8 cm*
J, =J "
Ji=J' +a’F' =186+2,13'28,6 =315,75 cm*

JI=J" + @ F" =179+3,17%19,2 =317,93 cm*

J, =J! +J" =315,75+317,93=633,68 cm’

J,=J, +J, = Jj.yl +abF' + Jj_iyz +a,b,F"

Jo =0+abF' +J" , +a,bF" =602,5cm’

Xéc dinh hé truc quan tinh chinh trung tdm

H¢ truc quan tinh chinh trung tdm 1a hé truc nhan dugc khi quay hé
truc trung tdm di mot goc a:
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2, 26025
J,—J, 633,68-32658

o1 = -12°30"; 0y = -102°30"

Xac dinh m6 men quan tinh chinh trung tam:

=-0,4578

1820, =

T+, 1
Do =P 0, ) 4
Jy+J, 1
J0 = T s =X2Y+2\/(JX —J,) +4J2%, =3407 cm’
Jy+J, 1
Jy =T i =X2Y—2\/(JX —J,) +4J%, =547,5 cm’

II1I. BAI TAP TU GIAI

Bai 4.1. Tim toa d¢ trong tAm cta mat cat nhu trén hinh vé:

J Ay

, Jem |

6cm

| B%
@)

[

ba

ba

(b)
Huéng din:

a) Chia mat cit 1am 3 hinh I, II va III

Str dung cong thure tinh toa d§ trong tam:

F=F +F"+F" =;6.3+6.6+;6.9=72 cm®

SV :SI +Sj1 +S;” :F[yé +F11yg +F111y111

X x C
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S = ;6.3.7 1 6.63+ ;6.9.6 ~333cm’

X

Ly, =223y g5 em
F 72
1 1 3
S =-—6.3.4+6.6.3+—-6.9.8=360 CM
b2 2
S
F 72

b) Chia mit cat lam 2 hinh I (Hinh vu6ng) va II (1/4 hinh tron)

Do mit cat ddi xing:

S =S -8"=(6a) 3a—(6§’) =364’

X

yo=x =00 _4651a

(6a)
4

6a.6a—r

Bai 4.2. Xac dinh vi tri trong tAm clia cac mit cat cho trén hinh vé:
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4a

|‘9>07

1

4a

}
]

Ja

Ba
EL
Q

(a)
(b)
Huéng din:
a) Chia mat cat lam 2 hinh I (Hinh chit nhat) va II (Hinh tam gi4c)

Do mat cit d6i xung: — x,. =0

F=F —F" :4a.8a—;2a.3a=29a2

S =8'-S"=4a.8a.4a —;2a.3a.5a =1134’

S, 1134°

X

=3,896a

YT F T 294
b) Chia mit cit lam 3 hinh I (Hinh chit nhat), II (Hinh tam giac)
va III (Ntra hinh tron)

Do mat cit d6i xung: — x. =0
1 /4 1 1 1 2 T 2
F=F —-F —-F" =4a8a——-2a4a——mna =|28—— |a
2 2 2

S =5 -5 =4a.8a.4a—12a.4a. 6a+g.2a —lﬂa2.4—a =984’
A 2 3 2 3
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S 9Ba 37084

Yy =
d (28—”)012
2

Bai 4.3. Xac dinh m6é men quan tinh chinh trung tdm cua cac hinh dudi
day:

— 20 -

1)/
|
] |
of - 4 1
T
S |

(a) (b)

Huéng dan:
a) Mit cit co 2 truc ddi xung 1a Ox va Oy

H¢ truc Oxy 1a h¢ truc quan tinh chinh trung tam.

J oo = 2a.(3a) B 2a.a’ =Ea4 _526.5 cm?
! A 12 12 2

J g g 3a.(2a) _a.(2a) =ia4 _ 108 cm*
’ ! ! 12 12 3

a) Mait cét co 2 truc d6i xtmg 1a Ox va Oy

Hg¢ truc Oxy 1a hé truc quan tinh chinh trung tam.

72'(4-61)4 2a.a’

Jo=J —J" = 244 12 2264" =990,36 cm®
e T ey 12

4a)  a.(2a)
J:J’,—J’,’:ﬁ( a) _a(2a) —11,8934* = 963,36 cm*
T T e 12
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Bai 4.4. Xac dinh hé tryc quan tinh chinh trung tdm va tinh m6 men
quén tinh chinh trung tAm ctia mét cit nhu trén hinh.

4cm

a=12cm  30cm

?y

c=

1%

h=18cm
50cm

Y
0/ 1

0
N P [ [
(a) ~12cm

(b)

Huéng din:

122

a) Tung do trong tdm C cua hinh dugc tinh theo cong thirc sau:

_S._ S-S

yC F FI _FII
y, =w=_1’272 cm

12.18-6.14

Trong tam C(0,-1,272)
— Tur d6 x4c dinh dugc h¢ truc quan tinh chinh trung tam XCY

J ooy 21812 4G o
2 12
J, =T -J"
Jo=g pE =128 090 10,18 - 6181484
/4 11 2 /4 6'143 2
T =gt B FT =200 130722.6.14 = 2271,302

J, =J —J"=3910,182 cm’

X



b) Tung d¢ trong tam C cua hinh dugc tinh theo cong thuc sau:
S S +S]

Y E TR
0+10.30.25

Y 7 12.40+10.30

Trong tim mit cit C(0,9,615)

=9,615 ¢M

H¢ truc quan tinh chinh trung tam XCY
40.12° 10.30°
+

J,=J +J!'= — 28260 cm*

J = +J"

s i F =220 g 61512.40 = 108375,148
30.10°

J =T b =

+15,385°.30.10 = 73509, 467

J. =J. +J" =108375,148 + 73509,467 = 181884,615 cm"*

Bai 4.5. Tinh trong tdm va tinh m6 men quan tinh chinh trung tdm cta
mit cdt nhu trén hinh,

y

O e=5c¢m

R=20cm
&
\@

Huéng din:

Trong tdm C clia mit ct:

x.=0
s S-S
Ve = F _FI_FII
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0—(—5).7zr2 15708
TR -7t 942,5

Trong tam C(0,1,67)

Xac dinh dugc hé truc quén tinh chinh trung tam XCY

=1,67 cm

Ye =

J,=J, =T = ”f ~ 2L 117810 cm®
Jo=J, =}

4
Jo=J +oF =R 67 R

ar

J' =T+ B =
: 4

+(L,67+5) .z

J,=J! —J" =107400 cm®

Bai 4.6. Xac dinh hé truc quan tinh chinh trung tdm va tinh mé men
quan tinh chinh trung tim ctia mit cit nhu trén hinh.

18cm

30mm
24cm L P/
6 3 10mm | /| |
- T
~
g

Q»X . <émm §
~ f

@) | 60mm |

Huéng din:

124

Toa d¢ trong tdm C ctia mat cit:
Ye =0
1 1
S, 3 AN

X, === :
F FI_FII




y, = 0-6.10.6 =-0,967 €M
18.24-6.10
Trong tam C(-0,967;0)

Xéc dinh dugc hé truc quan tinh chinh trung tdim XCY

Joogt g 218 610" s e
12
J,=J,=J
J=J +aF = 1824 | (0,967)".18.24 = 498067,96

10.6°

T} =Tl +alF" ==+ (0,967 +6) 106 =3992,34

J, =J! —J" =494075,62 cm’
b) Trong tAm cta mat cat

x.=0

yc:F

F=F +F"+F" =6.1+0,6.6+1.3=12,6 cm?
S =6.1.(-3,5)+0+3.1.3,5=-10,5

5. 7105 _ Sem

F 12,6 6

Ye =
Trong tAm mit cit C(0; _é)
6

H¢ truc quan tinh chinh trung tdm XCY

1.6 6.0,6° 1.3
+ +

J, =T +J" +J" = = 20,358 cm*
2 12 12

7l 1 )i/
J,=J, +J, +J,

=00 3s5-2) 61=2
12 6 6
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n_
J, =

0.6.6 +(2j .0,6.6=13,3

J;”=3'1 + 3,5+é .3.1=67—9
12 6 12

J,=J +J"+J" =113,05 cm®

Bai 4.7. Tinh khoang cach ¢ ciia 2 mat cit gdm 2 thép chir [s6 hiéu 30
duoc b tri nhu & hinh vé dé c6 Jy = J,.

A T)’ [y T)’
i, 77 7 %
0, X 0 X
(T 777 N 7
c b — Z)|—— I—L—
—] zol———|<——| c

Huéng din:
a) Oxy la h¢ truc quan tinh chinh trung tam
J =2.J'=2.5810 cm’

J,=2J' =2(J +aF')= 2(327 + [; + 2,52) 40,5}

J =J —c=1823cm

b) Ox va Oy la hai truc dbi xing — Oxy 1a hé truc quan tinh
chinh trung tdm

J =2.J'=25810 cm®

J =20 =2(J +aF')= 2(327 + (; - 2,52) 40,5J
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J =J,—>c=2831cm
Bai 4.8. Xac dinh hé truc quan tinh chinh trung tim va tinh m6é men
quén tinh chinh trung tim cia mat cat ghép boi 2 thép chir I N°24 bb tri
nhu hinh vé.

) V4 | Ay
_ 0 X - ]
N
Al g S\ gz,
c=12cm Tww
H.1
TN T
H.2

Huéng dan:

a) Oxy la h¢ truc quén tinh chinh trung tam

J =2.J" =2.3460 = 6920 cm®

J =20 =2(J +a’F')=2(198+1234,3)

J,=10418,4 cm’

b) Ox va Oy la hai truc ddi xtmg — Oxy 13 hé truc quan tinh
chinh trung tAm ctia mit cat

J,=2J' =2.198=396 cm’
J =2J=2(J +a’F')= 2[1;1 + (2 + 2) F’]
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J, =22580 cm*
Bai 4.9. Xac dinh hé truc quan tinh chinh trung tim va tinh m6é men
quan tinh chinh trung tdm cua mat cat ghép nhu hinh veé.
a) : Thép I sb hiéu 24
b) : Thép [ sb hiéu 24

pi ey
L 7R ZZZ 770 2v27/0R NN
— O] _ 0 I
g :
“,?L Kﬁ TN 777@ o L oo | o
T —‘I_ _ ¢c=25cm
(a) (b)

Huéng din:
a) Toa dd trong tdm ctiia mat cat:
x.=0

F=F +F"+F" =34,82+523=184,6 cm’

X X

S =S +8"+8" = 2.0—5.23.(224+2,5j ~-1667,5 cm’

y =S _TI667.5 g s em
F 184,6

Trong tam C(0;-9,033)
Xéc dinh dugc hé truc quan tinh chinh trung tam XCY

JY :2-.]; +J;” :2(‘]"1 +(§j .F1]+5.(2b)

12
J, =7766,73 cm’
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Jo =20 +J) =2(J +b]F )+ 2]1)25 +(224 + 2,5—9,033) 2b.5
J, =16275,73 cm*

b) Toa dd trong tdm cia mat cit:

x.=0

F=F +F"+F" =30,6.2+5.25=186,2 cm?

X

S =8 +8"+8" = 2.0—5.25.(224+2,5j ~-1812,5 cm’

-1
NS 1 S
F 186,2
Trong tam C(0;-9,734)
Xéac dinh dugc hé truc quan tinh chinh trung tam XCY

J,=2J,+J" =2\ J + é—zo F! +5'25
’ 2 12

J, =13144,728 cm*

J,=2J+J) =2(J! +b . F')+ 255

X

+b2.5.25

J, =14698,5 cm’

Bai 4.10. Xac dinh hé truc quan tinh chinh trung tdm va tinh mé men
quan tinh chinh trung tAm cta mat cit ghép boi 2 thép chir [ s6 hiéu 20
nhu hinh vé.
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Ay
a j W Y
0 _ X

&
O L y,
"1? P O
)

T

| . c=20em

Huéng din:
a) Ox va Oy la hai tryc d6i ximg — Oxy 1a hé truc quén tinh
chinh trung tam cuia mit cat
5.20°
12

J,=2J+2]" =2(] +a’F')+2

J, :2(1137{220—2,07) .23,4)+25'1220 =9835,68

J,=9835,68 cm’

J =20 +2J" =2.1520+ 2(2(1)‘25’

+(10+2,5) .20.5)

J =34706,66 cm*

X

Bai 4.11. Xac dinh cac m6 men quan tinh chinh trung tdim va phuong
cua h¢ truc quén tinh chinh trung tam ctia mat cit nhu trén hinh. Biét a =
10 cm
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4a

2a

6a

| ¥

Pap s6:
J =38,64.10° cm*; J =10,4.10° cm4 ; oy = -29° ; o = 61°

Bai 4.12. Xac dinh hé truc quan tinh chinh trung tdm va tinh mé men
quéan tinh chinh trung tim ctia mit cit cho nhu hinh v&.

50mm
1
9mm V |
g
S
A _9£7m r
f

Huéng din:
M6 men quan tinh trung tam: Jy, Jy, Jxy
J =J +J"+J" =214,5 cm®
J,=J +J" +J" =62,34 cm’
J,=J +J" +J" =-90,1 cm’

Phuong cua h¢ truc quan tinh chinh trung tam:

2J
120 =———"—=1,189
J —-J

y
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a, =24°55'
a, =114°55'

M®& men quén tinh chinh trung tdm

Iy = +1\/(J.x ~J,) +4J2 =252 cm’
2 2 ) )
min = J" +Jy _l (J\ _‘]v )2 +4Jf == 25 Cm4
2 2 ’ ’

Bai 4.13. Mot thanh ghép gém 2 thanh dinh hinh nhu trén hinh. Xac
dinh m6 men quan tinh chinh va phuong ctia hé truc quén tinh chinh
trung tam.

NO18
W N
@/N 924
‘ Y
§
L N924
s N AN\
90x90x 18 (b)
(@)

bap s0:
a)J =1679 cm*; J =257 cm*; a1 =8°57" ; o = 98°57°
b) J =7698 cm*; J =3098 cm*; oy =-33°38"; 0y = 56°52°

Bai 4.14. Mot thanh ghép gdm 2 thanh dinh hinh ¢6 mit cat ngang nhu
trén hinh..

Xéc dinh m6 men quan tinh chinh va phuong cua hé truc quan tinh
chinh trung tam.
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100x63x10 N 20
N N/

T
Huéng din:
Xéc dinh trong tim mat cat

S*’ cm; Sy cm
Yo = =215 OM i x =22 =0

M6 men quan tinh ddi voi hé truc trung tdm

J =3055 cm*
J, =670 cm*
J_ =-566 cm’

xy

Phuong cua h¢ truc quén tinh chinh

2
1920 =~ = 0,475

@, =12'42' 0, =102°42"

M®& men quén tinh chinh trung tam

J.+J, 1 > ;
max: 2 +2\/(JY_JV) +4JX,\" :3183 Cm4
i = Lx 1 (J.-J,) +4J2 =543 cm’
2 2 ’ :
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CHUONG 5: THANH TRON CHIU XOAN THUAN TUY

I. TOM TAT LY THUYET

1. Mot s6 khai niém co ban
a- Khai niém thanh chiu xoén thuén tuy: 13 thanh ma trén moi mat cét
ngang cua n6 chi c6 mot thanh phan ndi lyc [a mémen xoan M.

M, >0

»

b- Ung suit tai mot diém bat ky trén mit cit ngang:
LM
TP

P
Trong do:
J, :Mémen quan tinh ddc cuc cua mat cat ngang.
P : Khoang céch tir diém can tinh Gmg suat dén trong tim mit cit.
c- Biéu do tng suit tip trén mit cat ngang

Can ctr vao biéu thirc tinh (g suat trén ta biéu dién quy luat phan
b6 cua Ung suit tiép trén 1 mit cit ngang bang bicu do goi 1a biéu dd
phan b Ung suét tiép trén mat
cit nhu hinh vé. |

B
>

pITI ax
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d- Ung suit tiép 16n nhit trén mdt mit cit ngang:
p— MZ p— MZ
Tpmux -, pmax I

J w

P p

9 A J s 1 A A < 5 - <
oday W =22 duogc goi la mémen chong xoan cia mat cat ngang
p R

- Vi mit cit tron dic dudng kinh D thi:

J, D’

p

" D2 16

- Véi mat cat tron rong dudng kinh ngoai D va hé s rong n thi:

W, =22 (1)

e- Bién dang xoin 0 :

Mz
GJ,
Trong do:
- Tich s6 GJ p duogc goi 1a do cung chéng xodn
4
- V&i mit cit tron dic dudng kinh 1a D : J, = ﬂ£

- V6i mit cat hinh vanh khan (tron réng) duong kinh ngoai 1a D,
duong kinh trong 1a d thi:

zD* zd* D! aY
L L i e
32 32 32 D

Tisd 4 =n goi 1a hé so r5ng cua mat cat ta duoc:

D
D4
o= (177)
N D*

f- Goc xoin twong ddi gitra hai dau thanh ¢
Thanh c6 n doan, trén mdi doan Mz, GJ, bién thién lién tuc
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I
n i MZ
¢ =ZJ(GJPJ_ dz
* Trudng hop riéng: Thanh c6 nhiéu doan, trén mdi doan Mz, Gl la
héng s6
LM,
¢ = ;(GJ : )i

h. Tinh toan 10 xo xoan oc hinh tru bwdc ngan

* C4c thong so ciia mdt 16 xo
Trén hinh v& 1a mot 16 xo xodn d¢ hinh try. Lo xo ndy cé cac dic
trung sau:
- D 1a duong kinh trung binh cua 10 xo
- d 1a dudng kinh cua day 10 xo
- h 1a budce cua 10 xo
- n 14 s6 vong day 1am viéc cta 10 xo

O day ta chi xem xét mot 10 xo budce ngén, teclah <2d

P

* Ung suit 16n nhat trén mit cit ngang day 1o xo
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_8PD

" nd?
Cong thire trén da bo qua do cong cua day 10 xo. Véi cach tinh
chinh xé4c hon, c6 tinh dén d6 cong va nghiéng vong cua day 10 xo, thi

T

cong thirc Tax s€ la:
— 8PIZ3)
nd

Trong d6 k 1a hé s6 diéu chinh tinh theo cong thic:

§+0,25
k=*—
|
d
- P9 co dan (do Iin ) cia lo xo : A
3
/1:8PD4n
Gd

Ta goi tri s6 cua luc tac dunglam 16 xo co hay dan

ra mgt don vi 1a d¢ cing cua 10 xo va ky hi¢u la C ',/II///////

thi:
4
A 8D’n

i ) Di€u kién ben :

Mz
max‘r —

S[T]

pmax‘ =

P Imax

Trong do :
max ‘Z’ pmax‘ Ung suét tiép 16n nhat trong thanh

[1] Ung suét tiép cho phép cd hai cach xé&c dinh:

* Bang thuc nghiém

T Y .2 [ g 1 oA
[r] =-2 1,14 Ung suat tiép nguy hiém x4c dinh tir thi nghiém
n
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* X4c dinh dya vao cic 1y thuyét bén: ta tach ra khoi truc mot phan td
nguy hiém, c6 7 ,max PhaN t6 nay thudc trang thai trugt thuan tuy.

Phan t0 nay co:

O1= Tpmax
O — 0
O3 — " T pmax

Theo thuyét bén s6 (3): [T]t3 U

2
lo]
Theo thuyét b 4 =
eo thuyét bén sb (4): [] \/§
Theo thuyét bén Mo:
_ldl,
[T]IMO - 1+a
trong d6 o = ﬂ (c)
o

n
j- Diéu kién cirng
Theo tung diéu kién cu thé ma diéu kién cling co6 thé 1a mot trong cac
diéu kién sau :

{3 | 10

e ij( J 02 <[p]

i=1 0

<[]

“pkm

Trong d6 ¥ 1a chuyén vi ciia mit cét K nao d6

138



I1. CAC BAI TAP GIAI MAU:
Vidu 1: Mot tryc tron chiu xo04n nhu hinh v&.

M:=300N.m m =100 %o @ M:=200N.m

B Z
X d (cm)
0,7m 1,5m

MZZ(Z)W” M.

||||IIII|||||||"""""ﬁ"""l"""

200(N.m)

50(N.m)

M:(N.m)
250(N.m) a

y
Yéu cau: a) Ve biéu d6 ndi luc cho truc.
b) Xac dinh tng suat tiép 16n nhat trén truc.
¢) X4c dinh gb xodn tai dau ty do biét G = 8.10° (KN/cm?).
d) V& biéu do tmg suat tiép trén mit cit ngang tai dau ty do.
Bai gidi
a) V& biéu dd ndi luc.
- Chon hé tryc oxyz nhu hinh vé.
- St dung phuong phap mit cét ta co:
OA(0O<z <0,7/m)
>M, =M, +M, +mAB-M, =0
=M, =M, -M, —m.AB = 200—-300-100.1,5=-250 N.m
AB(0,7m<z<2,2m)
>M,=M,,+m(0B-2z)-M, =0
=M, =M, —m.(OB — z) =—100.(2, 2 — z) + 200
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<=>M,, =100z -20 (bac nhat)
.Tai z=0,7m=>M,, =50N.m
.Tai z=2,2m=>M,, =200N.m
b) Xac dinh tng sudt tiép 16n nhat trén truc
- Vi thanh c6 tiét dién khong thay d6i nén mat cét co ung suat 16n
nhat s& 1a mat cat co tri s6 tuyét déi momen xoan 16n nhat.
- T biéu d6 momen xo0idn M, ta théy mat cit ¢c6 momen xodn la
mit cit cO My maxla cac mit cit thudc doan OA, ¢6 M, max = -250
N.m=-25 KN.cm

- Vay ta c6 ing suét 16n nhét:

Mzmax Mzmax 16Mzmax 16'25 KN
Tomax = W = FE = FE = 10° =0,13 —
b TT. TT. TT. cm

) Xac dinh goc xoan tai dau tu do (diém B)

- Theo hinh veé ta co:

0= =gt _le.O_AJrTMZZ.dz
s = Pop + P =
B B A AB G,Jp o G,\]p
4 4
3 =720 81 3(em?)
T2 @2
25,70
=210 _ 5 9310%(rad
Yon =8 10°981.3 (rad)
2,2
P = | 1022208 L (6072 _p07) " - 1855 39.10%(raq)
)6, GJ, v 810°9813

- Vay ¢, =-2,23.10%+2,39.10™" =0,16.10*(rad)
d) V& biéu d6 phan bd mg suét tiép trén mit cit ngang tai dau tw do
(tai B).
- TaiBtaco: M~200N.m duong nén 7, theo chiéu kim déng hd

- Gi4 tri mg suat 16n nhat trén mit cat tai B 1a:

(B)
o _M® 2016 0’102( KN j

W, 210° cm’
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=> Ta c6 bicu d6 phan bo tng suat nhy hinh veé:

Tpmax:o,loz (kN/cm?)

<A\

|
Vidu 2: Cho tryuc chiu xo0dn nhu hinh v&

a) Kiém tra diéu kién bén va diéu kién cimg cho truc biét
M=1,5KN.m; D=10cm; d=6cm; [t]=80 MN/m? [6]=1,2
(°/m); G=8.10* MN/m?

b) Xac dinh tai trong cho phép cho truc

AM ) 5M
M |® e | | %
] { [a] ( ]
& ] \ [ 7
IS 7 o A
l@ «
3a 3a 2a
AM 5M M
Y Ve 2
T (G-
L4 L4 (1)
M aMm | Mo, 2
Ag ] @
v
@
M M
= [©)
I -
“1®
2M
QNS ®
3M H

"
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a) Kiém tra diéu kién bén va diéu kién cimg cho tryc

* V& biéu d ndi luc M,

- Chon h¢ truc Oxyz nhu hinh vé

- Sir dung phuong phap mit cit:
OA(0<z<2a):> m,=M,-5M +4M -M =0=>M, =2M
AB(2a<z<5a):» m, =M, +4M -M =0=>M,, =-3M
BC(Ba<z<8a):) m,=M,;-M =0=>M =M
=> Ta v¢€ duoc biéu d6 M,

*Xac dinh mat cit ngang nguy hiém ( Mit cat co ¢ max )

- Vi tiét dién va noi lyc trong mdi doan thanh khong thay d6i nén

ta co:
OA: (lr)nax — 32'\/:! _ 321?0 _7 1( KN j
i ( j z.d 7.6 cm?®
ag: 1@ - Mo _—48M _ 48150 3(mj
' pmax 3 3 3 ! 3
W 7.D z.D 7.10 cm
16
M
BC: @ = 3 M :16|\/l :16.1§0_354( KN]
K W, rd? zd 7.6 cm
16
- Sosanhtacod: z, . =z0 _71(KNJ [7]= S(KNZJ
m cm

- Nhy vay mit cat nguy hiém 1a mat cit ngang thuéc doan OA va
thanh dam bao diéu kién bén

*X4ac dinh bién dang x04n 16m nhét.

- Xét trong tirng doan tuong ung ta co:
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™G, (ﬂ.d“j “Grd' 810°76°

M
oa: g _Mu __ 2M 64M  64.150 :2’95.104(rad]
cm

32
M - - -
AB: g, =z M 9O 9?'1504=o,57.1o-4(@
r GJ,, G z.D*) Gz.D* 8.10°7.10 cm
32
M
p: g0, Mo M ___3M 32.31503=1’47_10_4(@j
G, G[;z.d“) G.zd* 8.10°7.6 cm
32

- So sanh ta co: 0, =6, =2,95.10"* (rad / cm)
- Trong khi do:

[9]:1,2(3}1,2. 4 (@jzz,uw(@j
m 18000\ cm cm

- Vay 0, >[60] => Thanh khong dam bao diéu kién cimg

b) Xac dinh tai trong cho phép cho truc

- Theo tinh toan & trén, ta da c6 Tp max V& 62 max , d€ thanh dam bao
dieu kién bén va diéu kién cing:

32M
Tpmax = W < [T]
64M
9 = < 9
Zmax G;Z'd4 [ ]
zd’[7] 7.6%8
Ms—0— M <———=169,6(KN.cm)
32 32
4 3 4 4
v <87d'lo] |, (810762110

=106,8(KN.cm)
64 64

< M <106,8(KN.cm)
Vay tai trong cho phép cua truc 1a [M ] = 106,8( KN .Cm)

Vi du 3: Truc truyén dong co banh A 1a banh chu dong,cong suit cac
banh rang 1a N1=15 KW; N;=8KW ; N3=7KW ;Nao=30KW
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Truc quay véi n =250(v/p)

N
N, &

2 23 23 23 a
M M, My M,
f A (1>| B (2)| f c (3)| D f 7
Xﬁ (l)l (Z)I (3)|
M My, M, M,
:—G—GI —=
M M, My,
- C v
$_ | 26,75
@(kN.cm)
57,337 %
87,9 7
y
KN
T|=6
716 =)
[60]=0,4(°/m)
a=0,6(m)
G =8.10* [ Ml;l j
Str dung cong thuc :
M (N.m) :—N (W)
w(rad/s)

Yéu cau :
a) Xac dinh duong kinh truc.
b) Xé4c dinh goc xodn giira 2 dau truc.
Giai:
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a) Xac dinh duong kinh tryc.

N )
Str dung cong thue M =— ta cé:
)

M, =N = 19000 _ 595 5N .m) = 57,33(KN cm)

o (7[250)
30

Tuong tu ta c6 M,=30,57(KM.cm)

M3=26,75(KM.cm)

Ma=114,65(KM.cm)
-Str dung so dd hoéa so dd lién két va chiu luc nhu hinh v&
-Str dung phuong phép mit cét ta c6 :
+AB :Z:mZ =M, +M,=0=M,, =-M, =-57,33(KN.cm)
+BC:Y M, =M, +M,+M,=0=>M,, =—(M, + M,)
< M,, =—(75,33+30,75) =87,9(KN.cm)
+CD: Zmz =M, -M,=0=M,; =M, =26,75(KN.cm)

= Ta ¢ béu d6 momen xodn nhu hinh vé .

+Xac dinh mit cit ngang nguy hiém

Vi tiét dién thanh khong doi nén mit cat nguy hiém 13 mat cat co
Mzmax,tir bieéu do cho thay mat cat nguy hiém la cdc mat cat thudc doan
BC vi ¢ Mzmax=87,9 KN.cm

Taco:
M, .. 16M,
Fomax = W, T ad®
M 32M

Zmax __ Zmax

0 =
™Gl Gad

Theo di€ ki¢n bén va diéu kién cung:

d> o[ 2OMom _ §/16'87’9 —4,2(cm)
{rpmax <[] (7] 7.6
&
0 ... <0
s S g e | S2ETS gy
Gz[6]  \8.10°7.6,98.10
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Trong do :

T
18000
So sanh chon duong kinh thanh d =6,3 (cm)

[6]=0,4(°/m)=0,4. (rad /cm) =6,98.10°(rad / cm)

b) Xac dinh goc xodn giita 2 dau truc

Vi tiét dién truc khong ddi va ndi luc M, khong doi trong mdi doan
thanh néntaco :

@ =Pog = Png T Pac + Pcp

= MZl '2a+ MZZ '2a+ MZ3 .232 2a '(M21+M12 + Mz3) = 64a4 '(le+M22 + Mz3)
GJ, GJ, GJ, GJ, Grd

= —6§'60 —-(-57,33-87,9+26,75) = -0,012(rad)
8.10°76,3

Vi du 4: Xac dinh m d¢ truc can bang ,v€ bi€u d0 momen xoan va tinh

gdc xoén gitra 2 dau truc.Cho G =8.10°N/cm? D=8(cm) , :% =0,8

8000 N 4000 Nm ﬁ
-9 @
X /
80(cm) 60(cm) 80(cm)
M, My, BOOKNCem 400 kNem
- (€} (2
B C
— _‘_ _____ _‘_ —— —
W @ N/ SP
. Z
Mz3 400 kNcm,
®)
3
1200 (kNcm)
S @
|I 400 (kNcm)
yY

* Xéc dinh m dé tryc can bang.
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- Chon hé truc Oxyz nhu hinh vé.

- B¢ tryc can bang:

" m, =m8 800400 =0 > m = 220 :15(KN-ij
80 cm

V& biéu dd momen xoén.
-Str dung phuong phap mit cét ta co:
OA: Y 'm, =M, -mz=0&M, =mz=15z

Taiz=0=> M,=0
Tai z=80 cm => M;;=1200 KN.cm

AB:»'m,=M,, -800-400=0<M,, =1200KN.cm
BC:>'m, =M,; —400=0<M,; =400KN.cm
+ Tinh gc xoan giira 2 dau cua thanh:

80
go—j Mat 474 M2 25, Moo g
G, Gl GJ

P

60+——.80= +
GJ 2GJ,| G

80
IlSz 1200 400 . 1522 | 104000

p P P

Vi

4 4
cJ =G.=2 (-7 )=8103”8

P

(1-0,8%) =1898348, 6KN .cm?

Ta co ¢ =0,08 (rad)

Vi du 5: Xac dinh tai trong cho phép cho thanh tron sau. Biét:
[7]=4(KN /cm?);[#]=0,3(°/ m); G =8.10°(N / cm?); d = 6(cm)
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@ M Mg
- I / I(Z) /
_ 9_____‘\‘__ A___n_k B
g
[0 7 o7
— Za et a L
M, M Mg
A o/~
7 lo Y
M, Mg
@ /7
—-
@ )

Giai:
- Chon hé truc nhu hinh vé.
- Biéu dién phan lyc lién kiét tai B 1a M.
- Sir dung phwong phap mait cat ta co:
OA: Y M, =M, +M-M; =0=M,, =-M + M,
AB:>'m,=M,,-M; =0=M,, =M,

St dung cong thirc tinh goc xodn ta co:
o= M, OAs M,, AB - (M, —M).42aJr MB.a4 _ 4a4
GJ, GJ, G 7(2d) G, zd"  Grd
32 32
Thanh bi ngam chit 2 dau nen goc xodn twong ddi giita 2 dau
thanh ¢=0

(gMB_M)

Viytaco:p=09M, - M =O:>MB:%
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le _EM
Thay vao M,; My ta co : N
MZZ :?
«Tinh tmg suit 16n nhét Tpmax
-8
oA:r  =Ma_ G M) _ 1em
'Tpmaxl 2d 3 d3
o (7r( ) ) Or
16
)
_ M, 9 16M
AB'TpmaX2= 2 — d3 :9 d3
@, (L) T
16
. _16M
T g

Theo diéu kién bén

. 97d® (7] _ 976%4
16

* Tinh bién dang xoan 16n nhat 6,

e <[7] &M & M <1526(KN.cm) (1)

-8
M
oA g My _ g M) __16M
"zl 4 4
GJ, Gr(2d)*  9Gxd
32

M
aBg Mo _ 9’ 32M
=Yzl 4 4
GJ, Grzd* 9Gxd

P
32

32M
VAy 0,0 = ——
a4y U max G7Z'd4

T

61=0,3(°/m)=0,3.
[] (*/m) 18000

(rad /cm) =5,23.10°(rad / cm)
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6.

max <[0] M <

Gzd*[0] 8.10°76%5,23° -
32 32
Két hop (1) va (2) => Tai trong cho phép [M]=53,2(KN.cm)

M <53,2(KN.cm) (2)

Vi du 6: Kiém tra diéu kién bén cho 16 xo va xac dinh chuyén vi thing
dung cua diém dat luc, biét:

P=0,5KN ; D=8 cm; d=1,5cm ; n=10 vong ;G=8.10°KN/cm? ; [t]=40
KN/cm?

150

(B6 qua anh huong cia lyc cit va do cong ciia vong 1ap)

F
O /277 2020
| 2a ——— & o]
Giai:
* Kiém tra diéu kién bén cho 16 x0:
- Tach nut lién két tai A ta co
P
A B
O N2l 22222222202222202202027222220222272727.
‘f N
N

D> .m =P3a-N2a=0=N =37P

Ung suét 16n nhat phat sinh ra trong 16 xo:



3P
8. — |.D
8ND ( 2 j 12PD
Tmax = 3 3 = 3
zd zd zd
- 12.0,5.8 ( KN ]
7.1,5° "em?

Ma [z]=4(KN /cm?)

Vay 7, > [2'] = Lo xo khong dam bao diéu kién bén
*Xac dinh chuyén Vi thfmg ding tai diém dat luc
Gia thiét khi biét dang hé thanh nhu hinh vé:

3 3
Taco AA'=/I=8ND n 12.PD°n

Gd*  Gd*

Taco:
AAT_OA _2a_2
BB' OB 3a 3
3 3
— BB =2an =D 1805810y
3 Gd* ~ 810°L5

Vay chuyén vi thang dimg ctia diém dit luc 1a 1,1 (cm)

Vidu 7: Cho mét truc chju xodn nhu hinh vé& 4.6a. Mt cit ngang cta truc
rdng voi hé sb rong 1a = 0,6. Biét My = 4,2kNm, M, = 1,2kNm, [1] =
4kN/cm?; [6] = 0,25°/m. Vit liéu c6 G = 8.10°kN/cm?
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/)
M/1/ MZA z
; e
X
A a C b B

yY

@ 1,2 KN
3,0 KN W
Hinh 4.5

Gidi: Biéu 36 momen xodn dugc biéu dién nhu hinh 4.5

T biéu dd ta théy mit cit nguy hiém thudc doan AC, voi

M;max = 3,0 KNm =300 kNcm

Tur diéu kién bén ta xéc dinh duoc duong kinh ngoai cia thanh la:

D>3 300 1 = 7,55em
0,2.4.‘1— 0,6 )
Ttr diéu kién ctng véi:
[0]=0,25°/m = ——.0,25rad /m = —.0,25.10 2rad / cm
180 180

ta xac dinh duong kinh ngoai cta thanh la:

D> 300 =14cm

101" 0251078.10°(1-06")
180

Vay ta chon duong kinh ngoai cua truc 1a D = 14cm va duong kinh
tronglad =0,6D =0,6.14 = 8,4cm
Vi du 8: Mot thanh tron AB chi xodn bdi momen M o> €0 kich thude va
lién két nhu trén hinh 2. Trén mat ngoai cua cac doan AC va CB theo
phuong 45°so v6i truc thanh ta do duoc bién dang dai ti dbi trén AC 1a
& =|g|; trén CB 12 ¢, =—|g,|. Biét rdng cac hang s6 vat liéu 1a E,G va

h¢ s6 Poisson 4.

152



1) V& biéu d6 ndi luc trong thanh AB va xac dinh gia tri M,

2) Xac dinh tri s6 a, / a,dé thoa man cac diéu kién trén,

MO
3 A < )
A % a5\ —m—1B
3 c ’
- & ot & -
Hinh 2

Bai giai
1) T%ang thai ¢ng suat tai mot diém trong thanh tron chiu xoan
thuan thly 14 trang thai truot thuan tiy va phuong chinh nghiéng voi
truc thanh mot géc 45°.Nén
0, = |O-3| = Trax
1

1
& :E[O-l_luO-S]:E\_Tmax +:uz-maxj :|80|_)Tmax

_leolE 1)
- 1+ u

Taco: 7, = M,
Wp
Tai doan 1, doan ¢6 duong kinh d, =2d;M,,, =7, W

Thay z,., tu (1)

ta duocC: Mo
' 3 A < ,
N 0 o 2
1,6|g,|Ed® A YT A5 (v — 5B
2(1) 1+ u ] C
(2) - 3 )
Tuong tu Xac
dinh dugc momen @
x03n noi luc trong y ¢
doan thir 2: z(2) HIHHHESH Mz(l)
0,2|e,| Ed®
Moo =0
3)

Biéu do noi lyc ¢ dang nhu trén hinh 2.
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Momen ngoai luc M, bang budc nhay trén biéu d6 noi luc Mz
1,8|e,| Ed®

1+ u
2) Bé thanh lam viéc thoa man cac didu kién trén , goc xoay cua

Mo = Mz(l) +Mz(2) =

mit cit tiép giap hai doan phai thoa man diéu kien lién tuc: ¢, = s

M M
20 _ 0% suy ra: a
GJ P

Gy a, =
Vi du 9: M6t truc tron ngam hai du chiu lyc nhu trén hinh 5-11. Biét
I=40cm, d=20cm, modun dan hdi khi truot cua vat ligu la

G =8.10°N/cm’, goc xoay tuong ddi giita hai mat cit A va B la
@, =0.01rad .

1) Xéc dinh ng suat tiép Ion nhat phét sinh trong truc

2) V& biéu do biéu thi goc xoay cua cac mit cit

d
41 yd R
7
cA L A - ( B__Rb

7 N
Z

y/ . 4l Y

Hinh 5-11
Bai giai :
1) Xac dinh momon phan lyc (hinh 11)
M. =M,

Ml 5MI 6M,|
—+ =

= 0
=G, G, Gy,
M, = 2M
Suy ra: ;’
M, ==M
c 3
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Y ,M /M N
c [ - ( ND
7 N
Al o, 41 I\

0,005ad

Hinh 5-12

e Tinh gia tri momen M

Lv.a
3

-2
_MAL G gm 2 31076,
3GJ, 3GJ, 4l

e  Tinhung suét tiép I6n nhat
2 1107°GJ,

M =M

MM DM 1GD

W, 2, 4L

Dpg =

Tuax =

102 =10*N /cm?

2MI
3GJ,

2) Goc xoay : @, =|p,| =

Thay M tur (1) ta nhan duoc:
@, = @, =0,005rad biéu d6 nhur hinh 12

Vi du 10 : Mot tryc tron gdm hai doan thang dudng kinh khac nhau,
cung mot vat liéu, ngam hai dﬁu, chiu x0dn béi momen M nhu trén hinh

Cho D =7cm,d=5cm,a=1,5cm; [r] = 6.10°kN / m*.

1) Xac dinh khoang cach x (khoang céch tir diém dit
momen M dén ngam trai) dé do bén cua hai doan truc nhu nhau.
2) Xac dinh gia tri momen M bao dam diéu kién bén,
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>
YIIITIIIIIIIIII 4 % U
<
N
'T\
NANNANNNNN
o

4?*

Y

Hinh 5-13
Giai :
1) Xac dinh khoang céch x hinh 13
ki hi¢u : doan c6 duong kinh D 1a doan I,d 1a doan II

phuong trinh can bang : M, +M,, =M (1)

Piéu kién dong bén: M—'|= M'I'I (2)
W W
D? 7d?
Trong do: W! == -w!' =72 (3
g P 16 P 16 (3)

Thay (3) vao (2) ta nhan dugc: M, =2,74M,, (4)
Giai h¢ phuong trinh (1) va (4)
{M,+M2+M {M,=0,733M

= 5
M, =2,74M, M, =0,267M ©

Diéu kién twong thich bién dang: ¢, =0
M;x M, @50-x) M,.100 _

| | 1l 0
Gl Gl GJ}
D* 7d*
Trong do: J) ="~ 3! ="
ORB a0 Je T Te Ty

Thay (5) (8) vao (7) ta dugc x=1,43m
2) Xac dinh gia tri momen M

biéu kién bén:



T = % <|¢|;M, =0,733M

P

0,733M.16
x7410°
Vi du 11: Cong x6n AB duoc gin cimg v6i thanh tuyét ddi cimg CD tai
dau A. Cac kich thuéc cho trén hinh 5-14. Xé4c dinh khe ho A va khoang
cach a dé khi ndi thanh 1 va 2 vao dau C va D thi cdc thanh d6 va truc
AB thoéa man diéu kién dong bén. Cho biét modun dan hdi E, modun dan
hoi trugt G =0,5E , (g suét cho phép [o] va [7]

<6.10* - M <5,5kNm

I=2a
8d
TP =
d
; /)
D
CAY —
<
| a | a@ dm
Hinh 5-14

Giai :

\ \ \ @ = ©)] = - AB =
Diéu kién ddng bén: © T [o]:n =[7]

e Thanh 1 va 2 chiu kéo béi lec N khi ndi thanh véi CD, thanh AB
chiu xoén bai momen xoén

M, =2Na
L8 _ 2Na
max WP
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e Xac dinh A tur diéu kién:
gpAztg(DA:(A—A')/a
_Na_ 4na
EF Exd?
M, , 2Nal
op=cl=
GJ, GJ,

4Na ( a’
Suyra: A =———| ——+1
y E7rd2(64d2 j

A, =Al

7d?

Véi N =[o] dan dén

[c]lal a

AZ?(W”} @

e Tinh a tir diéu kién 2Na _ [7]
P
3
suy ra:a = [e]W, _[r]327d 23 ol )
2N 2[c]xd [o]

thé 2 vao 1 ta duoc:
2
. 64[r]d {64[1-2] +1}
[e] { [o]

Vi du 12: Mot truc ngam hai dau chiju xodn boi momen M dit tai mat
cit gifra tryc nhu hinh 31. Mot nura truc c6 mat cit ngang hinh tron dac
duong kinh D, mdt ntra c6 mat cat ngang hinh vanh khan, duong kinh
ngoai cing D(bang dudng kinh phan tryc tron dic), duong kinh trong

. d
d(ty sO @ =—
(ty s6 D)

1) Khéng xac dinh cac momen phan lyc ¢ cac ngam, xac dinh
quan hé giita tri s6 tng suit tiép 16n nhat trén mat cit ngang cua hai nia
truc.
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2) Xac dinh wng suit tiép 16n nhét trén mit cat ngang ¢ hai nira

truc va géc xoay cua mit cit gitra truc ( mat cit dat momen xoin ngoai
luc M).

3) Ngam B phai xoay di mot goc bang bao nhiéu dé wng suat tiép

trén mit cit ngang ngam A bang khéng?

>
ANNNNNNNNNNNN
)
L1117777717777
vy}
D
I 1

Giai:
1) bat M, - Momen x0an noi lyc trong doan tron ( doan 1)
M, - Momen x0an noi lyc trong doan vanh khin ( doan 2)
Do gdc xodn ctia mit cat giita so voi hai ngam 1a nhu nhau
AR
Ta co:
Ml ML M, 3P
O - a1@ "M 10
Gl GJp M, J;

@

Ung suat tiép 16n nhat trén timg doan
M M 2 o _ leéZ)

1 .
T, = —- 7 = — = (2)
(€)) @@ (2) )
W WP Tz, MW

Thay 1 vao 2 ta co:
Ty _ MW 0,1D°.0,2D°(1-c) 1
7, MW 0,1D'(1-«%).0,2D°

Ty =%

2) Ap dung cach tinh d6 cing tuong duong ciia hé mac song song
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M, M, M MI M, MI
~ -~ - BRI ) @
C. C, C+C, GI® GIP GIP+GI¢
@)
M, =S M __ 49 _ 55 16km
1930 2 4" 1,59
9128,
D 16

(c6 thé giai bai nhu bai toan siéu tinh thong thudng)
Lap 2 phuong trinh:1 phuong trinh can bang tinh hoc va mot
phuong trinh bién dang bo sung
Gia tri ung suat tiép 16n nhit trong 2 doan truc
Ta) =Ty =3070N /cm?

Tinh goc xoay ¢ cua mit cat giira nhip
M) 2516120

_ Ml _0,006rad = 0,34°
¥~ G619 T 810°0,1.16°

Tudng tuong bo ngam B 1ap biéu thuc tinh goc xoan Ps
M (M —M)I
TG0 GI®
Pé cho tng suit tiép trén mat cat ngam A =0 thi momen xoin noi

luc trén doan (1) M, =M, =0.
Piéu do twong duong voi tao 1 goc xodn & ngam B
oo =M MI 4000.120
B

" GJ?  01GD(l-a’) 0,1.10°16°(1—0,8")
¢, =0,0158rad =1,15°
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III. BAI TAP TU GIAI :

Bai 5.1. V& biéu d6 momen xodn, tinh tng suit tiép 16n nhit va goc
x0én gitta hai d4u thanh. Cho G = 8.10° N/cm? (H.6 - 15)

970 Nm 3650 Nm

1460 Nm 1220 Nm
1 i i i \
L 1 y L !
Wy !_ 60 cm _!_ 80 cm y_!_ 60 cm y_! T
., _ 2
Ddp dan : tmax= 3,901 KN/cm* ; ¢ = 0,0119 rad

970 Nm

;
LB S

1220 Nm

Bai 5.2. V& biéu dd nodi luc M, tinh goc xodn twong ddi giira hai dau
thanh theo M, a, d, G. Biét D = 2d

a,

™

e 2o
Jti g

[

Dap an :

b

| a
T
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5M

HEEEEEEE
_—
H \2M M

go—-76

Gnd4

@M

b)

M

Bai 5.3.
a, Kiém tra bén va ctng cho truc tron: M = 0,5 KNm; D =10 cm; d=6
cm; [1] = 60 MN/m?; [6,]= 1,5°/m ; a=80 cm ; G = 8.10* MN/m?

- Xac dinh tai trong cho phép

M

\
2
<

D

]
|
|
|
|
|
:
g
|
|
I
I

b, Truc tron chiu lyc nhu hinh v&, biét: [t] = 50 MN/m?; [6] = 0,25 %/m;
G =5.10* MN/m?

- Xéc dinh duong kinh cac doan truc
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1,5 KN.m
9 KN.m 4 KN.m

a | 2a

a) M
[ ]]

(D

SM

8M

Tmax = 2,04 KN/cm? < [t ] = 6 KN/cm? thanh dii bén .
Omax = 5,1.10° rad/cm < [6] = 1,5 °Im = 26.10” rad/cm thanh di cimg

7,5M

3,5M

@ 1,5M

dy=53cm,;dc=915cm— [d] =9,15cm
Dp=9,14cm;D.=13,7cm — [D] =13,7 cm

Bai 5.4. Kiém tra d6 bén va do cimg cua truc tron biét [z]=3000 N/cm?,
[6]=0,5m,
G =8.10° N/cm? (H.6 - 17)

Tinh goc xoan tai B va C.
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1000 Nm
d VA

5000 Nm 2000 Nm
_ g = Il -
A o B ~ /K D
- )4 /
50cm / | 50 cm | 50 cm | 50 cm |

Hinh 6-17
Ddp an :  Tmaxas) = 2000 N/cm? ; Znaxee) = 2930 Nfem? ;g =
4,375.10% rad ; ¢c=5,9.10° rad

Bai 5.5. Xac dinh tai trong cho phép biét : D =10 cm ; 77=0,8;[1] = 50
MN/m?; [o] = 2,4°;

G =8.10° MN/cm*;a=0,5m

- Xéc dinh tai trong cho phép:

2a | a |

M
6M

AL

(R

Dap an :

9M
Mb = 96,5 KN.cm ; Mc = 644 KN.cm — [M] = 96,5 KN.cm

Bai 5.6. Xac dinh dudng kinh céc doan truc sau: [t] = 60 MN/m?% G =
8.10°N/cm? a=1m
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- Véi duong kinh vira xac dinh, tinh géc xodn twong dbi giita hai du
thanh

L0

3
Y

11500 N.m 800 N.m /4 600 N.m
¢f I o | E—

2a | a ! a |
Dap an :
20 KN.cm
60 KN.
EERCINN / em
[d] =2,57 cm
o = 0,024 rad

5.7. Xac dinh duong kinh truc biét: M; = 1200 Nm: M, = 2600 Nm: Ms
=800 Nm:;

a=1m;[t] =8 KN/ecm? [¢]=3°; G = 8.10* MN/m?

/n paVaWaVaVaVaVal /_j
— 7171 /L7t t71+71
2a

4a C‘ 2a %D 2a VT;—T
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120 KN.cm
80 KN.cm

~_| éa

dy =447 cm ;dc =481 cm — [d] = 4,81 cm

I

5.8. Kiém tra d¢ bén va do clng truc tron c6 dudng kinh d = 6¢cm, [7]=
2000 N/cm?,

[6]=0,4°/m, G = 8.10° N/cm® .Banh A 1a banh chu dong (H.5 - 18)

18 KW
4 KW -

BKW 3 kw

s [ ] wm 1w
—]dx "<
7z &t L 777 | | 777

© —  n=150

vong/phat

Hinh 5-18
Dap an :

Tmax = 1655 N/cm? ; Omax = 0,394 %/m

5.9. B phan ham cua can truc c6 ciu tao nhu trén hinh (5-19).
D =300 mm, d =30 mm, | =400 mm.

Xéc dinh Gng suat tiép 16n nhit va goc xodn cua truc khi luc ép 18n mé
phanh 13 800 N, hé s6 ma sat gitta méa phanh va banh ham la f=0.4.

] o QO
72007, D 77,

Hinh 5-19

DPdp an:  tmax= 1775 KNlcm®; 9 =0,34° =21 °
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5.10. Nguoi ta dat mot tenxdmét theo phuong xién goc 45° voi dudng
sinh cua mot truc tron bi xodn. Khi momen xoén taing AM = 9000Nm
thi d§ gian cua tenxdmét tang thém

As = 12mm. Biét hé s khuéch dai cia tenxdmét k = 1000, chuan do s =
20mm, | = 1m,

D = 12cm, d = 8cm. Xac dinh mdduyn dan hdi truot G va gia sb goc
xodn ¢ cua truc (H.5-20)

M ) M

s

0
/]

Hinh 5-20
Pdp dn: G =2,72.10° Nfem?; ¢ = 6°52°
5.11. X4c dinh gid tri momen xo0dn M tac dung vao truc, néu bﬁng tam
dién tro ta do dugc bién dang tuwong dbi theo phwong xién goc 45° ddi
v6i duong sinh ( H.5-21)

g, =30.10°
g, =34.10°
Cho: E=2.10" N/cm?% 1 =0,3
a) b)
y4
1S e () NG o
%}% %AJ% A ﬂ”j?
1 Y A <, ¥ S '5 e
Hinh 5-21

Dapan: a) M =24900 Nem  b) M = 616000 N.cm
5.12. Hai truc c6 cung chiéu dai, cing trong lwong va cung vat liéu.
Truc dic c6 duong kinh D va truc réng c6 duong kinh d, ¢é ty so:
d

a=—=0,6
D
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Tim ti s& mémen xodn dé tng suét tiép 1on nhat trén cic mat cat
ngang cua ching bang nhau. So sanh do cing gitra hai truc.
DPé do bén cua truc rong bﬁng dd bén cua truc dic, co thé giam trong
lugng cua nd xuodng bao nhiéu?
Pdpan: M IMA =17 ; Trucrong gidm dwoc 29,6 % .
5.13. Mot tryc didc va mot tryc rdng cé trong lwong bang nhau va chiu
cung mdt momen xoan. Truc rong c6 duong kinh trong 75% duong kinh
ngoai.
So sanh tng suat tiép 16n nhat trén hai tryc.
Pdp an : tmatma = 2,35
5.14. Bé giam trong luong ctia mot truc dic xudng 25%, nguoi ta dem
gia cong thanh rong cé duong kinh ngoai bang 2 lan duong kinh trong.
Hoi truc c6 da bén khong néu Ung suat tiep 16n nhat trén truc dac bang
5600 N/cm? va tmg suét tiép cho phép [z]= 600 N/cm?.
Bdp an : tmax =5970 N/cm?
5.15. Nguoi ta dem mot truc dic duong kinh 20cm gia cong thanh rong
c6 duong kinh trong bang 0,6 1an duong kinh ngoai.
Xéc dinh dudng kinh ngoai cua truc rong sao cho ung suat tiép 16n
nhat cia ching bang nhau.
So sanh trong luong gitra hai tryc.
Daipan: D=21cm;d=12,6cm ; QdQr=142
5.16. Mot bo phan tién trong cé ciu tao nhu hinh (5-22). Tinh duong
kinh d cua tryc lap sao tién néu cong suat cua dong co dién bang 10kW,
hé s6 hiéu suat 1 = 0,8, n = 60v/ph,
| = 1600 mm, 7] = 4000 N/cm’.

Tinh goc xodn cua truc, biét G = 8.10° N/cm?.

Hinh 5-22
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Dapadn: d=1545 ; ¢=1°39°
5.17. Hai doan truc dic va rong dugc ndi voi nhau bang khop li hop.
Truc nhan duoc cong suat N = 7,5 kW sé vong quay n = 100vg/ph. Tinh
kich thuéc mit cit ngang ciia hai truc, biét [r]= 2000 N/cm?. Ti s6 gitra

N 1
duong kinh trong va ngoai cua truc rong bang > (H.5-23).

:

|

\
B

|
'

dy

d,

L
S
>
G
)
w

Ddapdan: Dz;=57cm ; D=58cm ;d=29cm.
5.18. Mot truc dic c6 duong kinh bang 10cm chiu tac dung moémen xoan
M. Xac dinh kich thudéc mat cat ngang cia ciia mot truc rong c6 cung
chiéu dai, cung do bén va do cing bang 1,5 lan d6 cing cua truc dac
trén.

So sanh trong lugng gitra hai truc.

Dapan: D=15cm ;d=13,7cm ; Q/Qr = 2,68

5.19. Xéc dinh duong kinh cua hai truc (H.5-24) biét [¢]= 2000 N/cm?,

[6]=0,3%m,
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N =22 kW, n; = 1200 vp/ph, D; = 150 mm, D, = 290 mm, N; = 0,6N,

2
Hinh 5-24

N2 = 0,4N.

Dapdan: di=45cm; dy;=4,7cm
5.20. Truc AB mang 4 puli. Puli 1 nhan duoc cong suat bang 118kW va
truyén cho puli 2, 3, 4 cac cong suat 1a N, = 51,5 kW; N3 = 40,5 kW; N,
=26 kW. Xéc dinh duong kinh cta truc néu

n =720 vg/ph, [z]=3000 N/cm? (H.5-25).

Néu sap xép cac puli mot cach hop li theo hinh b thi duong kinh cta
try s& giam xu6ng bao nhiéu lan ?

a) 1 2 3 4
A B
A A\Y DAY
X X X X I
ke o) k< kcd
n= 720 vong/phut
b) 2 1 3 4
A _I 5
Ay Ay QDAY

i
i
§‘

Hinh 5-25
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Dap dan: dy=6,4cm; dp =53 cm; Duong kinh giam 1,21

lan .
5.21. Hai truc dudng kinh bang 7,5cm va 10cm duoc ndi véi nhau bang 6
bu long c6 dudng kinh biang 20mm. Xac dinh cong suat co thé truyén dén
hé¢ truc néu vat ligu 1am dinh c6
[z],= 2500 N/cm? va truc ¢6 [], = 6000 N/cm?. Truc quay 120 vp/ph.
Tam dinh ndm trén dudng tron dudng kinh 25¢m (H.5-26).

Dapan: N=0635KW
5.22. Hai truc duong kinh bang 10cm dugc ndi voi nhau bang mat bich.
Céc buldéng ndi c6 duong kinh d = 2cm. Xéac dinh s6 buléng can thiét néu
chung duoc bd tri trén mot duong tron duong kinh 20cm. Ung suat tiép
cho phép cua buldng bang N/em? va truc bang 6000 N/cm?. (H.5-27).

S — L=
/IM
Fo—f;;— : ? | S 5 (7%
Ty) B o M ?—’1 I o
/
- === igl
Hinh 5-26 Hinh 5-27

1. Dapadan: n=10bulong.
5.23. Mot thanh thép chir [ N = 22a chiu momen xo0dn M = 240 Nm.
Tinh tng suat tiép 1on nhét trén mit cit ngang.

Pdp dn : Tmax =3160 N/cm?

5.24. Bién chi duong gdm c6 mot cot rong duong kinh trung binh Dy, =
15cm va mot bién kich thudc nhu trén hinh (5-28). Ap luc 16n nhét cua
gi6 thoi vudng goc 1én bién, gia thiét phan bd déu bang 2000 N/m?.

Xac dinh chiéu day t ciia dng sao cho ng suét tiép 10n nhat trén mat
cit ngang khong duoc vuot qua 3000 N/em?.

Tinh goc xodn tuong doi cua cot.
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Hinh 5-28

Dapan: t=23mm; 6=0,00453 rad/m
5.25. Tinh duong kinh cua thanh AB biét [z]= 4000 N/cm?, [0]=
0,25°/m, G = 8.10° N/cm? (H.5-32).

/,IGOO Nm 800 Nm
yd
— 0 —®& —\
0,5m | 0,5m /_!_ 1m
Hinh 5-32

Dapdan: d=6,3cm
5.26. V& biéu dd6 momen xo0dn va tinh tng sudt tiép 16n nhit trén cac mat
cit ngang nguy hiém cua truc tron nhu hinh trén hinh (5-33).

3M
Pd M
| 4
T %ﬂ——r%fk———
| I | R | e

Hinh 5-33
Ddp an : tymax =3460 N/em? ( Trén doan c6 dwong kinh lén .)
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@ 0,666M

0,334M

2,334M

5.27. Mot truc thép mot nira ¢6 mat cit ngang hinh vudng, ntra con lai la
hinh tron. Xac dinh khoang cach Z, dé momen phan luc tai hai ngam
bang nhau. Néu M = 600 Nm, d = 4cm,

[z]= 4500 N/cm?, thi trong truomg hop d6 truc c6 di dd bén khong ?

(H.5-34).
) = ZiN

Zg

Hinh 5-34
1. Pdapdn: Zo=0,6751( Trén doan truc mat cit vudng )
Tmax = 6380 N/em? Truc khéng dii bén

5.28. Truc AB, duong kinh D, c6 khoan mot 16 doc véi duong kinh d =
0,5 D tir ddu bén trai. Xéc dinh gia tri cia D biét [7]= 6000 N/cm?. Truc
chiu nhitng ngau lyc xoén nhu trén hinh 5-35.

3M = 150kNm  M=50 kNm

o - F 1/"}%/{
Jet - U
4a / | 2a 7 | a
Hinh 5-35

Dapdn: D=20cm.
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5.29. Hai dng ddng va thép duoc 16ng vao nhau va gin cimg hai dau.
Ong chiu tac dung cia momen xoan M = 3000Nm. Xac dinh tng suat
tiép 16n nhat trén mit cat ngang cua mdi ong (H.5-36).

G = 2G4 = 8.10° N/cm?,

M
M ]
:
T Jyo 4y ] vy
o
—

— Theép —
Hinh 5-36
Pdpdn: : 1ph=2600N/ecm?: 7, = 1180 N/cm?

5.30. V& biéu d6 mémen xoan cla cac thanh chiu luc nhu hinh 5-37.

c
2Glp 8¢ om 5cm M
£ |~
B {
o H¥
al a a
UD

M=10°Nm;a=05m
A=12mm;G =8.10° Nicm?

Dap an :

1189 Nm
a) b)
0,5M

? % 1000 Nm
0,5M

1,5M

5.31-36. Xéc dinh cac dai lugng theo diéu kién ghi trén hinh 5-38 + H.5-
43. Cho E = 2.10" N/cm?, G = 8.10° N/cm?
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Hinh 5-38
Pdp an:  tmax = 3060 N/cm?; oy = 2180 N/cm?

0,8m

\,\7

d

Hinh 5-39
Pdp én : tmax = 7500 Nfem?; oy =370 N/cm?® ; gps=1,14°

§ M=80Nm 2M
i =]
/
0,8m 0,4m
| -
Tmaxi = 75 O =7
Hinh 5-40
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Dap an :

o1 = 1000 N/cm?

Mo

V/

2F

Tmax = 10000 N/cm?;

2a

a 2a
. S i
Tmax = 5 o= F= &4
P = ?
Hinh 5-41

o= 33 M/zd® ;o=

r r M
Ddp an : tmax =0,052.— ;
M.
0, 45 M/ﬂ'd3; PAB= 0’57_61154

0.2m

a
S
N %0

¥

pa
L

D

oy = 125.107 F, = 2cm?

Atl = 800C ; Tmax = ?

61= 7, Pcp =7
Hinh 5-42

Dép dn :  tyax = 4020 N/cm?; o, = 1340 N/em? ; ¢pcp =

0,213°
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0,5m

_ 0 — o _
Traxtiin = 2 PEF = 2 Q= ?

Hinh 5-43

Pdp an:  Tmaa = 4680 N/icm?  Tmau = 7420 N/cm?;

=8830 N/cm? :

TmaxllI

5.37. Tinh mg suét trong lo xo 1 va 2 khi ndi 10 xo v6i thanh AB. Biét:

A =0,5cm, D; = 6¢cm,

d; = 1cm, ny = 10; D, = 5em,
d,=0,8cm, n, = 8§,

G = G, = 8.10° N/cm? (H.5-46).

— .+

2l | !

; |
i

Hinh 5-46
Pdp én: 1 =1630 Nfem? 7, = 5240 N/cm?;
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CHUONG 6: UON PHANG THANH THANG

6.1. TOM TAT LY THUYET
6.1.1. Pinh nghia:

M6t thanh chiu udn 132 mot thanh c¢6 truc bi udn cong dudi tac
dung cua ngoai lyc. Nhirng thanh chiu uoén duogc goi la dam.
Dam 12 mot bd phan thudng gip trong cac cong trinh hay trong cic may
moc

Thi du: Dam chinh ctia mot cai cau va truc cuia banh xe héa nhu

hinh 5.1
P lP

Hinh 6.1
6.1.2. Thanh chiu uén thuin tiy phing

a. Dinh nghia

Mot thanh chiu ubn thuan tiy phang 1a khi trén mat cat ngang
ctua thanh chi c6 mot thanh phan mémen uén My (hodc My) nam trong
mat phang quén tinh chinh trung tam.
b. Ung suit trén mit cit ngang

Tai diém bat ky trén mdt cat:

Trong do:

M, 1a mémen udn trén mit cit ngang

Jx 1a moémen quan tinh ctia mat cit ngang d6i véi truc trung hoa

y 14 tung d6 cua diém can tinh Ung suat. ing suét tinh dugc néu
mang ddu duong (+) 14 tmg suat kéo, néu mang dau am (-) 1a ung suit
nen.
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Ung sudt lém nhat trén mdt cdt ngang:

nén

Oz max

ynmax

Mx

i

>
+
L
kéo
O’z max
Ty
Hinh 6.2
- Mit cét bat ky:
k Mx k )
max J W/)Lk
n M y X
max J max W\,n
Trong do:
Jooo
Wi =W =

k
Vo
duoc goi 1a mémen chong udn cuia mat cat.
- Mt cat doi xung:

Véi mat cat dbi xtrng nhu hinh tron, hinh cht nhat, cht I ...
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- O'Qmax
e O W»)(
- k
? y Oz max
Hinh 6.3

h
k _ n =
‘ymax - ymax 2

Trong d6 h 1a chiéu cao mit cit.
n J
WYk = m = WX = -
' hl2
M,

W,

k
o -

max

:‘Gn

max

Momen chong uon cia mét so0 mat cat thwong gap.

*) Mat cdt ngang la hinh chit nhdt

—

h
NN
NN

i

Ty

Hinh 6.4
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o

Wr=w" (5-3)
’ ’ 6
*) Mdt cdt ngang la hinh tron
Dbi voi mit cat 13 hinh tron v6i dudng kinh 13 D (hinh 6.8) thi:
Q-
O X
y
D
Hinh 6.5
_ zD*
Y64
Ve =y =2
max max 2
D’
Wi=wr == (5-4)
32

*) Mdt cat ngang la hinh tron rong

D6i v6i mit cit 13 hinh tron rng voi duong kinh ngoai 1a D, duong kinh

trong 14 d (hinh 5.9) hé s6 rong n= %, ta co:

y
d

D
Hinh 6.6
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_ zD*

J =—"(1-1*
=Ty
D
k oy =
ymax_ ymax 2
a n n D3

*) Mat cat ngang cua cdc loai thép dinh hinh
Pbi voi cac loai thép dia hinh, mémen chdng uén cua mat cat
ngang dugc cho sin trong cic bang dic trung hinh hoc ctia mdi loai
(xem bang phu luc)
c. Piéu ki¢n bén ciia dim chiu uén thuin tiy phing
Vé6i dam 1am bang vat lidu gion
k

O 7 max < [O-]k

O-anax ‘ < [o-]n

V6i dam 1am bang vat lidu déo: Vi [G]k = [G]n =[o]
Nén diéu kién bén chi can: max|az| < [a]n

Trong d6: max|o,| = Max(o e

zmax?

)
5.1.3. Thanh chiu uén ngang phang
a. Dinh nghia

Mot thanh dugc goi 1a chiu udn ngang phang khi trén mat cat
ngang cua thanh c6 hai thanh phan néi lyc 1a mémen uén My va luc cat
Qy. Céc thanh phan néi luc d6 nam trong mat phang doi xing cua thanh .
b. Ung suit trén mit cit ngang

- Ung suét phap trén mit cit ngang

Quy luat phan bd ung suit phap trén mat cit ngang trong truong
hop nay giéng truong hop chiu uén thuan tuy.

- Ung suat tiép trén mit cit ngang
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V&i mit cit hinh chit nhat hep, su dung cong thirc Duravski
o Jbe

c. Piéu kién bén ciia thanh chiu uén phing :

Céc diém trén mit cit ngang ciia dam chiu udn ngang phing ton
tai ba trang thai rng suat. Kiém tra bén cho dam dugc thyc hién tai 3
diém nguy hiém nhat cua 3 trang thai ing suat. Nhu vay diéu kién bén
ctia dam chiu uén ngang phang 1a dong thoi cua 3 dicu kién. Truong hop
néu bo qua anh hudng cua luc cat Qy thi diéu kién bén cta didm chiu udn
ngang phang giong nhu diéu kién bén cia dam chiu uon thuan tuy phang
va da duogc trinh bay ¢ muc 5.1.2-c.
d. Ba bai toan co ban tinh theo diéu kién bén :
*) Bai todn kiém tra bén
*) Bai todan xac dinh tai trong cho phép
*) Bai todn thiét ké
5.1.4. Chuyén vi ciia dam chju udn
a. Khai niém

Khi didm bi udn, truc dam bi cong di. Puong cong cua truc dam

sau khi bi uén goi la duong dan hoi

Z
0 P
\ + /\ z
K B
Kl
y S
>
Hinh 6.7

Nhu vay, ta coi chuyén vi thing clia mit cit theo phuong vudéng
goc voi truc dam va duge goi 1a d¢ vong cua mat cat. Ta théy ré‘mg do
vong thay doi khi mat cat thay doi, nghia la:

y(2) =1(2)
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Chuyén vi goc 12 mat cat xoay di quanh tryc trung hoa khi dim
bién dang va co tén goi 1a goc xoay .
prigp=2 =)
dz
Vay dao ham cua do vong la géc xoay ciia mit cat ngang khi
dam bién dang.

b. Phwong trinh vi phén ciia dwong dan hoi

o
w_ M,

o EJ . M, M,

La phuong trinh ( ~ > ( ,)
vi phan cua duong dan M, M,
hi, tich EJy goi 1 do ;1:>0° M,< 0
ctmg chéng ubn cia mat =8
cit ngang dam. y

Hinh 6.8
c. Cac phwong phap xac dinh chuyén vi ( d9 véng, géc xoay ) :
Hién nay da c6 rat nhiéu phuong phap tinh chuyén vi ctia dam
chiu udn. Sau day ching ta s€ trinh bay mot so phuong phép thong dung

*) Phirong phdp tich phén bat dinh
Co so ciia phuong phap nay la tich phéan tryc tiép tir phuong trinh vi
phan cta duong dan hdi nhu sau:

EJ .
Ly tich phan 1an thi nhét ta dugc

M,
p=y —J.[—EJszvLC

X
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LAy tich phan lan th hai e M v laz+ b
EJ

O day C va D 1a cac hing sb tich phan, dugc xac dinh theo cac diéu kién
bién va céc dicu kién lién tuc vé chuyen vi cua dam.

*) Phwong phdp tich phin Mor két hop véi phép nhdn biéu do
Veresaghin

Cong thirc tich phan M, dé xac dinh chuyén vi :

“ MM,
A= | TG (5-10)

=, X
Trong do:
A

ra (& day 1a d6 vong y va goc xoay ¢ )

P chuyén vi theo phuong x do tai trong & trang thai “m” gay

(13 2

Mxm : Momen udn ndi luc & trang thai “m

Trang thai “m” : trang thai chiu luc cia dam

Mxk : Mémen ubn ndi luc & trang thai “k”

Trang thai “k” : trang thai bo hét tai trong trén dam. Pat vao mat
cat can tinh chuyén vi mot tai trong don vi co6 chi€u tuy y.

Téi trong don vi:

+) Néu chuyén vi can tinh 1a 46 vong y: tai trong don vi 13 luc tap
trung Py =1

+) Néu chuyén vi can tinh 13 géc xoay o : tai trong don vi la
momen tap trung Mi=1
Néu d6 cimg EJy trong mdi doan thir i 1a khong d6i thi tich phan Mor ¢
thé viét lai nhu sau:

I

n 1 1 o
Ay =Y — [ M, M, ad:
ki ; EJ/\ ; ) k
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Va ta co thé tinh ° L] E ;

tich phan trén bang phép B
nhan bicu d6 Veresaghin l
ma ndi dung cia n6 nhu

sau: .
5 C M
Xét momen dam s -
the i. Biéu d6 moémen 2
ubn do hé tai trong "m"
va biéu dd do tai trong M\L I
don vi gay nén dugc vé

z
nhu

RN

-gl

C

Hinh 6.9
Goi dién tich biéu dd My 12 Q;, con phuong trinh cta biéu dod

M . c6bac cao nhat 1a bac nhat va c6 dang

M, =az+b

Tach ra khoi doan dam thtr i mot doan dz bé“mg hai mat cat 1-1 va

2-2. Ta thay dién tich biéu dd My, ciia doan dz 1a dQ s& 1a:

dQ =Myndz

S|

Ay, =Y —[(az+b)dQ
Xét riéng tich phan:

I = J(az+b)dQ: jade+bde

Q. Q;

Q.

1 1

Ta thay tich phan aJ‘ 2dO = an"
Q;

Sff 12 momen tinh cta dién tich biéu d6 My, d6i véi truc y, cd

thé tinh theo cong thirc
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S =Q,.z,
O day z. 1a hoanh d¢ cua trong tim C ctia biéu dd My, (hinh 6.9)
Con tich phan p, J' dQ =bQ.
Q;

| = (az; + b)Q;
Nhung az, +b=M (z,)

Akm = i(l QiMxk (Z(, )j (5-11)

=

Phép nhan biéu dd (5-11) goi 1a phép nhan biéu d6 Veresaghin

Chuy:

- Khi nhén hai biéu do ciing ddu thi két quad ldy dau dwong: khi
nhdn hai biéu do khac dau thi két qua lay dau am.

- Khi gdp biéu d6 Myy c6 hinh dang phike tap thi ta cé thé chia
thanh nhitng phan nho co hinh dang don gian, dé tinh dién tich va vi tri
trong tam dé thuc hién phép nhdn biéu do

Bang sau cho biét cong thtrc tinh dién tich Q va toa do trong tam
Z; cua mot sO hinh thuong gap.

Bacn Bac 2
- °
.C \[\[\7\7\4 .CM
o v Zc |
Zc ‘ | ‘
I
lh |
Q=—;7Z =—
n+1 ¢ n+2
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R Bac 2 Béac 2

6.1.5. Tinh toan dam chju uon phéang theo diéu kién cirng
a. Pieu kién cirng
D61 véi mot dam chiu uon ngang phang, di€u kién ciing cua nd

nhu sau:

{IYImax <[f]

[Pl <L)
Y o { f }
L dmax |
hodc | I
[#ee <[]
Trong do
I: chiéu dai nhip dam , trong k¥ thuat ngudi ta liy {i} = 1. 1
| | 100 1000

b. Ba bai toan co ban
Véi cac diéu kién cting & trén ta ciing c6 ba bai toan co ban sau
day:
*) Bai todn kiém tra
*) Bai toan xdc dinh tai trong cho phép
*) Bai todn thiét ké
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6.2. CAC BAI TAP GIAI MAU

Bai 6.1:
Cho dim chiju lyc nhu hinh 6.10a c6 mit cit ngang 1a hai thép [ N° 18
dat song song

Xac dinh tai trong cho phép tac dung 1én dam. Biét: a = 0,8m; [c] =
160MN/m?

(Tinh toan cho phép bo qua anh hudng ciia tng suat tiép)

b) Mqa

gqa—j

ga’
/mw "
O (W)

* V& biéu dd ndi luc cho dam nhu hinh 6.10b,c

* Tur bieu do ndi lyc nhan thay mat cat nguy hiém 1a mat cat co

%

2
|Mx|max = 3q2a

* Piém nguy hiém nam & mép trén va mép dudi cua mdt cat, cod
ung suat 1on nhat la:

| MX|max — 3qa2

max|o,| = . oW
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Vi mit cit ngang ddm gdm 2 mit cat [ N°18 dat song song nén

W, = x = Zx = 2Wx1: 2Wyp = 2.120 = 240 Cn’]3

Ymax
* T diéu kién bén cia dam:
< [o]

2Wy.[o] _ 2.240.16 _
3a?

max|o,| =

suyra: q <

Ymax

IMX|max _
Wy

3qa?
2Wy

v [a] = 0.4 <Y
Vay [q] =04 —

Bai 6.2:

3.802

KN
cm

Cho dam chiju lyc nhu hinh 6.11a.
- Kiém tra bén cho dim c6 mit cit ngang dam 1a chit nhat ¢
chiéu cao b::ing hai 1an bé rong, P = 85KN, b = 10cm, a = 1m, [c] =

12KN/cm?

a) A

4

V)
2b :t

(G5)

b)

5Pa/8

\

[@D)

. — 3P/8

o (M)

Pa/4

* Biéu dd luc cat va md men udn nhu hinh 6.11b, ¢

* Theo biéu do ta thdy mit cit ngang nguy hiém trén dam 1a B
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Pa

P 5P 5
Co: |Qy|max = P |Mx|max = 5

* Kiém tra bén cho phan t6 1 (phan t6 nim & mép trén va mép
dudi mat cit B)

) 4t phap 16 A Mx 5Pa
ung suat phap 16n nhat: max|o,| = IMX|max _

Wy 8Wy
<, L N~ 1AL s b.(2b)2 2b3
Mat cat chir nhat c6 Wy = % ==

5Pa __ 15Pa
8¥ "~ 16b3

max|o,| =

15.85.100

Thay s6 max|o,| = 107

= 7,97 ~= < [c] = 12KN/cm?
cm
Vay phan t 1 du bén

* Kiém tra bén cho phan t6 2 (phan t6 nam tai vi tri duong trung
hoa trén mit cit B)

¢ Ay A 1z A lQ :S.
Ung suat ti€p 16n nhat: Tmay = %
X.
" b _ b3 b.(2b)% _ 2b*
VUlSX:b.b._:_ \]X:QZ_
2 2 12
_5P b® _ 15P
e g at, b
3
£ _ 1585 _ KN
Thay sO Tmax = 7107 = 0,398 p—
L1 A 12 KN
Theo thuyét bén 3: [t] = bl_12_g —
2 2 cm
Tmax < [t]. Phan t6 2 dt bén
A A AL LA Y U h 2b b
* Kiém tra bén cho phan t6 3 (phan td ¢ vitricd y = Pl

{ing sut phap: o, = 2%y = 22 2 154
g phap: 6z ]x'y_ 82b% "9 T 32p3
3

. 15.85.100 KN
Thay s0: 6; =———— = 3,98 —
y 7 32103 *7Y em?
’ £, ok Qy| - Sx
- Ung suat tiep: 1,y = 155
JX'bC
b 3b 3b3
sc—pl 3b_ 3 be = b
2" 4 8

191



3b3
S _S5P.=—  45P 4585 KN
T Ty = o0t T T2ep? 128107

- Theo thuyét bén 3:
, L , _ _ _ KN
Ung suat tinh toan oy = /02 + 472, = \/3,892 +4.0,32 = 3,94 —
o < [0] = 12KN/cm? , vay phan t§ 3 du bén
Bai 6.3:
Cho dam chju luc nhu hinh 6.12a. Biéta = 1,2m, [o] = 16KN/cm?

- V€ bi€u do ndi luc cho dam

- Xéc dinh tai trong cho phép tic dung 1én dam trong hai truong
hop:
a- Hai dam chit | s hiéu 20 dit song song
b- Hai dam chix I sé hiéu 20 dat chong 1én nhau va han lién
(Khi tinh toan cho phép bo qua anh hudng cua luc cit)

N°®20
fq lP = 2qa N°20 T
a) A B C ol I
| a ’ a | a ’
5qa/4

[G2)

b) W\qa ~ 30a/4

qa2/2
m A
o (M ] /

Hinh 6.12

* Biéu do luc cat va mé men uon nhu hinh 5.12b, ¢

* Theo biéu do ta thdy mit cit ngang nguy hiém trén dam 1a C
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. 3qa?
CO: [Myfmax = =L

biém nguy hiém nam & mép trén va mép dudi cua dam
Ung suét phap 16n nhat trén mat cat C
IMX|max — 3qa?

max|o,| = - .

* Tur di€u kién bén cua dam:

IMX|max — 3qa?®

= <
max|o,| s = [o]
' awy.[o] _ 4Wy[o]
suyra: q < ;T — [ ]—;T

a- Hai dam chir 1 s hiéu 20 dit song song
Wy = 2 = 2 — oy = oW, = 2.181 = 362 cm’®

Ymax Ymax

. 4.362.16 KN
Vay [a] = 31202 0,175 cm

b- Hai dam chit | s hiéu 20 dit chong Ién nhau va han lién

2
Je= 2(],C1 +(3) .Fl) = 2(1810 + (10)2.26,4) = 8900 cm*

Ymax = h =20cm
W, = 22— 89 _ 445 o3
Ymax 20

R 444516 KN

Vay [q] = 31202 0,659 cm
R _ 436216 _ KN
Vay [q] = 31202 0,175 cm

Bai 6.4:

Cho dam chiju lyc nhu hinh 5.13a. Biéta = 1m, [c] = 16KN/cm?

- V& biéu db ndi luc cho dam

- Xéc dinh gié tri ciia tai trong cho phép tac dung 1én dam

Giai:

* Biéu dd luc cit Qy va m6 men udn My duoc vé nhu hinh 5.13b, ¢

* Dya vao biéu dod ndi luc ciia dam ta xac dinh dugc cac mat cit
nguy hiém sau:

- Mit cét C ¢6 [Mylmax = 0a°
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- Mt cat B ¢6 |Qy|max = qa

- Mit ¢t C c6 [My| = ga’ va |Q,| = 3qa/4 cling 16n
* Xéc dinh dic trung hinh hoc ctia mat cit ngang
- Chia mit cat thanh hai hinh chit nhat

(1): 12x 20 cm

(2):6x8cm
3 6 3
. A ]
- Chon hé truc toa do ban dau 1a 01X1y1 77, y
D
- Toa 0 trong tdm o cuia mdt cat ghép 7 IO; 4 £ %
la { o 1 __x
Yo = ylF; Fyz-Fz — 0.121.202:)(_—64;.6.8 _ % _‘/// P - X
1~ . . S g
lem "N /A
- H¢ truc quéan tinh chinh trung tam cia l
mit cit 13 oxy y
3 6 3
i |

&
>
o)
§ v 9]
N
Q
35 o\)
10cm 8

3ga/4

Oan
@mm

Wqé
Hinh 5.13

- M6 men quan tinh chinh trung tm ciia mat cat
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b= - )@= (B4 12.1220) - [£2 +5%.68] =
6748 cm*

- M6 men tinh ciia mot nira mat cit

Sx=4,5.9.12 = 486 cm’

* Xac dinh so by gia tri tai trong cho phép theo diéu kién bén cua
phéan t6 1 (1a phan t6 ¢ trang thai Gmg suat don, cach xa truc x nhat trén
mat cat C

Ung sut phéap 16n nhat:
k — M| |
zmax — ]x max
_ |My | max
|07max| = ]— |Vmax|
X

=9cm < |y}l = 11cm nén max|oy| = |02 ax]

Tur diéu kién bén ctia phan to 1:
[6lJx _ 16.6748 KN

= =0,98 —
a? |yhoxl 1002 .11 )

qa?
max|o,| < [c] — e |ymax] <[c] —q<

_ KN
suy ra[q] = 0,98 p—

* Kiém tra bén cho phan t6 2 (13 phan t tai vi tri truc trung hoa ox
& trang thai ing sut trugt thuﬁn ‘u’ly, trén mit cat B)

Theo thuyét bén 3: [1] =— =8 cm_2
[Qylmax-Sx _ 0,98.100.486 KN
Ung suét tiép 10n nhat: e = b = emsiz 0,588 —

Suy ra Tmax < [1]

Vay phan té 2 du bén

* Kiém tra bén cho phén té 3 (phén t6 tai diém D trén mat cit C &
trang thai g suat phang dac biét) co:

M,| = ga® = 0,98.100% = 9800KN.cm

|Qy| = 3ga/4 = 3.0,98.100/4 = 73,5KN

Piém dic biét D co: |yp| = 9cm, b = 6cm, SE=10.12.2 =
240cm3

|y Yo = 22229 =13,07 —

-1 At ohan: gP = Mxl
Ung suat phap: o, T s
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, I _|oylsg 735240 KN
- Ung suat tiép: 7, = b = erass 0,43 —
Theo thuyét bén 3: o = /o2 + 412, = /13,072 + 4.0,43% =
13,1 &
cm

Vay phan t6 3 du bén
Két luan: Tai trong cho phép tac dung 1én dam [q] = 0,98 %

Bai 6.5:
Cho dam chiu Iyc nhu hinh 6.14a.
Xac dinh kich thudc a ctia mit cit ngang dam cho hai truong hop
- Vat liéu dAm 14 vat liéu déo ¢6 [o] = 17,5 %

A A A 1A A 1A ia ot _a KN _g kN
- Vat liéu dam la vat liéu gion co [G]k—3cm2,[(5]n 9sz

Biét q=0,1 KN/em,l=1Im
(Tinh toan cho phép bo qua anh hudng cia lyc cit)

<
<

ez

| y

3,3%

1,39

N\ |
b\‘&
rxl 6la

|

3 l#llllqlllllll
|

(I
by

N

ql%2

— JAR '
Ui

Hinh 6.14

Giat:
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* Biéu d6 Iuc cit Qy va m6 men udn My duoc vé nhu hinh .14b, ¢

a- Vat liéu dam 1a vat liéu déo co [c]=17,5 %

* Dua vao biéu d6 ndi luc cta dam ta xac dinh duoc mat cét nguy
hiém la

Mat cit D ¢ [Mymax = 89149

* X4ac dinh déc trung hinh hoc cua mat cit ngang

- Chia mit cit thanh hai hinh chit nhat

(1):ax4a
(2): 5axa
| - Chon hé truc toa d6 ban dau la
& | 01X1y1
™ ’
|~ - Toa do trong tdm o cua mat cat
hép 12
y gnhep la
\/ﬁ o | Yo=
8_ y1.Fy —y2.F, _ 0.a.4a+2,5a.5a.a
— F,—F, - a.4a+5a.a -
¢, 1,39a
y
m—c D

- H¢ truc quan tinh chinh trung
tAm cua mit cit 1 oxy

- M6 men quén tinh chinh trung tAm ctia mat cat:

3
he=)P+ P = (R84

12 Ung suat phap 16n nhat:
1.39a)%.402) + [22& +
zmax — ] ymax
(1110)%. 502 | x
n
Jx — 19,6484 |Uzmax|
| M|
= T |y ax
Jx

Vi lykal = 1,61a < |y2q.| = 3,39
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8ql?
9. 19,64a*

Suy ra max|o,| = |0pax| = .3,39a

* Tur diéu kién bén cua vat liéu déo:

8ql?
9. 19,64a%

max|o,| < [o] — .3,39a <|[o]

Thay sé rat ra: a> 2,06 cm
Chon a=2,06 cm

b- Vat liéu dam 1a v4t liéu gion ¢6 [6]k = 3 =, [6]y = 9 =
cm cm
Tir bidu dd M, nhén thdy mat cit nguy hiém 1a D c6 My = 8ql%/9
va mit cit B c6 My = -qI2/2
Trén mat cat D

Ung suat phéap 16n nhét:

Kk _ |Mxlmax Kk _ 8q12 1 _ 0,073(]12
e = ) Wher| = 57 g 1612 =~
| My | max 8q12 0,153q12

|0Zmax| = T Ymax| = W.3,39a = —Q

Trén mat cit B

Ung suét phap 16n nhat:

My | max ql? 0,086q1>
K _ kK | _ _
Ogmax =~ — max| =3 oo 339 =~

n _ |My | max n _ ql® 161a = 0,041ql°
|02max| = . maxl = 2 196aat O1a= —53—

So sanh cac gia tri tng suit 1on nhét thiy rang:

< L L 4R o Y £ 0,153q1?
Mat cat D chira diém c6 Gng suat nén lon nhat 05,4 = 3q
a
<, & Ay o Ao1o o 1x £ 0,086q]1?
Mit cat B chira diém c6 tng suét kéo 16n nhat 65,y = 3q
a
Kk __0,086q12 _ o kN
NEPTD ‘A A 5 AL 10 A 5 Ozmax = a3 = [O-]k =3 cm?2
Tt di€u kién bén cua vat li¢u gion: .
n _ 0153q1” _ _g KN
|0Zmax| = 23 = [a]n =7 oz
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{a =>3,1cm
a=257cm

Chgn a=3,1 cm
Bai 6.6:

b)

d)

e)

Cho dam chju lyc nhu hinh 6.15a.

- Xéc dinh tai trong cho phép tac dung 1én dam.

- Tinh d6 vOng tai A vdi tai trong cho phép.

Biét: a = 0,8m; [6] = 15KN/cm?; E = 2.10° MN/m?.

(Tinh toan bo qua anh huéng cia luc cat).

i N°30
g
A B
LP
2a o a
P
:
] s
P 2P
¥
- Pa
Cy 3
lPk: 1
tt 'k’ A L%
Ta 2a
3 2
ﬁm%w )
Hinh 6.15

* Biéu do luc cat Qy va mo6 men udn M, dugc v& nhu hinh 6.15b, ¢
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* Dya vao biéu do ndi luc cua dam ta xac dinh dugc mat cat nguy

hiém la

Mit cit B ¢6 [My|max = 2Pa

Diém nguy hiém nim & mép trén va mép dudi cia dim
* Ung suét phap 16n nhit trén mit cit C

max|o,| = —lMD;L;"a" = ZV;;:

* Tur diéu kién bén cua dam:

|Mx|max _ 2Pa

max|o,| = e w <[o]

suyra: P < —W’;'C[lo] — [P]= —W’;'(Ea]
Tra bang v6i mat cit I N° 30 ¢ W, = 472 cm®  J, = 7080 cm*
472.15

Thay sb: [P] = ——=4425KN

* Tao trang thai ‘k’ cho dim bang cach bo hét tai trong tac dung

1én dam, dit tai mat cat A luc tap trung Py = 1 (hinh 6.15d)

* V& biéu d6 moé men udn My, cho dam (hinh 6.15¢)
* Nhan biéu do:

D0 vong tai A: ya = = (l 2Pa. 2a.§. 2a + %Pa. a.%a + Pa. a.%a)

EJx \2
__19Pa3
3E ]y
19. 44,25.803
=———————=1,01cm
YA = 32104 7080 ’
Bai 6.7:

Cho dém chiu lyc nhu hinh 6.16a.

- Xac dinh kich thudc mit cit ngang dim

- Tinh goc xoay ctia mit cat C

Biét: q =25KN/m, a = 1m, [6] = 12KN/cm?, E = 2.10* KN/cm?
(Tinh toan bé qua anh huong cia lyc cit)

Giai:

* Biéu dd luc cat Qy va m6 men udn My duoc vé nhu hinh 5.16b, ¢

* Dya vao biéu do6 ndi luc cua dam ta xac dinh dugc mat cat nguy

hiém la
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b)

c)

d)

Mit cit A ¢ [Mymax = 932

Diém nguy hiém ndm ¢ mép trén va mép dudi cua dam
* Ung suat phap 16n nhit trén mit cit A

IMX|max _ qa? _ 2qa®

Wy T b(3h2 T 3p3
6

max|o,| =

* Tiur di€u kién bén cua dam:
Mx 2qa?
max|o,| = MX|max _ 2997 [6]
Wy 3b3
2qa?
3.[o]

2.0,25.100%

- h3
>
suy ra: b° > 1

3/2.0,25.1002
3.12

A B
P = 2qo
a 2a

da_
Wﬁ\

= b >5,18cm

ga M

tt'k' A,é},, m;m

1/9 213

Hinh 6.16
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Chonb=5,18 cm

* Tao trang thai k> cho dam bang cach bo hét tai trong tac dung
1én dam, dit tai mat cat C mot mo men tap trung My = 1 (hinh 6.16d)

* V& biéu dd mo6 men uén My, cho dam (hinh .16e)

* Nhan biéu do:

Goc xoay tai C:

1 (1 o 1 2 qa® 2 qa3
=—(5qa%.a5+2.% 20 %)=
¥c (an a9+3 2 a

T EJy 3) " 2EJ,
3 3 3
qa 2qa 2.0,25.100
= = = = 0,77 rad
b= TG0 T ot T oGt

12

Bai 6.8:

Cho dam chiju luc nhu hinh 6.17a.

Xéc dinh s6 hiéu mat cat ngang dam

Biét: q = 25KN/m; a = 0,8 m; [6] = 150MN/m?; [fa] = 0,2cm; E =
2.10° MN/m?
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P =20a

e
b) S
\w\qa
qd/2
‘@ 1 it
LF2
lF1(=1
d) tt'k’ A CH@
5a/2

Hinh 6.17

* Biéu dd luc cit Qy va mo6 men udn My duoc vé nhu hinh 6.17b, ¢

* Dya vao biéu do ndi luc cua dim ta xac dinh duoc mat cét nguy
hiém l1a

Miit cit C c6 [My|max = 3082/2

Diém nguy hiém ndm ¢ mép trén va mép dudi cua dam

* Ung suét phap 16n nhét trén mat cit C

| MX|max — 3qa2

max|o,| = " X

* Tir di€u kién bén cua dam:
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Mx 3qa?
| lmax — q < [G]
Wy 2.W,

max|o,| =
3ga?  3.0,25.802
2.[0] _ ~ 215

Tra bang thép chit [ chon mat cit [ N° 20a c6 W, = 166 cm®

* * Tao trang thai ‘k’ cho ddm bang cach bo hét tai trong tac dung
1én dam, dat tai mat cat A mot lyc tap trung Py = 1 (hinh 6.17d)

* V& biéu d6 mod men uén My, cho dam (hinh 6.17e)

* Nhan biéu do:

Do vong tai A:

= W, > = 160cm3

1 (1qa2 3a+1 qa’? a 7a 1 3qa? 3a 5a)_—61qa4
yAijzz"4 2" 2 "2 ) )

* Tir diéu kién ctng:
61qa*
VAl < [fa] = o= <[]
61qga* 61.0,25.80*
= Jx = =

24E(fla  24.2.10%.0,2
Tra bang thép chit [ chon mat cit [ N°33 c6 J, = 7980 cm*
Vay mit cit ngang dam 1a [ N°33

= 6506,67 cm*

Bai 6.9:

Dam congxon dai 1 = 0,5m bang gang c6 mit cat ngang tam giac
(b =0,6h)

Biét: P=1 KN, of =25 -, o' =100 - ,n=5

Hoi nén dat mat cit day huéng 1én trén hay xudng dudi?

Xac dinh kich thude mat cat?

Giai:

* Biéu dd luc cit Qy va m6 men udn My dugc v& nhu hinh 6.18

* Dya vao biéu d6 ndi luc cua dim ta xéac dinh duoc mat cét nguy
hiém la

Mit cit A c6 [Mymax = Pl
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"B

|

I

@PIWWEWM

* Ung sut 16n nhat trén dam

| -

T

y
Hinh 6.18
k _ IMxlmax k
zmax — ] maxl
X
n _ IMxlmax n
|0-ZII13X| - ] maxl
X
- pJ- _ bh?
|Mx|maX—P|, Jx— 36
b
-1 1
% :

ymkax

X

=

max

)
iy

"

n
max
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J4 - , .y J4 /e 2h
- Néu dat day tam gidc quay xudng dudi: |yK..| = e lyhax| =
h
3

k

= |Ymax| > |YII}1aX|
k

= Ozmax =~ |0-Izlmax|

£ <. a7 Ny A A h 2h
- Néu dat day tam giac quay 1én trén: |y%‘naxl =3 lyhax! = ey

k n
= |Ymax| < |Ymax|

k n
= Ozmax < |0zmax]

Vit li¢u dam 1a gang, 1a vat liéu gion c6 kha nang chiu nén tét hon
chiu kéo nén mit cit ngang dam phai dugc bd tri sao cho 0Ky <

|0Zmax|
Vay phai dat day tam giac quay Ién trén
k _ Pl h _ 12PL _ 12PL __ 20Pl
Ozmax = 7n3-3 = pnz = oennz | 3
36
Kk _ Pl 2h _ 24Pl _ 24Pl _ 40Pl
|Ozmax| = bh3° 3 T prz  06hhZ  h3

36

* Tur diéu kién bén cia dam

20P1 < 3|20PL
0-lz(max < [o]k h3 < [olk h= [Tk
= ) ao0r1 =
O_lz(max < [o]a W3 <ol h > 3 [40PL
— A gl
_af 25 _ _ KN
[Oh=% = 5 =50
op 100 KN
o=y = 5 =205z
B ? fzo.1.so
Z - 5 h > 5,85cm
Thay s0: = h> 464 cm

Chon h =5,58 cm; b=3,35 cm

Bai 6.10:

Mot dam dai 1 =2m bang gd c6 mit cit ngang chit nhat (5 x 6 cm) va
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E = 1,2.10° N/cm?. Hai gbi A va B 1a gdi ctng. Géi twa C 1a gbi 10 xo.
Xac dinh d6 cimg ¢ cta 16 xo dé sao cho khi dim chiu tai trong phan b
déu q, m6 men uén tai C bang 0 (Hinh 6.19a)

, %Ha%;u%{%

iy
C) @q

S S R R

Pl/4
) mﬂ%m
lPk:J
f) e %’ 21 C 51 77)3778
37 84
o @
1/4
Hinh 6.19

- Day la bai todn siéu tinh
- Giai phong lién két gbi 10 xo tai C thay bang luc P (nhu hinh 6.19d)
- Biéu 6 m6 men uén do q va P gy ra nhu hinh 6.19¢ va 6.19¢

Dbé mo6 men uon tai C bang 0
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ql? Pl

8 4

_ 4

T2

- Tao trang thai k cho dam bfmg cach bo hét tai trong, dat tai C mot luc
tap trung Py = 1 don vi

- V& biéu d6 mé men ubén My, cho dam (hinh 6.199)

Nhén biéu db dugc do vong tai C:

Yo =y2 +y¢

= P

. 1 (2q? 15l 5ql4
yi=—|z.—>—c.=-).2=
EJ.\3 8 '2'84 384E],

b 1( 1PllZl> . pP ql*

Ye T gL \"274°234)“ T T18E, T 96E),

_ 5ql* ql* ql*
Yo = 3eags, =

Jx 96EJx  384E]y

A . 1a P ! 192E

Do cting cualo xo0: c =— = ql4 = 3]"
yc 21 l
384E ]y

. L ~ e 5.63
Mit cét chit nhat c6 Jy = 2> = 90cm3

12
E =1,2.10° KN/cm?
| = 200cm

Z 192.1,2.103.90 KN
Thay s6: ¢ = ———— = 2,592 —
2003 cm
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6.3. BAI TAP TU GIAI

Bai 6.10:

Xac dinh tai trong cho phép cho dim sau biét: [6] = 160 MN/m?; a
=1m;d=6cm

2

M=qga

/C]
o
|'=,a_| 2a

Lid b |

Bai 6.11:

Xéc dinh d6 vong tai C, gdc xoay tai A cho cac dam chiu lyc nhu
hinh vé.

Biét: P=40KN;1=24m;a=1m; b= 10 cm; E = 2.10° MN/m?;
d=6cm;

M= 20 KNm; g =20 KN/m

P

a
_ N} &
i e Suti. (N w—

) N 14

A C B
a 2a

R

R

T T
| |
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Bai 6.12:
Chon sd hiéu thép chit I cho dam biét: P = 2ga; q = 40 KN/m; a =

1m; [o] = 150 MN/m?; H _ % : [o] = 2,4% E = 2.10° MN/m?

q P
S |
1 X vy vy *
e | 2a | a
|y

Bai 6.13:

Xéc dinh tai trong cho phép biét: [6] = 150 MN/m% b =6 cm; a
=1m; [f] = 0,8 cm; [pa] = 2,4% E = 2.10* KN/cm?, a= 1m

© ot
| %

o b

Bai 6.14:

Xac dinh duong kinh cua thanh biét: P=60KN;a=1,5m; [o] =
150 MN/m?; [fa] = 1,2 cm; E = 2.10* N/m?

Y
4.

Bai 6.15:

Kiém tra bén cho dim biét:
q =20 KN/m; | = 4m; [o] = 150 MN/m?
E = 2.10° MN/m?
-Tinh d¢ vong tai m/c C, gbc xoay tai B
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q
AlH/HHC s T

112 | /2 ’ y

Bai 6.16:

Dam mit cat ngang gom hai thép chir | ghép chong sat 1én nhau,

chiu Iuc nhu hinh vé.

- Kiém tra bén cho dam biét.
P=40KN;a=15m;

[6] = 160 MN/m?; E = 2.10* KN/cm?

- Tinh d¢ vong tai mit cat C, goc xoay tai B

lP izp N°14
FeEot
’ a | a ’ a !

Bai 6.17:
Cho dam thép chiu lyc nhu hinh vé:

- Hay xac dinh tai trong cho phép tac dung 1én dam biét.
b=4cm,a=15m, [c] = 160 MN/m?, E = 2.10° MN/m?,
- Vi tai trong cho phép, tinh d§ vong tai B, goc xoay tai A

; P=2qj"r7
HEEEREN J 2| g
At g O
. a e
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TAI LIEU THAM KHAO

1. Nguyén Ba Puong (Chu bién) va céc tac gia — Sirc bén vdt liéu. Nha
xuit ban Xay dung 2002.

2. Bui Trong Lyu, Nguyén Vin Vuong — Bdi tdp sirc bén vit liéu. Nha
xuat ban Gido duc 1999.

3. Thai Thé Hung (Chu bién), Dang Viét Cuong va cac tac gia — Bai tdp
stke bén vdt liéu. Nha xuat ban Khoa hoc va Ky thuat. Ha Noi 2005.

4. Vii Pinh Lai (Chu bién) va cac tac gia — Bdi tdp sirc bén vit liéu. Nha
xuét ban Pai hoc va Trung hoc chuyén nghi¢p. Ha N¢i 1976.

5. Hoi co hoc viét Nam va cac tac gid - 20 nam Olympic co hoc toan
quoc (1989 — 2008) Sirc bén vdt liéu. Nha xuat ban Xay dung.
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