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Muyc dich ciia Sitc bén vdr liéu la nhém trang bi cho k¥ sie va sinh
vién nhitng kién thirc cdn thiét dé’ gidi quveét cdc bai todn k¥ thudr lién
quan 161 cdc khdu ti thi cong, tham dinh dén thiét ké. Chinh vi the ma
ddc trumg cudi cung trong qud trinh nghién ciu ciia khoa hoc nay la viée
dp dung cdc két qud nghién citu vao thire tién va chi cé théng qua viéc
timg dung vdo thitc tién khoa hoc nay mdi ¢6 thé dimg vimg va phat mrién.

Sitc bén vat liéu cé mot vi tri déic biét trong cv hoc, boi né déng vu
1ro ciia mgt chiée cdu néi gita cdc mon khoa hoc co bdn véi cde mon co
hoc chuyén nganh. Hon nitu, né lai la vién gach ddu tién ddt nén mong
cho linh vy co hoc vt rdn bién dang - Mot linh vie chuyén nghién ciru
cdc quy ludt tong qudt vé su hinh thanh va phdr trién cdc tdc dung co hoc
sinh ra trong long cdc vt rdn thuc do tdc dung ngoai bat ky gdy ru.

Kinh nghiém lam viéc voi sinh vién trong nuoe cing nhie moc
ngodi cho thdy, ho gdp rdt nhiéu khé khan khi van dung ly thuyét von rdr
triee tugng va phic tap ciia mén hoc nay vao gidi cdc bai tap dudi dang
mo hinh dit dd cho sdn va cang khé khan hom khi ap dung vao cdc bai
todn cia thyc 1€ ky thugr. Mdt khdc, phdn lon trong s& nhimg sinh vién
say mé nghién citu mén khoa hoc nay thieomg khéng thod man véi céc bai
1dp gidi mau theo mot khuon m(fu ciing nhdc nhit vén thiomg lam trong
cdc sdch 1y thuyét va bai 1dp hién nay, ma ho thiomg mudn cé dicoc
nhitg hiéu biét dot phd va sdu sdc hon vigr ra ngodi khuon kho cdc bai
gidng dang c6 ciia mén hoc ndy & nutéc ta. Sdch ditoe bién soan thanh
nhiéu 1dp nhdm phuc vu cho cong tdc day va hoc trong cdc trirong dai
hoc ky thudt, cho nhu cdu én thi cuéi khéa, én thi tuyén vao cdc hé cao
hoc, nghién citu sinh va phuc vu cho nhu céu tham khdo ndng cao cua
cdn bg gidng day tré, ky sw dang tryc tiép thi cong, thdm dinh va thiét ké’
trong cdc linh vic céng nghiép. Vi muc dich do, mot mdt ngodi nhimg



bai todn & nutc dé dé va trung binh véi nhiéu phuong dn gidi khdc nhau
phuc vu cho déng ddo sinh vién cdc chuyén nganh: co khi ché’tao may,
ca khi 616, co khi déng tau. k§ thudt hang khong, co khi héa chdt, co khi
giao thong van 1di, xay dung, cdu duong, thuy lgi, cdng v.v... Mdt khdc
nhan thdy rdng ngay nay mdy tinh da la mét phuong tién lam viéc khong
thé thiéu trong hdu hét cdc linh vyc ciia doi song véi hdu hét cde cdn b
khoa hoc va sinh vién, éc gid dd dwa vao trong sdch ndy nhiéu bai todn
dwoc gidi trén mdy tinh bang chuong trinh BK45 cia tdc gid thay cho
viée gidi bdng tav von 16n rdt nhiéu thoi gian va cong sitc. Ngoai ra sdch
con gidi thi¢u nhiéu bai todn khé vé ¥ nghta vat Iy k¥ thudt vuot ra ngoai
khuon kho thong thuong ciia sic bén vdt liéu, vé tinh phic tap ciing nhu
cdch ddat bai todn, nham giip cdc sinh vién gioi rén luyén, tich luy ndng
litc hiéu biét dé’ 6 thé lam chii dwoc cde phicong phdp tinh todn, ne tin
tricic nhitng vdn dé mdi gdp phdi va goi maé cho ho nhimg phwong phdp
ne duy mdi khde nhau trén cing mot van dé mdc di c6 thé da rat cit, giiip
ho tim hiéu mdi lién hé khong thé tdch roi giita nhimg kién thitc han lam
va thire tién kv thudt.

Vi long mong mdi nang cao tri tué khoa hoc cho thé' hé 1ré, chiing
16i thdy cdn gidi thiéu cuén Tuyén tdp cdc bai todn gidi sdn mon sic
bén vdt liéu cung cdc ban. Van biét, gici thiéu la cdn thiét nhung cdi
chinh la hitu xa tw nhién hwong. Mdc di cudn sdch duoc bién soan
nghiém tiic, cong phu, chdt ché véi sy cdp nhdt chon loc cdc théng tin
mdi nhdt, nlumg chdc chdn khéng tranh khdi thiéu sét. Tdc gid rdt mong
va cdm on sie déng gép, trao déi y kiéh ciia cdc chuyén gia, cdc thdy, c6
gido tryc 1iép giang day Sitc bén vdt liéu, tdt cd cdc ban sw dung va doc
cucn sdch nay dé cuén sdch duge hoan thién hon trong cdc ldn xudt bdn
sau.

Tdc gid xin chan thanh cdm on Nha xudt ban Khoa hoc va Ky
thudt, cdc ban déng nghiép da khich l¢ va giup d& tdc gid hoan thanh
cudn sdch.

Ha Néi, ngay 15 thdng 2 ndam 2006
Téc gia
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h’i(gu Don vj do Pai lugng do
ko Kilogam Kh&i lugng
s ”Giéy_.____ Thdi gian
LT CHIOWAA et e oo
cm Cuntimét Ch_iéu dai (1 m = 100 cm) o
mm | Millmét q\jéu dai (1 m = 1000 mm)
_-N " Niuton Luc (1 N = 0,102 kG)
kN Kiloniuton | Luc (1 kN = 10°N; 1 MN.= 10° N)
MN Meganiuton | Luc(1daN=10N= 1,02 kG)
doN | Décaniuton | Luc (1daN=10"MN=10"kN)
N/m? Ung susl, ap Iuc (1 NAm? = 1,02.10 * kGlem” )
MN/m? Ung sust, ap luc (1 MN/m? = 10° N/m? = 10 daN/cm? =
10,2 kG/em?)
daN Ung sudt, &p luc (1 daN/em? = 10° N/m? = 1 bar =
cm’ 1,02 kGlem?)
dull [l AN IO’-—N— ~ 102kGlem? =1.02 kG/mm")
mm® mm* m?
J Jun Nang lugng (1 J = 0,102 kKGm)
w Oat Cong sudt (1 W = 102 kG.m/s = 1,36 CV)
kW K!(?oét Cong sull (1 kW = 10° W)




Heé don vi ky thuat (MKS)

) C'hzrang 1
NOI LUC VA BIEU DO NOI LUC

Ky hiéu Bon vi do _ Dai lughg do

kG Kildgam luc Luc (1 kG =9,81 N = 0,981 daN)

s Giay Thdi gian

m Mét Chiéu dai

T Tén Iuc Luc (1T =10°kG = 9,81.10° N = 9,81 kN)
kGlem? Ung sust, ap luc (1 kG/em? = 9,81.104 "]:/ ) =

~0,0981 MN/m? =~ 0,981 daN/cm?)
bar Ap Iyc (1 bar = 10° ;‘%’— = 1 dalN/em? = 1,02 kG/cm?)
kG.m | Kildgam mét Coéng(1 kGm = 9,81 J)
cv Ma luc kGm

Cong sudt (1CV =75 T = 0,736 kW)

I. TOM TAT LY THUYET

1. Khdi niém vé ngoai lye

Ngoai Iyc la luc tac dung tit vat th& khac hodc tit moi truong xung
quanh lén vat thé€ ma ta xét, bao gém tai trong vA phan luc.

Tdi trong la lyc tac dung lén vat thé da bist tri 56,' phuong, chiéu va
diém dat.

Phdn Iyc 1a lyc ma vat gay lien két tac dung lén vat khao sat thong
qua viing ti€p xic gilia vat khao sit va vat gay lién két, do tdc dung ngoai
giy ra.

2. Khii niém noi lye

N¢i lyc 1a do bign thién cia luc lien ket gita cdc phdn ti cta vat thé
khi vat thé€ bi bién dang do cdc tdc dung ngoai giy ra. Néi luc duge xdac
dinh tit cdc diéu kién cAn bang tinh hoc nho tién dé gidi phdng lién két.

Trong trudng hgp t8ng quat 1a he khong gian, theo tién dé giai phong

lien két, trén mat cdt ngang cua thanh c6 6 thanh phan néi lyc (hinh 1.1a)
la :

N, - lyc doc ; Q, Q) - luc cdt ; M,, My - mémen uén ; M, ~ mémen
xo04n.

Sdu thanh phdn n6i luc trén mat cit duge xdc dinh bing sdu phuong
trinh can bang tinh hoc d6i véi mot trong hai phén cia hé¢ da duge tudng
tugng cit ra :



>
=

‘%
A%
i

\,'Z

r N,
Q
< M\, z
Yy y
y‘k
Poan thi i
c/ /
o | el @ 5 i .
yA VAN - y >l o
] It {
/ PRENR
< . >
X e z >

N‘l,+zpiz=O;Qx+zpix=0;Qy+zPiy=o
i i i

M, + 3 m (P) = 0; M, + > m, (P)=0; M, + > m,(P)= 0 (12

trong dd :

Py, Py Pjy — l4n lugt 1a hinh chiéu lén cdc truc z, x, y cla ngoai
lyc thi i tdc dung trén phin dang xét;

m,(P)), my(Pi), m,(P;) - 14n lugt 12 moémen d6i v6i cdc truc toa df x,

Hinh 1.1

y, z clia ngoai luc P;.

3. Lién hé vi phan gida ngi Ilyc va ngoai lyc

a) Trudng hgp thanh cong

Khao sat thanh cong chiu lyc can bing nhu hinh 1.2a va mét phan t6

thanh dS nhu hinh 1.2b.

Khi khao siat diéu kién can bing cua phan t6 dS vdi cdac nédi luc va
ngoai luc dugc quy udc la duong nhu hinh 1.2b, ta di dén:
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b) Trudng hop thanh théng

Khi r = o thi truc cong S trung véi truc Z ctia thanh thdng (hinh 1.2¢)

va cdc quan hé (1.2b) tré thanh :
e Udn phing

]
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AQ oi
AM; = M,
Q _
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dM
dz
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_— = + -
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Déi véi thanh thing chiu udn, kéo (nén) xodn ddu cita néi lyc va ngoai

e duge quy uée la duong nhu hinh 1.2d,e gh,ik,l.

o

. e Thanh chju kéo nén
AN; = Py
Frai ()
dn
= gn~1
P MR O
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(1.2d) |

e Thanh chju xodn

AM,, = M,

dM,

d"M,

az" = lngn l)(z)

Céac néi lye tai mot mat cit ¢ hoanh d6 z nio d6 cd the duge xdc dinh
bing phuong phdp mat cit, phuong phap van nang, phuong phdp vé nhanh
va phuong phdp cong tac dung.

o
7 _ 19
T = M) (1.2e)
Dusi day 1a cac buée dp dung cdc phuong phap nay.
\

4. Cach xac dinh ndi lyc bing phuong phap mit cit

Bude 1. Can cui vao quy luat dit luc doc theo truc thanh dé€ chia thanh
thanh n doan sao cho trén méi doan bidu thdc cta ndi lue can tim 1a lien
tue. ‘

Bude 2. Trén méi doan thyc hién mot mat cit di dong duge xdc dinh
b&i hoanh do z vai géc toa do thich hop va dat vao mit cdt dd cdc ndi lue
cin tim theo chiéu duong. :

Bude 3. Viet cdc phuong trinh can bing dang (1.1) va (1.2) cua cic
ngoai luc, k€ ca ndi luc cdn tim tdc dung lén phdn thanh khao sdt. Tu dg
rit ra cdc bi€u thuc gidi tich cia néi luc. Cu thé la: N, Q. Qy, M,, M,, M,.

Bude 4. V& cdc bi€u d6 néi luc doc theo truc thanh trén tiing doan.
5. Phusng phap van ning d& xac dinh ndi luc

Bude 1. Can ci vao quy luat dat Iyc doc theo thanh dé& lap so dé tinh.
Cu thé 1a, theo phuong phdp nay, géc toa do dat cd dinh & ddu trai cua
thanh, cdc mat cit phan chia giita cdc doan dugc ddnh s 1ai (i = 1, 2, 3...).
Truc Oz (hinh 1.1c¢) trung véi truc thanh va c¢d chiéu duong hudng sang
phai.

Budc 2. Ap dung cdc bi€u thic néi lye di duge thist lap sdn duéi dang
t8ng quat cho méi doan thit k d&i véi moi bai todn can gidi. Cu th€ 1a :
a) Bai toan kéo (nén) '
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S (z = 8- y)?
Nk(z) = Poi + Aqoi(z - ai-l) + Aq,oi T— +
i=1 N
. 22
+Aqoi_3!__+"' (1.3)

Mién xédc dinh cia ham Ni(z) thudc doan "k" la :
a.; €z < g, v6ii=k
b) Bai todn xoin

=3 (z - a_)°
M (z) = Z] ,: M:)i +Amg; (z — a;_)) + Am'; ——2;— +
)= .
. @- 8;-1)°
tAmTy et 1.4

Mién xéc dinh cia M(z) thufc doan thid "k" 1a :
» a, < z € g, voii =k

c¢) Bai toan uén

k=1.n 2
(z—ay)
Q@) = 2 [ Py + 8q,(z — aj-)) + AQ'; 2ll :
i=1 :
(z - ai_l)3
L } (1.5)
k=1.n 2 3
. (z—a-) (z—a-y)
M@ = 2 [ M + P (z = aj-)) + Aqy 2|l —+Aq’ 31l l
i=1 ) ’
+Aqoi_—4!_+"' (1.6)

Mién x4c dinh cia Q,(2), M, (z) thuéc doan thd "k" 13 :

a, <z < g ,viii=k%k

Trong (1.3), (1.4), (1.5) va (1.6) tuong ung v6i ting bai toin M3 P
lan luot 1a cdc mOémen uén hoic xo&n ngoai luc tap trung va luc tap trung
theo cdc truc toa dé & ddu trai doan thd i. Aqni, A9 AQ”; .- 1a bude nhay

cua tdi trong phan bd theo cdc truc toa do va budc nhdy cua cdc dac ham

oi

12

céc cfp cua nd tai ddu trdi doan thd i. Tuong ty nhu vay, d&i voi céc ngoai
luc phén b6 la mbmen xoén mz(z) Am;, Am’ oi Am ob VeVe

6. Phu0ng phép vé nhanh ,
e Phuong phédp vé nhanh chu y&u dya vao céc nhan xét sau day :

Dua trén céc bifu thite lien” he guta ngogi lyc va'nm lue

- Tai mat cét c6 dat luc tg!p trung, bidu d6 lue cét va lue doc tuong
ing c6 bube nhay, trj s6 va chiéu cla ‘buse nhay b&ng tri s6 va
chiéu cta lyc tap trung dd. .

- Tai mét cAt c6 dat momen ngoai lyc tap trung, biu d6 moémen uén
va xodn tuong ung ¢d budc nhay, chiéu va trj s§ buéc nhay bing
chiéu v tri s§ clia vectd moémen t4p trung dd. .

- Néu trén doan truc ndo dd chiu moémen xodn ngoai lyc phan b§ cd
dang mot da thdc bfc n thi trén doan dé bifu d6 moémen xodn néi
lyc M,(2) l&a mét dudng cong bac (n+1).

-~ Tuong ty nhu vay, néu trén doan thanh ma q(z) 12 mét da thic bac
n thi bi€u d6 N, va bi€u d6 Q, 1a mdt dudng bac (n+ 1) va bi€u d6
momen u6n M, l1a dudng bic (nt+2).

- Né&u trén doan thanh ¢ q > 0 (hudng. lén) thi Qy dbng bién; néu
trén doan cd q < O (huéng xuéng) thl Q, nghich bién.

- Né&u trén fiogm thanh co Qy > 0, M, d6ng bién, trén doan thanh co
Qy < 0, M, nghich bién. Tai mat cit cd Qy = 0 thi M, dat cyc tri.
Néu q < 0 thl bi€u d6 M, 12 dudng cong l61, cdn néu q > O thi
bi€u dé M, la dudng cong lom.

e Nhiing nhan x6t néu trén ding d€ v& nhanh c4c bi€u dé néi luc
nhung cting déng thdi 1a nhitng tiéu chi d€ kiém tra tinh ding d4n cia cdc
bi€u dé noéi lyc duge vé bing bit ky phuong phép no.

7. Phuong phip cohg tic dung

Noi dung chd ySu cia phuong phap nay la dya vao nguyén ly doc lap
tdc dung d€ bién bai tosn phuc tap thanh nhiéu bai todn don gidn. V& bi€u
dé noi luc cho titng bai todn don gian réi cong lai theo nguyén tdc cong dé
thi. Bi6u d6 n6i lyc trong cdc bai to4n don gidn thudng dugc vé& rét nhanh
hoac dugce cho truéec dudi dang bang 1.1 nhu sau :
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Bicu db noi lue 1a do thi bi¢u dién sy bién thien ctn cice thanh phan
néi luc doc theo truc thanh. Khi vé bi€u d6 néi luc cin tuin theo moét so
quy udc sau diy :

- Luc doc N,, duge xem la duong khi vects cta ng trung véi vecto phap
tuyén ngodi cia mat cit xdc dinh nd (hinh 1.2h).

- Luc cat Qy duge xem la duong khi né ¢d xu huéng lam quay phan
thanh dang xét thuan chidu kim dong hd (hinh 1.2d,eg).

- Mémen uén M, dugc xem la duong khi lam cang thé dudi cua thanh
tai mat cit dang xét (hinh 1.2e,g). Cdc tung d¢ ctia bifu d6 mémen udn
dugc vé vé cdc thd bj cang.

—- Momen xodn néi luc M, duge xem la duong khi ngudti khao sat nhin
thing vao mit cdt chwa nd doc theo phdp tuy&n ngoai thdy M, quay nguge
chiéu kim déng hé (hinh 1.2k)).

IL. CAC BAI TOAN GIAI SAN

BA! 1

M6t cot chiu cac luc tap trung Py = P, P, = 3P, P; = 2P va lyc phan
b3 bac nhit trong doan 2 - 4 ti q = 0 dén q = P/a (hinh 1.3a).

Hay viét cdc biu thuc lye doc N(z) trong cot bang phuong phip mat
cdt, van nang va vé bidu dg (N(z)).

GIAI

1. Phuong phdap mat cat

Trén méi doan thi i can phadi thuc hién cic mat cdt di dong, dat luc
doc Ni(z) vao mat c4t dd va khao sdt diéu kién can bing ctia mot trong hai -
phin da cdt ra.

Phuong trinh can bing cho ta ham Ni(2) trong doan i. Cu thé la :
Dogn 0-1 (hinh 1.3b) géc toa dé chon & "0, h

ZX=O=>N1+Pl=O,N,=-—Pl=—P,Osz,<a
Dogn 1-2 (hinh 1.3¢c) géc toa do chon & "0".

2X =0 = N,;+P =P, =0 =

Ny=-P +P;=-P+3P=2P, a < z, < L5a.
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i
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Moo 1P pzj F‘zj Py 20—
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R R Moy 9=0] | Ja=0] _z-_ﬂr__j_-_r_-__
VT B
e: ! ! | H i t 1,
il Py ARSI R R T R T
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o Xl
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Z l =P~
a) b) c) d) e) 9) h)
Hinh 1.3.

Doan 2-3 (hinh 1.3d) goc toa d6 chon & "2".
z

S72=0=Ny=-P + P~ [ P dz =
0

2a’
2 2
z z
=—P + 3P-P i P(z- 482),

0 <2< a
Doan 3¢ (hinh 1.3e) g6c toa d6 chon & "2".

z
¥4
372 =0=N,+P —P,+Py+ | Pogd=0=
a
z2

7
Z
Ny= -P,+P,- [ P o7z - Py= -F
a

a -~ Z ~ Za-
2 4
4a

Doan 4-5 (hinh 1.3g) gdc toa d6 chon & A
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. 2a .
52 = 0= N;+P -P;+P;+ | P-2—z—2dz = 0=
0 a ‘

N5=-P1+P2—P3—I‘P%dz = -P, 2a < z5 < 258
a“ )

a
2. Phuong phap van néng

Go6c toa d¢ chon & dAu trai "0", truc z huéng xu6ng dué6i (hinh 1.3a) -
theo cong thic (1.3) ta 6 : - - i

_P -1’ | | -

A I 2a 2!

By —iTa

Céch vit cong thic (1.3) dusi dang nady theo y nghla cla téng duge
hi€u nhu sau: Ham lyc doc N(z) thuéc doan thit i ndo dé 1a ham duge gidi
han trong khoang tit ddu bing (=) cho dén d&u phan céch thd i H— ) Vi

i
Z ~ 1,5a)°
dy, lyc doc thudc doan i=3 la: N(z)= - P, + P, - —P— 2= 1,5a) va

2a2 21
x4c dinh trong khodng a, €z <a,. i=3

Trén co s6 cdc biéu thic cia N(z) nhan dugc bing phuong phdp mat -
cAt va van ning, bi€u dé N(z) dugc bi€u dién trén hinh 1.3h.

K6t qua thist 1ap N(z) & trén bing hai phuong phép cho thdy tinh uu e |
viet ciia phuong phdp van nang. Vé sau ching ta s& thdy tinh uvu vigt dac
biét nay trong cdc bai toan siéu tinh, nhat 1a s dung né dé tinh cac loai
chuyén vi. ‘

BA!l 2

Vé biéu d6 luc doc trong thanh chiu lyc cAn bang duge cho trén hinh
1.4a. Tai trong q phan bS theo quy luat bac nhét.

17
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0 q=0
P NE VI 10 2
N At i i ¢ o | 2 ‘ N(z) = =30 = 331 + 30
; | bl I
g B Vo i=1 i=2
o~ TN
1¢ ; l 1 1 l 1
30kN N,
v t v b/
. v l 1 : ¢ l30kN
- e} IR \ XA 0y om0
g 9 7 F Ji
. VoY 2 |lg=10N/m VIR ‘
) A I N Theo ham N(z) ta dung bidu d6 nhu hinh 1.4d.
! i
vz a/ i 30kN i BAl 3
l 1T ) Mot dan chiu lyc nhu hinh 1.5a. Hay xdc dinh luc doc trong cdc thanh
Hinh 1.4. } : i 2 2-3, 2-9, 8-9 v4 9-4 ?
2 lN. 2 GIAl
GlA1 o/ ;
Thuc hién mat cit 1=1 va xét cin bang phdn trdi mat cdt nay (hinh
1) Phuong phdap mdgt cdt 1.5b).
Khao sit can bing phdn trén cia mat cAt 1-1 (hi P
2 z e ( inh 1‘4b) Zm.) Nﬁ_s d+ - 2 =0
ZZ=N+qg 3 +30=0=
N __Pm
qz} 3T 204
Nl—‘—G‘—300 1 $2m
- ) 2. my =Ny g.a,— 2= 0
- Khao sit can bang phén trén mat cit 2-2 (hinh 1.4c)
=N, + (qz + 2q) = @+2) & ‘ “Npy =2
. 2 qz; q3( z2)2“30+30=0 2 2 a,
2
9z; 297 2q Zm,=N a,—5'a;=0
- | 22 =q 2= Ngg.a3 4
= N, [6v+3+3 ,0€2z,s1m 9 2
. P 2y
T cdc ham Nj(z,) va Ny(zp) ta cd bigu d6 lyc doc nhu trén hinh 1.4d). =N =33

2) Phuong phép ven nang

: Trong dd a;y la khoang
Ap dung cong thic t6ng quat (1.3) clia N(z) vao bai tosn nay ta cd bléu cich tit di€m nit 2 dé&n
thic cia Iyc doc trén cic doan i = 1 va i = 2. ‘ dudng tdc dung cta lyc Ngg. Hinh 1.5.
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e —— i
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Dé xdc dinh lyc doc trong thanh 94, ta xét can bing phén trai cda
. mat cidt 2~2 (hinh 1.5¢). Cy thé la chi€u tdt ca cdc lyc tdc dung trén phén
nay lén phuong thing ding, ta cd '

P

Ng.,.cosa + P/2 = 0= Ng_y = — Do
BAl 4
CL C l
M¢t dan chju lue nhu L a ,é a,
hinh 1.6a. Hay x4c dinh luc o 14 3
doc trong thanh 2-4. a/
GlA) ' —o :
IE b b
Phan luc tai g6i "O" la R,
Pa, 0 ly N 4
Goi R) va Ry la lyc ma IR, 2 _J_
thanh 1-3 dat vao cac nut 1 N..
va 8 clia dan (hinh 1.6b) véi Hinh L.6.
Pc, Pc
Rl = ; R3 = 1 .
¢ +c ¢+ e

b
2 my=Ry.2b-Rb-N, ,.a=0 Suy ra N,_, = (230—R1);

Bifmmgcacﬂhuong phap da chi ra trong céc bai 3 va 4 ban doc cd thé
dé dang tim dugc luc doc & t&t ca cac thanh dan.

BAl 5

Cho mot dén.éhiu' Iue nhu hinh 1.7a. Hay xdc dinh lué doc trong céc
thanh 2-3, 4-5, 1-4 va 1-2.

GIAI

Dé tim cac noi luc Nag, N,ys ta xét can bing phén dan bén trai mat
ciat 1-1 (hinh 1.7b).

Zms = Ny .h=R;.2a = 0= Ny = —— = —o

20

zmz—N4584 Rla—O

e . Rla . 3Pa‘: I
= Nys = o - e B

" a, 1a khoang céch tif nat
2 d&n dudng tac dung cia
N4-5‘ . .
Dé xdc djnh luc doc
trong cédc thanh 1-2, 1-4, ta
xét didu kién can biing ndt 1,
chju tdc duyng cia hé¢ lyc
déng quy phing. Cu thé la
(hinh 1.7¢).

2Y = Ny sina + R, = 0

R, -3P
= Njy = - sina _ 2sina

Hinh 1.7.

2X = N2+ Njjcosa = 0= N;_,=~ N;_,cosa = 1,5Pcotga.

Y

BAl &

Mot h¢ khép chju luc P duge cho trén hinh 1.8a. Hay tinh Iyc doc N,
N, trong céc thanh BC va DE dugc chi dinh trén hinh 1.8a.

Hinh 1.8.
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GIA!

Dé xdc dinh N, va N; ta thyc hién cic mat cit 1-2 va 2—
1.8b va dat vao cac mat cit nay cdc lyc doc duong.

Xét can bang phdn trai cia mat cit 1-1 va phan phai ctia mat cit 2-2.

Cu thé 13 : _
—_ éﬁ ay?2
ZuAIr(P)=O=-Nl.——2 + NZ )
. ay2 aﬁ
ZGn = 0= =N, 5= = N; 5= =
Giai hé (a) ta dugc.
- P\IE

BAI 7

Mét he khdp chiu luc
nhu hinh 1.9a. Hay xdc
dinh lyc doc trong céc
thanh a-b va c-d danh
diu trén hinh 1.9a.

GIAI

D& xac dinh Nap

va Ny ta s& st dung
phuong phap mat c4t
voi mat cdt kin 1 qua

cdc thanh céin tim N
va cdc thanh ef, cf, bf.
Trong dd cac thanh cf,
bf bi cAt hai ldn. He
cdn bang nén méi phan
duge tudng tugng cit
ra ciing phai cinr bing.
Ta xét diéu kién can

bing cta phén bi cit
nidm trong dudng cong 1.

Cu thé 1a (hinh 1.9b). Hinh 1.9,

22

Zmy(P)=0=R, f+N, .h-P.g+P.k =0 = N, = 175 kN

ab
Trongdé : hy = 48 m, f = 14m, g=2m, k = 2 m, R, = 60 kN.
ZmG(?)=0=Ra.l+ch.h2+P.m+P(m+4) =0 =
N = —280kN .

Trong dé : [ = 10 m, h, = 3 m, m = 2 m.

BAI 8

Mot dan cdu thép don gian chiu lye nhu hinh 1.10a. Hay xac dinh luc
doc N trong cdc thanh cua dan.

gﬁ Ny

|
Truéc hét phai xic
_ PRt XEE Qep \
dinh phan lyc tai cdc >
g6i do "1" va "5".

3P
2ml=0 = R; =m

21113 = 0 = Hl = P/4

Luc doc N trong
cdc thanh dugec xdc
dinh bang phuong phdp
can bang nut, bdt diu Noi, 4
tt nit "1, réi nat "2", Noy 3 Nus t
"3, "4", 5", Cy thé I _)l__r"(_ i
x€t diéu kién can bang v - Neo "N R;
cia hé Iuc phing déng
quy d6i véi méi nait. Hinh 1.10

D6i v6i nit "1" (hinh 1.10b), didu kién can bing cho ta :
EX =0 = Nl-6 = -P/4 ¥
2Y = 0 = N, = -P/4.

I

23



Tuong ty d6i' v6i nit "2" (hinh 1.10b), cu thé la :
2X = 0 = N23+ P2 + NH"T_Z-'_‘O

I .
2Y = 0==N2_6 5 —P/4=0
Suy ra :

Z+1
Npg = P/2YZ ; Ny = - %2?2

Véi cach 1am tuong ty d6i v6i cdc nit cdn lai, ta c6 (hinh L.10b) :

<\I'2‘+1) (»/?H)
Nyg=0,N;, = 2‘/—2- n ;,N4—.6 ==
(2 +1) 3
News = = 5=~ P ; Ny g= ~ 2P
BAl 9

Mot truc chju xodn nhu hinh 1.11a. Hay viét bi€u thic mémen xoin noi
lyc va v& bi€u d6 nay.

M"=300Nm
a/
40cm —>d—— 80cm —3p”
oo 5 T
b M,
/ 03 (M)
0.9

Hinh 1.11.

GIAI

Theo cobng thdc van nang (1.4) ta cd :

M,(z) = - My + M) =15z~ 04) =

24

+06= 1;5’:(2 = 0,4y

Bi€u d6 cia ham M,(z) duge cho trén hinh lllb

BAI'IQ e ™ = e i oo

Mot truc chju xoin nhﬁ:hlnh 1.12a. Hay viét bi€u théc cla mémen
x0dn ndi lyc trong truc va vé
bi€u d6 noi lyc nay. " -1 .

FET . _,, <1 D R DT,
! . -

Ap dung codng thic van . . )
=ml, 2M,,  5M",
nang (1 4) vao day ta duqc Mo=m, . ( .

+ 2ml ' g ¥
T 2 al i 151 2
M, '
ml : M'=3ml .
_5ml+m(z—2,‘5£)_l b/ o

20l \1 W&D

[

Mz(z)

Theo ham M(z) da vé

dugc bi€u d6 (M,) nhu trén Hinh L.12.
hinh 1. 12b
EA.‘JJ. M =y, M.ziz" ol

my=0.5kNcmicm '
M¢t truc chiu xodn nhu . .
hinh 1.13a. Hay vi&t bidu

thdc moémen xo0dn noi lvec

M,(z) va vé bifu d6 mémen Ll—l Ocml { ,,LI"SI ,! *
nodi lyc nay cho tryc. M (kNem) - 137.5
GlAl L % e
N875 M,)

Don giadn va tén it sic
lao ddng nh4t d€ tim cau tra
16i cho bai todn, ta sé ding
phuong phédp van nang véi
cong thdc (1.4). Cu thé la :

Hinh 1.13.
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. m —on° L iyl =() :
My(z) =Mj| + my - 2myl - —_9- u)—— (a) Oﬁ/yﬂ/y./' et fff/' .5
i I 1.50 21 o T 2l i VAN \\
I 3 EER E i '
A le a a2 2a
Phén lue My" duge tim tit didu Lien : . . m E i l :
! + ]
Mz =351 =0 = My" = 1,75 my = 87,5 kNcm. : b/ \/z'('M'?O s
: NP
Duéi dang tudng minh phuong trinh (a) la : : m E E
A ‘ M>0 |
1 (z - 200) / : :
= - 100 = — &= 200)7 l '
M,(z) = 87,5‘ + 50' 100 300 5 (b) p;rm V.3 }\,ﬂ “IM,>0 |
T 5 3 d (TTT (:’ I/ L
Bi€u dd cta (b) dugc cho trén hinh 1.13b. ! | m 5 l\f/ F—_L?
Al 1 / ((/(/;/1(;” L M0
e \ AN |
. . ” s i / m=0
Viét bigu thic giai tich va v& bi€u d6 mémen xodn M, d6i véi chi tiét. [
chiu Ittc nhu hinh 1.14a, ' g/ M7 M2
M2 [[]1RIITIE
i ! ™) ‘
1) Phuong phdp ven nang Hinh 1.14 ‘
Theo cong thic t8ng quat (1.4) trong trudng hgp nay ta cg : Tuong ty nhu vay khi khdo st di€u kién can bang cua cic doan thanh

_M__ (z - 2,5n)2 chju luc trén cdc hinh 1.14d,e ta co :

+2a2 oY -m@a+ M+M;=0=M; = -M2,0s=<z s a/2 (g6c s 2
— - ¢ 2m,
=4 —mla+M—£ oa zdz + My = 0°
Bigu d8 M, dugc cho trén hinh 1.14g M M

2) Phuong phdp mdgt cdt =M, = ) + 4a% "’ 0<z<2(ghcsd
True duge chia 1am 4 doan: 0-1, 1-2, 2-3 va 3-4. ;

. Ti cac ham M, M,, M; va M, ta v& dugc bi€u dé mémen xodn ndi luc
Dogn 0-1 : Xét diéu kién cAn bing doan thanh (hinh 1.14b) : nhu trén hinh 1.14g
—mlz+Ml=0==-.Ml=+ml.z=+%-z; 0<z<a BAL13
(g6c & 05. - Mot truc chju xodn nhu hinh 1.15a. Hay vé bi€u d6 moémen xodn M,
Diéu kién can biing momen d6i v6i tryc z cia doan thanh chiu Ive (hinh ; bing phuong phdp cong tdc dung.
1.14c) : ‘ GlAI

Theo phuong phdp cong tdc dung, ta l4n lugt vé& ba bi€u dé M, do rieng
M’ (hinh 1.15b), 1,5M" (hinh 1.15¢) va 2M"* (hinh 1.15d) gay ra, réi cong céc
bi€u d8 nay lai.

ma+M; =0=>M =+ —; 0<zsalghal.

M
2
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Theo cdch d6 bigu d6 M, cuéi ciing duge cho trén hinh 1.15e.

M /i L5SM M

1 2
AN
MM

S -

. M.
v HHHHHIH‘HI%HHHHHHHHmﬂ

¢/ TMI - *

1.5M"

+

TM, 2M° #
d/ :

1
AM,
o/ B @ 1.5M]
J-LL“-LLUEUJ.U.LLLU\OJM.

Hinh 1.15.

BAl 14

Bang phuong phap cdng tac di.mg, hay vé bifu d6 (M,) d6i v6i truc cho
trén hinh 1.16a.

GIAI

Ta phai vé 14n lugt cdc bi€u d6 M, do M® (hinh 1.16b), do m (hinh
1.16c), do 4M" (hinh 1.16d) gay ra.

Bi€u d6 mémen xo04n cuéi cung (M,) (hinh 1.16e) la t6ng ba bigu dé
thanh phdn trén cdc hinh 1.16b,c,d.

28

R

', ! e
Y snddmmidiun)’..i Sane R T

M'=ma

777

N i g4 B
O : ’
A . _ 28 .= a__ .
~ C C B N
™, —M'=ma

S T

c/ TM' T T T

4
MM, ) 4N’
d/ :
e/
Hinh 1.16.
BAI 15

Mot khung phing chiu lyc khong gian nhu hinh 1.17a. Hay vé biéu d6
moémen xodn trong khung da cho

GIAI

Trén khung da cho chi c§ doan AB ciia khung 1a chiu xo4n. D€ vé&
(M) cho doan khung nay, ta rdi lyc tdc dung trén doan CB vé B (hinh
1.170). Khi 4p dung nguyén ly cong tdc dung ta vé céc bi6u dé mémen xoin
thanh phédn (hinh 1.17c,d) va bi€u d6 momen xodn cudi cing-nhu hinh 1.17e,
nhin duge bing cach cong bigu d6:

RIS
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1.51
0.51

=0.5daN/cir

af 3
m=2daNcm/cm ;
P=2q/ /

1=100cm

M = éql’ = 1,25.|o‘da1v7{
b/ %Jg E Z Z | 2 -
m=2daNcm/cm

3 ~—1,25.10°daNcm
M, v d
c/

}m 100daNcm

e

M.A—| 26.10'daNem ”@125 10"
“f I“II|“||||||||||||”||||||||||||||||||||||
Hinh 1.17.
BAI_16

Hay vé biu d6 momen udn va lyc cit cho dam chju lue nhu trén hinh
1.18a.

GlIAl

1. Phuong phdp mat cat

Né&u thdo khép 2 trong ddm tinh dinh nhiéu nhip 0-3 thl ddm 2-3 vin
can bing va khong bién hinh dugc goi 1a ddm chinh, con d4m 0-2 s& bi bign
hinh, ddm nay chl b4t bién hinh khi tya trén ddm chinh, dugc goi 1a ddm

phy. Trudc hét phai tinh phan lyc trén ddm phu va dat phan lyc cia ddm
phu 1én ddm chinh nhu trén hinh 1.18b.

Trén ddm phy, phan lyc tai cdc g6i tua la

30

d/

3q2°
2.5qa" dudng bac 2

Hinh 118,
Ry = 3qa = R,
Phan luc R, tai ddm phu vA ddm chinh ¢6 chidu nguge nhau.

Dung phuong phap mat cAt dé tinh noéi lye trong cdc doan 0-1, 1-2, 2-3
nhu trén da lam. Bi€u dé noi lyc duge vé trén hinh 1.18cd.

2. Phuong phdp vaen ndng

Ap dung cong thic van nang (1.6) va (1.5) ta cd :

2

M = Rez-q g

q(z - 221.)2

-4qa(z — a) + 3

31



Qy=R0—qz, -4qa" + q(z-2a)
1 [2..-. 3.

Ry duge tim tryc tiép tir phuong trinh van néng d6i v6i moémen. Cuy thé
la :

Mx(z=2a)=O=~Ro=3qa1.

Theo cdac ham M, Qy ta vé duge cdc bi€u dé M, va (Qy) nhu hinh
1.18¢,d. :

BAI 17

Vé bi€u d6 luc cit va
moémen uén cua thanh chju
luc tai trong phan b6 theo af 0 Ik 12
dudng bac nhit (hinh 1.19a).

R, | 2 R,
GIAI 2013
1. Phuong phdip mat cét < : ! —>t
y
Tai trong phan b6 tai 9@ M,
) MIY z
hoanh d6 z 1a q(z) = Tz b/ 0, >
A ‘
Xéc dinh phan Iyc Ry : Ry, L Q
s Bac 2 13
9ot { . 4 ac q
Zm]=R0.l—7-§=0 c/ — »
I3 '
Suy ra :

qo!
S > &

C&t thanh bing mat cit s _
1-1 cdch géc toa do "0 mét n..\-m
doan z, git phdn bén trai
(hinh 1.19b). Viet cac phuong

trinh can bing :

Hinh 1.19,

32

2
¥4
ZY=Qy+qoz—qol/6=0

2
9z 2 i
Em01=Mx+—2[ 3Dy z=0

Ta suy ra :

Q=X _ B gz g
YTTE T M= - &

Theo céc ham Qy(z) va M,(z) ta dung cac bi€u d6 cia chiing nhu trén

cdc hinh 1.19c,d.

2. Phuong phép van nang
Ap dung tryc tigp cong thic van nang (1.6) va (1.5), ta co:

M@ = Re = 7 37

Qy(z) =

;

&
|
~|

Trong dd, Ry duge tim tir chinh c4c phuong trinh van nang nay. Cu the
Mx(z=l)=0=>R0=-qGil

Bi¢u d6 Qy vad M, duge cho trén hinh 17;:, d.

BAI 18

Vé bi€u d6 néi lyc trong hé cho trén hinh 1.20a.

GIAl

1. thuang phdp mat cdt

Céc phuong trinh can bing xéc dinh phan luc lien két :
Zml = 0= R;.4a + qa.a - qa® - 4aq.a = 0
Zm3 =0 = R;.4a + qa° - qa.5a - 4aq.3a = 0

Td d6 rit ra




Ry
R,

qat
4qa?t

Dam duge chia lam n =
3 doan.

Vit Q,(z), M,(z) cho doan
0-1, géc & O (hinh 1.20b) :

Q +q.z,+P=0
lel()l =0 =
2
qz
M+ + Pz = 0
Do dqg :
Qi(z)) = ~qz; - qa
qu OSZIsa
M,(z) = 5 Taaz

Dogn 2 : (1-2) gbc & 0
(hinh 1.20c) :

2Y =0 =
Q:+ qz;+ qa-4qa = 0
Zmoz =0=
qz3
M_,_+—2—+
+ qa.zy-4qa(z;~a)="9
Do do :

Qx(z) = 4qa - qa — qz;
2

o

2
My(z) = 4qa(z; ~ a) — qaz, — N
a <z <4a

Dogn 3 (3-2) g6c & 3
(hinh 1.20d) :

34

P=qa /q <\Iv?=qa2
s YOI T TIN5
01 z, 1 /NI 2 3
x 2 |2 3]z x
a He 3a a R,
P=qaq /ql :
y 1Y QM'
0 an Q

Q.
2
Mgy N
d/ /q = 3
. Q.\ ! Zy
3 R,:qa
2qa
i
2 20a P {{[RII]
[—CL | qa -/
)
1.5qa® <:>
g/

0.5qa" JJW

Hinh 1.20.

2¥Y=0 = Q + Ry = 0
211103 = 0= M; - Ry.zy = 0
Do dd :

Q = -qa 0 < <
M3=q823 S 23 a

2. Phuong phdp van ndng
Tt cdng thic (1.5) va (1.6) ta 6 -

Q(z) = —qa - qzl + Rl, + q(z - 4a)
i=1‘ i=2 i=3

2
qz

- 2
M(z) = - qaz - 2' +Rl(z—a)l +qa:"+q§——(z 42)

i=1, i=2,

Theo cdc ham Q(z), M(z) ta v& bigu dd cho ting doan i = 1, i = 2
3 véi cdc mién xdc dinh tuong ding a;; < z < a,

Bigu d6 (Q) va (M) nhu trén hinh 1.20e,g.

Chu y phuong phap nay’ chi cdn x4dc dinh phan lyc R| tai géi lbidng
chinh phuong trinh van nang M;(z = 5a) = 0, ma khong cdn thiét phai xdc
dinh R|, R; nhu phuong phdp mat cit & trén.

BAL 19

Mot ddm chju luc nhu hinh 1.21a. Hay vist bi€u thdc nei hte M va Q
doc theo chiéu dai dam bing phuong phip mat cit va van nang. Va cdc bidu
dé nay.

GlAI

1. Phuong phdp mat cdt

Trén méi moét doan phai thuc hién mot mat cit, trén dd cac ndi luc dat
theo chiéu duong. Khao sit can bing cia mét trong hai phdn dim da tudng

35



tugng cat ra. Trong
doan 1-2 thyc hién mat

cit 1-1 gbc toa do chon Roi=1,5qa<34 2 )
¢ 2. Trong doan 0-1 y \WWWM_
0

thuc hién mat cit 2-2 a? Z LH
gbc toa d6 chon & 2 a ~ 2a

(hinh 1.21b,c).

M,,=1,5qa’ =3qa q(z,)
Cu the 1a b) M*(/‘ﬁm;.

Doan 12 (0 £ z
< 2a) gbc 6 2 :

3qz; qz
W)= =T o
a(z))z;  qz) )
¥ 2 2a ’
q(z)) z;
xT T2 3
BN
ba 8
: J6
Doan 0-1 (2a < 2z, 1,5qa® [ 2 >
< 3a) gbc ¢ 2 : 1,1qa* L _
il Dudng béc ba
3qz, qz;
WD =37 =7 9
Dudng bac ba
g ) Y™ o
Q=532 ;
qz3 X
M, = —.6;;: + 3qa (z, — 2a) Hinh 1.21.

Truéc hét, v& bigu d6 luc cit Qy, ta thay Qy cd gia tri bing khong
trong doan 0-1, tai :

qz;
oa —3qa=0.=’zz=a\IE

Tai mat cit nay, mémen ubn M, cd gia tij cuc tri

36

q(aV6)>
6a

sz(z2=aﬁ)=— +2qa(a\!€-2a)=—1,1qa2

Bi€u d6 lyc cét cd budc nhay tai mat cit dat lyc P. Bude nhay ciia bi€u
d6 ldc cét va moOmen ubn tai ngdm cho gi4 tri bing phan luc tai ngam, cin
cit vao dfu cla bi€u d6, cdc phan lyc Ry, va My; c6 chidu nhu hinh 1.21a va
co gid tri : Ry; = 1,56qa, My = 15qa2.

Tai dim 2, q (z;) = 0, bi€u d6 Qy cd txé’p tuyén nim ngang tai 2. Bi€u
d6 M, cling cd ti€p tuyén ndm ngang tai 2.

2. Phuong phdp ven nang cho ngay bi€u thiuc cia M, va Qy theo (1.6)
va (1.5) nhu sau :

2

_ 2 4 - z ég_z_ - *
Mx(z‘) 1,5qa 1,5qaz - 3q ) + 32 6 + 3qa (z i)-—_(a)
1 2
Q@) = 15qa - 3z + 22| 43 (b%)
W(2) = Sqa = 3qz + o7 5 qa
! |2
0 €z «€a a €z < 2a-

Bigu d6 Qy va M, duge cho trén hinh 1.214d, e tit cic phudng trinh a,
a%; b, b°
BAI 20
1 ]
V& bi€u d6 luc cAt va mdémen udn d6i véi ddm chju luc nhy hinh 1.22a
bing phuong phdp cong tdc dung va phuong phap van nang.
GIAI

1. Phuong phép cong tic dung

Khi st dung phuong phdp nay ta cdn v& nhanh hodc dua vao bang 1.1
d€ v& céc bifu d6 (Q) va (M) do ting tai trong: Py, P,, q va M’ gy ra
tuong Ung dugc cho trén cdc hinh 1.22bc,d,e.

Cong cdc bi€u d6 tuong Wng nay lai theo quy tdc cong d6 thi nhu sau :
(MY = (M) + (M) + (M) + (My?)
Q)= (on) + (Qm) +(Qg + QA" -
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P{an a a a "T\ a
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qa
Hinh 1.22,

Két qua cdc phép cong nay duge cho trén hinh 1.22gh.

Mot phuong phip khidc dic biét nhanh, chinh xie, ton rdt it sde lue vit

gidy, myc — Phuong phdp van nang dugc gidi thiéu dudi day.

2. Phuong phdap vgn nang

Ap dung céng thic (1.5) va (1.6) ta ¢ cdc bidu thic cia M va Q nhu

sau

qaz | + qa(z— a)
+1 _

M) =

- 2qa2 — 3qa(z -

2

- 923)2
2a) - q*—(z 2 Dy 3qa (z — 3a)
|3 : l4

Qy(z) =qa + qa - 3qa ~q(z—2a), +3qa
Fod T T

0<z<a a < z

< 2a 2a

z € z <€ 4a.

Bi€u d8 luc cdt va mémen udn duge mo ta trén hinh 1.22g,h.

BAl 21
V& bi€u dé néi luc trong dim cho trén hinh 1.23a.
GIAI P=qa q
*mm g2
X4c dinh phan 0 Y O\M=aa EEEEEET
a) x \d
lyc lién ket : pay 1 ¥ 2 3 Z
= I a a . a
m,s(P) = 0 >
2 mal®) Y&, $
a qa~—
= R()l = - S4—¢
> myP) =0 @l”.'ﬂll”.“ﬂ L
a
9 -q? 2
= Ry = 798t qa’ 92
e 2
Bi&u thue cla 0 @
M va Q duge vidt 3qa!

theo cong thdc van
niang (1.6) va (1.5)
nhv sau :

Hinh 1.23.




ok
M(z) = - Ryz + qa2 - qa(z—a) + Roz(z—Za)—g(z—zzi)
‘I ‘2 : 13
Q(Z)=_R01' "qal +R02—q(z—2a)|

Theo cdc ham M(z) va Q(z), ta dung duge cdc bi€u d6 (Q) va (M)
tuang dng hinh 1.23b, c.

Cht ¥ la cdc phan lyc Ry va Ry, thusn tién nhat 12 xac dinh tit chinh
cdc phuong trinh van nang & trén. Cu thé 1a :

Mz =383 =0, Q(z = 33) = 0 = Ry;, Ryo
BAI 22

Vé biu d6 néi luc
:Q va M d6i voi dam
trén hinh 1.24a.

GIA|

Phai x&c dinh
phan luc :

Y my(P) = 0

2
= Ro; =7 pe
Z 111,(1;3 =0
R 1
= Bg =73 Pa.
3 ! AP
e = 243a i 5 '3L
Rz = =R 3 omet
Trong doan 0-1 1 § l_l_pa;
ham p(z) 14 ham d g 2
dudng tang theo luat )
bac nh4t, nén ham Duéng bac 3 .
Q(z) 1a bac 2 lom (vi M Dudng bac 4
a2
?:-p—>0>. Trong
dz 2a .
Hinh 1.24,

40

doan 1-2 ham p(z) 12 ham bsc 2 duong g'iém, nén d6 thi Q(z) trong doan
. Q . .

d2
" nay la dudng cong bac 3 16i (vi — < 0).

dz?

Ham momen trong doan 0-1 1a ham b4c 3 bi€u d6 1a dudng cong 16m
d*M
(vi ? = p(z) > 0) .

;I‘uang tyu nhu vay,
him mo6men trong
doan 1-2 la bac 4 (vi
p(z), la bac 2) va d6
thi M trong doan nay
la dubng cong lém
bac 4 (vi p(z) > 0).
D6 thi coa Q va M
cho trén hinh 1.24¢cd.

BAI 23

Mot ddm chiu luc
nhu hinh 1.25a. Hay
vé bi€u d6 luc cét
Qy(z) va moémen ubn

M,(z).
GIAI M

Phai =xac dinh
phan luc lién k&t va
viét cdc bi€u thidc nodi

c

luc. Cu thé la : Hinh 1.25. Lo
q 2 9, , z=a)’
W = —e =g g tRe g 2T
i=2| a<z<2a

i=4 |2,5a €£z<3a
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2" z 3,
M:(z)=—Q"§+g——, +R02(z—a)+T' 37

Gz~ 2,5:3.)2

_q (z-2a
2

a 3!

i_—_3|2as z < 2,5a j=4 l2,5as z< 3a

2
Tai z = 2a, M(2a) = 0 = Ry, = 3 qa?t
Thay Ry, vao Q(z) va M (z) va v& bidu d6 (Q), (M) nhu _hinh 1.25b,c.

BAI 24
Mot ddm cd lién két khdp trung gian chiu lyc nhu hinh 1.26a. Hay va
bi6u dé M va Q ? /q=500Nkm ' |

0 A}Tl\f\l\l

ARRRN

a) 1 2] - 3f %
" 100cm «100cm 100cm
VRm Dudng bac 3 4.583.10°
2 - mm 0
[}
140,82 ) > 5,301.10°
lM (Nem)  4,167.10 Dudng bac 2

7,083.10°

]

]

E
4,176.10° 2,083.101

Hinh 1.26.

i
]

c)

GIAI

Viet bi€u thic noi luc va xdc dinh phan luc lién ket béng phuong phap
van nang. Cu thé 1a ;

5 (z — 100)> 5 (z — 200)3
Mz) = ~Rg.z| + L - 220
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-

5(z ~ 100 5(z ~ 200)°
Q(Z) = - R()l + (z 2 ) - S ) ) :
1 2 3

Tai z = 200 cm, M(200) = 0 = R;, = 4,176.10> N (chiéu nhu da
chon).

Bi¢u thic tudng minh cia M va Q nhu sau :

5 (z - 100)3 5 (z — 200)3

M(z) = - 4,176.10% | + = - .
! 3
- 100)? - 2
Qz) = -4,176.10°| + 2E=1007, _ 5(z~200)
2 2
1 ) 3

doan 0-1 : 0 €2<100cm
doan 1-2 : 100cm € z < 200cm

doan 2-8 : 200cm < 2 < 300 cmn

Bigdu d6 cua (M) va (Q) duge cho trén hinh 1.26b, c.

BAI 25

Mot ddm c6 so d6 hinh hoc va bidu dé luc cit (Q) nhu hinh 1.27a,b.
Hay dung lai so d6 tai trong va vé bigu dé (M) ?

GlAI

Tl bi€u d6 Q va so d6 hinh hoc, khi di tit trai sang phai ta thdy :

Tai "O" biéu d6 Q cé budc nhay ti dudi lén d6 chink la phan luc
Ry; = qa, tuong tu nhu vay tai 2 cd phan lyc Ry; = 2qa. Tai 3 cd budée nhay
xubng duéi nén tai d6 c6 P = qa huéng xu6ng. Doan 0—1 bidu d6 Q la
doan thing nghiéng di xudng nén trén doan dd tai trong 12 phan b déu q < 0
(huéng xubng). So dé tai trong trén ddm da cho duge m3 ta lai trén hinh
1.27c. :

Phuong trinh M(z) theo (1.6) :
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o TII I T I Tzqa ¢
) T D)

qa
0,5qa”

d) // @

Hinh 1.27.

-

z- (z - 2a)2
M@z) = qaz - q 5| +q-—5 | + 2qa(z~3a)
T 2 3

-

P4 -

\ a
Tai z = a, M@@) = My, = qa” - q o Ta99

Theo ham M(z) trong tung doan uUng vdi mién xdc dinh cua ching, ta
dung dugc bi€u d6 (M) nhu hinh 1.27d.

BAI 26

Mot dam chiu uén cd lién két, kich thudc va biéu dé ciia mémen ubn
cho trén hinh 1.28a,b. Hay vé bigu dé lyc cAt va tii trong tic dung lén dam
d€ cd biéu d6 moémen da cho.

GlAl

Theo qui udc vé chiéu duong cla truc z va cia tung d¢ M,, luc cit Q,
la duong khi ti€p tuyén cua bi€u d6 M, cd chiéu nhu hinh 1.28b. Vi vay,
trong doan 2-3 lyc cit Q. la duong :

44

e vy e e

A

 6=20kN/m 50kNm  oqiN
@ 'R v 7
‘L 2m - B 1m .C"L im ]2
f40kN 60kN 40kN
Hinh 1.28.
dM, 20 + 20
Q=g =—7 =4

Trong doan 0-2, biu d6 M, la mot dudng béc 2, dang tong quat cia

dudng bac 2 cd dang :
M, = Az’ + Bz + C

ThaycéctunngMxtaiz=0,z=2m,z=3m,taco’:
z =0 tacd: C =20
z=2m;M, =40 = A.2° + B2
A3

z=3m; M, =30= :+ B3
Suyra: A= -10;B = 40
Vay M, = 'Z10z° + 40z. Tir cdc lien hé vi phan, ta ¢ :
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= = -2 8\
Q = % ( 0z + 40) kN
dQ
4 = 3 = - 20 kN/m. (a)

Nhu vay, bidu dé Q, (hinh 1.28¢) trong doan 2-3 1a mét hang duong
bing 40 kN, con trong do.an 0-2 la bac nhat, tai z = 2m thi Qy = 0, tai dd
M, cuc dai. Tai "2" bigu ds M, cd buse nhay bing: 30 + 20 = 50 kNm nhay
tit dudi nhay lén, ching té tai "2" ¢6 mémen ngoai luc M." = 50 kNm lam
cang thd trén cua dam. Quan hé (a) cho thdy trén doan 02 dam chiu tai
trong phan bd déu huéng xuéng dusi.

T bi€u d8 Qy ta thdy : tai 0, 2, 3 tren bi€u d6 Q cd bude nhay, do
16n va chidu cia budc nhdy ding bing vecto lyc tap trung tuong tdng tai 0,
2, 8. Khi nguai quan sat di ti trdi sang phai theo chigu duong truc 2z,
Nhitng nh4n biét § trén cho ta dung lai taj trong trén dam nhu hinh 1.284.

BAl 27

Mét ddm cd so dé hinh hoc va bigu dé (Q), (M) nhu hinh 1.29a2. Hay
lap lai so dd tai trong tic dung lén dim dé o6 bigu dé (Q) va (M) da cho.

GIAI

Can et vao bigu d4 luc cdt va bifu dd mémen khi di tif 0 + 4 cho ta
thay .

Trong cac doan ti 0 = 2 khong co taj trong phan b3 vi Q Ia nhiing
doan thdng song song vdi truc thanh, con M 1a nhitng doan thing c4t truc
thanh. Doan 3 + 4 phéi cd tai trong phan b6 déu huéng xuéng vi Q l1a ham
gam Q@ =q <0 va Ml doan cong 1&i (M” = q < 0).

Tai cac mat c4t 0, 1, 3, 4 bi€u d8 luc cat ¢ budc nhdy. Tai mat cit
do trén so dé tinh Phdi ¢d lyc tap trung e6 vecty ding bing d¢ 16n va chidu
budc nhay, Tai cac mit cdt 0 va 1, bidu dé mémen cd bude nhdy. Vay tai
Cic mat cit nay trén so d6 tinh ¢ mémen tip trung lin Iugt nguge va
thuan chiéu kim déng hs.

Vay so dd chat tai nhu (hinh 1.29d).
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-1

|

M

Hinh 1.29,

BAl 28

Mot ddm cd so d6 hinh hoc va bidu dd (Q) nhu hinh 1.30a,b. Hay dung
lai so d6 tai trong va vé (M) ?

GIA|

Tit bidu d6 Q, khi di tir trai sang phdi ta thiy : tai diém 1, 3 va 5
bifu d8 ¢d bubc nhay tir trén xufng, nén tai dé cd luc tap trung hudng ti
trén xudng va cd d6 l6n bing ding budc nhdy, con budec nhdy taj 0 va 4
huéng tit dudi lén d6 chinh 1a cdc phan luc huéng lén tai 0 va 4. Do dd, so
d6 tai trong nhu hinh 1.30c.

Dé€ vé bi€u d6 moémen ta viét M,(z) theo (1.6) :
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1A B C D '
a) 7 F
lm: < lm 2,5m < 1:Sm71” 1,6m
‘ e
Q 55 v
1 (kN] 15 20
b) I 1)
M 45
Mo
OkN 60kN+ : N
0) CA B C D A Vi,Ok
0 1 2 3 4 5
R,=55Ne 1m$4 1m;4 2,5m o 5m ; " 1,5m
70 Ry=65 30
d) -~---l||||||||||"||v @

37,5

Hinh 1.30.

M(z) = =M,y +55z| — 40(z—1)| -60(z=45)| +65(z~-6)| (a
1 2 3 4

Tai z = 2Zm, M2m) = 0 = M, = 70 kNm.

Thay My; = 70 kNm vao (a) va v& bi€u d6 M, cho titng doan theo ham
vd mién xdc dinh cta ching, ta ¢6 bi€u d6 (M,) nhu hinh 1.30d.

BAl 29

Mot ddm chiu ubn cd so dé hinh hoc, lien k&t va bi€u d6 moémen nhu
hinh 1.31a, b. Hay thiét 1ap lai tdi trong nao téc dung lén dim d€ cd bi€u
d6 moémen da cho va vé bi€u d6 Q ? Biét tga,+ = 6 kN.

GIAI

Bi€u d6 momen, so d6 lién két va hinh hoc cho théy : phan luc tai 0
huéng lén va thoa min phuong trinh

g o+
dudng cong ba

P=3,5kN q=°’°6kNi°"‘
y

200cm . 200cm Q0¢
<

4Q, . 6kN_/%
o T

2.5 |

e/

Hinh 1.31.

Ry.200 = 200 kNem = Ry = 1 kN}
Luc cat tai 27 duge tim tit quan heé :

aM 300 + 200

=Q, = 550~ = 25 KN

Luc cit tai 2* chinh la tgas+. Cu thé€ la :
Q‘y'r = tgaﬂ"' = 6 kN

Tai 1 bi€u d6 M cd di€m gay, tai day phai c6 luc tap trung huodng
xudng va tri s6 la :

49




500
200

200

= = 3,5 kN
200

Trén doan 2-3 bigu d6 M la dudng bac hai 16i, do dd trén doan nay cd
) . d2M
4l trong q phan b6 déu hutng xudng (vi 22 =9 =hing<o )
z
Cac lap luan trén cho ta xdc l4p tai trong nhu hinh 1.31c va vé bigu
d6 luc cit la dudng bac nhdt véi Q.+ = 100q = 6 kN nhu hinh 1.31d.

BAl 30

Mot ddm cd so d6 hinh hoe va lien k&t nhu hinh 1.32a. Cho biét bigu
d6 mémen uén ddy du. |

"Hay tai hién lai so d8 tai trong vA va bicu d6 luc cat.
GIAI

Trong doan 0-1, 1-2 va 2-3 bié‘u‘ d3 moémen la nhitng doan thdng xién
cit truc ddm. Cho nén trén cdc doan ndy bi€u d6 Q 1a nhitng doan thing
song song véi truc ddm. Trén doan 3-4 bi&u d6 momen Ia mot parabol bac
2, nén bifu d6 Q 1a mot doan xién, ¢d tung do bing khong tai vi trf M
= 62,5 kNm.

max

<. , dM ' ‘
T lien he vi phan dz = Q@) ta cd luc cAt trong cdc doan nhu sau -

dM, 4
DoanO-l:QO_l=?=Z=1kN>o

dM, 250 + 104
}30;,1111-2:Q1_2=—dz = - 6 = -59 kN < 0

dM; " 950
Doan2—3:Q2_3=-—de=——:—=50 kN > 0

Doan 3-4 :

Tai 3 khéng ¢ lye tap trung nén tai d6 trén bidu da Q khéng cd buéde
nhdy. TU tung d6 Q3 = 50 kN tai di€ém 3 néi véi Q = 0 tai diém giita trén
doan 3-4 va kéo dai ta duge Q4 = =50 kN < 0.
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Hinh 1.32,

Cédc gia tri ll.;IC cit tai 0, 1, 2, 4 chinh 1a cdc phan lyuc lién k&t va ngoai
lye t4p trung tai cdc di€m ndi trén. Bi€u d3 luc cit duge dung lai trén hinh
1.32c. Tai di€m 1 trén bi¢u d6 M cd budc nhay bing 100 kNm tit trén xudng
cho nén tai ddy cé moémen ngoai luc tap trung quay thuin chiéu kim déng
hd. Trén doan 3-4 bi€u dé M la dudng bac 2 16i va Q 1a bac 1 gidam dan nhu
trén hinh 1.32b, ¢ cho nén trén doan nay ngoai luc phai am va phan bé déu.
So d6 tai trong dugc dung lai trén hinh 1.32d.

IS

BAl 31

Mot .ddm chiu ubn ed so d8 hinh hoc, lien k&t va bhicu dé momen nhu
hinh 1.33a,b. Hay xac dinh ngoai luc tac dung lén ddm va v& biu d6 Q ?

GlAI

T bi€u d8 M cho thdy : tai C bi€u d6 cd bude nhay bing qi%/2 cing
thd trén v cd ti€p tuyén nidm ngang.
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Do dd, tai C ¢cd mémen tap trung M* = ql2/2 quay thuian chiéu kim
dong h6 va khéng cd luc tap trung.

e Trén cac doan AB va BC bi€u d6 1a nhitng dudng cong bac 3 va 2
", nén trén cédc doan tudng Ung ddm chiu tai trong q phan b8 bac nhit va

d’M
éu hudng xubng (vl 2 =q<0 )
52

vt 21 !
B C
of A
AL i
dicong cong béic 3 1 3 ]Tﬁ‘ﬁ
b/ \
41 L. a, ay- "
M, 7

iga, =ql/6 <O.uga, = qu <O.ga,. =ql

: #}frrﬂ’r [T

B C
21 /
,I;{n=13ql/6

a0 ] 115110110
TR s

qr

+ eI ®

ql°12

Hinh 133,

. dM ql .
o Tai A, tga, e =% < 0 nén tai day trén bigu d6 Q cd
2=0

buéc nhdy huéng xuéng bing qi/6 va bing phan luc R,.

dM
Tuong tu nhu vay, tai mat cdt B bén tradi cd ey = % ql < 0 va

5=

tai B bén phai tgap+ = gl > 0, nén bi€u d6 Q tai B ¢d tung d6 bén trai am
7

bing s ql va bén phai duong bing ql. Nghla 1a tai g6i tya B cd phan luc

13

huéng lén bang 5

ql. D€ ddm caAn bing thl ta phai cd :
13
2Y =0=-Ry-R + T a-a =0
Suy ra : hgp luc Rq trong doan AB la dién tich tam gidc cd gr = 0, q;
= q. Céc l4p luan trén cho ta xac lap lai tai trong tdc dung lén ddm va bidu
dé Q nhu hinh 1.33¢, d.

BAl 32
Cho mot thanh cong hinh dang b4t ky S cd chiéu dai_gay cung la L
chju tai trong phén b6 déu q. Hay ching minh rdng hop luc R cua tai trong

phan b8 ndy cd phuong chiéu vudng gdc v6i day cung L va di qua di€m giita
cia day cung va cd d6 16n bang tich cua q va chiéu dai L (hinh 1.34).

GIAI

Xét phan t6 thanh dS chju tédc dyng cta lutc phan t6 qdS véi cdc thanh
phén theo phuong x va y la :
qdx, qdy
Khi ky hiéu hgp luc cia tai trong q 1a R va cdc thanh phan cta nd lén
phuong x va y 1a R, R,, ta cd :

[¢]

Ro=[aqy=qfdy=qfdy=0

s o

1
R},=fqu=qfdx=ql
s 0 :

Ut
(5]

a



y |
g, ds !

=X }“ |

Ve’ &: ; ¢
2y /L] ]
;dx 7 95 ) ]

alx | X
A | 8
£ f’} -
2
Hinh 1.34.
Do dg : ‘

vi ﬁ: = 0 cho nén hgp luc R= ?R-;, = :17 va vuéng gdc v6i truc x, nghia
la vudng gdc véi day cung L.

. Goi xp 12 khoang céch tit géc "A" dén dudng tac dung cia hop luc R,
theo dinh Iy Varignon ta cd thé tim duge xg nhu sau :

£ o 2
ql
Rxl{=qudx+fqydy=qf xdx+'fydy=7
S s o] [s]
!
=g 2)

Nghia la dudng tdc dung cta hop luc R di qua trung di€m cta day
cung. D6 14 didu cdn ching minh. Cac két qua (1) va (2) duge phat bigu
dudi dang mot dinh ly nhu sau :

Dinh Iy : "Hop lyc cta tai trong phan b8 déu doc theo mot cung hinh
dang bat ky cd d¢ 16n bing tich cia tai trong véi chidu dai day chdn cung,
cd dudng tdc dung vudng gdc di qua trung di€m cua day cung".

'S

BAl 33

Mdt thanh cong tron chiu luc nhu hinh 1.35a. Hay viét cdc bi€u thuc
noi lyc theo q, R, @, B véi a = 60° B = 120°.

GIAl
Thanh dugc chia lam hai
doan AB va BC.

Noi lyc trén mat ciat D, bat
ky thugc doan AB (0 < ¢ < @)
theo dinh Iy da chi ra trong bai
32, ta c¢d hgp luc cta q trong
doan 0 € ¢ € a la:

R, = qAD, = 2qRsing/2

Do dd, digu kién caAn bing
cia doan AD,; cho ta :

N(p) = -R;sinp/2 =

-2qRsirfp/2 = ~qR(1 -cosp);

Qlp) = Rycosp/2 =

2qRsin ¢/2 cos p/2 = qRsing;

L

AD
M) =R, —— =

= 2qR%in%/2 = qR? (1—cosyp)
Noi luc trén mat cit D,

thu¢e doan BC (¢ < ¢ < )

nhan duge khi khao sat digu

kién can bing cua phdn thanh
bén phii mat cit D,. Cu thé la :

N(p) = "sti"(‘f"%) =
— 2qRsin % sin(go—;—z) H
Q) = Ryeos(p-3) =

&)

= 2qRsin % cos(qp—-;-) H

Hinh 135,

55



Voi g =

cho trén hinh 1.35b, ¢, d.

M(p) = R,D,)K = R;Rsin ( w-%)

= 2R%in & sinfo - &
—2qum2sm< 2) .
60° va f = 120° gia trj ctia N (p), Q (), M(p), tai cdc o; khéc

nhau duge cho trong bang 1.2 va 1.3 dudi day va bi€u dé6 (M), (Q), (N) duge

Béng 1.2
¢ sin ¢ cos p 1=cosp | N(p)/4R | Q(p)/qR | M(p)/qR?
0 0 1,000 0,000 0,000 0,000 0,000
15 0,259 0,966 0,034 =0,034 0,259 0,034
30 0,500 0,866 0,134 —0,134 0,500 0,134
45 0,707 0,707 0,293 =0,293 0,707 0,293
o0 0,866 0,500 0,500 -0,500 0,866 0,500
Bang 1.3
¢ P=30° [sin(p=30{ cos(p—30") N()/qR | Q(p)/qR | M(p)/qR?
60 30 0,500 0,866 =0,500 0,866 0,500
75 45 0,707 0,707 -0,707 0,707 0,707
90 60 0.866 0,500 -0,866 0,500 0,866
103 75 0,966 0,259 —0,966 0,259 0,966
120 9% 1,000 0,000 - 1,000 0,000 1,000
BAl 34

Mot thanh cong moét phén tu vong tron chju luc q phan b6 déu theo

phuong thing ding (hinh 1.36a). Hay v& cic bidu d6 N,QM?

GIAI

No6i luc trén mat

lvc so cdp dP = qdS

D6

dN

dQ
dM

]

~dPsing
dPcos¢p =

cdt ngang cd toa do ¢ so v6i phuong thang ding do
qpPda la (hinh 1.36b) :

= @Psinpdp ;
qPcosp dp ;
dP . p(sing —sina) =

= qu (sin¢ — sin¢ydoe .

Noi lyc do toan bd ngoai lye tac .

dung lén phén khdo s4at tit 0 + P
(phédn trén) Chinh 1.36b) :

4
N=—q/9sin¢|f da = — q Py singp;
o]
.
Q=QPCOS¢I da = qPp cosp ;
o
L f
M=qP‘f (sing — sine) da =
o
= q%p sinp + cosp ~ 1) ;
= N,/ = - 0555pq
t{liy’=% =

. :
= Nasz = —qp 35 = -1571qp.

Tuong tu :
Qo=0;Q:z/4="0’555q}°;Q.-z/z=0
M, = 0;

M,y = q/"z(fi—r 0,707 + 0,707-1)
=~ 0,262 qp*

Map = aff (5-1) = 057 + qp?

) - !
4
i
N
=
d 181qp
4535¢p
¢

0,57igp2 7
Hinh 1.36.

Bi€u d6 N, Q, M duge cho trén hinh 1.36c, 4, e.

BAIl 35

Mot thanh cong 18 mét nita vong trdn ban kinh R chiu tai trong phén
b6 déu q theo phuong tiép tuyén (hinh 1.37a). Hay vé cdc bi€u d6 N, Q, M.

GlAI
Goi a 1a gdc tao boi mat cét ngang (phuong huéng kinh) va phuong
ngang thi hop luc cta luc so cip tai day la :




dP = qdS = gRda
Céc noi lyc so cdp tai mat cit p do dP giy ra la :
dN = —dPcos(p —a) = — qRcos (p = a)da
dQ =dPsin(p —a) = qRsin(p ~ a) da
dM = - dP [R = Reos(p - a)] = - gR? [i = cos(p — a)] da

Noi lyc t8ng cdng tai ¢ do toan bs tai trong q tic dung trén phan ti
0+ ¢pla:

¥
N=- qu cos(p ~ a)da = —~ qRsingp
(o]
@ Y
Q= qu sin(p ~ @) da = qR(1~ cosp)
o]

o

M=~ qu[f,da - fwcos(qa - a)da
o

= qR%singp - ¢) ;
tai <p=0=~N0=o;Q0=0;
M0=0

tai p =

s

= Ny/y = =0, 707qR ;

Q. =0293qR ; M,,, = - 0,0789 RZ. oy
4

Tai o = =

al p =3

Ny = -qR; Qy; = qR ;

2
M, = — 0,571 qR?

N,, = 0,707qR ;

2

Hinh 1.37.
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Q,, = L707qR ;

M, = - 1649qR°
4
tai p =
N, = 0;Q, = 2qR;
M, = -3,142 qR%. '

Céac bi€u d6 N, Q, M dugc cho
trén hinh 1.37, 4, e.

BAIl 36

Mot thanh cong hinh &lip

b
y=73 \l 2ax ~ x* ha tai "O", chiu

ip luc q. Hay xac dinh néi luc tai
mat cdt cd toa do x, y bat ky theo
q, &, b da bigt va bi€u thuc ndi lue
khi a = b ? (hinh 1.38a).

GIAI

Do tinh ddi xd¥ng véi truc Ox
nén ta chi cAn khao sit mot nita
phia trén. Goi q,, qy 1a hinh chigu
cia q lén cde phuong x, y. Nguyén
ly céng tdc dung cho ta :

N = gycosf ~qxsinf ;

Q = gxcosf - qysing ;
= -3 /2 2

M = 2 (x +y>.
Chd y dén :

dy b a-x
R =

Y 2ax — x*
ta cd :

9

Iy S U
]
uj
]

1

11ttt

o —

&

] iy

Hinh 1.38.
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GIAl

1) Xdc dinh c4c phan lyc :

qa qa
a Ha=0 3Ry=F iR =%
b
cosf = > > ; 2) Ding phuong phdp mat cdt, xéc dinh cdc thanh phén néi luc tai cac
'\/.a_2<2ax—x2) + (a—x) mit ct trén cdc doan. -
| b
| Do dg Chia khung ra lam 4 doan: AB, BC, CD va DE. Trén méi doan ta thiét
0 :

lap mot hé truc toa d6 yz nhu hinh 1.39b.

Béng phuong phdp mat ct, ta xdc dinh cdc thanh phén néi luc tai cac
mat cit di dong 14n lugt trén méi doan.

a) Doan AB, 0 € z < a (hinh 1.39¢).

Cédc phuong trinh can bang:

2Z =N, =0
1 Z¥=-T+ Q=0
Zmol=Mx-%'z=0
Suy ra : -
Nz=0;Qy=%§; =%'z

/v’ff/ -7;5

% b) Doan BC, 0 € z < a (hinh 1.39d)

Céc phuong trinh can bing :

qa _
Zz = N, + 5= 0
Hinh 1.38 oY = Q =0
Khi a = b ta ¢d mé6t thanh cong trdon hd tai "O". Trong trudng hgp qa
riéng nay ta cg : Z’“Oz = T gra= 0
N=q.x;Q=q\)2ax—x2;M=—qax, Suy ra :
Bi€u d6 luc doc N, Iuc cit Q va mdmen M duye cho trén hinh 1.38e,g,h. g qaz
; Nz=—2;Qy=0;Mx=—2-
BAl 37

¢) Doan CD, 0 < z < a (hinh 1.39)
Cho khung chju lyc nhu hinh 1.39a. Vé cdc bicu dé néi luc (N, (Q,),

i an b :
(Mg ciia khung, Cédc phuong trinh can bang
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:

E 'D
% a ,5\ a
] <
R, !
]
al A j B
H
RAii *
1 _)-f’:_z
¢/ E, N,
PAN LS Z
a2 M‘b—‘L'ﬂzQ
=N
0:2]2
a N}
d A .
B
qa/2
q
J%
’ j
a%/8 /qa’/2
i/ —
(s =
qa®/2 qa’/2
Hinh 1.39.
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22 = N, =

0
Zy=q+ T o

Zn03 =T % (a—z)

"o
o

Suy ra :

) = -3 = 32
N0 G- B (e
d) Doan DE, a < z < 2a (hinh 1.390).

Dung mat cit 4-4 chia khung lam 2 phén, xét can bing phén trdi mat
cit 4-4. Cy thé la:

Nz=0;Qy=qz—§qa;Mx=%(2a—z) (a—z)

3) T c4c bi€u thic néi lyc trong cdc doan, ta v& cic bi€u d6 (N,), Qy),
va (Mx) nhu hinh 1.39g, h, i.

Dé ki€m tra bi€u d6 noi luc trong khung thl t8t nhat 1a xét sy caAn
bing cta lyc tic dung lén ndt (ci ngoai lyc va ndi luc). Ching han ta xét
nit C va B cua khung. Céc ngoai lyc va néi luc tac dung lén nit C va B
duge bi€u dién nhu hinh 1.39%k,1.

BAI 38

Vé bi€u dé noi luc trong khung tinh dinh bang phuong phdp mat c4t
cho trén hinh 1.40a, sau dd ki€m tra tinh ding din cia bi€u d6 da ve duge.

GIAI

D& vé bi€u dd noi luc bang phuong phdp mat cit trong khung, truée
hét phai x4c dinh cdc phan lue lian két bing diéu kién can bing. Cu thé
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ZnA(i;;=0;sz(-1;3=0;ZX=O=RB=—2_¢;

a
RA=-3;—1‘;HA=4qa

i

i

|

! Tudng tugng cAt khung tai cdc doan AC, CD, DB hinh 1.40a. Chiéu cta
|

D THIST

moémen ufn trén cdc thanh ding AC, DB dugc chon tity ¥, néu két qua tinh

3qa/2
q todn la duong, vé tung do cla bi€u d6 M, vé phia thé cing cia moémen da
; chon. Chiéu duong cia lyc ct va luc doc vdn theo qui w6c nhu thanh thing :
d) | Xét diéu kién can bing cho : -

3qa -

2 qa%2 ;
RN -ga fa 3 Doan AC (0 < z < a) (hinh 1.40g).

; Nz=——2—;Qy=—4qa;Mx=f4qaz.
} = @ : Doan CD (0 < z, < a) (hinh 1.40¢)
3 3 , 3
< } Nz=—4qa;Qy=%;Mx=—gﬁz2+2qza,2—4qa2=$zz--2qa2
4
o ; Doan DB (0 < z; < a) (hinh 1.40h).
3qa ng

N, =5 i@ =0z ; M = -5
: 'Bi€u d6 N, Q,. M, dugc vé trén hinh 1.40b, ¢, d. Bi€u d6 N,, Qy co
! danh dfu duong Am. D& ki€m tra két qua vé bi€u d6, ta ki€m tra bing cich
xét can bing cdc nit C va D (hinh 1.40i). Can ct bicu d6 noi lue, vé cac néi
luc tdc dung 18n cdc nit. Néu bi€u d6 noi lyc vé ding thi cic thanh phén
noi luc va ngoai luc can bing nhau. Cu th€ l1a cdc phan ti trén cdc hinh
1.40e, g, h, i, k phai can bing.

BAI_39 i
V& bi€u d6 néi luc cia mét khung cho trén hinh 1.41la.

GIAI

Phai thigt lap bi€u thic cta cdc noéi luc trén méi mat cit di dong (1-1) va
(2-2) (hinh 1.41a) d€ tit d6 vé& cdc bifu d6 noi luc cho ting doan. Khi di &
trong khung ti 0 dén 2, mémen dugc xem 13 duong néu cang trong, cing phia
ngodi 14 am, luc cit va lyc doc vén giit quy udc nhu trong thanh thang. Do dd,
d€ thuan tién ta ngdm dinh cdc noi luc cin tinh trén méi mat cat di dong
(1~1) va (2-2) trén cdc doan 04 va 12 tuong dng déu dat theo chiéu duong.

Hinh 1.40.
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Do d6. dé¢ thuan tién ta ngim dinh
eie noi lue edn tinh tren méi mat
cit di dong (1-1) va (2-2) trén cde
doan 0-1 va 1-2 tuong tng déu dat
theo chidu duong.

Déi véi doan 0-1: 0 < 2z, €a

3
Nx =-P, = —% qa
3
Q=P -9z = > qa~qg
z? 3 z?
1 I
M1=P,zl—q?=7qaz]—q?

béi véi doan 1-2 : 0 < Z, € a

N:—?qa-qa ——7-qa
3
® =
,12

Bi€u d6 M, Q, N duge cho
trén hinh 1.41b, ¢, d.

Tinh ding din caa cic bigu
dé di vé duge the hi¢én & su can
bing nut "1" (hinh 1.41e).

BAl 40

Mot khung tinh djnh can bing
nhy hinh 1.42a, Hay vé nhanh bigu
d6 M (khong viét bidu thic cia M
cho cic doan).

GlAI

=00

Nhan xét do lien kat nhu hinh cho nén doan 34 va 6
momen. Taj khdp 5 khéng co moémen, tai di€m 6 cd mdmen t4
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q | 23
af 7F Z. — 2 Z
>
1

45T

] &
L Oi Pi=3qa/7

P,=3qa/28
082/14 qa2/28

B

qaﬁ{% @

c/ 3qa/28
4qa/7

©
s 4
o EITRIT

i 4qa/7

-
Pl |

e/

a7 _
\\_)
3qa/28—

Hinh 1.41.

~7 khong eé
p.trung quay

v

thuin kim dong ho, tai diay bicu d8 M co bude nhiy bang ga=d eang tron,

Bidu dd M trén doan 3-6 la duisng xié

Tiu diéu kién can
bing nit 3, suy ra momen
doan 2-3 la hang, cing
trong.

Khi khao sat disu
kién cin bing cia khung
ta xdc dinh duge phan lyc
tai 0, nhu hinh 1.42a.
Moémen tai 1 thude doan
0-1 cang ngoai vi cd gia
tri: qaz. Didu kién can
bing nit 1 va 2 cho ta
cic tung do va chiéu cang
cia M tai mat cAt 1 va 2
thude doan 1-2. Ciic nhin
xét trén cho phép vé bidu
d6 M nhu hinh 1.42b.

BA| 41

Ve bidu dé noi lye
clia khung khéng gian nhu
hinh 1.43a.

1A1

1) Céc truc tca do
d6i vai cdc doan thanh
dude chon nhu hinh 43b.
Xét sy can bang va viét
cdc bidu thac néi luc déi
voi méi doan thanh duge
cit ra.

n qua khap 5.

, qa/ZT
qa’/4 qa‘/4
el
=
qa? qa’/4
Hinh 1.42.
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a. Doan DC : 0 < z € a (hinh 1.43¢).

Tai mét cdt 1-1 ta v& cdc thanh phén noi luc theo quy udec duong nhu
hinh 1.43c. Sau phuong trinh can bang tinh hoc cho ta 6 thanh phén ndi luc
sau day :

q’
N,=0;Q=qga; Q=-qz; M;=- o i My=qaz; M, =0 (1)
b. Doan BC : 0 € z < a (hinh 1.43d).

Trén mat cit 2-2 cdc thanh phan noi luc duge dit theo chibu duong. Dé
don gidn viéc viét bi€u thuc cdc néi lyc, ta doi cde ngoai luc tdce dung trén
phin khung dugc xét vé di€ém C nhu trén hinh 1.43d.

Sau phuong trinh can bing tinh hoc cho ta sdu thanh phén n6i luc sau :
N, = qa ; Q=aa; Q=0

2

a
Mx=-q7; M,

¢) Doan AB: Ding mat cit 3~3 cich B mot doan z (0 < z < a) chia
khung ra lam 2 phén.

qaz ; M, = —qa

C4c thanh phan noi luc tai mat cit 3~3 duge bi€u dién nhu hinh 1.43e.

D&i cdc ngoai luc tdc dung trén phén khung & bén trdi mat cit 3-8
dugc giit lai vé B nhu trén hinh 1.43e.

Sdu phuong trinh can bang tinh hoc cho ta 6 thanh phén néi luc sau .
N,=-qa; Q=aqa; Q=0
2

le=qaz; My=qa(a—z); Mz=—128—

2) Trén co sd cdc bi€u thic nédi luc nhan duge & trén, ta vé cdc bifu dé
ndi lyc N,, Q,, .., M, nhu hinh 1.43f,gh,ijk.
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Chirong 2
KEO VA NEN

I. TOM TAT LY THUYET

1. Diéu kién bén - ba bai toan thuing gip

D& dam bao sy lam viéc an toan khi thanh chiu kéo (nén) dung tam,

ung suit trong thanh phai théa man didu kién bén :
NZ
0, = F < [0] 2.1
Tu bdt ding thic trén, ta ¢ thé gip ba bai toin cg ban sau day :
® Kiém tra bén : Ki€m tra bén 13 bai todin ki€m tra didu kién (2.1) dai
vdi moi mat cit cia thanh. Cu thé la :

N

7
S = F < [0] (2.2)

® Chon kich thuce mdat cdt: ; Yéu cdu cta bai todn ndy 1a xac dinh
kich thudc t6i thi€u cia mat cit ngang théa min diéu kién sau :

N7
=2 — = F 2-3
F = 7] [ ] 2.3)
. N,
Dé dam bao an toan va ti&t kiém chi nén chon F xdp xi iy s6 W
L

trong pham vi ching = 5% la du.
® Xac dinh tdi trong cho phép
Khi biét kich thuéc mat cidt va @ng suit cho phép, cdn xdc dinh tai
trong 16n nhédt cho phép dat 1én chi ti€t mdy hay k&t cdu. Mu3n the phai
co :
N =f®) < F[o] (2.4)
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2. Diéu kién cing - ba bai toan thudng gip

Diéu kién cing la diéu kién han ché bién dang va chuyén vi doc truc
cla thanh tuy thu¢c vio yéu cdu ki thuat cy thé cho trudc cua ting ciu
kién. Cac bién dang va chuyén vi cho phép nay ky hiéu la : [€] va [ul

Diéu kién cing dugc dién dat nhu sau :
£ < [£] hoac u < [u] (2.5)
T¥ quan hé (2.5) c6 thé rit ra cac bai toin sau day :
e Ki€m tra diéu kién cing, tic la ki€m tra diéu kién (2.5).

e Chon mat cit ngang 1a lam théa man diéu kién :

F= L (2.6)
> E[z] .
e Chon tai trong cho phép P la thuc hién diéu kién :
N = f(P) < EF [¢] 2.7

Trong cic cong thic tit (2.1) dén (2.7), lve doc N(z) dugc tinh theo cong
thic (1.3), con chuyén vi doc truc u(z) cd th& tinh theo cic phuong phap
dudi day.

3. Cic phuong phap tinh chuyén vji u(z)

a) Tich phan triee tiép

£, =T =7 & =sy=—;u:Z (2.8)

(2.9)

Tich phan dugc ldy doc theo chiéu dai cua ting doan trén dd ham
N (z '
EF

) xdc dinh, con téng dugc liy trén tit ci cic doan cia he.

h) Plieong phdp van néing

Chuyén vi u(z) c¢d thé duge xdc dinh theo mét cong thic da chuin bj
sin dac biét thuan lgi cia phuong phap van nang d6i vdi bat ky bai toan
kéo (nén) nao diu la tinh dinh hay siéu tinh.

* Truong hop dé cing C. 1a hang s6 véi Vi (hinh 1.1c)
i g
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k=1n
(z—aj_y) (z —aq;_y)
u(z) = 2 [Au()i + Po; EF Q0 21 EF
j={
, (z - a;-y)
dU ‘
Ni(z) = EF % = cong thic (1.3)
o day :
Auy; 12 budc nhay ctia chuyén vi doc truc tai ddu trai "0i* cia
EF
doan "i". C; = a_al— la d6 cing khi kéo (nén) ctia doan
i — aj-)

thanh thd "i". "k" 12 doan thanh trén dd xdc dinh uy(z).
* Truong hop d¢ cing C; thay déi :
Phuong trinh cic dai lugng cén tinh duéi dang ma tran dugc viét :

S = [3] [ (7] - [3]8a+ [3][3][55] -

) [BE]A_é‘,Z + .+ [Bi]A_ém ; @2.11)
o« (8] (35 (5] - (8] (5] (5] (5
. [B]As(,, + [B]AS(,, ,i=1n (2.12)

Trong dd ma tran [Bi(z)] va [Bi'(ai - ai_l)]co‘ dang :
P B, by

Oy T oSS T e - U(Z)
[B@] = | " BF EFR EF 5@ = gl @19

0 1 o, By L !
A§:‘ = {AU"i » Poi s 84 » AQ'G 5, AQ7G }r ;

. k :
, I— z=a.)
Véi d)k( z - ai"l) = [—_\ k: ! khi 2 ;- (214)
0 khi O<z<a_

[Bf] nhan duge tu [Bi] khi thay z = a; - a;;.

¢) Phieong phdp niing heong

e Thuat toan Veérechtchaguine
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n 0O«
N
Ak[* 2 E.F 12.15)

trong dg :
Q; la dién tich bi€u d6 lyc doc Ny, do ngoai lue cho truse gay ra

trén doan "i".

at vao didm
cdn tinh chuyén vi theo phuong cin tinh chuyén vi ga

g la tung d6 cua biu dé lye doe N do Iuc don vi o

day ra
dng véi hoanh do trong tim cua Q..
e Ap dung dinh ly Castigliano
718
E =4 (2.16) |
z Py =0 ‘

Pgl 1A lue gid tao duge dit vio digm va phuong chuyén vi cin
tinh & ;

U la th& nang bien dang dan héi tich ldy duge do tit e cic

ngoai lyc P, lye gid tao ch gy ra va cd bidu thue -

1 Niz)
U = ) f “EF dz (2.17)

4. Tinh hé siéu tinh chiu kéo va nén
Nhing phuong phip thudng duge su dung trong Sidc bhén vat licy,
u) Plucong phdp bién dung

Theo phuong phip nay can phai thist lap cac phuong trinh can bang
tinh hoe va cac phuong trinh mé ta disu kién tuong thich cua chuyén vi,
nghia la thist lap quan hé hinh hoc gia ¢
thanh khac nhau caa hé. Giai hé hai loai ph
lue doe trong hé.

dc chuyén vj doc truc cia cic
uong trinh trén dé cd duge cde
b) Phuwcang phip Il

Phuong trinh chinh tdc thd k cta phuong phap luc d6i véi hé siéu tinh
chiu tic dung déng thdi cua tai trong, sy thay d8i cta nhiet do, do 14p ghép
khéng chinh xdc va chuyén vi cta géi tua cg dang tng qudt sau day :
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R N e

SNy FONsF L F SN 8 X+ Qp F At AT A =0
Vii k = In (2.18)
NN, NN, —
ka = E o L Ap = Z EF L A, = E N, .ctd
K
Aa = = DRy 5 By = 2 Ny.§
' I

N, Ni , Nl' 13 lye doc trong cic thanh ctia hé co ban tinh dinh do
cdc dn s6 X, = X;=1 va tai trong ngoai giy ra.
atd la do dan dai cta thanh cd chiéu dai ¢, chiu sy bién thién
nhiét d¢ & truc thanh t. v hé s6 dian nd vi nhiét « cua vat
ligu.
R 1a phan luc tai géi tya i noi c6 chuyén vi cudng bic da biét
do lue X =1 giy ra trong hé & trang thdi "k* tinh dinh. &,
13 chuyén vi cudng buc da bist tai lién két "i" cua hé siéu
tinh.

d; 1a do dai du cho ché tao khong chinh xdc so voi thigt ké cua
thanh tha "iv, $; > 0 khi chidu dai thue t& 1én hon chidu dai
thict ké va nguge lai. Diu téng trong eong thic Ayps duge liy
theo s6 thanh bi ché tao khong chinh xic.

¢) Plucong plip van ning

Khi gidi bai toin bang phuong phip nay ta chi viée sit dung tryc ticp
cie phuong trinh van nang da chuin bj sin (2.10) hoae (2.11).

d) Pheweang phip niing heong (nguyén Iy cang cuee ticu)

Déi véi hé khop, lye tic dung vao nit, phuong trinh cta nguyén Iy cong
cuc tidu od dang :

NN
— = 2 H
2f o5 dz = 0 (2.192)
Khi EF nhu nhau d6i véi moi thanh :
2NN.I =0 (2.19b)
trong do
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N 12 luc doc trén titng doan cia hé tuong duong do ngoai luc
cho truéc va phan luc thita gay ra.

N tuong tu nhu vay nhung chi do phan lyc thita bang don vj
X, =1 gay ra.
¢) Ap dung dinh I Menabrea

Goi Pj la ngoai luc cho truée tic dung lén he, X; 1a cic phan luc thia
can tim, U(Pj, X;) la th& nang bién dang dan héi, dinh ly cho hé phuong
trinh thm X; nhu sau :

10

35(: =04G,j=12 38 .. ' (2.20)
IL. CAC BAI TOAN GIAI SAN |
BAIL 1
Mot hé khéop gém hai thanh 1 va 2 chiu déng thoi hai luc P,, P, doc

theo truc thanh (hinh 2.1a). Hay tinh cdc chuyén vj theo phuong thanh 1 va
2

2 va chuyén vj toan phin cta nut A ?
GlAl

Thé nang bién dang dan héi cta toan hé cd bi€u thuc :

Pi Pii,
= —— e ——
2E\F, * 2E,F,

Chuy@ir v(
Yaon phén

B

Hinh 2.1.
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i hiej . .
Céc dao ham riéng -~ va =5~ cho ta chuyén vi u;, u, cta niit A theo
P, 9P,
cic phuong thanh 1 va 2 (hinh 2.1b).
P, L P, 1,
u;

Chuyén vi toan phin cua di€m A khohg thé xdc dinh dugc bing quy
tdc hinh binh hanh nghia la dudng chéo hinh binh hanh AA® véi céc canh
u;, uy (hinh 2.1b), ma 13 canh huyén AB cua tam gidc ACB vuobng tai C
(hinh 2.1¢). Cdc chuyén vj uj, u, chi 1a hinh chiu cta chuyén vi toan phin
AB lén cdc phuang 1 va 2.

BAI 2

Mot dan phing hinh tron cd n thanh nhu nhau ¢ hé s§ cing k, phan
b6 déu theo doc chu vi va néi khép véi nhau bing mit chung ¢ tam "O". Luc
P dat vao O va cing nim trong mat phing dan. Hiy ching 't riang chuyén
vi toan phan cua difém O luén luén cung phuong cung chiéu véi luc P va
khong phu thude gde a (hinh 2.2a).

GlAl

Goi P; va P, la cdc thanh phan cta
luc P trén cac phuong thanh 1 va 2
(hinh 2.2b).

Vi méi mét thanh déu ndm trong
mat phing d6i xung nén cdc chuyén vj
toan phédn u; va uy (hinh 2.2b) do P; va
P, gay ra phai nam trén dudng tic dung
cta cac luc nay. Cu thé la doc theo céc
thanh 1 va 2 va cd gid tri 1a :

P, P,
k0 T X

Do dd, chuyén vi toan phdn u do P
gay ra dugc xdc dinh theo quy tic hinh
binh hanh (hinh 2.2b) va biang duong
chéo OO* cua hinh binh hanh x4y dung
tl cac canh u,, u, va khéng phu thugc a.

u =

Hinh 2.2,
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BAI 3
Mét thiét bj nang diung d& dua vat ning Q = 2000daN lén cao (hinh
2.3a). Hiy chon dudng kinh cla cic thanh thép tron BD, AB va thanh g6
vudng BC cta gid d& céngxén clia thist bi theo didu kién bén va ki€m tr
theo digu kién cung. Cho biet: [6],, = 1600 daN/em? [A] = 0,5 cm.
1% = 120 kN/em -

Ey = 2.10° daN/em?®
Eg

10° daN/em?

a lai

b

ANANANERERANRRRRTR SRR RIS

LHEEEEL AT R AR N

N, P
<)

a) b)

Hinh 2.3,

GlAl

T ket cdu thyc (hinh 2.3a) mot cich gdn ding ching ta c6 the chon
mdt so dé tinh nhu hinh 2.3 ma s khong pham mot sai lam nao. Khi bs
qua ma sit thi § diém treo D chiu mét lye P = 2Q = 4000 daN = N,

Dién tich mat cit ngang cta thanh treo BD duge tim t¥ diu kien :

o N 4000 05 o2
= [O'] 1600 = = cm

’ 4T,
> = L13 \) 25 = 1,78 em = 17,8 mm

U
o
]
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. 5 . 2
Ta Ly d; = 18 mm iFy = 254 em*),

Vi lien két dit chon la khdp nén nit B chiu mot hé lue dong quy phing

- >

gom 1?, N,, N3 (hinh 2.3¢). Diéu kién cin bing nit nay cho ta :
N; = -5660 daN ; N, = 4000 daN.
Thanh AB chiu kéo, con thanh g6 BC chju nén.

Ta thidy ngay ring tit diéu kién bén dudng kinh d, cta thanh thép AB
bing d; = 18 mm.

Déi vai thanh gé BC, diéu kién bén cho ta :

N, 5660
F; = axa = — >-,—=47cmzsuyraa = 1/47 = 6,85 cm
[5];:” 120

tally :a = 7 cm, (F = 49 cm?).

Trong bai nay ta s& xic dinh chuyén vj thing ding cia nit B theo so
dd bién dang bé (hinh 2.3d) :

Goi B, 1a vi trf cda B sau bign dang (hinh 2.3b, d)

Ay la chuyén vi thing ding cta B, ta c6 :
—  — AL Al N, L, N, L,
= B = + P — = + =
4 = BB, = Bb + bB tga  sina ~ E,F, tga E;F, tga
4000 x 150 5660 . 150 2

= - + — = 0,46 cm < [Av“]
2.10° x 2,54tg45"  10° x 49 sin 45° )

Diéu kién cing duge dam bao
Ban doc ¢d th& nhan lai duge két qua nay rit nhe nhang bing phuong

phip Mohr theo céng thic :

o NiNj, N, NS, .\ N; N3, 1.14000 5660

Ay = =

iz BF  EFy  EFy T 5 105 254 0 107 40

= 0,46 cm

Tinh dudng kinh cdc khau AB, AC va CD cua moét thict bi nén
hinh 2.4a. Vat ligu lam csc thanh cd

e = 24 kN/em? , Hé s6 an toan n = 5
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Hinh 2.4,

GlAI

Dé xac dinh nodi luc trong cic thanh ta xét sy can bing cic nit A, C
nhu hinh 2.4b, c¢. Cu thé la :

Nit A
2Y = 0= Nap = Nyc
P
2X = 0 = Nag = Njyc = T = 144 N
Nut C :

2Y = 0 = Ngp = Npccosf = 14,4.0,9848 = 14,2 kN.

Vi lyc doc trong ba thanh xdp xi nhau, nén ta chi cdn chon dién tich
méat cit cho moét thanh, vi du thanh AC :

Nac  5.14/4 ,
F = r‘]— = T = 3 cm

Do do :

dap = dac = dep = 2 em.
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BAL 5

Thanh AB tuyét d6i cing, lién két khép véi cdc thanh cung vat ligu (1),
(2), (3) chiu tac dung cta ngoai lyc nhu hinh 2.5a. Chon gid trj lyc q cho
phép d€ cac thanh ¢¢ thdéa man diéu kién bén, cho bigt {o).

........................ P
! 2d
N4 14s° o Mgt 2
af ' ﬂ—;—rv-ﬁ\q 0

Hinh 2.5,

GIAI
Cdc noi lyc N; N, N; duge xic dinh tif cic diéu kién cin bang sau day:
— 3
Zm,,\(F) = 0= N, = —;E

5
Zm,,(-l‘-‘; =0= N2=N3=N=-‘-1-3%
N, 3 qa
: T (o]
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o= N _8a 1
RERSE T Is S F < o]

Vi, > 6, = €3 Nén lye q cho phép phai théa man bit ding thLﬁ: :

rd*[o]
as 3a

BAI &

Mot hé treo chju lye P
nhu hinh 2.6a. Trong d¢ cic
thanh ham AC va GE Ia
cing tuyét déi, cic nhinh BE
va CH la dan héi. Trong
lugng cta cdc thanh duge bd
qua trong tinh todn, (6] = 16
dN/em?, P = 48 kN. Hay :

a) Xde dinh bac sisu
tinh ctia hg ?

b) Chon F, F, trong cic
thanh BE va CH.

GlAI

Hinh 2.6.

Déi véi hé nay, ching ta .
cO th€ xdc dinh tit ci cde phan luec lien két va noi luc chi bing cdc digu
kién can bing tinh hoc, cho nén hé 1a tinh dinh, khéng cd lien k&t thia.

D& xdc dinh ndi lyc trong cdc thanh dan héi ta tudng tugng cit hé nhu
hinh 2.6b va viét diu kien can bing cho ting phan da c4t ra, Cu the 1a .

Zmy = 0 = 2N, + N, =0 ()
ZmG =0=2N, + N; =0 (b)

Déi v6i phan t8 chia digm D thusc thanh CH, ta thyc hién phép chidu
cac hre 1én phuong CH va thu duge : '

T4 ba phuong trinh (a), (b), (c) cho ta :

82

P
;N3=—§,;N3=—~—'

Dién tich F, mat c4t ngang thanh BE dugc tim ti diéu kién :

N 2.48
Fla[—o-_lT=ﬁé=2cm2

Thanh CH ta s& chon mét dign tich F, cho ca thanh theo didu kién :

4 .48 2
F, = m = 4 cm

BAl 7

Cho mot thanh chiu lyc doc truc nhu hinh 2.7a. Hay tinh va ve bigy
N va ¢ doc theo thanh. Ti{nh chuyén vi tai A ?

GIAI

1/ Phuong phdip mat cdt va tich phan trye tiép
Xét noi lyc trong ba doan AB, BC, CD (hinh 2.7a).
Doan AB : (0 < z; < 2m) ; N, = -60 ~ 15z,
Doan BC : 2m < z, s 4m) ; N, = -20 - 152,
Doan CD : (4m < z, < 6m) ; N, = -80 - 152,

N,
Ung suit trong cic doan duge tinh theo cong thic 6, = —F—‘
Bi€u dé lyc doc N, va \ng suit phap 0, dugc vé trén hinh 2.7b, c,
- Chuyén vj ctia diém A 1a tdng dai s8 bién dang dai trong cidc doan.
lve doc 14 ham s8 ciia z nén cong thitc tinh bign dang dai o dang :
t Nd.

I =
A{EF

~ Chuyén vi cia didm A l1a tdng bién dang dai trong ting doan :

P _ J. dezl + J. N‘dZZ + J_ de23
AT )
AB EF BC EF cD EF

Sau khi d8i don vi va thay can tich phan tuong tng, ta cd :

dé

Vi
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Spo=| — ——
A 11.10“.40.10“‘

60kN 60kN 1,5kN/cm?
L A : : /
I ,_40kN
& 4 . =\ 90kN 2,25kN/em?
B L T
el B Jro=15kN/m 50kN 1,25kN/em?
A vlc Hr F=40cm? 80kN 2,0kN/em?
Ay * 140kN \ 3,5
& N B ==
y . \ \
FIP7II7777 N
170kN 4,25kN/cm?
E=1.10'kN/cm? @ @
a) b c
Hinh 2.7.
2 -60 - 152 : 4 -20 - 152 6 —-80 - 15z,
1 2 dzz + J‘

dz, + —_—
) . { 1.10%.40.107%
Sp = —1,475.10° m

2/ Phutong phdp van néng

Khi chon géc toa d6 tai A, chiéu duong truc z hudng xuéng theo (2.10),

ta co :
z 152 40(2-2) 60 (z — 4)
u(z) = + Au“l -- EF
T __2‘ E
N(z) = — 152 - 60 (a)
7 N EY
0 2 € 2m 2m € z € 4m dm <€ z € 6m

Tai z=06m thi u(6m) =0 suy ra A“o, = u, = 1,475. 1073 m

o(z) = =% =%(-Go - 15z)

84
e

2 1.10%.40.1074

d23

Bi€u d6 lyc doc va ung sust duge vé theo (a), (b) duge cho_trén hinh
2.7b, c.

BAl 8

M6t hé khép duge cho -trén hinh 2.8a. Hay tinh chuyén vi ngang cia
diém C, va chon dién tich mat cit ngang cta thanh BC ? Biét :

20kN ;! =3m E =
2F1;[5]=

2.10* kN/em®

P
F

16 kN/cm?

il

c/
Hinh 2.8.

2
>

Hé¢ da cho la mét hé tinh dinh nén dé& dang v& dugc cic bi€u d6 Np)
va (N) (hinh 2.8b, c).

Bang cdch nhan bi€u dé cla Vérésaghin ta duge :
> g 1

10
Ac =,2 EF, = Eﬁ(ﬁ-wo.l)

i=1

= 3.10° (em) (a)
V3 .EF,

Goi dién tich thanh BC 1a F,, tit diéu kién bén ta cd :

Ngc Ngc 10
?1— < [6] =F = [6] ‘[—— 5= 0,36 cm?

Thay F, vao (a) ta thu duge :

9
A = M__l.g = _ﬁ. = +0,24 cm

—
Nut "C" chuyén vi sang phai theo chiéu P, = 1.

0
n




BAI 9

Mét hé khdp gém hai thanh chiu luc P thing ding nhu hinh 2.9a. Hay
xac dinh F|, F, ? theo cac s lidu sauy : |

]

P=10kN,a=1m;a=30, [ak] = 1000 daN/em? ;
I

E, = 2.10% daN/cm? ; [0'"] = 100 daN/cm3 ;
’ I1

E, = 0,1.10° daN/em? ; [5x]A = [Jy] = 0,13 em.
GiIA)
1/ Phuong én 1
Giai bai toan theo sg dg a/
bién dang.

Theo diéu kién can bing
tinh (hinh 2.92), ta ¢ -

Zx=o,ZY=o=N,=
N2 = 10 kN
Dién tich mat c4t ngang
theo diéu kién bén phai 1a
N, 10

Fl = [dk] =15 = lem?
.o N g0

F > == = 2
b [Gn] 1 10cm

Véi cdc gia trj Fl, F3 nay
dé dan va co cua edc thanh 13 :
N.a _ 10.100
EFl  2.10%.1
= 0,05 cm

AL, = 10.100
0,1.10%. 10

Vi tri cia digm dat Iwe A g Hinh 2.9a,b.

Al =

=1lem
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trang thdi bién dang 14 A* nhu hinh 2.9b, T hinh vé nay ta ¢d cie quan hé
hinh hoe nhu sau -

Alp = Sysine = cosa Aly = d,sina + S,cosa
Suy ra
Al + AL ALy = AL
Y= 2sina = Ol em ;4 = 2 cosa = 00289 cm |
Vi ring ‘

S, = 0,15 cm > [6‘,] = 0,13 cm nén can phai chon lai F{ va F). Ta
e dinh F] = 1 em? va chon F, theo didu kién cing. Cu thé 1a :

ALy + AL
o = ————— = 0,05 + Al, < [év] = 0,13 ecm =

~ 2sin 307 ’
N,a ‘

Al = E;_E‘; < 0,08 cm. :

N:a ”
. . o FY R T = = 9 2 : .
Do d6 F, c4n thlep phdi 1a : F, ——Ez 0,08 12,5 em” > F3

Ung sudt trong thanh 2 va chuyén vi cta digm dit luc dng voi F, =
12,5 em? 1a :

2 0,8 kN/cm® ; § 0,13 d *T——O’OS — 9,05 0,0173 em
5 = o oz < = N = = y m.
O'_vi FZ y < cm® y y CH} y Og ) 3

Hinh 2.9¢,de,g.
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2/ Phuong dn 2

Trong phuong 4n nay, ching ta sé tinh cdc chuyén vj bing cich nhan
biéu d6. Cy thé€ nhu sau :

Cac bi€u d6 luc doc do P, ?x = 1, Ev =1 gay ra dugc cho trén hinh
2.94d, e, g

2 NNy 10xa.1  10xa.1

21 E;Ff; ~ E;FV3 Ezeﬁ"
10.100.1 10 x 100.1 1

= - = 0,289 mm
2.10° V3.1 10° x10y3 20V3 U

i (N,,.) (N\.) _ lo0x10.1  10x100.1
2.10°.1 103,10

i=]

= 1,5 mm

C§ dinh dién tich F; = 1 cmz, do dd F, phai théa min déng thdi diéu
kién cung va diéu kién bén cua thanh 2 :
10 x 100 10x 100

6, < [6,] = + < 0,13 cm
’ [V] 2.10* 10*. F,

= F, > 125 cm?
V6i F, = 1 ecm® va Fy = 12,5 em? thi :

10 s
o, = 125 = 0,8 kN/cm

§ = 013 em = [éy] ;

< [6n]2 = 1 kN/cm?

10.100.1 10.100.1 )
- = 0,0173 em < [‘5:(] = 0,13 ecm

*T 2.10°.V3.1  10°.125
Heé dugc dam bao t6t ca vé diéu kién bén va cung.

BAl 10

Mot dai gia cudng (cho mét vé tru tron) chiu dp luc bén trong p = 2
MN/m? cé ban kinh trong r = 10 cm, ban kinh ngoai R = 10,1 cm, chiéu
rong ! (hinh 2.10a), E = 2.10° MN/m?, 6, = 300 MN/m". Hay tinh d¢ dan

nd Ar va hé s6 an toan ngy, ?

88

1Al

" Diéu kién cin bing cia mét nia dai theo phuong y (hinh 2.10b) cho ta :

n/2
N = f pr.lsinada = p.r.!
0

Két qua nay da dugc ching minh trong bai 1.32.

g o .

=~

y .-
P
£ P
r 0 P “‘{“
i v

2)

\

Hinh 2.10.

Ung suét phap trong thanh cia dai la :

N_ pr.i _ _pr _210.107 ,
°=F T R-=0I T ®R-1) 01.1072 = 200 MN/m
Hé¢ s6 an toan so v6i gi6i han chay 1a : o
Och 300

D6 dan nd Ar duge xac dinh ti dinh nghia g, :

£ = 2r(r+Ar)—2rr N prl
r 2nr T EF T ER-1)!
2 -2
- Ar = pr - 2.10 - | |

ER-1) 2.10%.1073

ar = 107 m = 0,01 cm.
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BAl 11

Mot hé treo nhu hinh
2.11. Hay xdc dinh tai
trong q, néu oy = 24
kN/em®, modun dan héi E
= 2.10* kN/ecm®, hé s6 an
toann = 1,6, F; = 1 c1112,
F, =2 c1112, cac thong so
tinh todn khdc cho trén

hinh ve.

GlAI

Hinh 2.11.

Day la bai todn sisu
tinh bac 1 vi s6 dn s6 lyc phai tim 1a 4, tai khdp B cd hai thanh phdn va
- hai thanh phdn luc cang trong cic day 1 va 2. Liy moémen déi véi diem B,
ta ¢d phuong trinh sau: (hinh 211,
Zmy = N,.2+ N,.5-39.35 = 0 (a)
Cdn xét didu kién bien dang ctia hé vi thanh AB cling tuyét déi nén
bién dang cta cic thanh 1 va 2 la Aly vA Aly ¢S quan he :
5 N Ny 5 Ny
Alz=‘2-All ay —EF;=§EF_1
'Thay (b) vao (a), ta dugec :

10,5 105
M= ¢iN2=55q

o N, O .
Tl didu kién bén T < 'y cta cdc thanh 1 va 2, ta suy ra
o 10,5 1 24.10*
Déi voi thanh 1 : 52 4 T 10-° < 16 = q < 74 kN/m.
10,5 1 24

. a0 et bl —_— = . 4
Dé&i véi thanh 2 : 52 4 5 10~ < 16 10%, = q < 14,86 kN/m.

Ta phai chon [q)] = 14,86 kN/m. Lic dg N, = 3 kN; N, = 30 kN.
Chuyén vj clia di€m A bing Al ‘
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Q= Al = gE= = == = 0075 em

Mot thanh chiju kéo mat cit ngang thay déi nhu hinh 2.12. Hay tinh £,
AF/F, do thay d6i thé tich tuyét déi cua thanh theo cdc dai lugng cho trudge
P, q, 1 F(2), E, u.

GIAI

Luc doc va wng suit phap trén mat cit
bat ky z la

N, p+
N2=P+qZ;O'Z=—Fl= qu
2 .

Bién dang doc ty d6i theo dinh luat Hocke

la :
P+qz
EF,

&

o‘l
Z=E=

Bién dang dién tich ty d6i ctia mat cit
ngang :

Hinh 2.12.

AF ] P+q.z
— = ) — o ——
F 4 E 2u EF

Bién déi thé tich tuyét d6i AV :

{ £
AV:LI_-_z‘_’).f N“dz=(1—E&f (P+qz>dz=

E 0 0
-5 (e )

BAl 13

Cho mét cot chiu nén b&i.h;c.P c6 dién tich mat cdt & dinh théa man
P
diéu kién bén la F, = m (hinh 2.13). Hay thist k& cot sao cho moi

diém cta nd co Ung suit nhu nhau. Né&u cot duge lam bing vat lidu cd:
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[6]= 16 kN/em?, y = 8.1075 kN/cd, ¢
= 2000 cm ; P = 160 kN,

GIAI

Goi F(x) va (F(x) + dF(x)) la dién
tich mat cdt ngang tai toa doé x va (x +
dx).

Q (x) la trong lugng doan cot cd
chiéu dai x.

Diéu kién can bing cta doan c6t cd
chiéu dai x va (x + dx) ldn luogt 1a :

Hinh 2.13,

P+ Q) =[0] Fx) ()
P+ Q@x) + yF(x)dx = [a}[F(x) + dF(x)] (b)
Hiéu cua hai bigu thie (b) va (a) la :

yFa)dx = [0] dF(x) = %Ex—" = 1=

Tich phén quan hé nay ta cd :
rXx

InF(x) = [—"T +C= Fx) = ool ©

Hang s6 C duge tim tir diéu kién :

Tai x = 0 thi F(x) = F, = e Thay F, = e vao (C) ta thiét lap dugc
quy luat thay d6i cia di¢n tich mat cit ngang cta c6t dam bao uUng subt tai
moi di€m trong cot déu bang nhau nhu sau :

yx
F(x) = Fyelo]
Dién tich mat cit ngang tai chan cot, theo cdc s6 lidu vio ciia dé bai
la @
P i 160 8.2.107°2
Fox=F@® = G elvl = Tg e ¢ =10 = 101005 em?

Déi voi cot cd mat cit ngang khong déi thi dién tich mat cat ngang cia
loai c6t nay khi ké dén trong lugng ban than cia nd la :
P 160 10

F = = = — = 10,101 em?
(6] -7l 16-8.107%.2.10° (1-107%
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Céc két qua nay cho thdy sy khdc nhau vé& dién tfch m&t cAt ngang cia
c6t d6 bén déu va c6t cd mat cat ngang khéng ddi la rat bé khéng cd y
nghia thuc té€.

BAl 14

H¢ gébm 2 thanh AB, BC lién két khép tai B chiu lyc P theo phuong
thing ding (hinh 2.14a). Hay x4c dinh chuyén vi theo phuong thing ding
va ndm ngang cua di€ém B.

GIAI

Tdch nit B va xét diéu kién can bAng nit ndy. Cu th€ 1a (hinh 2.14¢).
Phuong trinh can béng :

Hinh 2.14.
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2Y = Njcosd5” = P = N, = 2P
2X = Njcos45° = N = N, = P
Chuyén vi doc truc clia cic thanh 1 :
V2 Py P,
EF, ° = E,F,
Goi yy va x 12 chuyén vi thing ding theo phuang y cta diém B va
ndm ngang theo phuong x, ching duge tinh nhy say :

Al =

Theo so d8 bién dang hinh 2.14b véi di€ém B* Ja vi tri mdi cua B ¢
trang thdi bién dang :

¥s = BG = BF + EB* = \/'2—.131l +Alz=%+§i%
PL,
Xy = BD = m
Hodc 1a tinh theo so d8 hinh 2.14d :
PL,
Xg = Al, = EF, % cos 45% ~ x, cos 45° = Al =
Al
= e Xy = V24l + x; =

2P, Pl
}’B=ﬁAll+xu=E~lF—l+FFz-,

Ching ta cd the nhan duge kst qui trén bing phuong phip don gidn
hon khi su dung thuat todn Vérésaghin. Cu thé 1a .

2 _— 2 =
M o) NN,

i=] i=1
PR E2 P, op py

= tomm— = —— 5,

EF, E;F, T EF, T E,F,

Trong dd bidu d6 luc doc (ﬁ) doP=1 83y ra nhan duge tit bigu dg
(Np) chia cho P.

BAI 15

Mdt két ciu chiu luec nhu hinh 2.15a. Hay xic dinh chuyén vj thidng
ding d'y va chuyén vj thdng ngang cia di€m dat lyc P. (
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Cic dai lugnge P, a E,, F|, E., F. duoe xem la di biét, cic thanh gach
; Y- | 1 2 2 ; o

soc duge xem cing tuyét ddi,

GIAI

1/ Phuong én 1
Theo phuong phip mat cit, ta cit cdc thanh I, II va dit vao cic mat
cdt cac lue Ny, N,. Céce lue N; va N; duoge xdc dinh ti diéu kién cin bing
sau day :
P 2p
EI]‘I[\=O=N1=§;ZNB=O=’ N2=?.

S0 d6 chuyén vi caa cde nut C, D va E ducc mé ta trén hinh 15b, c.

Hinh 2.15.

Theo dinh luat Hooke ta cd :
Ti hinh 2.15b. Suy ra :

2
CC" =4, =a,V2; DD* =g, YT = 2k
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Chuyén vi thdng theo cic phuong x va y cia di€m dat luc E sé la
(hinh 2.15¢) :

4Pa 1 Pa Pa 4 1
5)( = 2A12 + All = 3E2F2 + § ElFl = ? (m + ﬁ)
a Pa 4 1 ‘
= == — = — =+ ).
b =5tga = b5 =5 (5% * 5F,)

2/ Phuong dén 2
Goi N, , N, 1a lyc doc trong céc thanh I va II do mot luc P =1 dat
thidng ding tai E ta ¢d ngay 8, cho cong thic Mohr :

.. 2’-’: f NyNypdz  1.P.a L4Pa_ E(__l__ + __4_)
g EFy 9EF) 9EF, 9 \EF  Efy

Tuong tu néu goi N,n,ﬁ% l1a luc doc trong cac thanh I va II do mét
lyc P =1 dat tai E theo phuong ngang giy ra. Diéu kién cin bing cho ta :

N, =1, N, =28, =2
Do do :
s _%INmNade_ Pa 4P Pa, 1 . 4

Day 1a phuong 4n cho két qua nhanh hon nhiéu so véi phudng dn 1
dung so d6 bién dang.

BAl 16

Mot thiét bi phanh dugc md ta trén hinh 2.16a. Thiét bi nay gébm mot
cén gat AD cing tuyét d6i, mdt binh xe ban kinh R cing cing tuyét dbi va
mot day dai c¢d d6 cing cho truSc 1ip trén banh dai, hai ddu cta nd dugc
budc vao cdn gat tai B va C. Cho biét hé s6 ma sat trén mat tiép xdc gita
dai va banh dai la f. Hay xdc dinh mémen phanh, chuyén vi thing ngang
ciia diém A ddu cén va nghiém bai todn sé thay d6i th€ nao néu banh dai
quay theo chiéu ngugc lai ? '

GlAI

Chiing ta tudng tugng tach hé ra nhu hinh 2.16b va khao sdt diéu kién
can bang cho ting phé&n: D&i véi cdn AD :
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Hinh 2.16

Ta + Ty @+ 2R) = Pb (a)

Khio sit cin bang cia mot phan t§ dai Rdp dudi tic dung clia luc cang
T, T + dT, phan lyc phap tuyén tit binh dai dN, luc ma sit fdN. Diéu kién
cin bing cta phan t6 nay la hinh 2.1Gb).

dT + fdN = 0
dN = Tdp
Do dg :

dT "
T=—fd<p=T=ce"" (b)
Hang s6 tich phan C duge tim tu diéu kién :
Khip =0, T = T,, vi thé tit (b) rét ra :

T=CvaTs=T.¢e"
Lyc cang Tp = Tpuy = Te™" (©
Thay (¢) vao (a) ta suy ra :

P.b

Te = et -4
at+e ~(a+2R)

c

Moémen phanh dugc xdc dinh tu diéu kién :
P.bR(1-¢e"™)
a+e "(a+2R)

T g
M= !: RfdN = Rf{ T,.e Mdp=TR(1-e) =




Tu hinh 2.16b ta thdy :

- b b
Chuyén vi cta diém Ala Uy = U, =, U, = Uy- a+ 2R’

a
Goi Al la do dan dai tuyét ddi cha dai ta cd thé tinh Al nhu sau :
Tc.! Tg-l FTRIp Tc = , R ‘

_ + tn et P & 4
v=gFt e Y] B cELreTT e T (1-e )]

Nhung didu kién bién dang ctia hé cho ta :

0

Ml=Uc+ Uy =U, 21 a+2R)

Suy ra :

Al.b ppz  H(1+eT) +%(1'e‘u)

1

Néu banh dai quay theo chidu nguge véi chiu trén hinh 2.16a thi d4u
cia lyc ma sit ddi chiéu. Va, do d¢ trong cdc bi€u thic cua cic dai lugng
cdn tinh da nhan dugc & trén ta chl vise thay f bing -f.

BAl 17

Xdc dinh lyc doc N va N, trong cic thanh 1 va 2 (hinh2. 17a)cta két
cdu. N&u trong qud trinh ch& tao thanh 1 bi ngin hon so véi thist k& mot
doan A, = 0,5 mm. Cdc thanh dugc lam bing thép c6 E = 2.10™ kN/ecm?.

GIAI

Day 1a bai todn kéo (nén) 1 bic siéu tinh. Phuong an t8t nhat giai bai
todn 14 phuong phap lyc véi &n s§ thita N;.
Theo phuong phédp nay, phuong trinh chinh tic dugc viat :
SNy + Ale =0
Tinh A]Ao va 611

Ale 1a chuyén vi thing doc theo phuong 1—\1-l =1 tai lién k&t 1 do
chuyén vi cudng bdc gay ra trong hé co ban va duge tinh theo cong thuc :
AIA():"Z Ei.Aio': _l.Ao
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5 F o BF 3, B
la 2a 1,6a % F @

= e . a/

2a
7'

. Mot thanh thing thuin nhit
mét cdt khong déi duge ngim chat
4 hai ddu. Khi khéng tinh todn, Hinh 2.17.
hay ching minh rdng, néu thanh

duge nung ndng déu thi sé khéng cd chuyén vi doc truc thanh.

GIAl

Tu diéu kién d6i xung ta thdy mat cdt & gita thanh sé& khong co
chuyén vi doc truc. Bay gid ta lai xét mot nda thanh phai hoac trdi. Trong
méi nia thanh nay cde ddu cubi déu khorg cd chuyén vi. Tt didu kién doi
xUng cia méi nita nay ma mit cdt ¢ gita mél doan mot lan nita lai khong
thé phét sinh chuy&n vi doc truc. Theo lap ludn nay ta cd thé chia thanh ra
mét s§ doan nhé tiy ¥, ma & cde ddu cudi cia mbi doan khéng cd chuyén vi
doc tryc. TU d6 cd thé két luin rdng chuyén vi doc & moi mat cdt ngang
cia thanh vdi giit kién dé bai khong thé phat sinh.

BAI 19

Mot thanh cd E = 2.10* kN/em?, mat cdt thay ddi F, = 630,7cm?, F, =

173,87 cm? dugc ngam chat hai ddu, & gita chiu mé6t luc doc truc
P =52 KN (hinh 2.19a).
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Hay vé cic bi€u dé chuyén vi (U),lyc doc (N) va tinh wng suit 16n nh&t
vé tri tuyét d6i, max|e| va max|U| ? (don vi tinh [KN, cm]).

GIAI

Phuong trinh chuyén vi cia cic doan va gid trj chuyén vi tai cdc mat cit
phan chia gilta cdc doan dugc tinh theo pbuong phdp van nang nhu sau :
Doan 1 : Uy(z) = -2,517E ~ 06z
(0,000E + 00 <.z < 1,5000E + 02)
Doan 2 : Uy(z) = 9,129E - 06z -8,77GE-04
(1.500E + 02 < z < 3.000E + 02)
Doan 3 : U,(z) = +5,923E - 60z -1,747E-03
z = Bude nhay Bién trdi Bién phai
0,000E+00 0,000E+00  0,000E+00  0,000E+ 00
1,5000E+02 0,000E+00  -3,77GE-04  -3776E-04

f
e

40 7 2 Eln

a; 15,0 1560 1 J00.0 3
’ 0
&
N2925E vor
2025E <01 ; ’

9

NCILI5E v04 CIISE +01
~3I5E vor ~JII5E vo1

Hinh 2.19.
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3,000E+02  0,000E+ 00 -1,747E-03 -1,747E-03
6,000E+ 02 -1,776E-15 -1,776E-15 0,000E+ 00

Bi€u d6 chuyén vij doc truc (u), vé theo cdc ham u(z) & trén duge
' du;

igz’
(i = 1,2,3) va dugc md ta trén hinh 2.19c. Theo bi€u d6 (N) thi mat c4t chiu
Ung suit 16n nhit vé trj tuyét déi 1 cdc mat cit trong doan 1-2. Cu thé 1a :

31,75
max|6| = 17387 = 0183 KN/em®.

cho trén hinh 2.19b. Bigu dé tc doc (N) duge v& theo quan h¢ N = EF

31,75 -

maxi& —_——————
lel 2.104. 173,87

maxl%, = = 0,0915.107¢

Tl bi€u d6 (u) ta cd :

maxIU(z = 300 cm), = 1,747.1073 em

BAl 20

Ngudi ta mubn ¢ mét dan thép chiju luc nhu hinh 2.20a, nhung do ché
tao khong chinh xdc nén cic thanh 3 bi hut mét doan A. Hay xac dinh :

a) Chuyén vi thing ding cia di€m "k” do che tao khong chinh xidc gay
ra ?

b) Tinh néi luc trong dan va chuyén vi thdng ding tai k do A va P gay
ra ? Cho biét cdc thanh cing vat lieu, cung dién tich mat cit ngang : EF.

GIAl

Goi Agp la chuyén vj thing ding tai k do lap ghép gay ra ta cé thé

tinh nd theo céng thuc :
Ba = 3 Ny By (a)

Trang thai "k" va bigu d6 (Nk) dugce cho trén hinh 2.20c, trong
trudng hop nay i = 2, 43 = -A. Do hé d6i xung qua thanh giita nén theo
(a), ta cd :

1
Byp = —5(—A) x 2 = A (nit k di xuéng)

Trang thai chiju luc "m" va bi€u dé noi lyc tuong ung duge cho trén

hinh 2.20a, d.
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| T
GIA| ‘
i Goi N), N> la nhiing luc
kéo trong thanh 1 va 2. Ta
viét phuong trinh can biang E N, N,
mémen déi véi di€m D : Ll o e L4
= ©)
o 2mpF) =0= o |
5= -2 . L/I=qa'z
) N;= (45qa N) V2 (@ ’ 450
Thé& nang bién dang dan A B C Z D
héi U cta he : | A3
_ P=qa
1 o Ny i
U= 3 > EF, = Hinh 2.2].
b/
5qa - Z,
) N%a {(4, qa 2N,)ﬁ} aﬁ
= 2|EF T EF,
Theo dinh ly vé cuc ti€u cia th& ning cia Menabrea ta cd
2U 1| 2N 4\/?(4,5qa—2N1).aﬁ
aN, = 2 |"EF, ~ EF, =0
Hinh 2.20. Giai phudng trinh nay véi F, = \/EF, ta ¢d : .
= 2
Chuyén vi thang ding tai k do ngoai luc va lip ghép khéng chinh xic Ny = 1912qa
< Tit (a) ta rit ra :
giy ra la : 7
- . - N, = (45qa - 3824qa) V2 = 0,954 qa
A=A+, = A+ Nip'li'Nik—A+2 +£’_§'l+ﬁPa.ﬁ_E ( ) '
k™ Ska kp — 2 EF - ( EF 2 2EF 2 BAl 22
- Pa.l 5,84 Pa ) _
9EF ) = EF (nit k di xudng). Co mot hé treo chiu luc nhu hinh 2.22a. Hay xdc dinh luc P cho phép
, tdc dung l1én hé theo hai didu kién sau : :
BAl 21 » 1) Diéu kién bén cta thanh 1 va thanh 2 véi [6] = 16 kN/cm?.
Cho m¢t hé treo nhu hinh 2.21. Hay tinh Ny, N, theo q va a ? Bigt 2) Diéu kién cing : chuyén vi thing ding cia di€ém A : A4, < 1,5 cm.
thanh 1 va 2 cd cling d6 cing. Cho E = 2.10* kN/em?, cdc thanh AB, DE cing tuyét ddi.
102 ' : 103




141

Hé gém hai thanh AB
va DF lién két véi nhau béi
thanh CD. Né&u khéng co
thanh néi CD thi thanh AB
sé bién hinh hinh hoc vi khi

| dd AB 12 hé ¢ mét bac tu

| do, con thanh DF vin khong
bién hinh (2.22b). Thanh AB
goi la hé phu, thanh DF goi
la hé chinh.

Xét cin bang thanh AB,
lay moémen d6i véi B, ta duge Hinh 2.22a.
Nl‘ = OP. Xét cin bang thanh
DF, ldy momen d6i véi di€m E, ta cd :

Emﬁ = Nja-Ny,a-P.4a =0

Suy ra : N, = P.
b)
Fl
c) _
- F D /]
p g; F
Ny T P DKMz
g l < 4a ‘Y
S S o it >
~ ‘Nl
A Y C- B A A C B
4a a ' All + Al2
Y W
P A’ )

A
Hinh 2.22b¢
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Tiu diéu kién bén, ta cg :
1 N2
F—s [G]VQTS [6l. Suyra: N, < [0] F;; 6P €« 16 x2 =P < 64 kN
1 2
Tuong tu, d6i véi thanh 2, ta ¢ : P < 32 kN.
Tu diéu kién bén cia thanh 1 va 2, ta th8y phai ldy tri s6 P = 6,4 kN.
D€ x4c dinh lyc P tit diéu kién cing ta phai xét bién dang cia hé. Do
do dan cia day 2, di€m D cd vi tri D’; do d6 d&n cta hai day 1 va 2, di€m
C c6 vi trl C'. Chuyén vi cdc diém Ala &, = 5CC’ (hinh 2.22c). Goi bién
dang dai ctia thanh 1 va 2 1a Al; va Al, ta cd :
Ny, Nil, ,
Al =ﬁ';Alz=—E'F-.Tath5yCC = Al; + Al, . Vay
do = 5(Al + Alzt). Tiu diéu kién cuing, ta cd :
5P . 400 P . 600

S5l + Al,y =5 + £ 1,5 cm
(@h 2) 2.10°.2  2.10°.2

B4t ding thdc nay cho ta
P < 4,6 kN

Trong 2 gia tri cta luc P tim dugc theo diéu kién bén va cing ta phai
chon luc nhé nhat d€ dat lén hé. Cu thé€ la

[P] < 4,6 kN.

s

BAl 23

M6t hé treo chiju luc can bing nhu hinh 2.23a, Thanh AB cing tuyét
d6i, cdc thanh 1 vd 2 bing thép.

Yéu cau

1) Chon dién tich mat cit ngang F, cla thanh 1, khi khéng c6 thanh 2 ?

2) X4c dinh luc kéo trong céc thanh 1 va 2 khi hai thanh nay cd df

.

cing nhu nhau ?
Biet :  [6] = 16 kN/em®

a = 150 cm, q = 0,5 kN/em?
P=gqa;M=qa3 E = 2.10° kNjem®.

105




GIAI sz = 0 =
L ' 5
' I. Phuong én 1~ Phuong N, = 3 AN, N,
phdp luc p b sumtt b L L L L L x
5qa p Elo 2 G
1) Tinh F; ? (khi khdng Fi 23 T NG
. . M 4 b
cd thanh 2) _5.05x150 11.7 em? s No5° D
) 2Zmp = 0 = Ny = 25 qa TT2x1e M A =S
25 F, = 12,0 cm® >
N a = ] m
- Fl = 16q = l A" 1V3| A\Az
2) CG6 ca thanh 1 va
_25x05x150 .., o 2 (hinh 2.23d)
16 ’ Hinh 2.23d.
. ' EF, EF, inh 2.23d
2) Cd ca thanh 1 va 2 a  ay2 =
EF, EF, F :
— 1 1
a m = F_z = V—2- = F2 = ﬁFl . (al)
F, = V2 F,.(a)

ZmD =0 = qga’ + 2-5‘132‘23-N1 + 1,5qa° - N, 7%2— = 0=

5 X, +a) = 0=
1
! e Na Nza\12 9 2N,a

“2
+ = An) | = A= =
2Ny+Jz = 5@ @5 A =g &= TFF YT T ER,

Phuong trinh xdc dinh

N, :
2 , A, 1 2N, F, 2N, 4N,
X, = - A}/, Hinh 2.23. 5°2°TF N, -yeN, 2 T M= (@)
A(l)p= —(ITIl)(Ng) = ' tit (ay) va (ay) ta cd :
' 8N, N; 5Y2qa 5v2.0,5.150
-’2,5q3.2 1 a 1 aﬁ.l T‘+ = 5qa = Nz = rq = r . = 59 kN
EF, 2vy2 2v2 2 Y2 EF, EF, 4 x 59
. N, = = 166,7 kN.
.2, aV2 a1l 9% SRE
8EF,  Ey2F, EFI(S ) = 8EF, BAl 24 |

Do do N, =X, = ~aA? = '
0 do suy ra N 1 A'P/511 59 kN, Cho m6t hé khdp gém ba thanh dugc néi véi nhau bing khép ¢ didu

cudi A. Hé chiu tadi trong P nhu trén hinh vé (hinh 2.24a). D6 cing cia
thanh gitta EF \[E cta méi thanh bén bing EF. Hay vé bidu d6 néi luc trong
166,65 kN hé khi ding phuong phép lyc.

59 ’ ‘
N, = + . . = - =
1 m 2,5.0,5.150 20,85 + 187,5 166,65 kN

N,

II. Phuong 6n 2 - Pluong phdp so db bién dang GIAI

1) Tinh F, ? (khi khong o6 thanh 2) : ‘
Béc sidu tinh ctia hé bing 1. Mot trong nhitng phuong 4n chon hé
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tuong duong duge cho trén hinh v& (hinh 2.24b). Khi d6 phuong trinh chinh
tic cd dang :

8%, + App = 0 )
Bi€u d6 lyc doc don vi N, va bidu d6 Iye doc N do céc lyc X, = 1 va
P gay ra trong hé co ban cg dang trén hinh vé (hinh 2.24c, d).

Cac hé s6 cia phuong trinh chinh téc (1) dugc xdc dinh theo phuong
phdp Morh :

o 1 = — 1 2
5”='E E—F'N“N“=2[g"l] [‘/TEJEJ'[I'I‘E] [1] EFI = = E;:

Sl

\IIII|II

AN
(]
"7

D
I!IIIIIII

b)

o
g

Hinh 2.24
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N;; Np; PVZ
Ap =2 —EF. = "2
1

i=1

Thay &,, va Ap vita tim
duge vao phuong trinh (1) va
gidi nd ta duge X, = P/2.

Nguyén 1y déc 1ap tac
dung cia cac luc cho phép ta
viét, '

(Np) = (NB) + (N X,

Bi€u d6 (N,X,) nhan
duge tit bi€u d6 (N,) sau khi
nhan cdc tung d¢ cta nd véi
X, = P/2 (hinh 2.24e). Bigu
dé luc doc cuéi cing N, dugc
cho trén hinh 2.24g.

Al 2

Mot hé treo gém cac
thanh (1) va (2) bang thép,
thanh (3) cung tuyét déi
(hinh 2.25a). Hay thi&t ke&
dién tich mat cit ngang cua
thanh 1 va 2 sao cho diéu
kién bén dugc an toan va hai
thanh cd cung dd cung.

GIAI

Bai todn khao sat 13 he
siéu tinh bac mét chiu kéo
(nén).

Xem lién k&t D 1la
"thita, ta ¢ hé tuong duong
(hinh 2.25b) va phuong trinh
chinh tac :

—-—21

V211 bl
2] - -2

b/

c/

d/

e/
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Cac biu dd luc doc do X, =
hé co ban ducjc cho trén cac hinh 2 26¢, 4.
aF, + 8 ﬁ aF, 9V22
du BF,F2 &,
(Vi hai thanh cing 40 cing nén ¥, = \ﬁ F‘)
0 142 a2’
P EFz
Do 46
K, = Afe _ _14\|—§qa2 x BF,
1= B EF, oiZe
pg dam pao diéu kién bén ta phai co
E‘- < (61 = 2 a2 o Fp =
& <Ly =T led 27
BAl 26
Nguti t2 ghép hai 6ngl thép hinh tr¢ 1 va 11 ban
trong 1 V2 nung nong gng ngodl 1. Ban kinh cac
= 40 mny, R = 42 mm; 2 % 41,96 mmi R, =
inh ung suft trong cac thanh éng

daNlcmz. Hay xac

éng ngodi.

Hinh 2.26.

dugc Xac dinh

34 .42 "
= 651 daN/cm” 5

31 .4,196
=~ 1250 daN/cmz.
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2EF,
VA AL s ®) ta g dén

P, 2EF, cos?y P 80
T o — . = S = = 48,50 kN
2EF, Cos*g 4 (costy +1) coshy 4 1 I+ 0,8663
Digp, tich mat o4y Ngang Clia thanp 1 vy cde thanp bigp la .
N X "
F, = \l= \l= *cm‘, Vi P o SOkN\'AG = 3p°
[o] [o] 14(cos'a+1)
F
thi F, %’5 = 346 o2 Fpe

o =173 cm?

H
Hiny 2.27

Hiny, 2.2y



ang thai bién

khao sat hé o tr
Fu kién

vi cua cic ¢C
grinh lién tuc
dac biét hé X

u tinh bang cich
gifta cic chuyén
goi 12 ¢ac phuong

kha dai va phic tap

Ban doc cd thé khu sié

dang (hinh 997j) dé cd dudc
an b

(thanh) riéng biét. Cac quf
phucng An ndy

ién dang. Tuy nhién,
4 khong di xdng.

quan hé
& ndy duge

cua b
¢é nhiéu thanh Vv

997a cua bai ‘

ba thanh nhu hinh
ngin soO v&i hai thanh

5 mot hé khop goém
& cudng buc cac

én cO
:nh xé4c thanh 1 bi

97. Nhung do ché& tao khong chin
pisn mot doan A = 0,15 em (hinh 9.98a). Vi vay nguti ta 1
thanh lai gé& dugc hé phu hinh 2.28b.
Hay x4c dinh noi lyc va ung suft ban ddu (&p ghép) trong cac thanh
sinh ra do qua trinh ghép cudng buc néi trén. Neu F, =3 em?, F, = F3 =
2 em’, E = 2. 10" kN/em?, 1} = 2m, a = 30°.
GIAI
Theo dinh ludt Hooke ta cd thé viét :
- AL Ny Nolp
Mat khac ti trang thai bién dang ctia he sau khi ghép (binh 2.28b) Al,
cé quan hé : §
al, = (B~ Al cosa @

Thay Al va Alg vao (2) réi bidu dién N, theo A va N, ta ¢d :

N (3)

EF, .
N: = l: (A - EFl cos &

ai toan vé phuong dien tinh hoc (hinh 9.98) ta di dén

Khi khao sat b
quan hé gitd N, va N2 voi gia thist N, va Na la cac luc kéo *
N, + 2Nzcos¢ =0 4
Thay (3) vao (4) ta vit 12 lyc doc Ny ¢
2k, cos’a 5
Nl = k?_ " (5)
+ R )
1+ 2 X cos“a
Luc nén trong thanh bién N, duge tim t (4) ¢
()

N S
_ -
z 9 cos &

¢ trong CAC thanh phu thudc vao do cing

Luc do
EF, EF.,
kl = l‘ y kz = 12 va Al
Véi cac 56 lieu tinh todn da cho ta x4c dinh duoc chc e doc vi Ung
khi ghép nhu sau * '

ng cac thanh ginh ra sau

sudt tro
2.10%.2
2-——%6“-0,8662
N, = /,_—/4‘ : 015 = 209 KN
2.10 90,866 . 200 ,
1+2-/-o,see—
200.2.10".2
N, = N 209 —12,06 KN
2= T 50866 ' )
N, 209 5
6, = -f: =3 = 6,97 KN/em
N, 12,06
6, = 03 = - ——; = - -———':2 = — 6,03 kN/cm2
Phuong Gn 2
DE gidi bai toan 1aY thuan lgi nhét 12 dung cong thic (2.18) phuong
phap lyc 46i voi he chiv chuyén vi cudng bic Vol phuong ¥ inh chinh tac
nhu sau -
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=0 @
N, Ia Iye doc keo trong thanh do che tao khong chinh x4, 88y ra
S N4 ®/, Ny, oy, 1.2
i% 141 22 * 2
5“ ‘i=21 E,‘Fi = EFI * 2 EFZ = EFI * 24E2F2C°SQ
1 2k; cosy +
= E +

Az kz COSZQ
T kT ok
2605°a 1+ \Zcosz
k
N,
2cos ¢
N, 24 k, cos?,
TR
Fi(1+ k\cosza)
A k;cos ¢
“=os - 2k,
’ Fol1+ k\cosza)
BA| o9
Tinh Ung sust trong cge thanh 1 vy 2 xdy ra tro
8hép vgi 4 <0 13 sai s§ ¢ a
thanh, lay E <

- Phuong phdp tinp tod
- Phuang phip 1y
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% . NTE‘.I‘QFI + Nlél.‘,a = A, (2
Giai he phuong trinh (1), (2) ta di dén :
2EF Ay EF 4,
Ny = —5; » N2 = 3a
N, 2EA, , N, Ea, .
6y =F =53 = 3,33kN/em” , 6, = F S < 1,67 kN/cm*‘

2/ Phuong phdp luc

Bai todn nay sé duge giai quyét mot cdch nhanh chong va nhe nhang
khi ta duang phuong phdp luc véi &n s6 thia 1a N, (hinh 2.29b). Phuong
trinh chinh tdc mo ta chuyén vi tuong déi ciia mat cit vuéng gdc véi thaTh
1 la | |

0 —

Trong d¢ Ao.m‘, 12 chuyén vi thing doc truc thanh 1 do chuyén vi cudng
!
bic Ay gay ra trong hé co ban va duge xdc dinh bdi :

A1A.= - Au

Suy ra
Alay  8y.EF
Ni==%r =15
T (1) ta rat ra k |
Ay .EF
N“? = ;
< 3a !
Do dg :
N,
o, = 3,33 kN/em? ; O = .= 1,67 kN/cm?
BAI 30

Mot heé sieu tinh cd so d6 két cdu va s§ libu vao nhu hinh 2.30a. Do
ché tao khéng chinh x4c cho nén thanh 2 bi ngdn hon so véi thist k& mot
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doan A, = 0,12 em thinh
2.30a). Hay tinh ung sudt
trong cdc thanh do sy ché
tao khoéng chinh xac nay ?

GIAl

Céc phuong trinh can
bang (hinh 2.30b), cho ta :
2Nsinf) = 2Nsinf, ;
(a)
2Nysin 8, = 2N, sin g,
Phuong trinh lién tuc
cua bién dang trong

truong hop nay nhu sau :
Al Al, N Aly A, Hinh 2.30.
+ =
sin 3, sin B sin sin f3,

hay
0,a 6b osc 4,
ot et S = 3 (b)

sin” ) sin” B, sin~ 8, sin® 3,

Thay cidc gia tri bing sé vao (a) va (b) ta o6 hé phuong trinh thu gon
sau didy :

6, + 20, + 20, = 40

Suy ra

o, = 8,56 kN/cm? , 0 = 62 kN/cm* , 03 = 9,39 kN/em?

BAI 31

Thanh AB (hinh 2.31a) cd chidu dai I, dién tich mat cAt ngang F,
médun dan héi E, hé s6 dan nd nhiét «. Thanh duge kep chat giita hai

vach cing va dugc nung ndng theo quy luat T(z) = Ta + - YA
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trong dé T,, Tj; la nhiet do
dat dugc & ddu A va B. Hay
x4c dinh ng suit nhiét trong
thanh theo n=0,1,2, 3...n. T(2)
Cho biét I = 80 em, F = 20 cm?
E=2.10" kN/em? a =125.1077,
Tp = 10°C; T, = 55°C. X

GIAI , ’ | lodz

Goi Alp 1a d6 dan dai *
cia thanh AB do nung ndng
khi khong ¢ ngam A, B va
Aly 12 do dan cua thanh AB
khi thanh chju phan luc X,, theo diéu kién bién ta ¢ :

Hinh 2.31.

X, t X, ¢
Al = Bly+ Ay = = 35 + [ aT@)dz = s (Ta+
1] 0

X\l T = Thp
= TE (Tt o) <0
Tu day rat ra :

Tg = Ta

n+1 )

N X Ty =Ty
n+1 )

X, = aEF (TA +

Va dng suit :

Khi n

X01=aEFTB va 60=-GETB

Khi n 1, T(z) la ham b4c nhat :
Tp + Ty

2

X“=aEF( ) = aEF T,

61 = —aEle

Ty -
ln

(a)

0 thanh dugc nung ndng déu doc theo truc thanh AT = Tp:
(b)

(c)

Ta

z“)dz

Khi n = 2 thanh dugc nung ndng doc theo thanh theo quy luat parabol

bac hai.
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Tp - Ta Tg - Ty
_ X; = aEF(Ty + —3——) P 02 = —aB(T,+ —) @
V6i cac 's6lieu vao cia-dé bai, ta cd : |
n=20
Noy = =Xg = —125.1077.2.10*.20.55 = ~ 275 kN
N 275 2
6 = 5 = - 55 = - 1875 kN/em®
n=1
- ‘ 10 + 55
Ny = =Xy = ~125.1077.2.10° . 20— ) = ~162,5kN
THEE 10 + 55 2
o= =5 = -125.107.2.10 LX) g 105 4y eny?
n=2
- 55 - 10
Nap = =Xy = -125.107.2.10°.20. (10 + 3 ) = - 125N
125
0; = = 55 = — 625 kN/em?,

Ban doc cd th€ nhan duge két qua (a) theo phuong 4n thuén tién hon
khi s dung phuong trinh chinh téc cda phuong phap lyc. Cu thé la :

0

trong dd :
! N, Ndz ' -
&y = 55 va a) = [ Nj.aT@)d
0 0
l Tg = Ta
6“=ﬁ;A?l=—al(TA+———n+l )
Do dd, phan lyc “thira" X, cén x4c dinh la :
0
Ap Tg ~ Ta
R i aEF(TA + —W)
N X T~ Ta
C=F¥="F = "°E(Ta+ 3T )

Day 1a két qua da nhan duge & trén.
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BAI 32 Gidi hé hai phuong trinh nay ta ¢d : )
Mot thanh mat cdt ngang thay déi chiu lyc nhu hinh 2.324. Hay ki€m Ror = =400 kN (nguge chiéu hinh 2820,
tra bén va cing cho thanh. Biét [6] = 12 kN/cm:; [ul = 0,1 em; P = 450 kN, R, = 50 kN.
GIAI Thay R, = -400 kN vao §:(z) va -S_:(z) ta ¢d cdc phuong trinh cia
U(z), N(z) trong cédc doan 1 va 2. D3 thi cia chung cho trén hinh 2.32b, c.
Chuyén vi va néi luc theo phuong phap van nang dang ma tran cd 400 R
dang : ' maxldl = 20 < [6] = 12 kN/em? ;
- U, 1 z/EF 0 -2
S\(z) = = ! max|u|{ = 25.10"“cm < u] = 0,1lcm
1(2) N, [ 0 ) , Ry, ’ (a) I I [
- Vay thanh lam viéc an toan theo ca hai didu kién bén va cing.
Si(z) = [Bz] [ T] A8y, + [Bz] ASy;
. I BAI 33
S3 (150) = [Bz] B, ] a8y + [B;] ASy, =
Mgt thanh chiu lyc nhu hinh 2.33.
U , 100 ;B0 0 Khe hé giita dau duéi céia thanh
= NG [ = . IOIE 40E { R, + vi nén cing la A. Hay tinh chuyén vi a :/—/////,//////’
- O 1 .
e g i EFA !
. 1. 100/10E 0 0 d cia di€m dat luc P khi P = T N : ~
0 1 450 ~ 1R, th nang bién dang din héi trong thanh 5
va vé d6 thi quan he P = f(J)? P;
50cm 100cm G_'A_l. i
a/ < t
4 ! A
Z . EFA N . . 7
Ao 1 N4 z Khi P 2 < thi khe hd da duge
R+-é —-qu— .............. < 6* - ) b/ P
w7 \ U R, dong lai. Phan lyc N dat vio diu dugi A
7 L . \ 2 thanh duge tim tir didu kicn P ==y B
F,=40cm* F;=10cm?
U“’"’)T | ®P-NY N
L 5,107 ' F ~ EF ~
. ~25.10 5 E + A
WWWF @ Do dd, noi luc trong phdn dusi va EFA
3 N R ——
N(KN) ‘} ; phdn trén thanh sé la : 7
50 P A 8
C, ! = — 0 2
"o (BT Yo &
i
! @ _n . P AFF @
P N = 5 + >

400

Hinh 2.32,

Chuyén vi & cia di€m dat lyc P cd
bi€u thic :

Hinh 2.33.
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Pl A

J = —— —

2EF T 2

Thé nang tich luy trong hai doan thanh sé la t6ng th€ nang bién dang
sau day :

(P - Ny . N4 PX . EFA?
2EF 2EF = 4EF 41
D6 thi cla quan hé¢ P = () (hinh 2.338b).

U =

EFA '
Doan OA tuong ung khi P < -5 cdon doan AB tuong ung khi P >
EFA
- - Dién tich phin gach soc 13 cong cia lyc P va cd gxé tri 1a U.

BAl 34

Cho mét thanh chju luc nhu trén hinh 2.34a. Bang phuong phap van
nang. Hdy viét bi€u thidc, vé bi€u d6 chuyén vi va ndi luc, tinh ing suit va
chuyén vi l6n nhat. Bist E = 2.10* kN/eom? F = 107 m®

GIAI

Trong trudng hgp bai todn, thanh duge chia lam 3 doan, bigu thic cua
U (z) va N (z) dugc vieét dudi dang téng (2.10), 1an lugt la :

l 3

N(z) = - 100 + 100 (z — 2)

Ry; duge xdc dinh tit diéu kien U(z = 4 m) = 0. Cu thé la :

g = 0 = Ry = 25 daN
Thay Ry, vao N (z), U (z) vA vé bi€u d6 cia ching nhu trén hinh 2.34b, c.

4R, - 100.3 + 100

Ung suft va chuy&n vi 16n nhat 14n lugt 1a :
125
107

25.10%daN/m? ; maxU (z = 2,75) = 3,91.107¢

nmix
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N a9 -/
100 ’ /
R, .o P 100 .
0’4’ 2 3 - '/
Lol , “ | 7 @
E=z2e ,/ =
“ F= e} /
~ 1 2 yd 3
KA -
g ;2 z
U y b)
s
n ,
N ‘2 /
.
[
'::: z e 3
Z L\ 275 z
<
o
dan,m -
O b
S
<
s
Hinh 2.34

BAI 35

Mot két ciu gém thanh AB tuyét d6i cing, cic thanh (1) va (2) hinh
tron cung vat liéu. Do ché tao khong chinh x4c, thanh (2) ngin di mét doan
nhé 6. Dudng kinh thanh (2) bing d va gép hai ldn dudng kinh thanh (1).
Sau khi n6i thanh (2) vao AB, hé cdn chiu luc Q (hinh 2.35a).

Hay :

1. Xac dinh néi luc va dng suit trong cdc thanh.

2. Xac dinh gia tri § 16n nhat dé cdc thanh théa man diéu kién bén
[6], E, a v4 Q cho trudc.




GlA|

Phuong dn don gian nhat
dé giai bai todn nay 1 st dyng
phuong phap lue. Theo phuong
phdp nay hé tuong duong duge
chon nhu hinh 2.35b véi Nop la
lyc doc tinh cdn tim truge tién,
théa man phuong trinh :

; 6')"‘ NZT + AgQ + Ag(; = (a)

- Tinh hé s6 va s6 hang ty
- do :

Z |

i

|

2
il
 F

t

2
6pn=2
=l
N, N3,
L
EF, ' EF,

.12a
_a (§3) a7

EF, E.F, =~

__a +a\/_2—_a(1+2\[_2—).
—4EFI 2EF, - 4EF1 ’

12.a

b/ -]

Hinh 2.3

3.

2NN (7)) (-QVE)ayE

A(z)0=2

bys = =8

EF,

2aQ

tO= - I

T phuong trinh (a) suy ra dang cu thé cua N, :

) 4_(2Qa + Y2 EF, 3)

0 0
(429 *+ 434
Ny - 5

o

a(\/_‘Z—+4>

N; duge suy ra ti didu kién can bang :

ZmA(l?) =0=

N, -2Q 4 (2Qa+EEF16) - 2aQ

>0

(V2 +1)

Nl = ﬁ
126

ﬁa<ﬁ+4>

<N2

’

N, 4(2Qu+\[§EJF,)—aQ(z\EJrs)
| a (?. + 4 ﬁ) F,
N, ii2Qa+\[§.E<5F,)
2= F, = 4Fa(V2 +4) ,
Tu hai gia tr S, , O rit ra tuong Ung tir (a) va (b) ta phai chon gid
tri 5 nhé nhét trong hai gid tri nay. Nghia la
J = min(él| ) Jb)

< [6] (v

< [0] (b)

o

BAI 36

M6t thanh chiu kéo nén siéu tinh nhu hinh 2.36a. Hay vé bigu d6
chuyén vi doc truc U(z) va luc doc N(z) va ki€m tra digu kién eiing cho
thanh. Biet [£] =2.1073, [U] = 0,1 cm.

GlAI

—_—

Biéu thdc cia U (z) va N (z) theo (2.10) ¢g dang:

(z — 100) (z = 100)? (z = 100)*
100 === + 100 SEF 50 ~— IF

N(z) = R,

z ~ 100)3
~ 100 + 100 (z ~ 100 ) ~ 50 (zﬁc—)

1

Ry, duge xdc dinh tir phuong trinh van niang nay. Cu thé la :
300 em, U(z = 300) = 0. Suy ra : Ry, = 11,11 daN.

Thay Ry, = 11,11 daN vao cde bi€u thic cia U(z) va N (z) ta duge cac
bi€u thuc nay dusi dang tudng minh. Bigu d6 cia N va U, duge cho trén
hinh 2.36b, c¢. T cdc bigu d6 nay ta thdy :

100 ecm

tai z =

Tai z =

Nina 88,80

o] = e | = 2.10" 1073

=0,4444.107° < [g] = 2.1073
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s

2
g= —/00% + 100

a) < E=2et0
R Iy (daN,m)
o S T 3
0 7 '
’;Il— Im —-}——,' 2m —— ;
.11
z
[4 im 2m Im
-
S b
U
’&
)
D z
g I'm \ 2m Im
1,96 m
?
b3
g
A\
9
Hinh 2.36.
tai z = 196 cm
|Unae| = 1,495.107° m = 1,495.107 em < [U] = 0,1 cm
Diéu kién cing duge thdéa man.
BAl 37
, 4 =%
M6t thanh chju luc doc truec cd quy luat q(z) = qp + z" nhu

hinh 2.37a.
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Cho bi6t : I = 80 cm, F = 20
em? E = 2.10* kN/em?, q = 0,1
kN/em, q; = 1 kN/em.

Hay vé& bigu d6 U (z) va N (z)
véin =0, 1, 2, 3.

GIAI

1/ Truong hgp n = 0
q(z) = q; = 1 kN/em
2
EFU(z) = Ryz + 1—22—
N@z) = Ry, + 1.2
Taiz =] U(l) =0=R, =
-40 kN

Bi€u d6 U(z) va N (z) duge
cho trén hinh 2.37b.

2/ Truong hop n = 1

¥

) 9Z
q(z) =01+ 80 8901 =01;

EFU(z) = Royz + 0,1 5 +

23
+ 0,01125 31

0[N,

N(z) = Rg; + 0,1z + 0,01125

Taiz=1=80cem, U@ = 0.
Cu thé l1a :

2 2
Ry, . 1+ 0,1 E+0,01125€=0
= Ry, = —16 kN.

Thay Ry, ==16 kN vao U(z)
va N (z) va vé cdc bi€u dé U (z) va
N (z) nhu hinh 2.37c.

AU 48.03cm 7.54.10%cm
d/ A
9,97kN
21,92
MU 53,44cm 3.10%m
€ Vo
e/ N |
292,1kN
1156kN
Hinh 2.37.
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0,9z 1,§.0
=01+ —— ; A = 0,1; Aq'y, = = 0
d 80° oy Tor = oo
1,8
Aqy, = —= = 0,00028.
qy; 80°
z* o z}
EFU(z) = Ry,.z + 0,1 0} + 0,00028 rnl
z3
N(@) = Ry + 01z + 0,00028 =
Tai z = 80 cm, U (80 em) = 0. Cu thé la :
80% 8o*
Ry - 80+ 0,1 - 2 +0,000284—!=0=>R01=—9,973kN |
Theo cdc ham cta U va N véi Ry, = —9,973 kN va cac s6 ligu dé bﬁi,

bigu d6 (U) va (N) dudc cho trén hinh 2.37d.
4/ Truong hop n = 3
Cdc buéc tinh todn trong trudng hop nay hoan toan tuong tu cdc bude

trude. V6i cdc s6 lidu cta dé bai vi n = 3, ham chuyén vi doc truc U (z) va
ham lye doc N (2) duéi dang tudng minh la:

Uz) = 1,758.107" 2% + 1,25, 1077.22 - 7,302.107% .z
N(z) = 3,517.1075.2* + 0,1z — 202,1

0 €z < 80 cm

Bigu d6 (U(z)) va (N(z)) duge cho trén hinh 2.37e.
BAl 38

Mot thanh siéu tinh mat cAt thay d8i chiu luc nhu hinh 2.38a,b.. Hay
tinh chuyén vi va luc doc lén nh4t cho trong hai trudng hgp cd cdu tao
sau day :

1) Doan 0-1 cg F, 2

doan 1-2 cd F,

5 cm
15 cm? (hinh 2.38a)
2) Doan 0-1 ¢ F, =15 cm?
doan 1-2 ¢ F, = 5 cm? (hinh 2.38b).
Bist : E = 2.10" kN/ecm?.
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GIAI
Truong hop 1

Ham chuyén vi doc truc U(z) va lye doc Niz)
phdp van nang (xem tham khio dang ma tran bai 32 ):

q=6kN/cm
Lo ! F=15em® 2

S A
250cm 300cm

a/
Ulem) 0,5623

0,178
72—

—

s
TR

136.9]
U(cm)

la
0.284

0.162
Hm_)z

2a

157.6

q=0kN/cm
=+ — ! F=5cm*

P=500kN
250cm 300cm

MW

Hinh 2.38.

duge viét bang phuong
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Uz) = =3.107°.2% + 8214.10732 , 0 < z < 250 cm
Uy(z) = —5952.107%z + 17,86 ; 250 < z < 550 em
Ni(z) = -6z + 8214

Ny(z) = ~ 178,6 kN

Bigu d6 (U), (N) duge cho trén hinh 2.38-1a, 1b).
Truong hop 2

Uz) = —107%.22 + 3,152.1073.2
Ux(z) = - 5435.107%z + 0,16
N,(z) = — 6z + 945,7

N, = - 54,35

Bi€u d6 U va N dugc mo ta trén hinh 2.38-2a, 2b.
TUu cdc bi€u d6 cho thay :
Upmax = 0,5623 em , Upyy = 0,254 cm
Nimax = 821,4 kN |, N, .. = 9457 kN.

BAl 39

Mot vanh tron bing thép duge ghép cd d doi v6i mét vanh nhom (hinh
2.39a). Thi nghiém cho thdy trong mot vai trudng hgp sau khi nung ndng hé
da ghép dén moét nhiét do x4c dinh r6i lam lanh hé nay thl vong nhéom bén
trong tach khéi vanh thép ngoai.

Hay cho biét trong diéu kién nio hién tugng ndy cd th€ xay ra. Nhitng
s6 liéu nhu th€ nao cdn cd d€ ¢ duge mot sy danh gis bing s§ cta hién
tugng ndi trén ?

GIAI

Hién tugng néu ra trong dé bai 1a cd thé, néu khi nung ndng trohg
. vanh nhém sé& phat sinh bién dang déo du l6n. Néu ky hiéu A 1a hisu gida
ban kinh ngoai cha vanh nhom va ban kinh trong ctia vanh thép trudc khi

ghép thi ta cd : :
A

t g, = R (a)

€, va £, lan lugt 12 do co va d¢ dan tuong d6i hudng kinh cta vanh

nhom va thép.

Enn
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L

) /A A :Dubng don gian ho4
Och
o Y £
Hinh 2.39. "
Trong gi6i han dan héi khi cd thém sy nung ndng th' :
Onh O
Ep = T — . - .
nh Enh Lnh T v &y Elh + %ih T ’ (b

Trong d¢ :
Oy Oy 12 Ung sufit trong vanh nhém va thép ;
@pp s @y, 12 he s6 dan né dai tuong Ung cia nhom va thép.

Mat khdc v6i chiéu day h nhu nhau thi diéu kién can bing (hinh 2.39b)
cho ta : 6, = 6,, = 6 v phuong trinh (a) dugc viét lai khi chd y dén hé
(b) nhu sau :

o = (c)
Enh Elh
Khi thita nhan bi€u d6 o0 () kéo hodc nén cia nhém la dan héi déo Iy
tudng (hinh 2.39c) thi gi6i han chay cia nhom oSh th&p hon gi6i chay cia

thép. Do @ng suit trong ci hai vanh thép va nhém 1a nhu nhau nhu da chi
ra & trén, cho nén khi vanh nhém da chay déo thi vanh thép vén dan héi.

Ung suit ban d&u khi ghép cang o, bang :
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A s

i Cidc s6 liéu vio cho trudc :
A/R d i . .
G = 1 1 ) ‘ E/ = E.=E; = E = 2. 10" daN/em=; [6] = 1600 daN/em=; a = 40
Ey ¥ El; em; b o= 120 em; ¢ = 40 cm; f) = 45 f, = 60% By = 30" F, = 12 em™;
" Thay (d) vao (c) ta di dén F, = 14 ecm™ F; = 16 cm™.
Tl = ap) 1Al
Eon * E_m - 1/ Theo phuong phdp ung suét cho phép
> | ; F; én hinh 2.40b va diéu kién can bing
- - Diéu nay cho thdy 6 khong thé 1dn hon 0';?‘ . N&u nhiét d6 nung ndng Bing phuong phdp mat cdt nhu trén hinh va dicu kien can
hinh chigu léen phuong luc P, cho ta :
1 1 1 . . . . _
. T > (O‘f,?, - o‘o) (E—; + E—h) P 2Nsin B, = 2N,sin B, ; 2N,sin B, + 2N3sin 83 = P (a)
‘ " ¢ T Diéu kién tuong thich ctia chuyén vi cia diém dat luc P duge chi ra
thi trong vanh nhém bién dang déo xudt hién va 6 = oo . trén so dd bién dang (hinh 2.40c).
Bi lam lanh c4c vanh s& bién dang dan héi. Khi dd Ung suit du sé\la , 6+ 8 =4
tdng dai s Gnh va Ung sudt do lam lanh rit ra tir (e) khi T dé&i diu. Nghla trong dd :
la : N
1 A,
ch T(@mm = aw) ) I / \’ I hi
Oay = Opy — 1 1 (g) #
— + —
Emn En H I[ >2\<\ s
Khi ma 6,4, < 0 thi vanh nhom bat ra khéi vanh thép. Do dd, diéu kién N,’/ \A(z / T =
bat nay sé 1a : i) st
1 1
T(anh - “th) > Oﬁl’m( + ——> (h) I
Enh Elh 7\
Co thé cd truong hgp bién dang déo trong vanh nhém xuft hién ngay N A
- 2 ’ a . Y g . . / ‘°~
- trong khi lap ghép trude khi nung thi ban chit hién tugng vat ly duge mo ta \4‘3)' [
bdi quan h¢ (g) va (h) vdn duge bao toan bat ké 65 dat dugc bing cdch nao. A
) BAI 40 R
Cho mot hé siéu tinh chiu tic dung cua tai trong P hinh 2.40a. Hay xac I \ i "
dinh : )52;&_1_
3
a/ Luc P theo phuong phap Ung sudt cho phép va phuong phip can b)
bing gigi han. 2) ¢
b/ Ung suft trong cdc thanh cia hé theo hai phuong phdp néu trén ? Hinh 2.40.
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25 T 25 T 25
ElFl sin ﬂl Eze sin ﬂz E3F3 sin ﬂ3

4, = s = " 3 = =
L= Sinf;, T EF,smf, %2 = mp, = Ejf,emp, .
’ c
6 Al3 N3l3 o ()
37 sinfy; ~ E,Fysinf,
Tu hinh 2.40a ta c6 quan hé hinh hoc nhu sau :
a b c
17 sing, " 2= sing, ’ by.= sin B, @
Thay (d) vao (c), sau dd vao (b) ta di - dén :
| Nja N,b Nje
| (e
|

Sau khi thay céc gid trj bing s6 da cho tif dé bai vao hé phuong trinh
can bing (a) va phuong trinh tuong thich cia chuyén vj (e) ta ¢ hé 3
phuong trinh x4c dinh néi luc trong cdc thanh nhu sau :

VZN, = V3N, , V3N, + N; = P, 14N, + 24N, = 21N,
Giai hé nay ta nhan dugc :
N, =032P, N, =027P; Ny = 053 P
T céc két qua nay ta cd Ung suit trong céc thanh :

Ni _ 0332P _
0,27P 058P
0, = —1'4— = 0,0193 P y O3 = _lé—-. = 0)0331 P

Do 63 > 6; > 63, cho nén lyc P cho phép theo phuong phép ung susit
cho phép duge x4c dinh tit diéu kién 0,0331 P < [6) = [P] < 4834 kN.

Véi lyc tac dung P = [P] ung sudt trong cdc thanh.cd gid trj :..
o, = 13,34 kN/cm? | 6, = 9,32 kN/em? , 63 = 16 kN/ow?
2/ Tinh theo ;phtlang phép can béng gioi han theo biéu dd Prandtl va
thita nhgn 64, = [6]

Theo két qua tinh & muyc 1 ta thdy 63 va 6; 16n hon 6,. Vi thé, he tro
thanh bién hinh hinh hoc khi trang thai chay dat dugc & thanh 1 va thanh 3.
Phuong trinh can bang tinh cho ta quan h¢ gita N; va N3 nhu sau (hinh
2.40b) :
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O trang thsi nay Nl = [06] F;, N3 = [6] F3 Do dd ngoai luc 16n nhat
Pnax tuong ung la ;: :
{2-

P =2. 16( 2 =+ 16 2) - 527,5:kN_> [P]'j= 483 kN

Né&u chon ciing mot h¢ s6 an toan cho ci hai trudng hgp thi luc tinh
todn theo kha nang chiu tai 16n hon lyc tinh todn theo phuong phap ing
sufit cho phép c5 9,1%. Cu thé 1a :

[ ]

[P] 527,5 — 483

- 100 = 283 = 9,1%

BAI 41
Mot he siéu tinh cd so d6 k&t cu va s6 liéu vao nhu trén hinh 2.40a

trong bai 40, v6i P = 0 nhung lai chju tdc dung cia sy bién thién nhiét do
At.

Hay xéc dinh dng suit nhigt trong céc thanh cta hé. Cho biét hé s6
dan ndé nhiét cia vat ligu thanh 12 nhu nhau :

qQ =a=a=a= 12,5.10'6
GlAI

Phuong trinh cAn bang tinh (hinh 2.41a) cho ta :
2N;sinf; = 2N,sinfp,; ;
2N2 Sinﬂz = 2N3sin ﬁ3 .

Diéu ki¢n tuong thich cia chuyén vj trong trudng hgp nay la sy bat
blé’n chléu cao cua he nhu sau (hinh 2.41b).

S+, +38,=0 (O

(a)

Al Al, Al
trong dé 61=m’z=M’~3=M’
Ny, Nol
Aly = LAt - El—F-l- , Al = LayAt - —E;F;
N;l,
Aly = ljadt - —]3—3?; .
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a) b)

Hinh 2.41.

Véi cde gia tri cda d; , diéu kign (b) co dang cu thé :

N, b N,
smzﬂl ( At - 'E—F-l) + s’ . (aAt - E_Fz) +
c N,
¥ sinz,lfg{(aAt - E;) =0 ©

Thay Nl = JlFl N Nz = 0’2F2 N N3 = G3F3 va cdc gié. trl sd da ‘cho ta

din cdc h¢ (a) va (c) vé h¢ phuong trinh véi céc 4n 1a 0y, 05, 03 cdn tim A

nhu sau :

66,.Y2 = 70,V3
76,.Y8 = 80,
0] + 26, + 26, = 50
Nghiém ctia hé nay la :
61 = 11,05 kN/em? 6, = 7,74 kN/cm% o3 = 11,72 kN/em?.

BAl 42

Mot hé treo lien ket khdp, chiu lvc nhu hinh 2.424 Hay tinh dng suat
crong cdc thanh va chuyén v thing ding tai A.

Biét rdng : P = 8000 daN, a = | m, B, = 30°% B. = 60° E = E; =
By = E = 2.10° daNjem®, Fj = Fjy = Fyy = F = 2 cm?,

Hinh 2.42,

GIAI

=

1) Phuong dn 1

D& tinh hé sidu tinh nay ta cd thé sit dung nguyén ly cong cuc ti€u
duti dang :

n
2l gwa=o ®

Theo d¢ bai cong thic ndy c6 dang don gian:

5

i=]

139




Hé tuong duong ta chon nhu hinh 2.42b. Diéu kién can bing tinh cta
hé nay cho ta :

P-X P-X X
N, = 2cosB;, ~ Y3 Ny = 2cosf, X5 Ny =X

Tir diéu kién can bing tinh déi v6i he co ban (hinh 2.42¢) rut ra :

— 1 — —

T¥ quan hé hinh hoc cta hé da cho chiéu dai cta c4c thanh la :

ll=2m;l”=72§m;lm=-\72§-m (e

Thay cdc két qua (c), (d) va (e) vao (b) ta cf :

P~-X 1 2 2
—2T§—'F'2+2XW+XF=

2
=§[—2P+(2+3J§)x] =0
Do dg :
2P
P-X
V3
a T— —m— 0,417P

Ung sufit trong cdc thanh :

Ny 0417.8.10%
6 = & = ————— = 1668 daN/cm?

X 0,278.8. 103

Dé tinh chuyén vj thing ding App tai A, mot 1an nita ta lai dung cong
thic Maxwell Mohr (hinh 2.42¢, d). ‘
N;. N, 2 2 3p 2a
Aap = 2 { EF, = %F NNy = EF (2+3Y3) V3
2.0,417.6.10%.2.10%

= : = 0,19 em.
2.10".2.1,732
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2) Phuong 6n 2 dé xéc dinh dn s6 thita X :

Ta c6 thé xdc dinh X mot cdch rét thuin lgi va don gian tryc ti€p ti
phuong trinh chinh t4c cia phuong phéap 1_\{c khi dat X = X, v6i h¢ tuong
duong hinh 2.42b :

0
SuX; + 4p =0

6y, dugc tinh todn trén hé co ban hinh 2.42c, cdn A% tinh trén hé co
ban hinh 2.42b khi khéng cd X.

5 N.N 200
1i - Vi 1 1\ =
5, =3 —i U 200. = + 2.1- 2= 1+1- ) =
! i=1 EIF ( T T= T- T
1 400
EF 3 (2077)
o NyNp 1 P.200 1 _ _ 400P
Ap = E EF, EF {3 Y3 3EF
- 400P EF V3
X, =X == —35F * 400.2,07385 - 0278F.
BAl a3

X4c dinh noi luc trong cdc thanh cla mot dan siéu tinh v8i gia thist
rdng cdc thanh lam bing cing moét vat lidu vad c6 mat cdt ngang nhu nhau
(hinh 2.43a).

Hinh 2.43.

-




GIAI 3

Dé thdy ring hé co mot bac siéu tinh, an
1a lvc doc trong thanh 6. Do dd, he tuong du
Phuong trinh chinh tic bigu dién chuyén vj tu

86 thita duge chon la X,. bo
ong c¢d dang nhu hinh 2.43b.
ong d6i bang khong cg dang :
5“Xl + Aou) = O (a)

Vi trong cdc thanh dan chi ¢ luc doc nén cac chuyén vj Sy va Ap

duge xdc dinh theo cong thic :

Zl

6 li
Su=2 5 (b)
i=1
- . § N. N, L
i*VPi 4
AIP = Z EF ©

—

trong d6 : N, 1a lyc doc trong than
Np;

h i do lye §1=1 gay ra.

1a luc doc trong thanh i do ngoai lue cho truéc gay ra.
D€ xic dinh cdc ndi luc nay, ta s& khao sdt diéu
ldn lugt trong he co ban (hinh 2.43¢, d
thanh duge cho trong bang A.

Tit bang A, ta od :

kién can bang cdc nut
) cdc két qua tinh toan ndi luc cdc

P
Ap = = == (5 + 42
VZ EF

2a(1+42)
i B a—

Thay céc k&t qua nay vao (a) ta di dén .

5+ 42
. | X, SETCrS ihY 55 P = 1,56P

Bang A
- - Thanh | Chidu dai /; N; Np; N2, N; Np;
| B |
‘ 1 a -2 2P a2 - PaV2
2 a - V21 P a2 - PaV2
3 a - V2.2 0 a2 0
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Tiép bdng A

4 a - V2,2 2p a2 _Paﬁ
5 aVz 1 |-2pV2 aV2 - 4Pa
6 aV2 1 0 av2 0
V2
> | - - - 2a(1+V2) | - Pa3-(5+4V2)
BAI 44

Hay xdc dinh lye P
thdng ding dat vao nit G
cia hé thanh d6i xing
lien k&t khép d€ nit G di
xuéng mét doan § = 0,5
cm. Cho biét E;, = E =
2.10* kN/em?, F; = 10,6
cmz; ;=1 =100 cm va
cdc thanh c¢d cung do
cung.

GIAI

Hinh 2.44.

Ching ta ky hiéu :
@; 12 gdc nghiéng cta thanh i so véi phuong thing ding ;
l; 1a chiéu dai cGa thanh i ;

E; F; 1a d0 cing cia mat cdt ngang cta thanh §, A; 1a d¢ dan (chuyén
vi doe truc cda thanh i.

Tit hinh 2.44 va vl bién dang bé ta cd :

Ai = 5 . COS a.

Luc doc trong thanh i 1a :
A B F
N, = T
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Thé& nang bién dang dén h6i U cta he duge vxe’t

AEF E F,

U= 2 5 = > — 622 211_1 coszai
! 1

Theo dinh Iy cia Lagrange ta cd :

U E;Ficosq; F; cos g;
P—-a—6=6;__ll.—=6Ez—_ll— (a)

Vi cédc thanh cd do cing nhu nhau nén quan hé giita céc F, la:
" 2F 2F
Thay gia tri bing s vao (a) ta cd luc P cén thiet dat vao nit G d€ oo
6 =05cm:
2.106 vy2.y2 2.106. 0,6.
P =05.2.10°2 ‘l_‘{— ‘l_ ! 1)~=
V2 2.2.100 T \[_2 100 . 2 100

= 3614,6 kN
BAl 45

Mot hé khép gbm 6 thanh cd cung vat lieu, cing mat cit ngang F chiu
lyc va lién két nhu hinh 2.45. Tinh noi luc trong céc thanh.

GIAI -

a/ Tinh lyc doc trong cde
thanh

Diéu xién can bing toan he
cho ta cdc-phan lue :

o)

Goi X la luc kéo trong cac
thanh OA, OB, OC, khi khao sat
can bang nit "O" cho thay luc
trong ba thanh n&: bang nh.wu va
bing X.

Diéu kién ca.. bAng nat "A" vi
"B" cho ‘a :

Hinh 2.45.
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S T S
" b/ The nang bién dang dén hdi cia he, -
o 2 (roay 5 (e-2)]

Dinh Iy Menabrea cho phép ta viet :

% [ 2 rex) - (pom)] - g

U

X  EF
Suy ra
3 -1
X="‘—“r4 "P = Nos = Nog = Noc
5Y3 - 3 3+ 8
BAI d¢

Mot hé¢ gbm hai thanh gidng nhau cd chiéu dai I, mat cit ngang F lién
k&t kh6p thidng hang nhu
hinh 2.46 . Ngudi ta dat vao

khép C mot luc P. vubng gdc B I v 1y .
voi AB lam cho diém C bj - al L
: . A7 y =B
mot chuyén vi bé § = CC°, ; ~~lla‘ S —_as.l— v
r

. []
Hay. tinh & va chi ra ring ~~ G 4
nguyén ly doc lap tdac dung 1;_-
khong 4p dung duge vao bai

todn nay.

GIAI

Khi ¢d Itc P méi thanh dai ra mot doan rét bé A = [ - I, va cd bién
dang dai ty d6i £ theo dinh nghia la :

Hinh 2.46.

2

1~1 2 - J a
0 d (%)2 = (a)

£ = 2

I

"
N

|

(o

|
DO =

I Iy




Khi goi N la luc kéo trong cac thanh va xét didu kién can bing nut C*

ta co :

Theo dinh luat Hooke

T cdc quan he (a), (b), (c), ta rut ra :

Quan hé (d) cho thiy :

2N.a = P (b)
N = EF.¢ (c)
P i3

Chuyén vi § khong ty 1& véoi luc P, vi thé

nguyén ly céng tdc dung khong dp dung duge vao bai toan nay.

- BAl 47

Cé mot dan chiu luc nhu hinh 2.47a. Hay tim xem khi tang P thanh
nao trong dan dat dugc gi6i han chay dau tien va lue P tuong dng khi dd

bang bao nhigu ?

Cho biet : 644 = 24 kKNfem®, h = 4 m, I = 3 m, E = 2,1. 10 kN/em?

F = const

GlAI

= 15 cm? d6i véi t4t cA cac thanh,

Hé trén hinh 2.47a 1a hé siéu tinh bac 1, vi ¢6 mot 'ién két thira,
Thanh nao cd néi lye 16n nhat thi thanh dy s& dat duge dng sudt Oy, trude

tién. D& biet duge didu dg,

cin phai khi sidu tinh cho h¢ va tinh néi lye

trong tdt ci cdc thanh & trang thai dan héi. Bigu d3 ndi luc (N) sé& cho ta
biét thanh nao co |Nmaxl - Heé tuong duong nhu trén hinh 2.47b va phuong

trinh chinh t4c nhu sau :

- trong dd

0
6“Xl + A”, = 0

Ny Ny g
EF

5
Sy =2
i=1
N, N}/

i
4 =3 —55

i=1

Nu la néi lyc trong cic thanh dan do lue il =1 gay ra trong

hé co ban.
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N;).i la ‘m_Si ltc trong cdc thanh dan do tij trong P can tim gay ra

trong hé co ban.
Noi luc tai lien két
"thita" (thanh BD) la :
Ap
Yoy -
189 P/15

=——45T25— = —0,778P

N¢i lyc trong thanh thd
ilaN; = Np+N,; X, (a

Cdc ké&t qua tinh toan
theo cong thuc (a) duge cho
trén hinh 2.47e. Tit bigu d6
(Np) ta thdy thanh AC c6 noi
luc kéo 16n nhat N, =
0,889 P. Thanh AC 1a thanh
dat dugc wng suit chiy dau
tién véi noi luc chay :

Ny = 24 x 15 = 360 kN.

Tai trong P ung véi
thanh AC chay déo 1a :

t
Nac = 0,889 P = 360 kN
= P, = 405kN.

Chd ¥ 1a mac du thanh
AC da chay déo nhung hé
vin 12 m6t hé can bing va
b4t bién hinh. He vin con
ti€p tuc chiu duge lye 16n
hon P,c. Hé chi bj pha huy
(m4t kha nang chiju lyc) la
néu cd hai thanh trong he
dat dugc ng suft chiy hoac
la ngay ca v6i P 2 P, =
405 kN dan bj m4t 6n dinh.

b)

c)

d)

B‘J:—b——jc P

Hinh 247,
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BAI 48

Cho mét c6t bing thép mit cit ngang thay d6i timg khic chju lyc nhu
hinh 2.48a. -

Hay
1) Tinh luc giéi han Pgh

2) V& bi€u d6 md td quan hé gita chuyén vi U, clia mat cit C va lt,xci
P tang tinh tit 0 dén P,

GIAl

Céc phuong trinh xdc dinh phan lye
R4, Ry trong trudng hop nay la :

Ry + Rg - 3P = 0- (a)

Alj+ Al + Al; =0 (b)
¢ day Al, Al,, Al; bién dang dai clia
cic doan 1, 2, 3.

Luc doc Nj, N,, N trong cic doan la :

Ny=Rpo; Ny, =R, -P;

N3y = Ry -3P = Ry

Bién dang dai cua cdc doan thanh
la :

R, .1 (Rp-P)I (R, ~3P)!
Ah="gr 182 ="3gr %= " mr
Thay cdc két qua nay vao (b), ta cd :
(RBa-P) (Rp-3P)
A+ 2 + 3 =
1 1 P 3P
hay Ro(l+g+3)=5+P=%
9 24
Suyra:RA=-1—1-P.T€x(a),suyra:RB=—1TP.
Ung sust @,, 6,, 03 trong cic doan 1, 2, 3 cd trj s6 :
. S . .
STTF 2T TR BT I

Tl dd, ta thiy ung suit 0, lén nhét, nén doan 1 s& chay déo trude, lic
dd :
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9P 11F o,
0 = 0m = 7o i Pigy = —g— = 58667 kN

Chuyén vi cia di€ém C bing bién dang dai ctia doan 3 :

9
(Ra-8P)2 (77 Pign—%Pign) !

Ul = |a,] = SEF 3EF =
24Fo, .1 160006,
_ T T 27EF ~ ~ OE
Lic dd, lyc doc trong doan 2 va 3 1a :
2F o, 24F o,
M= -5 M=

Vi 6; > 0, nén khi tang tai tiép tuc thl chl doan 1 va 3 dat dén trang
théi gi6i han, nghia 1a N, = Fo,, va N; = 8Fo,,. Tit hinh 2.48b ta c6 :

4
hay Pgh = '§ F.Gch

Chuyé&n vj cia di€m C lic d¢ 1a :
3Fo6, .1 2000,

Vel = —3g7 — =&
I=2m TFO‘ 0
a) ch
V/JA, .y, F=20cm’ s AP

}!ﬁ i A i
F-1 ¢P ® - *“P;h
’ Y

{

*21’

|

i

!

3 ] Pa
oF —{ o ~ rbzp‘h Poen
\
¢ Yo | Ci —
s+ Q® . i 0,213 0,24
| Y i
7 1/3/ T *SF%
Hinh 2.48
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Thay tri 6 cia 6, va F, ta cd :

i —. N - — -
§ Sz =500 cm) = [B_‘] [B;] AS, + [B:] AS,
4 i

Py = = - 20.24 = 640 kN :

© 3 O day :
Chuyén vi U, dng véi Pign 12 0 0

1600 Gch 1600 . 24 ASm = R()I H ASoz = | 200 kN ;
U] = 9B = 7 = 0213 cm 0 0
9.2.10 kN 1
Chuyén vi U, ung vai Py, la : i ~ 100 kN7em
ﬂ 2000y, 200.24 [ ® >, ®
U = = — = 0,24 cm i — == —
| | l cl E 2 10° i 4)0 EFi EFi EFi ...
’ D6 thi chuyén vi cta C v& trén hinh 2.48c. Chuyén vj cia C huéng |' [Bi(z)] = (i =12)
xuéng phia duéi vi doan 3 chiu nén.
0 1 ®, ®, ...
BAl 49 : { -
Phan luc tai ngam "0" duge tim tit diéu kién :
Mét thanh siéu tinh gém hai doan 0-1, 0-2 chiu luc d ali =y
g.' 2 i ~ chlu luc doc tr'uc V",‘l lién két U(Z = 500 cm) =0 = Rol = — 300 kN
nhu hinh 2.49a. Hay vé& bigu dd chuyén vi doc truc U(z) va bidu dé Iue doc

N(z), ki€m tra bén va cing cho thanh. Biét ring cic doan (0-1) v (1-2) cg Thay cic  AS,, (i=1,2

véi Ry, = =300 kN vao Syz) (i = 1,2)
dién tich mat cit ngang la :

ta duge cdc véctg §:(z) tudng minh. Bidu d8 cda (U) va (N) duge mé ta
Fi = 10 em®* va F, = 20 em* E = 2.10° KkN/em?

trén hinh 2.49b, c.
chiéu dai doan 1 1a /| = 300 cm

Tt cdc bi€u d6 (U) va (N) ta thiy cAc mat cht cd Uniax v Ny
va doan 2 Ia L= 200 em.[6] = 16 KN/em? [U] = 03 em. tuygt déi twong ung tai Z = 245 em va Z = 500 cm.
Don vi tinh sit dung 13 kN, em.

vé tri

Viée kifm tra digu kién bén va diéu kién cing 1a thuc hién ki€m tra

cdc bdt ding thic (2.2) va (2.5).
GIAI Cu thé Ia :
Khi sit dung phuong phap van nang ta viet phuong trinh cdc dai lugng e Diéu kien bén :
cdn tinh U(z), N(z) dugsi dang ma tran cho trudng hop nay (ban doc xem ky N 750 .
] : . : 2 s 2
bai 2.32) nhu sau : O = F = 5o = 315 kN/em® > [6] = 16 kN/cm?.
Doan 1, (0-1) : 0 < z < 300 cm -

?

- —_ = Thanh bj pha hay :
8,(z) = [Bl(z) ASp ; S{(z = 300 cm) = [B’] AS,,

1
Doan 2, (1-2) : 300 < z < 500 cm

5) = [Bz(z)] [BI] A8, + [Bz(z)] A8y, ;

e Diéu kién cing

max|U| = | - 0,2449 cm| < [U] = 0,3 em
Thanh da cing.
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NET

I 30q0

2000

v \2 00,000
&)

Q000F + 00

Q000E + 00

2250F -
[ b} £ -01
L440F - 07
1500E +03 \
~3000€ vo2 1500€ 02
¢
Hinh 2.49.
BAIl 50

Mot thanh cd mat cat thay d6i ting bac mot ddu chju lien ket tua bAt
dong, mt ddu ngam chat, doan 0-1 chju lyc phan b6 déu qo-1 = 2 kN/em
tai mat cdt 1 va 2 chju lyc tap trung P, = 500 kN, P, = -600 kN . , doan
2-3 chiu lyc phan b6 bac nhét tai mat cit 2 cd q; = 0, tai mat cét ngam 3
¢d q3 = 3 kN/em . Kich thuée cic doan 0-1, 1-2, 2-3 do bdng cm duge cho
trén hinh 2.50a. Hzy viét bi€u thdc giai tich cta U(z), N(z), v& céc bi€u d6
cia ching va tinh max |o|. '

Cho biét : E = 2. 10* kN/em?, F; = 15 ecm% F, = 20 cm, F, = 10 cm.

GIAI

® Viét cdc phuong trinh cua U(z) va N(z).
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2,000 —9:%% . L ‘_ :
i bm e e U O Y R T P i <k
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Hinh 2.50.

Theo cdc cong thic t6ng quat tu (2.12) + (2.14) ta viét cdc phuong
trinh nay d6i véi bai todn dang khado sit nhu sau :

D6i voi doan (0-1) : 0 € z € 150 cm ;

Ui(@) Uj(z = 200 cm,)] - [&

gz(z) = N,(z) = [Bl(z)] A8y N;(z=2oocm)

D6i v6i doan thd 2 (1-2) : 150 cm < z < 350 cm ;

5= o] = ] ][]

UE * * - * -
z [Bz] [B,] ASy + [Bz] ASg.
N;

D6i vdi doan thd 3 (2-3) : 350 cm < z < 450 cm ;
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Us(z)

Si2) = Ny(z)

= [B3(z)] [B}(z)] [B‘[(z)] A—ém +
* [Bs@)] [Bica)] a5y + B3] 8y; .

—» N‘ — — —
g [ N;} = [B;] [B;] [B;] ASy, + [B;] [B;] ASy, + [B;] ASy; .

Trong dd :
— 0 0 0
8% = IR, ; A8y = [ 500 ; 4§y, = =600
2 -2 - 0
0 0o | 3s100
®, ®, ®,
Oy == — |- —
[Bi(z)] = ° EF EF EF, (i = 13)
0 1 ®, ®,

Phan lye doc truc tai g6i twa bit ddng bén trai Ry; duge xdc dinh tit
diéu kién :

Uz=2a3;=450 cm) = 0 = Ry = =400 kN

Theo cdc phuong trinh U (2), N(z) cla c4c doan da vist & trén vai
Ry; = -400 kN ta dung duge cdc bidu d6 (U) va (N) nhu hinh 2.50b,c.

Ung susit phép 16n nhat vé tri tuyét d6i sinh ra & mat cit z = 0, tai dg
N; = -400 kN, F| = 15 cm?. Cu theé 1a :

N -400
max|o| = ﬁ = |45 | = 2667 KN/em?.

BA!l 51

Mot thanh chju kéo, nén véi céc lien ket tua bdt dong & hai ddu, doan
0-1 chju lyc phan b& déu 9o-1 = -2 kN/em, tai 1 va 2 chju céc lye tdp trung
P; = 400 kN, P, = 800 kN, doan 2-3 chju lyc phan b6 bac nhat q; = 0,
93- = 4 kN/em. Kich thuéc dai cua cdc coan nhu hinh 2.5]a. Hay viét bigu
thic gidi tich cia U(z) va N(z) va bidu d6 cua ching. Biet ring :

E =210 kNem? , F; = 20 em? ;' F, = 15 cm? » F3 = 20 em? .
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Hinh 2.51.

-"Phuong trinh ma tran cta U(z) va N(z) d6i v6i bai todn ndy theo cong
thic tdng quat tir (2.12) + (2.14) cia phuong phép van nang cé dang :

D6i v6i doan 0-1 : 0 £ z < 200 cm ;

— Nl(z)
Si(z) = N,(z)

Dé&i véi doan 1-2 : 200 cm <€ 2z < 350 cm ;

§;(z) = [Bz] [BI] A_éox + [Bz] A—éoz ;

. — — A = ’
= [Bl(z)] ASy ; Sj(z = 200 cm) = [Bl] A8y

156




o

S3(z = 850 cm) = [B;] [B;] A8y, + [B;] AS,,
D6i voi doan 2-3 : 350 em < z € 550 em ;
B PR o]

o[+ ] e ]

55(2)

-y
S4(z = 550 cm)

trong do :
2 .o 0 . 0
" | Ry ; AS; = 400 ; ASy; = | 800
-2 2 |0
0 0 1/50
P, o, by
¥ = o= = —
[B(z)] =| ° EF EF; EF; (i =13)
0 1 o ®,

Phan lyc doc truc Ry tai g6i 0 dugc x4c dinh ti phuong trinh Uz =
550 cm) = 0. Cyu th€ 1a :

Ry, =-244,4 kN
Thay A_ém véi Ry =—244,4 kN, A—éoz, A_§o3 vao cidc phuong trinh cia
§1(@), Sx(2), Sy(z) va tit cac phuong trinh £y ta o6 cdc bifu d6 (U) va (N)
nhu hinh 2.51b,c.

BAI 52

Cho mdt thanh chiu kéo nén nhu hinh 2.52a. Hay chl ra mat cat nguy
hiém nhét vé do bén va do cing va v& cc bi€u d6 U va N?

Cho biét :
E = 2e4, F; = 15, F, = 20, don vj tinh 1a : kN, em.

GIAI

Phuong trinh chuyén vi U(z) va lyc doc N(z) trong trudng hop nay theo
(2.12) cd dang :
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Hinh 2.52,

Pogan 1 : 0 € z € 150 em,

Sl = [B@] 85 ; 51150 cm) = [Bi] 56
Dogn 2 : 150 om < z < 350 cm,

S@ = "Bz<z)] [B1] 480, + [Bxa)] 85y,

S5 (350 cm) = 'B;] [B;] Sy, + [B;} A8, .

trong dd :
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(z—-150)  (z = 150)° (z - 150)
B 2.10*.20 212.10%20 312.10% 20
[ 2(2)] B | (z — 150)2
200 2002 2003
. 2.10°20 2121020 31!2.10%20
[Bz] B 2002 '
0 1 200 2.
2
1 = 2 2
: EF, 2EF, 3!EF,
[Bx(z)] = < ;
0 1 z % .

- Rgy duge xdc dinh tit didu. kien : - R
Uyz = 300 cm) = 0 = Ry, = -716,7 kN.
Thay gia tri Ry, = ~716,7 kN va céac ASy), ASg, vao S)(z), Sy(z) r6i v

bidu d6 (U), (N) ti cdc ham vira nhan dttqc Céc bi6u d6 nay duqc cho trén
hinh 2.52b,c.

Mat c&t nguy hi€m nhdt vé& d6 bén 1a mat cdt "2" véi N = 1408 kN va
N 1408
m=F—2=—2T)—=704 kN/cm

M3t cit nguy hi€ém nh4t vé do cing 13 mat cit "1, 'I;ai mat cidt nay
chuyén vi cd gis trj tuyst déi 16n nhat bing 0,321 cm.

BA| 53

Mot thanh thép ¢6 E = 2.10* kN/cm? chju lye doc truc va lien két nhu

hinh 2.53a. Hay thist lap phuong trinh cac dai lugng cén tinh U(z) va N(z)

dusi dang ma trin tudng minh va tinh max|6| v max|g| ?

GIAL

Phuong trinh ma tran d61 véi ting doan :
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R

Doanl:OSZs.‘ZOOcm;

Si(2) = [By2)] A8y ; § (200 em) = [B;] &5,

Sz) = By(z) [B:] A8y, + [Bz(z)] A8y ;

[B;] . [B;] A8y, + [B;] a8,

Doan 2 : 200 cm < z < 400 cm.

S3(400 cm)

Doan3:400cmszs6000m;

§;(z), =[B3(z)] [BE][B;] A—éox + [Bs(?)] [BSJ A8, + [Bs(z)] A8

S3(z = 600 cm) = [B;] [B;_] [B;] ASy, + [B;] [B;] Sy, + [B;] ASp,

Trong cdc phuong trinh nay cdc ma tran [Bi(z)‘l va [B,'] véai

i=ﬁ cd dang thay d8i va dugc xdc dinh theo (2. 3).
200 2002 2002
4 1 4 o
[B;(z = 400 cm)] - 2.10%15 21210%15 3!2.10%15
200 200%
0 1 < =T

Cac ASO, trong béx todn ndy cd dang cu thé nhu sau :

0 0 0
- —» —>
A8y = | Ry ; A8y = 0 5 ASy = [400 kN
0 -2 0
1 2 1 1 X
—_ kN/em ——_ kN — 2
160 160 fem? 100 kN/em

Ry, duge tim t¥ didu kién :__
Uz = 600 cm) = 0 = Rm = —-276,2 kN.
Thay ASOl v6i Ry = —276,2 kN va ASOZ, ASO3 vdo cdc phudng ‘trinh
l(z), Sz(z) va S3(z) ta duge céde phuong trinh tub‘ng minh dang ma tran cin
tim. :

Ung sust phép lon nhat vé tri tuyét d6i xdy ra & mat cdt "0". Cu thé 1a :
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—-276,2
10

Bién dang ty d6i 16n nhdt vé trj tuyét d6i cing xfy ra & mat cit "0
va cd gid trj 1a :

max|6]| = = 27,62 kN/cm?

—No; ~276,2
max|e| = | = 13,81.107
EF, 2.10°.10
% [~~~ 2000
-
A0 1
200,0 2060
v 7 =70 cm? Fo=/5ecm?
a)
@000k + 00
0,000 +00 4
N
-2095E-01
% roreen:
2,603 £-01
N S 2AZ9E +02
b
J238F 02
)
W TE19E vo1 ] 619 vof
=2, 762E«02 ,
[+
Hinh 2.53.
BAl 54

Tinh cdc noi luc trong cdc thanh AB, BC va BD cua hé thanh chiu luc
nhy hinh 2.54a, bAng phuong phap bién dang. Cac s6 lieu tinh toan duge
ch? trén hinh va.
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GIAI

Day la hé siéu tinh v&i cde thanh chiu kéo (nén) dung tam.
a/ Thiét 14p cac phuong trinh can bing tinh luec.

Tach nit B, chiéu cdc lyc tdc dung 1én cic phuong ndm ngang va thing
ding ta dugc (hinh 2.54b) :

~N, + Njsinf = 0 109
b/ Thiét lap phuong trinh bién dang.

Hé sau khl blén dang duge vé nhu ¢ hinh 2.54c. Hinh chiu cia biu
thic vecto BB’ = BI + IR’ lén phuong BD cho ta :

Aly = Alycosf — Aljsing =

N:,.a\fg N,.2a N;.2a
= TEF = 2EF ¥ -

sinf  (3)

Nl .2a
Trong dd : Aly = N3U/EF ; Al = N;.2a/2EF ; Al = g7

Thay cosfi = v?- , sing =vl— vao c4c phuong trinh (1), (2), (3) va rit

gon lai ta duge hé phuong trinh sau
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V5 Ny - N3 = 0
VBN, + N; = V5 P @)
2N, - 2N, + 5N; = 0 ;

Giai hé phuong trinh (4) ta thu duge cdc luc doc cén tim : :

2{y5P

N =2 g _@+5{5P . 2V5P
L= 4+545 "’ 2 4+5y5 °’ 37 4+5(5

BAl_55

Mot diy mém trong lugng trén moét don vi chidu dai 1a q, 46 cing EF,
nidm trén mot mat phidng ngang nhén cing chiu lyc cing T, giita hai goi
tya bét dong (hinh 2.55a). Sau khi bé mat phing do day thi day bi vong
xudng (hinh 2.55b). Hay thiét 14p quan h¢ gitta V,,,, v6i T, va q ? :

c/

Hinh 2.55,
GIAI

Goi T la lyc cang cia day khi véng (T_> Ty) va xét cAn bing ciia mét

phan t§ day dz (hinh 2.55¢c), ta ¢d :

de
dz

TO-qlz+ T O+ d) =0 =

3lo

Sau khi tich phan ta cd :
=3, _
0= (c-z)
Diéu kién bién cho ta : khi z = 42 thi 8 = 0,dods : C = /2 va :
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{
o=7(z-2)

/2 2

ql ql?
V .. = 0dz = —= hay T = —— (a)
miax { 8T Vinax

Do céc luc cang T va T, khong bing nhau va day bi dan dai mét doan
bang hi¢u chiéu dai dudng véng va chidu dai thdng ban d4u caa day :
: 6% T-Ty q12

(T = To) Lo
EF =£(coso—l)dz=£3dz=> EF =m\3

Thay gis tri T ti (a) vao day ta cd quan hé cdn tim giia Viae Tp va
q nhu sau :

Ta tinh vai gid trj cia V,,,

!
Khi == = 0,012 véi T,/EF

BF = 0 thi V,,, ~ 0,084 !

f

Ty/EF 0,005 thi V. = 0,075 !
T/EF 0,010 thi V. = 0,068 !

Nghia 1a v6i cung gid tri q thi do véng cia day cang giam khi lyc cang
ban ddu T, cang tang.
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‘ ‘ Chuong 3
TRANG THAI UNG SUAT VA CAC
GIA THUYET VE TRANG THAI
UNG SUAT GIGI HAN

1. TOM TAT LY THUYET

1. Trang thai dng sudt khoi (hinh 3.1a,b,c):

Céc Ung sudt 0, T va ung sufit toan phdn p trén mit nghiéng cd cong
thuc :

* Trong mat phing song song véi truc chinh ung sust 65 (hinh 3.1cd) :
0,—0;
2

VE+2 =V ozlcoszy + 0, sinzy

* Trong mat phing song song v6i tryc chinh Ung sudt 6, (hinh 3.1g):

‘o

alcoszy + 0, sinz'y ; T = sin 2y

(3.1)

p

o

6,cosf + 0,80’ ; T = 2 sin 28
3.2)

P v choszﬂ + o%sinzﬂ

* Trong mit phing song song véi truc chinh ing suét 6; (hinh 3.1i):

0, =03
) sin 2a

6 = azcosza + 63sin2ﬂ ;T =
(3.3)

p = v choszﬂ + o%sinzﬂ
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|
|
Cdc Ung sudt 6, T va p ¢6 thé xdc dinh bing vdng tron Mohr va dutge
chi trén cdc hinh 3.1eh,k. Bang cdch x&p chéng ba dé thi nay ta duge d6 thj
vdng tréon Mohr d6i v6i trang thdi Ung sudt khsi téng quat (hinh 3.12).
Cac dng su4t tigp cyce trj :
62 - 63 0’1 bl 63
01— 0,
T3 = % (3.4)
3 2 1) 1
Su thay déi thé tich tuong déi : !
6;
AV 1 - ‘ 2 |35
VOSatats s (61"'62*'63) (8.5 L 'F‘ﬁ“I - —
. | /
Thé& nang bién dang riéng : . ; 0, 6 Py
. ; . )
1 ) ; / /
us= o= [af + 6} +03 - 2u(00, + 6,6, + 0361)] CON u o
The nang riéng bien ddi hinh déng : | I
l+pu 2 2 2 g) - ¥ I
U= 5 (016 + (6,~6) + (6, - & (3.7 s -
h =TGR (@ + (-6 + (o V7] ,//, r
Thé nang rieng bien ddi the tich : i n
' T
1-24 2 : fo— 6
U =t (51 + 0, + 03) (3.8 h) )
; 20¢ 1
2. Trang thii iing suft phing (hinh 3.1m) ' 0 \ &
Goi T la phdp tuyén cia mat c4t nghiéngva « 1a gde tao boi N va truc
X. 0y VA T, 14 \ng sut phdp va tiép trén mat nghiéng nay duge xac dinh bdi : , B el 5
o+0, 6 -0, :
o, = + cos2a —~ TySin2a 3.9
2 2 Z 66
) T 7 m)
O — ay . 0
T, = 5 sin2a + Ty cos2a 3.10 o L
| PN
Oa * Oy490° = 0, + o, (3.11) ° N
. I ¢
Ung suét chinh cd cong thuae : L S
% 1 A
o 6"+6y¢'\[ %%y 2 (3.12) @ S
™ =T3 (—=%) Xy e % Hinh 3.1
min ——
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T,
tgams = —a— (3.13)
min GY - Gﬂ
min
Ung sust ti€p cuc tri :
oy ~ 0oy Omax ~ Omin
‘L’E=:tv< 3 )+tfy=i—2—- (3.19)

min
3. Cac gia thuyét vé trang thAi Wng sudt giéi han
a) Gia thuy&t theo uUng suit ti€p 16n nhat (thuyét bén thu III)
g = 6} — 05 . (3.15)

b) Gia thuyét theo the nang bién d6i hinh déng (thuyet bén tha IV)

1
ald = v E [(61 - 62)2 + (62 - 0’3)2 + (63 - 61)2] (3.16)

c) Gia thuyét vé trang thai Ung su&t gisi han (thuyét bén Mohr)

6g =6, — kog ; k= F—]— (3.17)
n
4. Dinh luat Hic
1 Txy
& =--§[0x - /l(6y+61)] ity =G
1 Ty
&§ =% [6,, - /‘(61+6x)] Ve =G (3.18)
1 T
g = E [Jz - /‘(6x+6y)] y Y = E
E
G = 20 +7) (3.19)
II. C4c bai todn giai sin

BAI 1

M6t phan t6 phing chju ung sust (hinh 3.2) dugc tdch ra tir mot vat
th€ chiu lvc o : 6 = 30 kN/cmz, T = 15 kN/em?, E = 2.10* kN/em?. Hay
xdc dinh bién dang dai tuyét d6i cta dudng chéo bd ?
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GlAl

Theo dinh luat Hooke bién dang dai \ p
ty d6i theo phuong bd :

. \ L
1 \\/\’/' o
— -— ld e—p
fa = § (0bo = #0p) l N
4"’&“ \\

Opg la ung suft phdp theo phuong bd ; -4 — : x;
On; la ung sut phdp theo phuong pq T \\9
vudng gdc v6i bd. Phuong bd xéc dinh
gdc a = 30° véi phuong x, trj s6 cta o, Hinh 3.2,
la :
Opg = 6x;~6y + zeay cos2a—‘rxysin2a

O day 6, = 6 = 80 kNfem® ; 6, = 0 ; T, = 7 = ~15 kN/em®,
Ta cd : Opg = §22 + % cos60° + 15sin60° = 35,5 kN/em?.
Opq XécC dinh ti bi€u thdc :

o}

Pq

2
+ Opg = O + Oy ; Opq = O + 0, = Gy =—5,5 kN/fem®.

1

Vay i Ba = | (ab'd - HOpq) =ﬁ [35,5 - 0,28 (—5,5)] = 18,52.10™

Aly o ‘
Bist ring g4 = T (Alpg - d0 dan dai cia dudng chéo bd ;
bd

g - chiéu dai cla dudng chéo bd).

Do d6 Alyy = £q.0g = 0,0926 mm.

BAl 2

Hai mat cit AC va BC di qua diém C (hinh 3.3) nidm trong trang thai
ing suft p};éng. Hay tinh cic tng sust chinh va tng suft trén mat ct xién
6, va bién dang &, theo phiong U, n" = U la vécto phap tuyén trén mat
nghiéng AC. » :

E = 2.10° kNfem?, p = 025
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GIAI

Ti phan t6 ACB da tich ra ta
co : o, =3 kN/em?, Tx =-5 kN/em?,
do dd, 7, = 5kN/em?, 7, = 6kN/em?.
Trén mat cit nghiéng cg phép
tuyén n’ta cd cong thue A
O — 0
Tuv - 2

sin2a + Tyy COS2cx .
60"

- Phuong ctia Phdp tuyén ngoai 2
n trén mait cit nghiéng 1am mot -~ l -

: T,.=5 2 o5 =
goec a = 30° véi truc x theo chigu tVfem Oy =3kN/em?
duong. Vay :

Hinh 3.3,

. o'x—3
g =

|
sin 60° + 5¢c0s60°, ‘
Suy ra 6, = 11,07 kN/em2,

Cé4c ing suat chinh VA 6, cd tri s6

o, + ¢
X y
Omax 9 +

0, — 0,
i\/( x2 y)2+t3y - 11,0;+3 . \/ (11,0;—3)2 + 5

dmm: = 13727 kN/cm2 y O in- = 0:61 kN/Cl’nz.

mi
dx+6y % =0,
o, = 3 + 3 = cos2a ~ T Sin2a
11,07+ 3 -
o, = + 11,07 -3

T c0s60° - 5sin60° = 4,73 kN/em?,

Theo d,ix;h luat Hooke, .bié'n .dang dai tuang d6i 1a g = % (6, - Ho,) ;

O, tinh tif ding thae Oy + 6, =0, + Oy = 0, = 9,34 kN/cm?

Do ds : g, = PRT (4,73 =025.9,34) = 12,107,
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BAl 3

Mot phan t§ & trang thai Ung sudt phang nhu hinh 3.4a Hay xac dinh
phan t6 chinh tuong dng. Tim phuong va tri s6 cta cse Ung suit trén phan
t8 ¢d wng sudt tigp lon nhdt, trang thai dng sust nay la gi?

GIAI

Phan t6 da cho c6 6, = 3 kN/em? ; 6, = =3 kN/em®

Phuong va tri s6 cua uUng sudt chinh -

e (Y

Omax = 3,6 kN/em? ; 6, = —3,6 kN/ecm?

; Ty ==2kN/cm?

rxy - o

tga, = = = 0,308 ; o, = 16951’
R N e ey !

T -2

Xy O v
tga, = = 33137 = —333; a, = 106°51

2 6, ~6mn -3 + 36 2
o, + 0, 3-3
Vong trdn dng suit cs tam tai 6 = —’-‘—2—)' =3 = 0.

Cuc P cua vong tron ing suit duge xde dinh ti
0’=0'y= —3;T=t’xy=—2.
Bédn kinh cta vong Mo 1a CP (hinh 3.4b)

Ti P ké cic tia PA va PB cho phuong chinh ctia phan t§ chinh, phan
t6 chinh dugc v& trén hinh 34c.

Tt P ké céc tia PI va PK cho phuong cla cdc mat cit o ung sudt ti&p
cue dai va cuc ti€u, céc phuong nay lam mot gdc 45° véi cac phl.wng chinh.
Phan t6 nay dugc v& trén hinh 3.4d. Trj s6 cua cdc Ung sudt tiép cye dai va
cuc tidu l1a :

Tmax=='='\/ (Gx;ay)2+z,fy =:tv'\l (—3%?3)2 +(~2)® = + 36 kN/cm?

Ta thdy trang thai Ung suit cia phan t§ 1a trang thdi trugt thuan tuy
vi trén cdc mat chil g Ung sudt tiép, khéng cd ing sudt phap.
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o lcry=-3kN/cm2
Trmar=3,6kN/cm? 1,,=2kN/cm?
min—" v6kN 2 ‘_i ;—, 2
° fem” I o,=3kN/em?®
. c:,,,,,,‘=3.6k1“1/¢:m2
e Kok : T "
4 C A min
6'; o-/ A a'c o,
c/ /mn
K 2, tmin=3,6kN/cm? «
o=0 """ \
VA
\ [Min
Hinh 3.4.
BAl 4

Mot phan t6 chinh c6 cdc ing sust chinh duge cho nhu trén hinh 3.5a.
Hay x4c dinh ung suit tisp va phap trén cdc mat nghiéng so v6i mat chinh
cdc géc f = 20° va a = ~70°.

gkl

 Ta ky hiéu cdc mat nghiéng 14n lugt 1a (®) va (a) c6 phép tuyén la
nﬂ va n,. Trang théi Uing suét chinh da cho cg :

0y = 900 daN/cm? 6, = 600 daN/em? 6, = 0, @ = -70°

Ung suft phép va ti€p trén cdc mat B va a duge tinh theo codng thic
3.1) :

0 = 0y sin’a + Gycos%a = (900.0,884 + 600.0,117) = 866 daNjem?
0, = Oycos’a + oysin’a = (900.0,117 + 600.0,884) = 636 daN/em?
o= omgy o DT L 900600 ,
« = ~Tg = —5— sin2a = —2—(—0,643) = -96,5 daN/cm
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§00

900

a) b)
Hinh3.5

Céc ung suit nay dugc bi€u didn trén cdc mat (#) va () nhu hinh 3.5a.

Két qua trén cd th€ nhan duge bing vong trdn Mohr ung sust. Cyu thé
la :

Theo 6}, 03 ta dung véng tron Morh. T cyc B vé& céc tia song song véi
nﬂ va o, . Giao ciéa c4c tia ndy v6i vdng tron vita v& 1a cdc di€m Dg va D,.
Hoanh do cia ching cho ta 5 = OKg = 866 daN/cm 6, = OK, = 636

daN/cm?
Tung d¢ cho : = Kg.Dg = 96,5 daN/em? ;
Ta = K,D, = 96,5 daN/cm?,

Trén hinh 3.5b, ty 1¢ xich da thyc hién : 1 cm Ung véi 200 daN/em? va
don vi tinh 1a daN, cm. :

BAl §
M¢t phan t6 chiu dng suft dugc cho trén hinh 3.6a. Hay x4c dinh phan
t6 chinh v& céc dng sufit trén nd.

GlAl

Ung sust trén cdc mat cia phan t6 da cho (hinh 3.6a) Ia :
6, = 1000 daN/cm?
05 = -800 daN/cm2

T, = -500 daN/cm?
73 = 500 daN/cm?
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Hinh 3.6 |

Céc dng suat chinh va phuong chinh duge tinh theo cdc cong thie :

1 \
0 = 5 <O'd+0'ﬂ+.\/(6a-dﬂ)2+4li):=
v/

1, 1
=3 (1000—800) +-2-w! (1000 + 800) + 45007 =
1
=3 ( 200 + 2060) = 1130 daN/em? ;
1
o3 = 3 (200 - 2060) = -930 daNfem? ;
T = (= 500) 500
tgay = - —<— - ( = —=
0 = T5 -5 = 1130 - (- 8007 = Togg = 0259 =

= a; = 14°32’. (hinh 3.6a).

Trén hinh 3.6b, gi6i thigu cach giai bai ton bing phuong phép hinh
hoc (vdng Mohr Ung suft). Trong hé toa do 100, theo céc dng suft da cho
trén phan t6 hinh 3.6a, ta dung vong trdn Ung suft va xdc dinh diém cuyc
P(op ~Tp). Sau dd, ti P va céc tia PA va PB. Cdc tia nay la phdp tuyén c1:1a
cdc mat chinh tuong Ung c6 6}, 65 (hinh 3.6a,b).
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Mot phan t6 chinh chiu cdc dng sudt nhu trén hinh 3.7a. Hay xsc dinh
Ung sudt ti€p l6n nhdt va mat phdng chia né bing vdng tron Mohr. Khi nao
cdc vong Mohr thu vé mot, va khi nao cac vong Mohr nay thu vé mot diém,
Ung sudt phdp va tiép trén cic mat phan t§ bing bao nhiéu, mat nao 1a mat
chinh ? Don vi tinh tosn ng sust duge si dung la daN/em?.

)

6g * '300
b) 6’" -800

Hinh 3.7

GIAl

Trang thai ung sust phing hinh (3.7a) chi 1a mot trudng hop riéng cia
trang thai dUng suft kh6i, khi ma mot trong ba ung suit chinh bing khong.
NG ciing cd thé duge bigu dién bing ba vong Mohr. Vi th& trang théi dng
sudt trén hinh 8.7a c6 vdng Mohr nhu hinh 3.7b" véi 7, = 400 daN/cm?
ndm trén mit phing dudng chéo hinh 3.7a).

Khi ma hai éng suat chinh trung nhau thi cdc véng Mohr thu vé mot
vong.

Khi ca ba ung sudt chinh tring nhau 6, = 0, = 03 = ¢ thi ba véng Mohr
thu vé mot di€m. Trong trudnghgp ndy trén tdt cd cdc mat cit dng suit
tiép biing khéng, con dng suit phap bing 6. Bat ky mat nao cing la mat
chinh. Mot vat thé€ chiu tic dung cta 4p lyc thiy tinh theo mei phuong la
mét vi du vé trang thdi ing sudt nhu vay.
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BAl 7

Mot chi ti€t kich
thudée I x b x h duge dat
vita khit gita hai mat
phing cing tuyst déi, chju
nén déu theo phuong
thidng ding cé hop luc P.
Bé qua ma sat giita chi
tiét va cac mat phdng tua,
hay tinh 4p luc ma mat
phéng tya phai chiu va sy =<
thay d6i thé tich cua chi 2
ti€t. Cho truéec E, x4 cua
vat lieu chi tist (hinh 3.8).

GIAl

Do bién dang bi kiém
ch€ va hiéu dng Poisson

3

N\

Hinh 3.8
ma theo phuong doc truc

phat sinh Ung suit nén 6, Vi vay, ta ¢ cdc ung suft chinh sau day

(hinh 3.8) :

-N P
=050 =gyia=-73

Trong dd, N 1a lyc ma thanh phing tya tdc dung vao chi tiét.
Theo diéu kién ctia bai todn ! = const chn nén
P

1
& =0 =E<62_’“63) =0=0, = uo; = —H T

Do dd, Iuc ma mat phing tua phai chju la :

' P hP
R = -N= R = bho, = —bh/lm=—;( T

Tinh bién dang dai tuyét d6i theo phuong h va b.

Ah = gb = %(63 +/162) = (1—/12)%
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_ _ bu ACRAD)
Ab-elb-E(az+63)- 57 P

" Bién dang th& tich ty d6i la :

1 -2u #P P _a-2pA+p
0=—5(-%7-%7) = bl1E P

Vi vay, do thay d6i thé€ tich cia chi tiét theo dinh nghia 1a :

Ph
AV = 6.V =6.blh=—(1-2)(1+u5 .

-

BAl 8

Mot kh6i thép duge dat khit trong rinh khuén (hinh 3.9) duge xem la
cing tuyét d6i. Khsi thép chju nén béi 4p luc déu P. Hay xdc dinh 4p luc
dat vao khéi thép va 4p luc khéi thép tdc dung vao thanh khuon? Biét Ep =

210'N/em? ; 4 = 0,28, [6] = 16 kN/ecm?.

GlA
iz ¢
Theo hé truc da chon trén hinh vg, A
ta cd diéu kién :
6,=-p; 0, =0;5=0 X
Theo dinh luat Hooke : —7
1 l *P
€x=§[6x—ﬂ(6y+ Gz)] =0 7
Suy ra : 0, = —up. (a) % 6:0
Vay theo phuong x, kh6i thép bj 6 Gey=
nén. Theo qui u6c dfu dng suit chinh ta v W:ﬁ "'ﬂ D)
6:6,=0;0,=-up; 03 = —p. V% |
Theo thuyét dng suft tiép 16n nhat, [ {p
diéu kién bén la :
6, -63 < [06] hay p < [6] (b) Hinh 3.9

Theo thuyé&t th&€ nang bién d8i hinh dang
16n nhét diéu kién bén la :

-
Vol+oj+6i-0,0,-0,05-050 < [6] =

V u?p? + p* - up® = 0,8p = [a] =p < 1,25 [a], (©
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Tri s6 1dn nhdt e6 thé cua P tdc dung lén khéi the‘p‘lé
p < [6] = 16 kN/cm?
Theo nguyén ly tdc dung va phan tsc dung thi thanh khuon chiu

4p Iyc do khéi thép tac dung vao 4= -0, = up = 0,28.p. Ap lyc g
nay dugc ding d€ tinh khuon.

BAIl 9

Cho thanh cd kich thuse va chju lgc nhu hinh 3.10a.
1. Tinh tung sut trong csc doan thanh.
2. Tinh chuyén vi cia mat cit 1 - |

choa=0,9m;b-'=0,6m;c=6cm;d=4cm;p= 15 kN/em?;
# =03 E = 21.10* kN/em2, ‘

GlAI
a b ~ dc :
b2
% 1‘ Hq{ -
32 | _ |l o 5 el i R
B A J »a
A L —> A
y 4 1_1 y
‘ Hinh 3.10
Dogn I : - 6,1(=6;=0
ro 1 o
e 2 - 1 1 - 2
a=gla #(ate)] = 3
Dogn 1II : 0’,1(l = U;I =-p |

gl - u(led)] = & (deaup)
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Diéu kién bién dang :

u + oy =0
hay : si.b-i-si'.a:O
Vay : ol x 60 + (6 + 2 .4p).90 = 0 (a)
N N
Mat khic : o] = — ol = — (b)
z Fl z F2
Thay (b) vao (a), ta duge : N = -129,6 kN.
N
6; = T -8,1 kN/cm?
1
N
O';I =F = ~3,6 kN/ecm?
2

Chuyén vi ctia mat cdt 1~1

-N.b/2  129,6x30
EF, 2,1.107.16

Uy = = +6.1072 cm.

BAI_10

Mot tru thép trdn dic dudng kinh D = 50 mm dat khit trong éng déng
chiéu day § = 1 mm. Try thép chiu lyc nén phan b6 déu cg hop lyc P. Hay
xdc dinh Ung sudt trong 8ng déng. Cho biét Er = 2E4; ur = 0,3 ; bo qua
ma sit gilta cdc chi tiét cia hé (hinh 3.11a).

GIAI

Lap hé truc nhu trén hinh 3.11a, Ung suft nén theo phuong z c6 tri s6
la : ' ‘

o day ching ta cd bai todn bign dang phdng, cu thé 1a :

Vi b& day cia 6ng déng méng nén trong &ng phdt sinh dng suft kéo
dugec xem nhu phan b6 déu doc theo chigu day va theo chiéu cao 6ng, goi
Ung suft phap d6 1a 4. Mat khéc khéi try bang thép chju 4p luc phan bg ‘
déu cla 6ng déng tic dung doc chiéu cao, goi 4p luc nay 1a q. Xét can bing
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cia nifa 6ng déng (hinh 3.11b) c6 chibu cao bing don vi, luc kéo trén thanh
6ng 1a N can bing v6i hinh chigu cia 4p lyc q theo phuong x da biét, ta
cd ; '

2N=qD=$q=g-]¥

Téch phan t6 A trén tryc y cta 16i thép, ta thdy phan t6 chju ung sust
0, va Ung suft 6, = 0, = —q. Vi 6ng déng va 16i thép dat khit nén diéu kién
bién dang tuong thich cia 16i thép va 6ng déng la : &7 = g4 :
o 1 :
trong dd, ¢4 = — ; = = - . .
ng d Eq &t E [6x Ht (ay+az)]

Vay : -Ei‘r;=EiT[-q—yT.(—q—7,s)] (a)
Thay céc gid tri bing s6 cia H1 Oy, Er = 2E4 va q = % vao
phuong trinh (a), ta cd ung suft trong 6ng déng :
#+C, 0,3.76

= =51 = 1,12 kN/cm?
2 = (1 - 0,3) +2
D
o, 2 9
q
g,=-
d [*~ dol/N\e
o
/ ' {N=8
Gy=-q N=bo +2/2—>| !‘5_'
b/
a/
Hinh 3.11

18¢C

-

BAI_11

Mot trang théi ing susit dugc cho trén hinh 3.12 véi 6, = 200 daN/c m? -
6, = - 400daN/c f, 0, = - 800daN/c 1. Hay x4c dinh blng giai tich cac
Ung sufit 7,53, Og vd ;3 trong mat phing song
song véi truc chinh dng sust o6, ; 6, va 7, trong
mit phing song song v6i truc chinh ung sudt
6, tuong ty la 7, 7, d6i v6i truc chinh dng
suft 63 V6i § = 20% a = 60% y = 30°

GlAl

Trang théi Wng suft da cho 1a trang
thai @ng suét chinh cd: 6, = 200 daN/em?,
0, = <400 daN/cm? va 6; = -800 daN/em? Hinh 3.12
Céc dng suft ti€p cuc tri tuong vng la :

0, = 0O - +
T =t — 5 S ——4002 890 _ + 200 daN/em?

0,03 + 200 + 800

T, =% = * 500 daN/cm?

2 2
6, — 0. 200 + 400
o=t Aty 20TA0 500 daNsem?
2 2
daN
O = 0,c05’ + Oysin’f = — 400 cos” 30° — 800sin?30° = — 50—
0= 0, — 400 + 800
7= <52 = —— " sin60° = 178 daN/em?
2 i 2 2 ANO :.2 pN0 daN
0, = Ojcos‘a + O3s8in“a = 200 cos” 60° — 800sin“60° = - 550 om?
0y~ 03 200 + 800
7, = — 5 Sin2a = ————sin 120° = 433 daN/cm?
‘ 2o daN
6, = 6, cos’y + O,sin’y = 200 cos? 30° — 400 sin® 30° = 50 o
6,—-0; 200 + 400 o 2
= i = ——i = 260 daN/cm”.
T, = 2 sin 2y 2 sin 60
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BAI 12

Cho mét trang thai dng suat téng quat (hinh 38.13).
Hay ching minh ring :

1) N&u trén hai mat c4t vudng gdc véi nhau (vi du mit cd phdp tuyén
X vi y) thda man diéu kién :

Tyx=k6x,tyz=kt,a,6y=ery (a) -

~k 12 mét hing s6 nao dg, thi trang thdi dng suft da cho khong thé Ia
trang thadi dng sudt khei.

2) Néu, ngoai diu kién (a) trang thai Ung suit da cho cdn cd quan hé :
Tx = 06y , 6, = nr,, , Ty = nf, (b)

thl. trang thii dng suft da cho Ja trang thai dng sust don.

GlAl

rxy c"y
Oz
"4 tl}'

Tyz S !
T, /' 1
g, 1
[ Tax |
§

Tyx
s A
JN
e}

. T

1
|
!
A 1
I
!
I
1
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o

.~ D& ching minh, truéc hét cdn phai xdc dinh cdc ung sudt chinh. Nghia
la tim nghi¢ém cta phuong trinh :

o - Sl.ozfsz.a—s3=o o)
Trong dd, S,, S,, S;1a cdc bat bién cua trang thdi vng sudt va cd bigu
thie :

Sy =6,+0,+6,; 8, = dey*"’y"z*"’z"x‘zfy—‘lfq—li

1) Theo didu kién (a) thi
O Ty Tg
S3= | ko, ki, kig|=0
Tx Ty O

Diéu nay cé nghla 1a mot trong cic nghiém cta phuong trinh bac ba (1)
bang khong.

2) Theo diéu kién (a) va (b) thi

85,=0,5 =0
Do dd, hai nghiém cta phuong trinh bac ba (1) bang khong.
D¢ la didu cdn ching minh.

~

BAl 13

M6t trang thai dng suat duge cho trén hinh 3.14 v6i c4c Ung suit tinh
bing daN/em2. Hay xdc dinh

T Ty T3, Og VA Tg song song véi tryc 61;

Oa» T SONg song véi tryc 6, va cdc bién dang chinh £, & & ?

Bigt B = 30°; a = 60°; E = 2.10° daN/em?. |
u =03 |
GlAI

Véi trang thai ing suit trén hinh 3.14 thi :
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0y = 200 daN/em?, 6, = -400 daN/cm?, 6, =800 daN/cm?, v theo cong
thic (3.4) ta cd :

—400 + 80 d
o= x———— = % 200 2T
cm
wn
200 + 800 a
o=t = & 500 Y
cm
s Rl
200 + 400 daN — -
Ty = & ———— = + 300 —— .
? 2 em? /
Céc dng sust 0, Tg trong mat lm'
phidng song song v6i truc cua 0, véi _
gdc B = 30° duge tinh theo cong thic Hinh 3.14
(3.3) : '
Op = —400cos’30° ~ 5005in30° = —500 daN/cm?
-400 + 800
7 = 5 sin 60° = 173 daN/cm?

Tuong ty nhu vay Oa T, trén mit song song véi truc cia 0, véi a =
60° theo cong thic (3.2) ta c6 :

200 cos?60° ~ 8005in?60° = —500 daN/cm?

Op =
200 + 80
T, = 3 800 in 120° = 433 daN/em?.-

Theo dinh luat Hooke cac bign dang chinh dugc tinh :
100

g = -é-[a, —.;L(0'2+0‘3)] = 5 70f (2+o,3.12) =28.107
& = —é—[az—y(a3+al)] = 2—1% (-4+03.6) = ~1,1.107¢
£y = %[0'3—,((61+62)] = % (—8+0,3.Z) = —3,7.10—4.
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Chkdng 4
DAC TRUNG '
HINH HOC CUA HINH PHANG

I. TOM TAT LY THUYET

1. Mémen tinh va toa do trong tam trong hé toa d¢ xOy l4p tiy y cia
hinh phing dién tich F.
Sy = [ ydF ; 8, = [ xdF
F F
- 1)
*=F 'Y TF
2. Mémen quén tinh d6i véi truc x va y
J, = [y%dF ; J, = [x%F
F F
d. =Ixde A mdmen quén tinh ly tam ddi v6i ¢ truc vubng géc x,y.
v F

3. Céc cdng thuic chuyén truc song song va xoay truc
+ abF (4.2)

r .
I = dyo + &F 3 Iy = Jy + BF 5 &y =y
Trong céng thic (4.2); x, y 12 cdc truc bst ky tuong Ung song song voi
céc tryc trung tim x,, y,. 8, b tuong dng 12 khodng gita x VA X, ; ¥ V& ¥,
dy —dy Jy—dy

J, = 2 + 3 cos 2a — nysinza
J+d,  J=dy : “3
J, = 3 AR 2 cos 2¢ + ny sin 2a
Jy + Jdy = I+ J;
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Jo=J,

JLI\' =

=~ sin 2¢¢ + J cos 2 t14.3)

Trong dd cic hé truc xOy va uOv la nhitng hé truc vuong goc tao vdi

nhau mét gde a.

4. Vi tri cia hé truc quin tinh chinh vaA mémen qudn tinh chinh

2Jdy, Jd,+J
te Qo = —m . . J = X y
g s Jy'— I, ¢ max 9

min

1 s »
* 5\/ U= Jd)* + 433 (44)

5. Elip quan tinh va tinh mémen quan tinh nha élip quan tinh.

|

Elip quan tinh : = + L -

[=
<

»
(8]
S,

4.5)

P | J-“ J)'
trong ddé : i, = F o= F & cdc ban kinh quén tinh.

Mémen quan tinh déi truc u :

o day u la truc trung tam bat ky,

tuyén véi élip song song vdi truc u.

II. CAC BAI TOAN GIAT SAN
BAI 1

Mot hinh phing vudng canh
7a/\/§ duge khoét mot 16 vudng
canh a = 2 em (hinh 4.1). Hay xac
dinh trong tam c caa mit cit, hé
truc va moémen quin tinh chinh
trung tam?

GlAl

Mat cit ngang dsi xung d6i
Vi truc x, vay Yo = 0, d€ xdc dinh
X:, ta chon hé tryc %0y, cd gde
toa dd tai tam hinh vudng l6n :
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[

"
uw = h-

=y

(4.6)

h la khodng ecich tu truc u dén tié’é

7a/ 2

; [

Hinh 4.1.

h)
s Sy(, —-a-. a\} 2./9

X, = = = -0,03a = -0,06 cm

¢ IF (7a/\I§)l -a’
H¢ truc xcy 1a hé truc quan tinh chinh trung tam.
Momen quén tinh chinh trung tam Jeva d, la:

(73/&)4 8.4 4 4 _ 4
Jy = 12 T 50,02a 0,08a" = 799,04 cm®.

J, = —“(7”1‘25)4 + (7a42)? (—0,03a)2— [%Jfaz (aﬁ)2]=
= 50.04a* - 0.58a% = 49,46a% = 791,36 cm?

a4

Trong do i 12 mOmen quan tinh chinh trung tam cta hinh vudng nhé

ddi v6i truc x duge suy ra ti cong thdc xoay truc cdc mdmen quén tinh
4.3).

BAI 2

Hay x4c dinh vi tri trong tam,cac truc quén tinh chinh, mémen quén
tinh chinh va ban kinh qudn tinh d6i véi hinh phing chit L nhu hinh 4.2a.

GlAl
Toa do trong tim "O" cta hinh trong hé toa do y,z, :
n
S 2 Fi% 20+64 84
yO i=] — _ %t
ETF TR T 20+16 36 - 2% om,
2 F
i=1
n
2 By,
S0 s _l0+16 156 o
Yo =F =n 20+16 ~ 36 - ®ooom
Z F;

i=1
Qua trong tam "O" ta lap hé truc z0y // 20y va chia hinh d4 cho
thanh céc hinh don gidn I va II (hinh 4.2a), sau dd qua trong tam cua cdc
hinh nay ta 14p céc truc toa do Zj, Y1 VA 2, y; song song véi cdc canh Oz,
va O%y,.
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u
),
c >
=3
g
_________ A 4
Hinh 4.2,
Do d¢ :
3 ) 3
o _ 210 _ 4, m _ 10x2 4
le =15 = 166,7 cm® ; Jyl =—717 = 6,7 cm
3 3
an _ 8x27 _ 4 an _ 2.8 a
J22 2 = 533 em®* ; . Jy2 =z = 85,3 cm
Theo cdng thic chuyén truc song song (4.2), ta tinh duge :
1 H
IV =30 +Fy) . el = 166,7+20.2,67 = 3081 cm?,
M _ (D 1
oy = Jay; + Fyagybgy = 0-20.2,67.1,33 = 71 cm*.
Tuong tu ta cd :
IO = 421 em!,
J§") = 182,7 cm? ; J)(,") = 1299 cm* ; Jg,') = -89 cm?

Do d6, mOmen quin tinh cia toan hinh déi véi hé truc qua trong tam
"0" la :
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&

= JD+ 3™ = 3003 + 1827 = 492 em®
gy = IP + 30 = 42,1 + 129,9 = 172 cm*

Iy

Gdc nghiéng ciia cdc truc quén tinh chinh trung tdm uOv so v6i h¢ 2Oy
duge xdc dinh theo cong thic (4.4) :

2J -2.160
_ 2y 2.
€20 = 37, < Ti2- 492

= I+ = -11 + (-89) = - 160 cmi’.

= 1= a = 22°30’

Céc moémen quén tinh chinh trung tAm theo (4.4), khi gy 1a :
J, = %[(J2+Jy) +'\[ (Jz-—qy)2+4J§y] =
(664 +452,5) = 5583 cm*

5= 30 0) - (h-9) e ] -

= -;— (664 - 452,5) = 105,8 cm*

N

B4an kinh quéan tinh d6i véi truc A nao dd va ky hiéu
la iA .
2
Fi,

o = | yaF
F

. \[ Ju \I 558,3

MEYT 36
' Jy 105,8

1v='\,?-='\r—§é——l,7lcm.

Nghiém cta bai todn dugc giai bing vong tron Mohr quén tinh cho trén
hinh 4.2b.

Vi vay :

3,94 em ,

BAl 3

Mot hinh phéng hinh chit Z cd kich thuéc tinh bing cm nhu hirh 4.3a.
Hay xac dinh trong tim, hé truc va cdc moémen quén tinh chinh trung tam.

189




GIAI

Déi v6i mat cit khong cd truc déi xun
tinh chinh trung tam, can xic dinh cic mémen qudn tinh déi véi he truc
trung tam, réi ding coéng thic Xoay truc cia mémen qudn tinh d& xac dinh
hé truc chinh va cdc momen quan tinh chinh trung tam.

g, muén xdc dinh mémen quan

Xac dinh trong tém

Ldy gbc toa do tai trong tdm cta hinh chi nha

t ding, lap hé truc Xg,
Yo, ta tinh :

250 2.4(-3) + 6.2.4

*=FF “2a+21arog =05 em
_sto_4.2.6+6.2.(-6)
Ve = 3F * T d+idoiz g = —05cm

Lap hé truc trung tam xCy (hinh 4.3a) :
Tinh céc momen quén tinh doi véi he trung tém xCy :

6.23 147
k= 5 +6.2.(5,5)2+2 4

+2.14(0,5)% -

.2
BT +2.4.(6,5)2 = 1172 em?*

b/

Hinh 4.3

+ 14.2(0,5)° +

2.6 , 14,93
J, = +2.6.(3,5)f+

12

2.4
MRS
Ty =2.6(3,5) (~5,5) + 14.2(~0,5) (-0,5) + 4. 2 (~3,5) (6,5) = —420 cm*

+ 2.4(3,5)?% = 308 em*.

Tinh momen quén tinh chinh trung tam :

Cdc momen quén tinh J,, , Jmin VA phuong chinh tinh tit cac codng
thuc (4.4) :

J +J T =3
b y X Y\2
Tme = =3 i\l( 5 )ty =

min
1172 + 308 1172 - 308
=“T—-*\/(——z“°)z+42°z =

Imax = 1342,5 em* ; J_, = 1375 em?
Phuong chinh J,,, duge xdc dinh

ny —420
= = 041 ; a = 22°0
Jy = 308 — 1342,5 !

tga, =

Vong trdn quan tinh va céc phuong chinh duge v& trén hinh 4.3ab.

BAI 4

Mot hinh phing hinh chit z c6 kich thuéc nhu hinh 4.4. Hay tinh cac
moémen quén tinh chinh, hé trus chinh trung tam, élip quin tinh vA mémen
quén tinh trung tam d6i véi truc 2 §

Y 2,
trung tam b4t ky. 8 V/ X
I
Ta phai chia hinh da cho ra _ § 58°25
thanh 3 hinh don gian I, I, I . o VL BN
I3
a) Xéc dinh toa d¢ trong tam. - 0 7 e
’,82 o oF
Lap hé tryc Oja va Opb. A , 2325”1
Trong dd Oja di qua trong tam 3 I P
hinh II oy
o
_16xd4 + 16x1 N R
T 16+ 16+12 - bo4em ;
‘ Hinh 4.4.
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16x5 — 12x5
16 +16 + 12

Tl ag, by nhan duge lap hé truc trung tam xOy nhu hinh 4.4.
b) Tinh moémen quén tinh d6i v6i hé tryc xOy.

by = = 0,45 cm

om (Mg rasas) + (B

+O,452x16) +

3

2
2 - 4
+ ( T3+ 545 x12) = 785,6 cm

J, = (2-;283+2,182x16) + (8’1‘223

+0,82%x 16) +

2x6° 2 4
+ ( 5+ 1,82 x12) = 2532 cm

c) Tinh momen qudn tinh ly tdm d6i véi hé truc xOy.
Jy = 4,55x2,18x 16 + (-o,sz) (—0,45) x 16 + (—5,45) (—1,82) x 12

= 283,6 cm*
d) Tinh mémen quén tinh chinh :

ktdy 1 785,6 + 2532
) ’ ¥
max = 2 + 2 V(Jx—Jy)2+4J3y = — +

J

-+

1
5 \/ (785,6 — 253,2)* + 4x283,6° = 9082 cm*

Jmin = 519,4 - 388,8 = 130,6 em®.
e) Tinh gdc nghiéng cia céc truc chinh :
2x 283,6 ,
tgzao = —m = - 1,065 = ay = - 23°25

Hé truc 102 trén hinh 4.4 12 h& tryc quan tinh chinh trung tam.
g) Tinh cdc ban kinh quén tinh va élip qudn tinh :

908,2 . 130,6
max = 37 = 4,54 cm ; iy, = 4 = 1,72 cm
Theo cdc gid tri ip,e inin ta dung duge élip quén tinh nhu hinh 4.4.

h) Tinh mémen qudn tinh d6i véi truc trung tam bdt ky OK nhd élip
quan tinh.
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Vi dy, tinh mémen quén tinh d6i véi truc OK nghigng 45° so véi
phuong ngang va 68°25' so v6i tryuc 01. Goi ¢ 12 khodng cich gita tryc OK

va tiép tuyén cia &lip song song véi truc ndy. Bang cich do tryc tiép ta cG:

lK = 2,3 cm.
Do dg :
Je = LA F = 23 .44 = 2328 cm®*.
BAL S

Xsc dinh trong tam clia tam gidc cong ACB (hinh 4.5).

GIAI
Truc Ou qua C la truc ddi xdng cia dién tich tam gidc cong ACB.
Vi vay Xg = yg-
O day ta cd :
Momen tinh cia ACB d6i voi truc Ox 1A :
S =5, - 8 =y5F -8 1

r
Trongdci:yGl=§;Fl=x‘2

Goi S 12 mémen tinh cia di¢n tich nia hinh tron dudng kinh DB d6i
27

véi tryc x, ta cd : S = =5— (hinh 4.5).

Khi d ta cd : S} = 28 = 5= @
3 3
2 _ l 2. = r %))
x— 2 38 3 y
Thay (2), (3) vao (1) ta cd : «
r o5 A -2
- — - /]
SX-=_2-r—3—6 ¢ // 6
Dién tich cia hinh tam gidc cong : ‘/ L
2 D [ 8 z
2 7P _(4-m)r
F=F-F=r - =T
®) Hinh 4.5
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Toa d trong tam ct

6 =YV =F =3 (4-n)yr? 8(4-n) F = 076r

a hinh tam gise cong duge xdc dinh theo cong thie :

W

BAl 6

Xéc dinh trong tam va mémen quén tinh d6i véi tryc trung tam song
song véi canh ddy hinh thang can nhu trén hinh vs (hinh 4.6).

GlAI Yay
Hinh thang can cg mot BI‘_——b__ID
truc déi xing Oy. Do dd : ~ / /
£ | JF
xc, = 0 o N 7 ~ / - \ ;’
=l / 34
Tung d6 trong tam Ye A ] I3 T
dugc xdc dinh bing céng 26 i
thie : }
S, |
Yc = 37 . |
F Hinh 4.6. |

Ta chia hinh thang can _
thanh mét hinh binh hanh ABDO dién tich (F

P VA mét hinh tam gisc ODE
dién tich (Fy). Khi d6 mémen tinh ctia hinh t

hang d6i véi truc x :

b .1 ,b

Se= S+ S =Fiyg + Fyyg, = b2z + 5 b2
2b°
S =3

Dién tich mat c4t ngang :

2 9
2 2 4b
Vay M . yC = -—3— . E = _9_

HenchCYIAhetmcquéntfnhchinhu'ungtAmcﬁamateét. Goi Cix, 1a
truc quén tinh trung tam cta dién tich F, (C

truc song song cia cdc mémen
X ta cd :

1X1/%). Ap dyng odng thic chuyén
quan tinh ti truc x; (fruc trung tdm) sang truc
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12 2 3

L gl > b )" .. _ b
Je=Jdy *yo Fi=3+ |5 b=
Momen quan tinh cia cd hinh thang déi voi truc x :

L. 2 b bp s
Jx=Jx+Jx=—§‘+——12 =13

Ap dung cong thidc chuyén truc song song ciia cde mémen quéan tinh vé
truc X (tryc trung tdm cta hinh thang) tit truc x chia AE d8i véi dién tich
hinh thang F ta o6 :

Jo = Jx + 2ycSy + yiF = Iy + y2F

Thay s§ vao ta cd :

12 94 2
sb'  (4b)® 3p®  13pt
Suy ra Ix=173 |7 2 108

Tinh trong tAm va tinh mémen qudn tinh chinh trung tdm cla mat cit
nhu trén hinh 4.7a.

GIAI

Goi. hinh tron ¢d ban kinh R 1a hinh 1, hinh tron cd ban kinh r 12 hinh
2. Ta chon hé truc Cixyy véi C la tam cua hinh 1 1a hé truc quy chiédu.

y y=vy
: 2
C>85em Z € I;
) b)
Hinh 4.7
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Vi truc y la truc d6i xdng nén hodnh d¢ trong tAm mat cét
Xc = 0,yc duge xdc dinh bing cong thdc (4.1) :

5

X
YC="F‘

trong d¢ :

— 1
Sy, = le-S,fl =ye,F1-y¢,Fa = 0-(-5.2.7% =

= 5m? = 1570,8 cm®

F=F-F,=aR-ar® = 2(R*- 1) = 9425 cm?

Sy 1570.8

CXY v6i CY = C;y 1a hé truc quén tinh chinh trung t&m cua mat cat
ngang. Cdc moémen quén tinh chinh trung tAm cta hinh (hinh 4.7b) :

Ix =Jd%x =92 5 Iy =Jd} - 52

Apdungcongth(xcdmyé'ntn_xcsongsongdmascnmomenquénﬁnh(‘lm,lacd:

xR*

2 2 2 .7[1'4 . 2
Ix = Jg + e+’ Fy = = + e+ o) .ar?

x . 20° x .10
Ix = (T + 1,672.n.202) - =+ (1,67 + 5)2,;;_102
Jy = 107400 cm*

aR* art
Jy = =~ - “— = Z (90% = 10%) = 4
Y=g 1 = 7 (20° - 10°) = 117810 cm?,

BAI 8

Mot thanh ghép gém hai thanh thép dinh hinh c6 mat cit ngang nhu
hinh 4.8. X4c dinh cdc momen quén tfnh chinh va phuong cia hé tryc quén
tinh chinh trung tam cta mat cat.

GIAl

S6 liéu vé dac trung hinh hoc cia thép chit [ s6 20 va thép gée 100 x
63 x 10.
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[ 8620 h = 200 mm ; J, = 1520 em® ;
F=284em?; Jy=113 cm
zg = 2,07 cm.
L 100 x 63 x 10  F = 155 cm® ; Jy = 154 em*
xg = 3,4 cml'; Jx = 47,1 cm?

1,58 cm ; Ju = Jmin = 283 cm*.

Yo
Ta cd d6i véi thép gée (hinh 4.8b).

Jy = Jopge = Jy+Jy = Jpy, = 47,1 + 154 — 28,3 = 172,8 cm*

Momen quén tinh ly tam J,, cd th€ tinh duge tit mdi quan h¢ :

J ' J
Xy Xy 14
tgay = ———; tgay = T =tg|o + a
g 3y J, =3 455 Jy_Jmin (2 1)
JZ
Xy

hay o1 8o = =1 = G O~ T

Vay :

Jy =~ 'J —(Jy—JnmJ.(Jy—Jmn)
= — Y= (164 - 172,8).(154 — 28,3) = — 48,61 cm*

Ta ldy déu trir cho J,, vi truc chinh max nidm trong géc phén tu tha
nhét va thd ba.

1. Xdc dinh trong tdm mat cit (hinh 4.8¢c).

Ta chon h¢ truc O;x,y, l1am hé truc quy chiéu. Vi trl toa d6 trong tam
mét cAt d6i voi hé truc toa do nay duge xdc dinh theo (4.1) :

Sy 8,42.155

Sa  262.234 + (-395).155

—_— = = 0 cm
F 22 + 15,5 + 23,4

Xe =

Véi y. = 2,14 cm ta 1ap hé truc quén tinh trung tam Oxy;. Toa d¢
trong tdm cta cic hinh thanh phdn d6i véi h¢ tryc trung tam la :

Hinh I : x=0 y = -2,14 cm
Hinh II : x =262cm y=-2l4cm
Hinh III : x = -3,95 cm y = 6,28 cm.
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Hinh 4.3,
2. Momen quan tinh d6i v6i he tryc trung tam

Ap dung cdng thic chuyén truc song song cia cic mémen quan tinh

i 11.203
=2 Ji = 1o * 2142.11.20 + 1590 + 2,147 234 +

+ 471 +6282.155 = 311969 cm?

I =Y gi 2010

v T

+ 113+2622.234 + 154 +

+ 395%.155 = 671,64 em?
Iy = 2 I = 0+ 262.(-214).234 + (- 3,95) .

-6,28.155 ~ 4861 = ~544,30 e¢m?,
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3. Phuong ctia hé truc quin tinh chinh trung tam (hinh 4.8d).
Theo céng thue (4.4), ta co :

24 -2 (=
v (= 544,3)
2 = - = - =
tg 2a I - J 31196 — 671,64 ~ 0475

2a = 25724’ + k. 180°

12°42 ay = 102°42

a
4. Cdc mOmen quéan tinh chinh trung tam.
T cong thdc (4.4), ta tinh duge :

Jx+Jv VJ,(—Jy2 \
max 2 * ( 2 )+J"Y

min

[l

3119,69 + 671,64 3119,69 — 671.64
= 2 Y ( 2

Imax = 8253,67 em® ; J_, = 555,67 em®.

)%+ (5443)°

BAl 9
Cho cic mat cit ngang nhu hinh 4.9a,b. Hay x4c dinh -

a) Momen quén tinh chinh trung tAm déi véi truc Ox.

b) Hé truc quan t{nh chinh trung tAm va cdc mémen qudn tinh chinh
trung tim ctia mat cit ngang hinh 4.9b.

GIAl

a) Tinh mémen quan tinh trung tam déi véi truc Ox.

Trabéngthépch&[sd%,tacd:h =36cm,d = 075 cm ; t = 1,26 cm;
Jy = 10820 cm*.S, = 350 cm?,

- Mat c4t ghép cd hai truc déi xing xOy (hinh 4.9a). Ap dung céng
thic chuyén truc song song (4.2), ta tinh mémen quén tinh cta mat cit
ngang nhu sau :

1,2°

Ro=2[d o+ 22y <18,6)2.24.1,2] = 41574,2 cm?

b) Xdc dinh hé truc quén tinh chinh trung tam va cge mdmen qudn
tinh chinh trung tam cua mét cdt ngang (hinh 4.9b).
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Lay hé truc xgy lam hé truc quy chiéu, ta tinh :

_ 86.8°

X0 5 +3o.3.(3+ﬂ)+3.9.(334§) = 2713,5 mm’

2 2
F=236.3+230.3+9.3=225mm?

b 2713
=2 . —l—’é = 12,06 mm.

Trong tam C cta mat cét cd toa d¢ (0, 12,06 mm). Qua C dyng truc
ex// xp ta ¢ hé truc quan tinh chinh trung t&m xcy.

Momen qudn tinh d&i v6i truc quén tinh chinh trung tdm cx :

36 x 3 2 30° x 3 2
J, = (—1—2——+ 10,56 x36x3)+( TR x30x3) +
9 x 3
(S55= + 22447 x 9 x 3) = 35666,19 mm".
BAl 10

Hay xéc dinh trong tAm va momen quén tinh chinh trung tam cia mot
mit cit nhu hinh 4.10a.

GIAI

Ta chia hinh phing da cho thanh hai hinh don gian I va II nhu hinh
4.10b. Goi C, la trong tam hinh I va lap hé truc Cx;y. Goi C la trong tam
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cia hinh da cho (hinh
4.10). Toa d0 trong tam
Xe, yc cia C duge xdc
dinh nhu sau :

Vi truc y & truc d6i ; H A > —r
T Ic Tx 3w
xing nén xc = 0, y¢ xéc 2% ar X gc s
dinh bing cong thic : I J g
S 1 ..
e = F &/ b/
trong d¢ : -®
Hinh 4.10
S Lo2(dreh) = onzar
y =5 T ( o T r) = 0,712x
F = 1'2—’2 + 2r.r = 357081
07127 1
Vay : = =———— = 0,627r
i e = 357082
 Momen quén tinh chinh trung tam céa hinh
Jo =+ g}
3
B=gl 4 a7 = r(f;) + (0,627 r)%2r = 1,4561%
1 1 2 -
I = J¢ + VF ¢
1 xd* 4 2 ar? 4
i . -2= _ (=)= = 0,035
véi o=z ~ (m) 7 7008 v
71
nén JIU = 0,085 + (0,797r)’ — =111 r
Vay I, = 1,456r* + 1,11r* = 2,566r*
1 zd*  2r.r 4
Jy = T —6 + = 0,566 r
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MUC LUC

Lai wra
Don vi do ludng sir dung
Chuong 1. NOI LUC VA BIEU DO NOI LLC
L Tém tit ly thuyst
IL. Cdc bai todn giai sin
Chuong 2. KEO VA NEN
L. Tém tat ly thuyet
IL. Cic bai todn giai sin

Chuong 3. TRANG THAI UNG SUAT VA CAC GIA THUYET
VE TRANG THAI UNG SUAT GIGI HAN

L. Tém tét Iy thuyet
II. Céc bai todn giai sdn
Chuong 4. DAC TRUNG HINH HOC CUA HINH PHANG
L. Tém tat ly thuyet
IL. Cic bai todn giai sdn
Phu luc
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