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L3I NOI AU

Ky thuat rung dAu tién duge dua vao cac dung cu do dac: cae thiét
bi thi nghi¢m: céac may, trong do6 chu yéu thuc hién cac kich rung
giy ra lde kich dong ¢6 muc dich. Dan dan, nguai ta da dua ky
thuat rung viio cac may va thiét bi thuc hién trong cdng nghé san
xudt. xAv dung. khi rung va giam rung, diéu khién rung..

K¢ thuat rung. trudc hét dua trén cd sd cua ly thuy &t dao déng, dac
biét 1a dao ddng cua hé phi tuy én. Trong 1y thuyét, k¥ thuat rung
d& s dung cac thanh tuu cua toan hoc. ed hoc giai tich, ly thuyét
én dinh chuyé én dong, 1y thuvét tu didu khién va cac linh vuc khoa
hoc khac. Ly thuvét ky thuat rung hién quan chat ché véi dong luc
hoc may va cong trinh, Ky thuat dién, vo tuyén dién, siéu am,
dia chan...

Cac linh vue ap dung ky thuat rung ngay mot ting. Coé thé ligt ké

mét s& linh vye quan treng, d6 1a:

o Tao hinh san pham Ltong ¢t thép trén ban rung hay trén cac
khung rung.

e Lam chat hon hgp bétong trong cac cong trinh thuy cbéng, Xay

dung nha. méng va tru cAu bing cic may rung mét va cic may

rung sau.

« Lam chit dit nén duong, lam chat 16p 4o mit duong bang
bétong atphan. 16p pht mat dutng bang bétdng ximang... nho
cac thiét bi rung khae nhau.

+ St dung bia rung va bua va rung khi khoan tham do dia chAt.

« Phan loai vat 1iéu theo kich thuée. mat do, hinh dang, hé &6 ma
sat trén cac thist bi rung (Judl va sang rung)...
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Ky thuat rung va cong nghé¢ rung 12 mot linh vye méi me. Do d6

con nhicu vin dé Bn tai ca vé ly thuyét cang nhu thuyc & chua

duge lam sang to. Dé giai quvél nd va dam bao sy tién bd can phai

tién hanh nghién edu 1y thuyét va thye nghiém trong mot pham vi

romg. Hang loat céc van dé va cac bai Loan dude cac tac gla trong

viu ngoal nude guan tdm, dé chinh Il

Nhom thi nhdt: cac vAn dé 1ién quan dén viée nghién clu cac
qua trinh phat ra dao déng co hoc, chang han: nghién efu cac
may kich dong nhu cac bd bhién déi nang lugng ngudn vao ning

lugng o hoe. cic may phat dao dong co hoc ngau nhién...

o Nhim thi hai: cac vin dé din téi giai quyét cae bia toan dong

luc hoe cua may rung va va rung: nghién clfu qua trinh chuyén
vii tao ra cac phuong phap giam cong sUAL yéu cAu. giam trong
luigng kél cdu dan dong, giam dao dong manh khi chuyén qua
cong hudng: nghién ciiu hién tugng dong lye caa hé ¢ mot va
nhiéu bac tu do khi cong hudng va gan cong hudng: nghién ctu
dong lue cia hié eb tic dung cua nhidu lic diéu hoa. cua hé vai
théng s6 phan bd va cua hé phic tap: gidl cace bai toan khi ¢6 sy

lam vide dong thai cta hal hay mot s6 may kich rung.

Nhom ihe ba: cac van dé nghién cdu tinh chat cua cace
méi Lruong khae nhau, trong do ¢o tae dong cua cac may rung

lam viéc:

Nghién cGu ddng lue ctia Mo truong ¢o dang hat thd va hat
min duge ap dung khi giai cac bal toan dot vél cde may rung
dé phan loai vat ligu. may dich chuyén rung. may lam chat
nho rung;

Nghién ettu déng lue cua hén hap bétdng ap dung vao cac bl
toan dich chuyén rung. van chuvén rung. lam chit va lam

phang rung. tac hinh san pham...:

Nghién ctu dong lic bién dang déo cua thép dudi tac dung

rung va va rung khi ha cae chl tiét biang phuong phap déng.
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ren dap va dal vat héu: nghién ciiu déng lie cua béwdng

Atphan khi ap dung lam chit bang rung dong:

— Nghién ctiu cac tinh ¢hit hoa 1y vt cg Iy do anh hudng rung

trong méi trudng c6 chat long. ..

o Nhom thir tu: cae vin dé nghién ciu tuong tac cua cac b phan
lam viée clia mAy rung va va rung véi méi trudng. trong do cha
v dite bidt dén tuong tac Jue: glal cde bal todn vé su phan bé lue
va ap lue tac dung 18n may c¢dng tac t mdi trudng: nghién cdu
su thay d6i tac dung tuong hd dudi anh hudng cia may cong tic

A Mol triuong. ..

o Nhom the ndm: cac vin @8 lién quan dén nghién cltu ning
ligng cin mav rung, chu ky nang lugng va dic trung hao tin
niang luong caa hé phu thude vao tinh trang may rung viv do

tinh chit ngudn nang lugng,

o Nhém thi sdu: che van dé vé tim kifm va tao ra phudng phap
mdi lam sang 1o cac phuong phap cla cie hé rung tu diéu khién,
vae hé tu didu chinb rung vi g kiém tra chat lugng phudng tién

ky thual rung.

(ac phudng phap rung trong xay dung la cac phuong phap hien
quan téi viée st dung cac thiét bi rung (may rung va bia rung) A&
ha chim vao dal hay kéo ra tit méi trudng dat cac kél cau khae
nhau {coc, dng. clt...): dé khoan tham do; dé 1am chat nén dat, cac

hén hop béténg v pha hoai cau trice d&t nén...

Trén co <5 kinh nghiém. § tudng ha chim cac két cdu vao dat bang
thift bi rung dude cac tae gia dua ra vao nhiing nim 34 - 40 cua
thé ky XX. nhung phii ¢hd dén nhing nam 50 cua the ky XX mdi
duge ap dung rong vl Cac két qua nghién equ va ap dung trong
niia thé ky qua cia cac nhi nghién cu ¢ ngoai nude cling nhu o
nude ta con trinh bay viéng 1é v tan man trong cac tan heéu hay
tap chi, déng thoi khong duge thudng xuyén coéng bd mot cach hé
théng. Vi vay. mue dich chinh cua cudn sach nay nham trinh bay

Fl



c0 SO LY THUYET KY THUAT RUNG TRONG XAY DUNG

mot s vin dé cd ban cua ly thuyét dao dong co hoc lién quan trye
ti€p dén ap dung k¥ thuat rung néi chung va mét vai bai toan ¢d
ban ciing nhu cac két qua nghién clu ctla cac tac gia trong va
ngoai nudc vao nhing nam gan diy. trong dé ddc biét cha y dén
nhitng mé hinh baj toan ap dung ky thuat rung trong Xay dung.

Cac tace gia hy vong cudn sach sé co tac dung dél véi cac sinh vién
aam cudi cua nginh may va céng trinh; cac k¥ su va can bd ky
thuat tryc tiép lam céng tac san xuat. thiét ké thi cong cac cong
trinh nha, thuy g1, glao théng: ddng thoi ciing c6 thé lam ta lidu
tham khao cho cac hoc vién cao hoc, nghién ciiu sinh ma trong

cong viée co lién quan dén dong luc hoc may va cdng trinh.

Cudn sach méi dude in lan dAw. nén khéng thé tranh duge nhiing
khiém khuyét. Ching 61 rit mong dudge sy déng gop xay dung cua
doc gia d& cudn sach ngay cang hoan chinh trong cée 1an xuat ban

tiép theo.

CAC TAC GIA



Chuong 1

DAO DONG CUSNG BUC CUA HE
TUYEN TINH €O MOT VA HAIBAC Ty DO
f_——

§1.1. PHUONG PHAP THIET LAP PHUGONG TRINH
VI PHAN CHUYEN DONG CUA HE DAO DONG

14.1. CAC PHUONG PHAP THIET LAP PHUONG TRINH VI PHAN
CHUYEN DONG

Lua chon phuong phap thiét lap phuong trinh vi phan chuyén
déng dao dong cua hé ¢d nhidu bie ty do phu thuge vao mo hinh cg
hoc cua hé, Ngudi ta thudng s dung ba cach saw

1.1.1.a. Dung phuong trinh Lagring loai Il
Hé Halonom ¢b n chat diém va s bac wi do; dude xac dinh bai cac
toa dd suy rong doc lap g G = 1, 2, ... 5), phudng trinh Lagrang
logi I1 ¢d dang:
dert of

| — Yo (=1.2....8) (1.1)
dti &g, ) g,

1.1.1.b. S&r dung nguyén ly Dalambe
Theo nguyvén ly nay, 4 mdi thai diém cac lye hoat dong tac dung
lén co hé va cac phan hic lién két cAn bang véi cac luc quan Linh.

Ta cd;
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ZFT”+ZI\—7, ! Z;:“;O:
k k &

o o o (1.2}
Zm”(ﬂf’ )+ Zmn(Nk )+ Zm,U(Ff’ y=0.
T k &
trong dé: F¥' = -m, ﬁ )

1.1.1.c. Ap dung phudng phap lyc

Céc dich chuyén theo hudng ¢ do luc don vi tac dung theo hudng &
gay ra goi 1a dich chuyén don vi. ky hiéu 1a 5, . Cac 3, con goi la

cac hé 36 dnh hudng (hinh 1.1). D& véi hé dan hdl. theo hudng k
chiu tic dung cua luc P, thi dich chuyén do né gay ra theo hudng
i s6 ty lé véi luc, nghia la ¥, = P,3,,. Do d6 dudi tac dung déng thoi
cua cac lue (P,.P,..... I?”)_. dich chuyén toan phan xic dinh theo

hé thc:

¥, = ZPL‘E}H.‘ . (13)
)

m, m,
{ Y

L~

Yy / 5 "
s ~ R s }’&k ——" A

Hinh 1.1
Cong thiic (1.3} 14 cd so dé thiét lap phuong trinh vi phan chuyén
déng dao déng ctia he. Cac hé 6 &, duge xac dinh theo céng thic

Mohr hoac phép nhan biéu dé Vérésaghin, Theo dinh 1y Mac-xoen
ta ¢ 8, =5,

. PHUONG TRINH VI PHAN DAO BONG CUA HE n CHAT DIEM CO s

BAC TU DO

Biy gio ta ap dung (1.1) dé viét phuong trinh vi phan dao dong cho
hé n chit diém o6 s béc tu do, chiu tae dung cda cac Tuc 6 thé, cic
luc can-(nhét) phu thude bae nhit vio van toe va cae lye kich ding
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ngodi 1a ham bat ky cua thoi gian £ Ta c6 luc suy réng cla cac lue
- trén duge bicu thi:

e
aql" aQJ

Xét dao déng nho thi:

L

T = % Z iau’(}.fq.j :

IS
n:%iicu-q,-fh : (1.4)
T S |
o= iizbwqﬂf
i=1 j-1

Cac hé s6 a, =a,: b;=b,: ¢, = ¢, 1a cac hing s§ va thda man

i
diéu kién CuneBectp. Thay (1.4) vio (1.1) ta nhin dugde phudng
trinh v1 phén dao déng cua hé:

Doy, D byd, Y g, =@, (=12, . 9), (1.5)
i-1 J-l J=1

(6 thé viet (1.5) ¢ dang:

;!—an tyy “'alu—!:_q] "by by by, ‘}1—‘ ircll Crz ---Clﬂ_rfh (Qli‘

Ay Ay Gy, || Yy + by by by, || Gy i3 Cyp Cyy -Coy |Gy | | Q]

arrl anz "'a'nn anJ 'bnl bn:ﬂ"‘baru_,-Ler‘ Lcn] CnZ"'Crm f_an Qn

{1.5a)

§1.2. DAO DONG CUGNG BUC
CUA HE TUYEN TiNH ¢6 MOT BAC TU DO

Dao déng cudng bite xay ra khi hé cé tac dung ciia cac kich déng
ngoal. Cac kich dong nay 6 thé tuin hoan hay va cham.
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Phudng trinh Lagrang Il trong trugng hop nay cé dang:
dieTy T  on &
e e ¢ +QF.
dil dq ) g 13/ SIS o]

. . . 1 . | I .
Vil dao dong nho: T = an‘ Pm= gt ¢ = ébq" :

ot}

]. L]
bat @t} = - QF . thay vio phuong trinh trén. ta duge:
[£2
G+2ng+kiq=0(). (1.6)

) 65 .
trong dé: 2n=-" 1k =
a a

Phuong trinh (1.6) la phuong trinh vi phéan dao ddéng cudng bac
cua hé tuvén tinh mot bae tu do. Trudng hgp 7 < k&, nghiém tong
quat cua nd i

g = Ae”" gin(hkt +[B)) hg. (1.7)

trong d6: ki = k% —n":
A. B - duge xac dinh tir di¢u kién ban dau:
g - nghiém riéng cua phuong trinh (1.6).
Nghiém riéng & tim dudi dang:
g=e"Z(t). (1.8)
Thav (1.8) vao (1.6), ta nhan dude phuong trinh d61 v61 ham Z(¢):
Z+kiZ=Qt)". (1.9)
Nghiém cua {1.9) tim duge bing phudng phap bién thién hiang so

Lagrang:

£

je’”Q(r) sin k, (£ - T)dt. (1.10)

0

1
L) =~
() 5

Nhu vay. nghiém riéng g ctia (1.6) xéc dinh bing biéu thiic:

¢
57 [er 7 Qeuysin by (t - D). (11D
1

b
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Tich phan v& phai cua (1.11) tinh theo bign 1. Do d6. khi tich phén
ta col ? 1a hang s0. Sau kbt hoan thanh viée thay can tich phan ta
nhan duge g 14 ham cua thoi gian £,

(Cudi ciing nghiém téng quat et (1.6} ¢6 dang:

g = Ae™" sin(kyf - B)+ }1— Ic () sink, (F - vdt. (1.12)

X
LY
T4

DAO DONG CUGNG BUC KHONG CAN {n =0)
(3ia sti lue kich déng ngoan bién d6i theo quy luat diéu hoa:
) = Psinpt.
Phuong trinh (1.6} tro thanh:
G+kig =P, sinpt. (1.13)
Khi p = &. nghiém téng quat cua (1.13) ¢b dang:
g =C, coskt + C,sinkt+ fPL-,— sin pt . (1.1
) K- p?
LAy diéu kién dadu tai t = 0: g =g, ¢0)= ¢, ta nhin dudc:

T, P p : P _
g=q,coski~ %;’-sm ht —- — 2P sinkt+- —"— s pt. (1.15)

Rk - p?) PR

85 hang cudi cua {1.15) biéu thi dao dong cudng bdc thuan tuy:

- P .
g=— " smnpt. (1.16)
k= -p°

R6 rang. dao dong cudng buc %Ay ra voi tan s8 lyc kich dong p: nd
khéng phu thude vao didu kién ban dau cua hé. Khi k > p thi dau
cua g cung dau vai luc kich dong (cung pha). khi k < p chung
nguge dau nhau (nguge pha). Truong hgp & = p. biéu thic (1.16) va

56 hang thi ba trong (1.15) =€ mél § nghia. Néu xét dong thoi no
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. 0 . P . s » . .
cH dang g Ap dung guy tac Lopitan. lay dao ham theo p va cho

p— k. taduge bidu thue:

P Pt
- —=s8in ht — —“_coskt .
i)k

2k 2
Khi dé
g, . P Pt -
=g, coskt + —=smkt “_ginkt — - coskt. ,
G =q,coskt + . sIn kE + W sinkt ok coskt (1.17)

Nhu vay. khi p = k cac
giA tri nguy hiém ctda
bién dd tiang tuyén tinh
véi thol sian £ 86 hang
cudi cua (1.17) thudng

gol 1a thanh phan dac

tinh cua dao dong (hinh
1.2). Sy trung nhau giia
tan 80 cua lue kich dong

p véi tin s0 riéng k cua

hé va cac hién tugng xay

Hinh 1.2

ra tiép sau got 1A hén

tugng céHng hudng.

1.2.2. DAQ DPONG CUGNG BUC CO CAN (n # 0)

Ta xét lye kich dong ngoad. bién déi theo quy luét diéu hoa nhu

phéin trén. Phuong trinh (1.6) ¢6 dang:

G+ 2n¢+k’q =P, sinpt. (1.18)
Khi n < k. nghiém tong quat cua (1.18) viét duge:

g = Ae "sin(kt+B)+q. (1.19)

o

véi: kI =k" -n®.
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Ta tim (} dudt dang:
g =Bsain(pt -o). (1.20)

Chon B. ¢ sao cho q thoa man déng nhat phucng trinh (1.18), ta cé:

P 2
B- T (1.21)
VR = p )y +dnTp” k™ - p°
Tich phan tong quat (1.18) viél d dang:
-nt o : R’ 1
g=Ac" sinlkt 1 By = e sin(pt—5). (1.22)

Céac hiang s6 A, 3, duge xiac dinh ti digu kién ban dau. 86 hang dau
ctua (1.22) ang vl dao dong tat dan. Sau mdt khoang thdt gian nio
dé. ta xem hd chi thue hién dao déng binh on:

P

]

G= e = oEID(PE~T). (1.2:3)

. o 2y 4o

VBT =pT)y +4nTp
Nhu viy, dao ddng cudng biic c6 can van xay ra vdi Lan sd lue kich
dong p. bién dé cua nd khéng phu thude vao théi gian ¢ va khéng
tat din do lue can. Khi xav ra céng hudng (p = k) bién d6 nay la
hiiu han v khong phai 1a gia tri 1dn nhat. B = B, khi p* = " —2n°
{(xay ra trude cong huong). Khi cong hudng, dd léch pha ¢6 gia tri

cue dai va bang % Néu ky hicu 1 1a ty s6 gitia bién do B va do

léch tinh B, cua hé thi:
n- - e {1.24)
!I.I 1- p: W + 4}1,“Iipu
Voo & k*

H¢ 56 n duge goi 1a hé s6 dong lue.
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Trudng hop khéng ¢o cdn (n = 0), hé 0 n bang:

1
N — —, (1.25)
-7
k..
hic n hiéu thi theo (1.24) phu thude VAo

¢

2n PR
v dude md td trén hinh 1.3.

(éc gia tri caa hié 56 dong

ot

P (mg véi cac gla trl khae phau cun
T

Hinh 1.3

Ngoai phuong phap tinh dao ddng cudng buc trinh bay ¢ trén, ta

con 6 thé ap dung phép bién 81 Laplace [38] dé tinh.



Chuong 1. DAO DONG CUONG BUC CUA HE TUYEN TiNH CO MOT VA HAI BAC TUDO 15

1.2.3. KICH BONG RUNG VGl LUC CUGNG BUC THEO MOT HUONG

Xét hé kich dong rung trung tam véi luc cudng buc theo mot huéng
(hinh 1.4). Trén hinh 1.4a biéu dién so dé hé kich dong rung trung
tam v6i: bd phan kich dong rung (1): ban rung (2): 10 xo (3) va giam
chéan (4).

Trén hinh 1.4b ¢6: b phan kich dong rung (1); ban rung (2): lién

két ly tudng (5) sao cho ban (2) dich chuyén theo mot hudng; 16 xo
(3) va giam chan (4).

g q ]
ot
B ™
/ i

T r

N\
2 [5 - ~’\<| 2
| 1 3
C
Lclzl g
/4
a) b)

Hinh 1.4

Ca hai so db déu c6 thé dam bao ban rung 2 dich chuyén theo
hudng thang ding q.

Phuong trinh vi phan chuyén déng dao dong cua hé c6 dang:
(my +m,)G+bg+cq=m,ro’cosot,
hay rat gon:

]

m,ro”

o ——coswt, (1.26)
m, +m,

G+2ng +ki*q =

p 250 ¥sup mETIE

trong dé6: 2n = — — k= A
2(m, + m,) \m, +m,

m,, - khéi lugng qua ving:
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7 - dd 16ch tAm cta khéi lugng qua vang déi véi truc
quay cua réto;

m, - khél ldgng cta bé phan cdng tac ciia may;

© - van tde ghe quay cac qua vang.

Tich phan riéng Gng vé dac dong cudng blc binh 6n cua phudng
trinh (1.26) ¢6 dang:

g = Beos(of —9), {(1.27
g dav:
o’ 2na
B - I,_I?Ef?r{‘.) —. L= arctg —.')"n('T . (1 28)
(m, +m, W& -0 +4n" e kT -’

Theo mé hinh dang xét. ap lue déng lde cua may tac dung lén nén
méng bang:
R,=Cq+ Bg {1.28a)

Khi chi y dén (1.27). (1.28) ta cé:

Ry= g | Ceos(ot — @) —osin(et — )] .(1.29)

(m, +m, (R - o™y +an’e’

Khi bé qua giam chin dat 1én ban vung va dat M=m, +m,,

nghiém riéng bicéu thi dao dong cudng bic co dang:

- om o’
g =—"_ ——cos(of-0):
C Mo
m, ro’
m - L A
bién d6: A= -—— . (1.30)
C - Mo
VMémen cian thigt 1am quay cac qua vang bang:
M, :mur(q+c7')sinmt. (1.31)

g
Cong suit dong cd can thiét lam quay cae qua vang la:

N=Muo. (1.32)
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1.3.1.

Trong thue té. ngudi ta Lo hinh san phiam (céc san pham bing
boténg ¢t thép) bang chin dong va thyc hién trén ban rung. N6
duge s dung chu véu trong cac nha may bétdong va trén cac
polvgon vi @6 1a thiét bi eé cong suit 1én. Trén ban rung ¢ thé tao
hinh nhiéu loal san pham bvtong c6t thép, dé thay déi loai san
phin khi thay doi khét lugng. €h thé su dung cac loal ban rung
Vo1 tail trong ti 4 dén 40 tan. Cae ban rung véi dao dong c6 hudng
thing ding duge ghép ti cac khoi rung dinh hinh, khuén duge kep
chie trén ban rung bing cac nam cham dign. D€ ting cudng kha
ning lén chit cac hén hop bétdng cing. ngudi ta con st dung cac
loal ban rung vii cae dao dong gay ra do va dap. Chan déng dang
nay cho phép tao hinh san pham c6 d6 cao ldn véi chat lugng, nang

sudt cao va o thé lam giam lugng ximang,

Tinh kich déng rung trung tam v luc cudng bic theo hai hudng
va bai toan tong quat tinh kich ddng rung trung tam duge trinh
bayv trong [10].

§1.3. DAO DONG CUONG BUC
cUA HE TUYEN TiNH HAI BAC TU DO

DAO DONG CUGNG BUC KHONG CAN

Xét dao démg ca hé hai bac ty do, chiu tac dung cua cée luc 6 thé
va cac luc kich déng diéu hoa hinh sin. Goi g (i = 1. 2) 1a cac toa do
suv rong cua cd hé. Phuong trinh Lagrang 11 viét ¢ dang:

L QP =19, @)

(i'/@\_aT
L J 8q (g

dt cq
Truong hgp dao dt}ng nho:

T = (qu] 20,014y + @) (b)
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]_ ) ¢ o
n= E(CH‘H +20y,¢,49, Oy ) ()

Thay (b} va (¢) vao (a) vi gia thiét ring cac huc kich dong 1a diéu
hoa c6 cing tin sO p va pha ban dau 8. Cac lyc suy rong cla
chiing bang:

QF = H, sin(pt+8). (G =1,2). (d)

Khi d6 phudng trinh vi phén dao dong cua hé ¢t dang:

,{.auq’] F gyt ongy Y6 qy = H, sin(pf + B) (1.33)

|G Gy + @yl + €0y Gy + Cpqy = H, sin(pl + 8). o
Nghiém téng quat cua (1.33) tim duge dudi dang tong nghiém Long
quat ctia phuong trinh thuin nhat tudng Ung va mot nghi¢m riéng

cua no.

1.3.1.a. Tim nghiém téng quat cua phuong trinh

I( - R - . , _
Qg Ay T T 0Ty = 0

. N (1.34)
(o + Byt Cany T Cuqy = 0.
Nghiém tong quat cta hé (1.34) tim dude dud dang:
q, = A;sin(kt +a), ¢ =1.2). {1.33)

Thay (1.35) vao (1.34) ta nhan duge h¢ hai phuong trinh dai 56
tuvén tinh thuin nhit d6i v A; ¢ = 1. 2);

JAl(Cn _ankl‘{) + Az(cu - a12k2):0

. ] (1.36)
|A, (e, —ay,k* )+ Buley,, —agpk™)=0.

11é (1.36) chita ba an AL A, va &Y. Néu loai trit nghiém tam thudng
d& voi A, (i = 1. 2). dé nghiém déi vor ching khac Khong thi dinh
thic ctia hé phai bing khéng. Ta sé c6:

(c, —ay ke, —ank®) - (e - a, k%) =0. (1.37)
Phuong trinh (1.37) duge goi la phudng trinh tin 36, Néu dang

toan phuong cua déng nang va thé nang xae dinh dudng thi ha
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nghiém 6 dél véi £ 1a thye va dudng. Khi nay cac ham .. . biéu
dién su phu thude cha ham s§ sin vao thdi gian ¢ (hé thue hién dao
dong dicu hoa).
e Trudng hop tan s8 bing nhau: k, = k, = k; cac phuong trinh
(1.34) déc 1ap véi nhau. Nghiém cua ching duge biéu dién:
g, = A sin(kt+o,). (i =1,2), (1.38)

trong dé: A, o, ¢ = 1. 2) duge xac dinh tit cac diéu kign dau.

o Trudng hgp tan s& khic nhau: k| < k,, trong d6 k, go1 la tan s
e ban (tan s6 thap nhat). Cac dao déng Ung vai cac tan s6 k., k.

goi 1a cac dao dong chinh cta hé.
Tich phéan tong quat cua (1.34) biéu thi bang:

g, = Ay, sin(kyf +a )+ Ay sintkyf +ay )

: , (1.39)
q, = Ay sin(k it + o) + Ay, sin(k,? + o).

Pén dav ta dua vao cac hé s8 phan phdi duge xac dinh theo he thic

I, = ﬁ Ly, = Az (1.39a)

Ay Ay

Cac hé thie (1.39) trd thanh:
g, = A, sin(k,t + ;) + A, sin(k,? + a,): (1.40)

g, =1, A, sin(kyt + o) +py, A, sinlkyt + oy ).

1.3.1.b. Tim nghiém riéng cua hé {1.33)

Nghiém riéng cua hé xac dinh dao dong cudng buc thuan tuy. Ta

tim chung dud dang:

¢, = A, sin(pt+8), (i = 1.2) (1.41)

Thayv (1.41) vio (1.33) ta nhan duge hé phudng trinh xac dinh A,

(i = 1, 2). Giai hé nay ta co:
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A = H (¢, —ayup’) - Hyley, "__{_Iupz)

in

(Cyy —a”p"e)(cﬂ _‘JaEBPB)*(CIL{ _a]ipz): (1.42)
Hz(fzz - a,,p’)-H, (e, __a]zpu}

A" = gL M) S a
(e, —ay p ey —anp ) — (¢ —a.p)’

EFH

Cac mau sb trong (1.42) 1a da thiic bac hai d6i véi p*. Khi chid y dén
(1.837). cac tAn 86 k. k] 1a nghiém cua da thue trén. Do do ta

viétl dugce:

— H (¢, —ay, ,OI‘}') -H. (¢, —ay, ‘D_) .

v (a,a,, _a'f.. )(Pz - R - kD) _

| - i (1.43)
A = H,{c,, —ayp ) —H (e, —ay,p)
o =- : Slee 2

(@, — a‘i Wp® =k NPT — k)

Véi p = k, hoéic p = k, thi céc bién dé dao dong cudng bilic sé Lang vo
han theo thal gian, Ta ¢é hién tugng cdng huong. Khi nay hé thie
(1.41) s¢ mAL y nghia. Pé bidu thi nghiém riéng g, (i =1.2)taviét
phuong trinh & dang cic toa d6 chinh.

Céc toa dd suy rong 0,.0, duge chon dac Mgt sao cho biéu thie
déng nang £ ctia hé chi chiia cac s6 hang c6 07 (7 = 1. 2). cdn hicu
thite thé ning 7 cta hé chi ehita cic 36 hang ¢6 07 ¢ = 1. 2) thi
0,. 8, goi la cic toa df chinh cta hé.

Ta bibu didn nghiém g,. ¢» qua cie toa do chinh 0, 8, ¢ dang:

g, =0, ~0,1 qy = py8) 0y (1.44)

Sau khi tinh cdce lde suy rong cua cae lue kich déng ngoal theo cae
ton do chinh nhd bigu thite eong 2o ta nhin duge phudng trinh vi

phin dao déng cua hé ¢ dang:

” H -u,H, . .
‘O] thig =t —L--sm{pt+h)

¢ (1.45)
[ . H ~w.,H, .
{U., + k0, =— S gInd pf + &)
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Hé (1.45) ¢6 thé tich phan doc 1ap. Ta xét hai trudng hop:
« Khi p =4 ta tim nghiém riéng Gng vél dao déng cudng bie
thuian tuy theo cie bicu thic:
0, —Citeosipt+8): 0, =C, =sin(pt +8). 11.46)
Thay (1.46) vao {1.43) ta o
ey

C, = A
2k a,
C, - ffl_*“_H ‘
T ayky - pT)
Do dé:
H - L., H.) .
0, = AN bk tsm(pt 52
e k : (147
Ry
H ~p.H, . .
0, = ———————=sin(pf + §).
a,(k; - p)
Caec ham ¢g,. g. xac dinh theo {1.44).
o Khip =k, mét cach tudng tu Lta nhan dugdc:
H +p,H, .
B, = ——]--——;i”-] — s pt + 8):
a,(kj —p7)
, (1.48)
H +u, H, | LW
G, =-- T Ttsmy pt+d—— |
) Zpa, 2

1.3.2. DAO DONG CUGNG BUC cO CAN
Ham hao tan trong trudng hgp hé hat bac td do ¢d dang:
1 VI o B
b - ;(bufh“ +2b1,q, G, +bzsz‘j)'

Gia su lue kich dong diéu hoa Q,(¢) = P.cospt (i = 1. 2). Phuong

trinh vi phiin dao déng cua hé viet dude:
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{aﬂq‘l +ayd, +b,0q) + Gy +eqy +0uqy = Py cos pi (1.49)

Gy + QpGy +0yG) +00Gs +Cyg + 040G, = P, cos pt.

Tich phan riéng Ung vdéi dao doéng cudng bidc binh én duge lim
tuong tu dang (1.20):
g, = A, cospt + By si_npt (1.50)
g, = A, cos pt + B, sin pt.
Dé xac dinh A,. B,. A, B, ta thay (1.50) vao (1.49), nhan dugc h¢
phudng trinh:
ey - a, pHA, + (e, - @, p* YA, + b, pB, + b, pB, = Q,
. (e, —a, p*)A, +{Cy —a,,p A, +b,pB, +b,,pB, =Q,
b, pA, -bupA, + (¢ - asz]B] +{cyy — aupz 1B, =0
— by, pAy — by, A, + (e, —apT)B) + (ey - a,,p*)B, =0.

(1.51)

Khi giai hé trén ta xac dinh duge cac hé sé cin tim.

1.3.3. MOT SO BAI TOAN UNG DUNG

1.3.3.a. B tit chan dong luc khéng tinh dén ma sat

Néu mét trong cac lye kich dong triét tiéu, chiang han:

QF =0: QF = H, sin(pt +3)

thi tr (1.42) ta ¢d:

. H1(C?‘_—’..ﬁa2ﬂp2) . .
(e —ay pP)ey, - @y, p?) - (cy —aup° ¥
_ Hl(cw_—a,zpz) o

(e —a, p ey —a,p’) (e —a,p)’

A =

T

(1.52)

A,

p

Tiép tuc chon tham s6 cua hé sao cho: ¢, —a,,p° =0, tic la

s Coy _
pt = =¥ [ ta thu duge:
&y
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A =00 A, =— H!'""T;'- {1.53)
Cro — @y P

Nhu vav. khi p“ = -2 | dao dong cudng ble Gng vé1 toa do =suy
Aoy

rong th{ nhat hoan toan dap tiit. Hién tugng nay goi 1a tat chan
dong luc etia dao dong. nd khong o trong hé chi ¢ mét bac lu do.

(314 st c6 M6 hinh dao déng chiu tace dung cua luc kich dong Q). Dé
lam til dao déng cia hé nay ta thém mét khdi lugng phu m, trén 1o xo

co d6 cing ¢, (hinh 1.5).

e,
Q) Q(t)l % c,

Hinh 1.5
Hé mé ta ¢ hai bac tu-do. Chon g, g, 1a cac toa do suy rong doe
lap. Phudng trinh v1 phan chuvén déng dao dong ctia hé cd dang:
[myG, + (e, +e,)q, —cuq, = Hysin(pt 4 6) (L34)
k . L
1'\1112{1&2 -c,q, +¢,q4, =0

. o N it 9 [ . . )
Néu chon tham s ctia hé dé p® = —% thi nhan dude:
n,

— — H, . <
¢, =0: q, = —f—mn(pf -8y,

Thaw ;, viwo phuong trinh dau cua hé (1.54) ta thu duge:
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i, Late g =0k = Ilc] +Cy
m, Vomy
Do dé: G, +kRqg, =0. (1.54)

Phuong trinh (1.55) mé La dao dong tu do cta khéi lugng m, véi
tin s6 k.. Nghia 12 dao déng cudng bl thi nhit cua tai trong m,
duge dap Lat.

1.3.3.b. So ludc vé bd tat chan déng luc c6 ma sat nhat

P61 vél b tat chan dong lyc khéng ¢6 ma sat nhdt eé hai tan 6
riéng. Néu tan s6 cua lue kich dong triing véi mét trong hai tin s8
ritng thi khéng thé st dung bd tat chin dong lye trén.

Ta xét bd tiat chin déng lue ¢6 ma sat nhét véi md hinh dao dong
nhu hinh vé (hinh 1.6). Phuong trinh vi phéin dao déng cua hé:

myg, =-¢,qy —c,(qy g+ (¢, —q,)+ &, cos pt 1)
m,q, =—c,(q, —q,}—blg, —q,)
Neghiém riéng vng vé1 dao
déng cudng bite binh én eta
hé tim ¢ dang: = Liddiied
g, = A, cos pt + A, sin pt: (@) Q)= QgosPt . Tq
g, =A, cospt + A, sin pt. '
Thav (2} vao (1) ta nhén m,
duge bén phuong trinh dai
56 xiace dinh cac hing s6 A,
: ' oz c .
(i = 1. 2, 3. 4). Néu dan ra . qu
cac ky hiéw
Q , m
b, = - d¢ l¢ch tinh cua h¢
C
1 Hinh 1.6

chinh gay ra do luc Q,;
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e

k, = | = -tan =0 riéng cua bi tat chan:
\m,
m., g . .2 o a 1oa s
(3 = 2 -y 0 kho1 Jugng cua bé tat chan va hé chinh:
m,
. k,-; ' P at C - - £ - - ” .
= = -ty sbtAn s0 néng cua b tat chan va hé chinh:
%,
v = ;_p _ 1y $6 tan =6 lyc kich déng va Lan s6 riéng cua hé chinh.
!

Sau khi thue hién cac 1y giai va tinh toan, ngudi ta da dua ra cong

thite don gian va chi ra cach diéu chinh bg tat chan:

(1.56)

o]

1
1-B
Nhu vay, néu khéi lugng m., cta bo tit chan dude chon thi gia tri p
dudge hidl va tix (1.56) ta tim duge o4 tri can thidt 8. nén xac dinh
dude tn 8 va do cling cua b Lat chan.

Pé xac dinh bién dé dao dong cudng bite, ta dung hé thite:

h, 24P
= | —

VP

#, la bién dg dao déng cudng bic cua m, va co:

: (1.57)

. R A
Ay :(ql)m;!x RS TR (108)
Cudi cung. cin khao sat va xdc dinh gid trl p= S Né xac
2 T
1772y

dinh su can nhét cha bd tat chén. Gia tri nay sé duge giai t0
hé thie:
}. ‘1“2{‘;"2 +(_Y2 "5‘3)2

s - LN L CAE D I CAR 0)
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Neéu vict nd duél dang:

S Mrp"{_ +N

W Mo+ N

i

(3iai hé thie trén dé1 véi p* ta duge:

Il

Non M T
. |
, 7
TR R (1.59)
w | om
'\‘}"! /

Do dé. phép gan ding lién tiép khi tinh bd tit chan ¢ ma sat nhét
nhu sau: déi véi khéi ugng m, va tan s6 riéng k, cua né da cho ta
chon khai lugng bé tat chan m,. Hé sd cling cua bd tit chan tim £
(1.56) sau do gia tri sic can nhdt th tu (1.59) cudl cung tinh bién
dé dao dong cudng bie tu (1.57).

§1.4. ANH HUGNG CUA LUC CAN DOI VOI HE DAO DONG

Khi coi sy hao Lan nang lugng trong dao dong khong xay ra ta
thiét 1ap duge diac trung khéng tat dan cta gud trinh dao dong tu
do. Tuy nhién thue nghiém dé chi ra rang: dao dong ctia hé dan hoi
gay nén bdi kich dong 1a tat dan. Nguyén nhan cua né la: ton tai
cée Tuc hao tan, nghia la cic lue cdn khéng dan héi lién quan dén
ma sat vl mdi trudng. ciing nhu néi ma sat trong vt lidu cta cAu
triie dao dong. cae lde can dang ké xuat hién ¢ cac loai khic nhau
trong ciac bé phan giam chan va trong cac phanh ham. Khéng thé
phén tich hét tat ca cac tudng tde vi md cua cde hién tugng trén.
Do dé khong ¢6 mdt dinh luat tdng quat dé biéu thi nhing lue
nhu vay. nhung ¢é cac dinh ludt gan dung ap dung cho ting
trudng haop:
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o N@u vat ran chuyvén dong vdi van toe v du 16n thi lye ma sat vl

sAp &1 bac eno bang:
R =ke”. (1.60)

trong d6: k - hiing s6 phu thudc viw hinh dang vat ran va ban
chit cia moi trudng (chat luu).

« N&u van toc tinh ti€n kha nho, thi:
B = ke (1.61)

Khi niv ta 6 ma sat nhét: k 1a hé s8 phu thude vio mol trugng
va cac kich thude ena vat ran. Trong hang leat cac truong hgp.
trong cac thiét bi ky thuit va trong cic phanh ham thuy luc nét
riéng: luce can phu thude khéng tuvén tinh viao van toc.

Ta viél né dudl dang
k= kuiu' L (1.62)

& dav: £ van 1a cac hang sé.

X6t ma sat Culéng. ta ¢6 n = 0, nghia 1a luc can khong doi vé tri 88
nhung huéng nguge van téc:

R=FEdo™ (1.63)

Do tén tai ma sat trong nén mdi lién hé gidia ing sudt va bién
dang duge miéu ta biang cd sy phu thude khong tuyén tinh, nghia
1A bing hai nhianh dudng cong tao nén vong tré. Thue nghiém
khdng dinh ring: tée dd qua trinh bién dang khong anh hudng dén
chu tuyén cie nhanh ¢aa vong tré va vi thé, dign tich trong vong
tré 1a d6 do su hao tan ning lugng khi dao déng trong mot chu
trinh, D61 véi méi loal vat liéu da cho, nd dude xac dinh chi bang
bién do dich chuyén. Theo H. H . [aBraeHKOBbIN:
Woha™! (1.64) -

trong d6: ¥ - dién tich trong vong tri:

a - bién d6 dich chuyén:

k, n - nhiing hang d phu thude vao vat lidu va dang cua

cdu Lruce,
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Bay gio ta khao sat dao dong cta hé mét bace ty do khi lve can ty lé
b r ddl vai van e,
a) Truong hop dao dong tie do
Trong truedng hgp nav, phuong trinh (1.18) ¢6 dang:
- < ooan=t -

mag-+kqqg 4cg=0. (1.65)
Phudng trinh nay khong thé giai duge & dang kin, Dé gial gan dung
phuong trinh nay ta st dung phuong phap cin bing nang lugng.

Gia =8 the nang trong mat chu trinh dao dong (hinh 1.7):
(1 . -4
Am, = ;(a;‘_[ +a).

trong dé: ¢ - hi s4 elng ctia hé.
Biéu thiic tyén o6 thé vist:
Am; =ca, M. (1.66)
odav: e, =a,,, -a,.
Ta ky hiéu a = a(f). ¢6 thé 14y gin ding:

asp (1.67)
¢lt

& day: ¢ gan dung bing chu ky dao déng cua hé khéng ¢6 giam chan.

- . _"_A d,

\/\/‘ S

Hinh 1.7
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Do do ta o
da
dt

An=caT (1.68)

Bay gio ta xac dinh edéng thue hién bdi lue —kq|q§”" trong mét chu

trinh dao déng khao sat:

T T
Vo= - jkqﬂq[”" dt = -k J(}I” .

Xét chuvén dong mé ta béi phudng Lrinh:
g = aros pt. {1.69)
Ta co
’

l]f — _kaawlpn—] J.Sin pténtldt .

8]
hav W= _ka"" p" s, (1.70)

a day tri 26 8 chi phu thude vao bac n.

S:—J‘isinyimdj«. (1.71)
4]
n 0 0.5 1.0 | 15 2.0 25 ' 3.0

S 4,000 | 3.5800 | 3142 | 2,874 | 2,667 | 2,498 : 2.356

Khi so sanh eie vé phai etia (1.68) va (1.70). ta cé:
~ba" = @ (1.72)
dt

trong d6 hé 50 b chi phu thudce vaoe cac thong s6 cua hié:

) kpnﬂs

b - (1.73)

e
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« Tich phan phuong trinh (1.72) khin =] (eAn nhét tuvén tinh da
X6t ¢ trén):

da k 5
—ha- Yt ib="" sa=ae™”
dt 2m
« Tich phan phuong trinh (1.72) kli n = 1 trong khoang £ = 0 dén ¢
ta dugce:

o
a_ % oy
1-n 1-n
T do
a,
a= _ w {(1.74)

" "l +(n—1)bta” !

b) Truong hop dao dong cudng bic

Trong trudng hgp nay, luc can R = R{g). Do su phic tap cua tinh
toan chinh xdc anh hudng cha lye khong tuyén tinh nay. ta gidi
han biang mdt bién phap don gian gan ding. Lay R bang lue tuong
dudng ma st nhdt:

R* :_k*q (1.75)

Va xac dinh hé 6 k. tir diéu kién cAn bang cong dude dan ra hai
luc R va R. wrong chu ky dao dong. Dudi tac dung cua lue kich
dong diéu hoad. mét ciach tu nhién ta ciing cho riang: ¢ trudng hop
nav. qué trinh dao déng ciing duge mé ta bing quy luat diéu hoa.

Xét quy luat dao dong ¢ dang don gian sau day:
g =acosnt . (1.76)
Khi d6 eéng nguvén té eta lye tuong duong R. xac dinh ¢ dang:
R.dg = R.qdt . (1.77)
(‘ong cua R. Lrongchu ky, khichuy dén (1.75) va (1.76) 1a:

,
JR*(}dt =nk.a . (1.78)

8]
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Bav gid ta xay dung tudng tu ddi véi lye can R o dang:
R=—kgg,'" .

(ong nguveén to cua lge nay:
Rdq = Rgdt = -kq*|gq"  dt

Khi tinh dén (1.76). céng clia R trong mdt chu ky bang:

T

er}d:‘. -k e" 8. (1.79)
So sanh (1.79) va (1.79) ta tim duge hé s§ tuong dudng cua lyc
can nhét:

k. = @(am)” L,
T

Thav bi¢u thie k. vao nghiém (1.21). viét duge:

g o L (1.80)
!.‘-"l_(-.)i\u +[k*(u ‘
e I |

o dav ky hiéu p. 1a t4n s0 riéng cua hé.

Ré rang bién dé chua biét e duge dua vao ca hai v& cua biéu
thic nay.

Lava=21hi 8 =2.667 — k. = 083kao. Thay vao (1 .80) ta cé:

= —__ —_— = . _ .
[ T |'f 0.85kan” W
N
\' N L ¢ J

(3iA1 ra ta nhan duge bién do cua dao dong:

_____ I
a - 2

1zko® VY pE) e b e
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Bién do cong hudng: o = p. va bang:

o= .'I”IU,”
dun = 1.085 _._k

\u

D61 val trudng hop ma sat tré. ta tim duge:

ka"!
k* = .
T
. a, .
Do dé 0= o mee {1.81)
[ oy 7 el A2
3 m” k
i 1-, ‘ +| @
\ \ P ¢

Lav s = 2 thi

P0?)y 4P
f’?_(p_(ﬁ ) - ] — - +1-1.
v 2k \' \.' m{ps —m7)

Khin = 1. quan hé (1.81) quay vé nghiém (1.21), nghia la

i = —I——'; """
; 2 A :
II r _) I( i )
Jl—(i iﬁ)
L J2ony Ve




Chuong 2

DAO DPONG DOC VA XOAN
CUA THANH THANG DAN HOI PONG CHAT

W_—_—_ﬂ

Xél hé o6 khoi lugng phan bo lidn tuc. ¢ vo s0 bac tu do (nén co vo
56 tan 36 riéng va dang dao dong riéng).

Phudng trinh todn hoec mé t4a dac déng ctia hé ¢6 hitu han bic tu do
I hé phuong trinh vi phén thuong.

Phudng trinh toan hoc md ta dao dong cua hé vé han bac ty do
dan tdi phuong trinh vi phan dao ham riéng. Do d6. vige tim

nghiém dao dong. ngoal cac diéu kién dau con cin xét dén cac

difu kién biégn.

§2.1. DAO BONG DOC
CUA THANH TIET DIEN-KHONG BOI

2.1.1. PHUGNG TRINH VI PHAN DAO BONG DOC CUA THANH

Ta coi Lidt dién ngang cua thanh phfmg v cdc phiin t1 eta thanh
khéng thuc hién dich chuye én ngang ma chi dich chuyé én theo

hudng doe thanh.

(ho thanh thing déng chat dai [, chon trye Ox nhu hinh vé (hinh 2.1).

Ky hidu: p Ia khéi lugng riéng cua vit héu thanh; £ 12 mbédun dan hoi
ctia vat hiéu thanh: F 1a dién lich t1€t dién ngang cua thanh.
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m n
o N N S o
m n
0 b 7 - —..x — ul...
[ |
X 1 dx %/ |
T au
u+ % dx

Hinh 2.1

Xét phan t6 gidi han bdi hai mit cit ké nhau m va n. Goi ¢ la dich
chuyén doc cta tidt dién ngang m c6 toa d6 x. Khi dao ding, dich

chuvén nav 1A ham cta x va thai glan & u = u(x, {). Dich chuyén &
A1
L o . . sy &7 . . e . - - P
tiét dién ldn can n bang: u + 5 dx . Do db, d6 dan dai tuyét doi cua
v

- . €u - - ~ N s e k] - o
phan t& thanh: — dx va d9 dan dai tudgng dé1 cua nd biang:
[

£=-, (2.1}

Lue doc tac dung tai tiét dién ngang c6 toa d¢ x la:

X
N = EFe= EF &%, (2.2)

-

ox
EF goi 1a dd cing eua thanh.

Luc doc Lacdung tai tiét dién 2 1an can o toa do x bang:

N+ﬂdx.

ax

Do khéi lugng ctia phén td thanh khéo sat 1a pFdx nén lge quan

o2
B . - k) A . C i
tinh ciia nd tinh bai biéu thuc: - pFdx = -

ot
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Ap dung nguyén ly Dalambe d61 véi phan td thanh trén, phuong

trinh vi phan chuyén dong cta né doc trye x 1a:

3 2
—N+(N+i—Ndx]-dex?- L:' =0.
ox ot

L
Suy ra:
N a*
Y ol (2.3)
éx at”
Thay (2.2) vao (2.3). ta nhan duge:
_323‘. _ gt 522" , (2.4)
ate cx”
Il— Y
trong dé: a = = 1a van tdc truyén séng doc thanh, con (2.4) la
| p

phuong trinh vi phan dao dong doc cuia thanh tiét dién khéng dai.

2.1.2. GIAl PHUONG TRINH (2.4) BANG PHUONG PHAP FURIE

Ham dich chuyén u = u(x, ¢). Ta tim nghiém riéng cta (2.4) dudi
dang:

U=X(x).T(), (2.5)
véi: X(x) chi la ham eta x; T(¢) chi 1a ham caa ¢
Thav (2.5) vao (2.4). suy ra:

wx T

X T

V& trai clia ding thite chi phu thube x, v& phai ctia né chi phu
thudc ¢, Pé dang thite ding véi moi x va ¢ thi phai bang hing sé.
Ta ky hiéu hang s6 nay 1a -p* Do do:

X, T
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Ta nhan duge hai phudng trinh saw:

L ()
TopT-0: x| 71l x-0. (2.6)
Ly

Phudng trinh dau cua (2.6) 6 nghigm:

T - Asin(pt+ o). (2.7)

N6 xac Jdinh dae trung caa qua trinh dao déng. é dé p chua biét va

c6 v nghia nhu tan sé dao déng ty do.

Phudng trinh tha hat cua (2.6) ¢6 nghiém:

X =Cs3in Pos DcosE x (2.8)
a a

shc dinh dang riéng cua dao déng.

Phudng trinh xae dinh dai lugng chua biét p duge thiét lap khi xét
che didu kién bién goi la phuong trinh tan 6. No6i chung phudng
trinh nay luén 1a phuong trinh siéu viét va c6 vo s6 nghiém sé: p,
(n = 1. 2. ...). Nghiém cia phuong trinh viét dudi dang (2.5) chi 1a
mét nghiém riéng. Nghiém téng quat clia né nhan duge bang cach

1 hop eace nghiém viéng. nghia la:

u = Z X, (0T, 8. (2.9

n=l
Ham X ) goi la ham riéng, mé ta dang riéng cua dao dong. NoO
khong phu thude vao diéu kién ban dau v thoa man diéu kién

truc gino, Khi F = const v m # 1, ta o

I (0. X, (0)dx =0 (2.10)

2.1.3. CAC DIEU KIEN BIEN CUA THANH. PHUONG TRINH TAN sO

2.1.3.a. Thanh ¢6 hai dau tu do (hinh 2.2)

Trong trudng hep nay. lue doe ha dau thanh bang khang.
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. cu : )
Ta ca: — =0 kny=0:x=/
€
hay: XT=0khix=0:x=/
.t ‘.
0 —— JE—— _ J— -
X
X
Hinh 2.2
(e didu kien trén duge thoa méan néw;
dX .. dX!
e Qanial S (B (21D
dy dx|,_;

Tir (2.8). vai C va D bt ky. nén diéu kién ban diu duge thoa méan.
néu dit C = 0, diéu kién thi hai thoa man néu:
. opi L
.qmp -1, (2.12)
{r

Phuong trinh (2.12) 1a phuong trinh tin 8, N6 cho phép xae dinh
tan s8 dao déng ricng dé vél dao dong doc cda thanh ¢o cae mal Ly
do. Ta co:

M
o

=nn in=1.2. ... (2.13)

Khin =1, ta ¢6 Lan s6 dao dong co ban:

p o E T E (2.14)
& Lyp

Chu ky tudng tng bang:

T, = oo (2.15)

Nhu vav, ta ¢b v s6 tan s6 riéng. mo1 LAn & riéng tucng Ung vd)

N . s o e X ..
mot dang dao dong riéng xdce dinh bél ham X = cos — . Nghiém
i
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tdng quat cta phuong trinh (2.4) véi thanh c6 hai dau tu do duge
bitu dién & dang:

u= ZX”(x)Tn(t) = Zcos?:ﬁn sin(p,t+a,),

n=1 -1

% nRx nnat . nnat

hay: u= Zcos— a, cos +b, sin- et (2.16)
n=1 ‘f 41' "’

Cac hing s6 a,, b, ¢6 thé chon sao cho thda man cac diéu kién ban

dau. Gid st tait =0 u‘!:=0 =f(x); L}:IH] = f,(x) thi:

a, = 2 If(x)cos
J 1l

nnat

dx;

(2.17)

nrael dx.

n

b, = 2 Ifl(x)cos
na

2.1.3.b. Thanh ¢6 mét dau ngam chit, mdt dau ty do (hinh 2.3)

(Gia st thanh bi ngam & ddu x = 0, dau con lai (x = 4 tu do. Didu

kién bién c¢é6 dang:

u| =0;E)‘l—hE =0,

=0 dx|,_,
hay: XT=0khix=0;XT=0khix={¢
Diéu kién nay dugc thoa mén néu:

X| _,=0vaX| =0. (2.18)

Tudng tu véi cach 1y giai nhu trén, dé thoa man (2.18) phai cé
D = 0 va ta nhan duge phudng trinh tan s8:

cosp—'f:O‘ (2.19)
a

- Suy ra:

=— (n=1,35,...). (2.20)
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Véin =1 tht:
—
axn n | E .
p, === = (2.21)
T ol 2\ p
Nghiém téng quat trong trusmg hop nay viét 6 dang:
‘ -
LT nnat . nmat’ .
U= Z sin La” cos Ty b, Hm—?-ﬂg:-— |- (2.22)
T R 2'{ 2'{ 25 /

Kinh 2.3

Hang 56 a,, b, cing dude xac dinh tu diéu ki¢n ban ddu t =0 Gia
s thanh dude kéo bai hye P ta1 mut tu do. Tai £ = 0 ta lap tic et
lue P, thanh tu do. Ky higu ¢, la d§ dan dai tucng d6i ban dau tad

mut tu do. Ta co:

_ P
* T EF

o

Nhu vay, diéu ki¢n ban dau dude viét ¢ dang:

W =exia =0,
-t u f=ib
Suy ra:
Rg { "
b” =0va a, _'_i"]';(']) :
n°m*
Do dé:
n-1
Be { < T a
u=5 3 E'l—)"—bm@j—cco nrat (2.23)
T =135 n 24 24



40 _ COSGLY THUYET KY THUAT RUNG TRONG XAY DUNG

Bang 1. Cac didu kién bién cla mét vai dang lién k&t khi xét dao déng eqc
cha thanh thing dan héi tiét dién khéng dai

I————— ‘ _
| . sow Danglien két | Biéukienbien
‘—' ' _ - | ﬁ“
| oE_— - F “ Dau ty do “ EF Elf;%___f_) _0 |
| | |
1 | | |
| ‘ | '|
| '|

| 0 - - — —3 ‘ Ngam ‘ w08 =0 ‘

! Pan héi tuyén tinh
¢ ‘ dé cing C

(o]
o
1
s 1
m
m
|
--."f_‘;_
= O
|=
||
[%]
e

p________F |
‘ won_y s |

‘ | Gén khai lugng m 8 X ot
| ‘ dau thanh Lo
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2.1.4. DAO DONG DOC CUONG BUC CUA THANH

Truge hit ta khao sat dao déng doe cudng bie cua thanh thang.
tiet dién khong do1. ¢6 mot dauw ngam v mot dau tu do. Tail diu ty
do thanh chiu tie dung lue: Q) = Q. coswmt (hinh 2.4). Phuong trinh
vi phan chuvén dong dae déng doc thanh duge thiet lap theo (2.4).
O dav cac didu kign bién doi vél mat Lu do thay dsi. Do 1a didu kién

Litn khong thuan nhat. Oy thé la:

i Ey=10:
Nty = EF -E—Ii((-i- 0 =@, cosnt, (2.24)
. !
g
Hinh 2.4

Ré rang. ta chi can tim nghiém réng caa bai toan khong thuin

nhat ing véi dao ddng doe cudng bie cua thanh. Ta dat:

u, (x.t)=u, {xrcosmt. (a)
Thay (a) vio (2.1). ta co:
d u (x) "
du ) 0 =0 (b)
dx” a”
Neghiém téng quat cua (b) ¢o dang:
0 N0
u, {(x)=B,cos x+B,sin—x. ()
@ a
Nén:
e %
i _ e (34} i - w .
w, (x.ty=! B cos ~x+B,sin—x|cosol. (el)
\ 3 a
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C'ac hang B,. B, duge xac dinh tu didu kién bién theo biang 1. Cudi
cung, ta co:

)]

Q. sin X
u, (xt)= ——-— g coswtf. (2.25)
EF(J} (}qu
Ta

Biéu thic nghidm (2.25) chi sit dung khi « # p; . Khi 0 - p, hé ¢6
¢ong hudng. Biéu thic ctia nghiém riéng s¢ 18y ¢ dang:
u, (x.t)=1u, A{x)sinwt . {2.26)

Bay gid. néu xét dao dong cudng biic cua thanh thang dan héi tiét
dién khong aéi. trén dé chiu tac dung luc doc truc ¢ cuong do

g{x, £). Phuong trinh vi phan dao dong doc cuong biic khong co can
cua thanh:

pF———FFf’ﬁ— (x.1).

ot ox

bat u=pF . tach

gu_gpCt 02 (2.27)
at” cx” Lt
N&u xét dén lye ean tuyén tinh, ta ¢6 phuong trinh dang:
Ay pl
i?+2a€%:agg‘_tf+q_(x’.t_)' )‘)8)
ot~ ot ox” v
Nghiém riéng cua (2.27) tim o dang:
w, (x.8)= X ()T, (). (2.29)
X.(x) 14 ham riéng dugc x4c dinh tit phuong trinh:
X (r)+ ] X, (x)=0. (.30
v O

Thay (2.29) vao (2.27). ta dudgc:

ﬁﬁﬂﬂﬁ—&ﬂumgﬁ:ﬂﬁ)
T
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Chu ¥ d&n (2.30). phuong trinh trén trd thanh:
q{x.t)
(T, &)+ poT, (HX, (x) = T
Nhén hai vé& cua phuong trinh véi ham riéng X,.(x) v1 m = n, roi
14y tich phén trén toan chiéu dai thanh. Do tinh chél truc giao cua
cie ham riéng. suy ra phuong trinh xae dinh ham 7,():

Iq(x._ DX, (x)dx
7,0+ p,T, (1) = *—— = £, (). (r=1.2,..). (23]
LLJX}f(X)dI
)]

§2.2. DAO DONG XOAN
cUA TRUC TRON TIET DIEN KHONG pol

2.2.1. PHUONG TRINH CO BAN VA NGHIEM CUA NO

V& mat toan hoc. viée thiét lap phuong trinh vi phan dao dong
x0én clia truc trén idt dién khéng d8i tuong tu nhu khao sat dao
déng doc cua thanh.

Cho truc tron dai /, chon trye Ox nhu hinh vé ¢hinh 2.5).

) {
:
m n
— /; AL n
0 _E_E _ _ . ‘ M(
_—: \ x
BN
x| odx | & | Ntax d

Hinh 2.5
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Gol: p 1a mat do khéi lugng cua val liéu true: ¢ 7. mddun dan hoi

trugt cua val lidu true: Jp la mémen quan i doe ede cia 1t

dién ngang true. Khi dé GJ, = ¢ 12 @9 cting can tiét dién ngang true

khi xoan.

Xét phan té thanh gidi han bdi hai mat cat 1 v n k¢ nhau.
oM

Mémen xoén tac dung ¢ hai tict dién trén bang M va M - - dx .
Y

Ky hiéu 0 1a gée xony cua tiét dién m cd toa 46 v khy do bien dang
gbe tudng dd 1a = . Theo cong thuc trong Suc bén vat houw thi
e

20 ‘
IM = (;e]!n - (2(52)
v
[aie quén tinh tac dung 1én phan t& thanh khao sau H
4
&76
-pdpdx - -
ot
Ap dung nguvén ly Dalambe, viét phuisng trinh can bang mamen
461 véi true Ox. sau khi don gian. rdt gon ta suy ra:
(M' 6“)0
e

(2.3

Thav (2.32) vao (2.33). ta dugc:
a'n L a0
——=q

b (2.31)
-t 1 ot
o’ ax”

trong dé: a, = '— liv wéin toe truyén song trugt.

I

Vo
Phuong trinh (2.34) 14 phuong trinh vi phéin dao déng X0AN rha
true tron tiét dién khéng doi. N6 c6 dang gidng phudng trivth (2.4).
Nehiém tong quat cda n6 Uim 6 dang:

0= ZX”mT (1), (2.35)

H=1



Chureng 2. DAD DONG DOC VA XOAN CUA THANH THANG DAN HOI BONG CHAT 45

trong do:
N . opox
X, (x1=C, sin L D, cos
a, a, (2.36)

sin(pt+co, )

IIJFI x

T (1 =A

H

Cac hing 6 A, . «, dude xac dinh ti cae didu kién ban dau. cae

L]

tan =6 riéng va ham viéng duge xac dinh ti cae diéu kién bién.

2.2.2. CAC DIEU KIEN BIEN - PHUONG TRINH TAN SO

2.2.2.a. Truc ¢6 hai dau tu do (hinh 2.6)

Truong hop nay mdmen

xoan ¢ hai dau bang khong,.
201 4

Do o, e ————1
XYoL ("_l':_\.__ — —
| {3 e A

hav: X% —0: X" =0, -~ X

KT .

Iy @i tuong ty nhu da Hinh 2.6

Lim wrude dav, ta b

e=0vasin? =0, (2.37)
o,

(2.37) 1a phuong trinh tan 6. giai ra ta nhan duge:

b,

a,

-nn. (n=1.2...). (2.38)

Khi#n=1thi:

na, = I.i'G 5
= == 1= 2.39
p] :,"l fll \II p ( )

2.2.2.b. Tryc gan cac dia (banh da) ¢ hai ddu mut {(hinh 2.7)

Trong truong hgp nay mémen xoan ¢ hai dau true bang moémen

cua cae lue quin tinh cua cae dia (banh da).
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-
J1C—?-——GJPQG- khix =0
at” ax
J-} f}'gz—GJPG—U khlx:tf
T ot ax
hay:
J p*X"=GJ X' khix=0
J,p X" =-GJp X' khix=!¢
4
— -1
— ',
—— S
Hinh 2.7
'Dc:il, [5 = Ej T = gl_ = iﬁ
a’l Jr: YUP
n:Ji: Ju :I& )
J, g

Khi cac didu kién trén dudge thoa man. ta nhan dude phuong trinh

tan s0.

Phuong trinh tén s6 ¢6 dang:

T U '*;J”)B. _ (2.41)
mr3” -1
Néu BBy 12 nghiém ctia phuong trinh (2.41) thi nghiém téng

quat trong truong hgp khao sat bang:

z (,x . B.x B, agt . B.agt
6= g - —mpB, sin — | @ cos " 4 b sin——— |. 2.42
E (( 8= B, st / n €08 2SI (2.42)

n—=1
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2.2.3. DAO DONG XOAN CUBNG BUC cUA TRUC TRON TIET DIEN

2.3.1.

KHONG PO

Go1 g,(x, #) 1a cudng d6 mdémen ngoai lde tac dung 1én thanh.
Phudng trinh vi phan dao déng xoén ctia thanh tron tiél dién
khéng doi vidt dudi dang:

A2
-r'—.{f]—af 2 8 _qy(x1) ” (2.43)
= P 23}

G day: 1, = pd .

Phuong trinh (2.43) ¢ dang gidng phuong trinh (2.27). Cach giai
phuong trinh nay da duge trinh bav trong phan 2.1.4 4 trén.

§2.3. DAO BONG DOC VA XOAN
CUA THANH THANG TIET DIEN THAY polI

PHUONG TRINH VI PHAN DAO DONG

Da1 v6i thanh e khdi luong phan b lién tuc, tist dién cua no6 bién
doi theo chiéu dai. Khi dé ta thay cac phudng trinh (2.4) va (2.31)
bang ciac phuong trinh sau;

- 72

ot S pM| g (2.44)
dxl  ox at?
) - ,2

a? _f__[J @}:Ja ? (2.45)
x| ot

Nho viée dat u=X(x)T(f) va 0=X(x)T(#) ta nhan dude cac

phuong trinh vi phan thudng sau dét vdi cac ham X(x) va T@):

(f‘X)-i-( ]FX 0: (2.46)

a
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(X' Y- I( !, JX =0 (2.47)

T+ p°T 0. (2.18)

(t4e phuong trinh nay khae vii cae phuong trinh trdde day G cho:
cae he 50 caa chiing bién 461, nghigm kin cua chuny chi nhan duge
trong eac truing hgp riéng. khi cace bien F va </ xac dinh sy phu
thude diae biet, Trong trudng hap tong quat can dua vao eac phép

o1l gan duang.

N&u thanh o6 1iét dién thay déi theo quy Tudt bac. nghiém tim G
dang da biét =é duge vidt doi val mdil doan riéng ré. Cle hing 50
duge xac dinh it hat didu kién trén vac mat thanh va e6 20m — 1)

didu kién Ung suit (gia su thanh ¢ m doan).

2.3.2. PHUGNG PHAP GIAl GAN DUNG

Ta xét phudng phap PuTua oiai phuong trinh (2.44). Nghigm cua

phuong trinh tim duge dud dang:

w{x. ) = X(x)sin{of + o). (2.49)
Thay (2.49) vio (2.41) ta duge phuong trinh vi phin thudng d61 v
ham Xtx). Néu thue hién phep dol bi€n 8 x = Ay viu gia thiét dién

tich tict dién thanh thay ¢o1 theo quy ludt:

FoFf. | (2.50)
Bat: 2 = m.nl_{__ L gt = E
o P

Ta nhan duge phuong trinh sau do1 vol ham X ()
[FONX (I+27 FODX () = 0. (2.51)

Khi cha y dén cac diéu kién bién. phuong trinh (2.51) cho a xéc
dinh duge cac ham néng X)) va gla trl méng A, (i=1.4....0.



Chirong 2. DAO DONG DOC VA XOAN CUA THANH THANG BAN HOI DONG CHAT 49

Theo phudng phap PUTua, c4c ham riéng X(n) duge chon gan dung

4 dang chuon:

X =y a, X, (), (2.52)
k=1

trong d6: @, - cdc hang s6 xac dinh;

X, () - cac ham toa dd dudge chon sao cho thoa man cac

diéu kién bién hinh hoe.

Néu xay dung phiém ham:

§(X. X = [FOOLX™ (- A2 (mldn (2.53)

0

{hi cac hing s8 ¢, phai thoa man dé phiém ham (2.53) dat cyc tri.
Thay (2.52) vao (2.53), ta cb:

By Gyl = jf(n){[ZahX'k(n)]z —lz[Zaka(n)]"“}dn.

0}

Diéu kién dé phie¢m ham ¢la, .a,,...a,) datedc tri la:
=
A k=12 ). (2.54)
aa.f.‘

av din dén hé phuong trinh dai s6 gial cac an

bPidu kién n s cAn tim.
Véi n = 1. phuong phap PuTua cho két qua:

jf(n)X‘E (md

-2 0
=t ————

fromx*mdn

¢]

Thay vé bién ct ta dudc:

IF(J«:)X“2 {x)dx

Y 20

w =a —

{2.55)

IjF(x)Xg (x)dx

L}l
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Cang thie (2.55) dung dé xac dinh tin sd riéng thap nhat.
Nhu vav. khé khan gap phai khi dang phudng phap Putua do la:

1. Phai xav dung ham thoa mén digdu kién bién hinh hoc. Dat
vdi mién ¢o tinh hinh hec phuc tap thi diéu nay la kho
khan va cudi ciing van phai quan tam dén thuat toAretrén

may tinh.

2 Dé dat duge do chinh xac cao phai dan dén pial day du hé
phuong trinh bac cao. Mat khac nhing tinh toan thuc té
chi ra rang: co thé xay ra hién tugng khong én dinh cua
nghiém. Vao nhung nam cAn diy. ngudl ta hay st dung
phuong phap mén thé cua phuong phap PuTua. bé 1a
phuong phap phén it hitu han.

Negoal ra. dé gidi cac phudng trinh vi phén khong tuyén tinh dang
trén, ngudi ta con su dung nhiéu phudng phap gan dung khac
phuong phap gan ding hén tiép. phudng phap ByBHoBa-[aneéKnH.
phuong phap cén bang diéu hoa. phudng phap tham 86 bé..
(10, 18. 21].

§2.4. SU LAN TRUYEN SONG

2.4.1. SONG MAT P3NEA

Lan diu tién Nyaccon da ching minh tén tal hal dang song trong
mo6i trusng dang hudng va thuan nhét séng nén — dan va sOng
trugt. Viée chung minh tén tai hai dang soéng trén, xuét phat tu

phuong trinh chuyé én déng cua md truong dan hol — phudng trinh
Lamé. Goil ¢ la thé niang doc, ¥ la thé nang ngang. ta cé:

Ciap--— =-: (2.56)
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g 3%
Cialy - =2 = 2P, (2.57)
a M
. ) }\f 3 2 1
Got: C; = hilntall 5 = H
P P

¢ va ¢ 12 cic ham vé hudng cla toa dg va thol gian.
' va 4 12 cac ham vectd cta toa dd va thoi glan.

Néu bd qua hic khéi thi thé nang ngang ¢ dong nhat bang khéng.
Th# nang doc ¢ chi phu thude vao x, va t. Phudng trinh (2.56) tro

vé phuong trinh dao déng doc cla thanh (2.4) (xem §2.1):

, 0% 7 -

P vp =0, (2.58)
&, ot”

Ta chuvén dén xét niia khéng gian dan héi. goc toa d§ chon trén

mit. truc x, hudng doc bién, truc x, hudng siu vao mdi trudng

(hinh 2.8).

Gia thiét bd qua lye khél. ta tim nghiém cta phudng trinh (2.56)
va (2.57) khoéng phu thude vao x; (bién dang phing) thay ddi theo
thoi gian ¢ vdi quy luat hinh sin, tdt dan theo chiéu sdu. Trén bién
x, = 0 n6 théa man difu kién lye tiép bang khéng. Do d6 khi x, = 0,
ta co:

G,y =0y =0, (2.59)

Pay 1a bal wan dao dong tu

do cua ntia khong gian. Ta

tim nghiém dud dang: -
(‘P - Ae_“~‘2”fp[-"l"'” 0/

3 tx -ty o>0. ’ i X4
\p, = Behmnt

(2.60) X2

o ya Lo . p inh 2,
g déy: p 14 tan s0 da cho. Cac Hink 2.8

hing s¢ a, B va ¢ (c 12 van
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t6c pha): A, B ean chon sao cho (2.60) thoa man phuong trinh (2.56).
(2.57) va dicu ki¢n bién (2.59).

Thay (2.60) vao (2.56). (2. 5T7). suy ra:

i 2 ' 3'
a=p{1—-;:[=p|l—-7 (2.61)
Vooq Voo
Trén cd s0 (2.60) va cdng thue biéu thi dich chuyén i :
i=Vo+r by (2.62)
ta tim dugce:
. = (E Aelu.\': _ '}B(’, [ix. )e.flul.rl el .
L =UP [ (2.63)

H._ — ( _(melu.r: _ lpBE’ —fiy )erp(.\rl =it )

Nhu vay. vects dich chuyé &n i nam trong mit phing hinh vé va

vudng goc vdi true 0x;. Trén bién x,, dich chuyé &n véete @ xac dinh

biing:
4y = (ipA - BB)E"
o [' Lyt (2.64)
1, = —(aA + ipBe™
Tit &6 ta nhén duge cac thanh phén ing suat trén bién:
l/ ——
O =up™ e ‘A+‘7r I] - _B[L ptx-etl
L c; ) \ c;
J | -—'J 3 5, ‘
612:“}]. _)£|1— —A+ 2 i_’ B SpLEy et
¢ L0y
D& thoa min didu kién bién (2.59). ta dat:
2 |
(2_?_, A+2L|]__'CI—B:(J‘
Sy Ve H
- (2.65)
! Cz |/ C:{ \l
2= CA+ 25 B=O.
Vooq S

Do A va B khic khéng, nén dinh thic ctia hé bang khong, ta co:
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Chuvng 2.
2 2

Cy
v=-
o}

<1 (2.66)

s

LR

-k —aJA -k -vk) =01 k=

Phuong trinh nay cho ta xac dinh toe dé pha c. tde dd nav khong

IS - Py at ~ ! - - IS C'J
phu thude vao tan so p ma chi phu thude vdo quan hé — .
4

XéuL ko=p. L (2.65) ta suy dudge A va B. Do &6

o __’ |7 7 Ll i
-D 1 _Clige ™ —‘ 2 - E'-_J o ‘_cns plx, —cth
("_{ _ \ ¢y
| iII'/_ K Y _cz_ D Y | ,
u, =-D|2 !l‘l— —_}[ -l —‘2— — ‘smp(a«tl —ct).
| \\ oM G o O |
(2.67)
Khi x, = 0. Lt (2.67) nhan dudk
Loch el
u, = D 11 - — . — cos plx, —ct):
Voo
(2.68)

N w
U, :—D‘:Z ;-il—-—lj |1-—= | t,mp('vc1 - at).
' N J

Cac diém trén mit chuyén dong theo cace Elip. Séng khao sat Lrén

1an dau tién da duge P3nea nghién cliu.

2.4.2. SU LAN TRUYEN SONG PAN HO! DOC THANH cO TIET DIEN
KHONG poI

§2.1 da thiét Jap phudng trinh dao dong doc cua thanh ¢o

Trong

tiét dién khong 81 (2.4). D6 ciing chinh la phudng trinh dang (2.58):
-;2 -
R 9‘;1 -0 (2.4)
at” cx”

bita= \I- 12 toe d6 truyén song doc trong thanh,
1 P
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Nghiém cua (2.4) dd dugc khio sat & dang chudi Furié. Tuy nhién,
dang nghiém nay khéng phai 1a duy nhét. Ta c6 thé néu ra cac
phudng phap khac nhau gidi phudng trinh séng (2.4), ching han
nhu: phucng phap Dalambe, phudng phép hoa dd giai tich, phudng
phap bién dot tich phén, ... ¢ day ta khdo sat nghiém cta nd bang
phuong phap Palambe. Ta dua vao bién sb mdi:

E=af-x . n=al+Xx

1 1
= x=—(n-8);t=—Mm+%}).
2(11 ) 2a(n &)

Khi d6 dich chuyén u(x, £) qua bign mdi 1 u(E,m). Ap dung quy tic
dao ham cta ham hop, phudng trinh (2.4) trdé thanh:

Nhu vay. %:— khéng phu thude vao n ma chi 12 ham caa &. Ky

.. Cu . .
hidu — =@QE}), taco:
7S

u= [QE)dE+win.
Tiép tuc dit jQ(g)dg - p(&), ta nhan duge:

u=g(E)+win).
Khi chuyén qua bién cii, ta co:
u = plat — x) + wlaf + x). (2.69)
Bidu thic (2.69) 1a nghiém téng quat cta (2.4} dudc giai theo
phuong phap Dalambe. N6 gbm hai 8 hang:
1. 85 hang diu: glat-x) 1a song dich chuyén truyén doc

thanh theo hudng truc Ox véi van tdc truyén song @ khing

dé1 va khéng lam thay d6i dang song.
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L]
That vay, khix =at +c thl ¢ =const. Néu & thot diém ¢ =1,
tal tict dién x = x, ton tai dich chuyén ¢ thi 6 thai diém
t = ¢, dich chuvén nay s¢ 6 tict dign x = x, val 1, =X, aft,—1{).
9 84 hang thd hai: w(af +x), véi eich 1y gial tuong tu =& la
song dich chuyén doc thanh theo hudng ngudge lai cung vai

van toc truyén song a.

Vay. chuvén dgng clia thanh c6 the khao sat nhu két qua tong hop -
cta hai song bidn dang doc thanh hudng ngude nhau vih cang van
tée ruyén séng a. Khi cho cée didu kign ban diu va cac didu kién

bien xde dinh, ta tim dude nghiém cy thé ctia phuong trinh (2.4).



Chuong 3

CO 5O TINH TOAN HA CHIM CAC KET CAU
| VAO DAT BANG THIET Bi RUNG

M

§3.1. DAO DONG CUGNG BUC DOC CUA KET CAU
HA CHiM VAO DAT GAY RA DO MAY RUNG

3.1.1. KET CAU HA CHIM VAO DAT COI NHU VAT RAN TUYET poI

Ha chim vao dit cic loai coc, 6ng, cif hay cac loa két cAu khac khi
ap dung dao ddng cudng bic ghy ra do may rung, sé phu thudc vao
bién d6 va tin s6 dao déng. Nhiing thong 56 nayv lai phuy thude vao
tinh chat eo hoe eta dat, trong lugng va kich thude két cdu, cac
thong s6 ctia thidt bi tao ra kich dong rung (may rung hofic bua
rung). Do dé. cdn chon cac théng s0 trén sao cho bién df va tdn s0
dao dong cta k&t ciu thoa méan duge cic dicu kién can thiél, dam
hao dat téc 46 ha chim vi do siu yéu chu. Nhu vay, cAn phai thiét
lap quan hé gitia dao déng cua ket ciu vdi cac thong 56 cta thiét bi
rung va tinh chat cta dat nén. Ap dung ly thuyét dao dong dé lap
va giai bai toan trén gidp khé khan va phuc tap dang ké. Ta sé md
hinh héa dé don gidn bai toan trén dya vao cic gia thiét va gdi

han saw:

« K&t c&u dich chuyén theo huéng ha chim (dao dong doc).



__ COSGLY THUYET KY THUAT RUNG TRONG XAY DUNG
« Chidu dai cua két eiu khéng 16n, nén cac diém cua nod ¢ bién do

vii tan 6 dao dong nhu nhau theo chiéu dai.

o Mbi trudng dat xem nhu mol truong dan héi cua vat rfm va khi
bién do dao dong cua k&t efu khong 16n thi phan lyc cua dat tac
dung 1én nd la ham tuyén tinh cua dich Cthn va van tdc
dao ding.

e Trong qua trinh ha chim két cdu 6 thé cd mot phan tach roi
khoi dat. phan luc cua d&t tac dung 1én no chy ton tal trén doan
¢o ti€p xac. Trong phan tinh toan dudi day. anh hudng trén
chua tinh dén.

« Méi trudng dit 6 tinh quan tinh, nén 6 anh hudng lén dén dao
dong cua két cfiu chim trong né. Viéc tinh chinh xae Anh hudng
nay doi hoi thiét lap va giai bai toan dao dong déng thoi cua két
c&u va mdt phan mdl truong dat xung quanh né. Lai gial bal
toAn phie tap nay dén nay chua duge 1am sang to. Tuy nhién,
khi tinh toan anh hudng quan tinh ctia dat sé duge danh gia
bing hé s6. gia tl clia hé s nay co duge trén cd sd nghién cdu
thuc nghiém.

Ta khio sat k&t cau ha chim vao dat co mddun dan hdi khé 1on va
6 thé xem no nhu vat ran tuyét dot:

Ky higu: g- dich chuyén dao ddng trong tam cta ca hé (may rung -
két ciu):

Q- trong luong téng cong cua may rung (@) va két cAu (Q):
¢- hé sd dan hdi cha dat;
P- bién d6 lue kich dong doc cua may rung:
P=men’. (3.1)
5 day: m,ge=@Q,e - momen léch tam cula mAy rung.
o - tAn s6 goc cua may rung;

¢ - d6 1¢ch tam.
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Néu goi N 1a s6 vong quay trong mét phut clia phan léch tam may
rung. thi:
N

w=- - =0104N | rad/s. (3.2)
30

{(+ia s may rung lién két chat vé1 két cau ha chim va luc kich déng

cua nd 1a ham sé sin cia thai gian ¢
P =sinwf.

Theo (1.8) 6 chuong 1, ta nhan duge phuong trinh vi phan dao déng
doc cudng bidc cua két cAu 6 dang:

G+2ng+k*qg=P sinot. (3.3)

0 e s . . o,
o day: n - hé 6 can dao ddng va 2n = a8 .

o - hé s8 giam chin dao dong cua hé;
-

S o . ) o lc .
k - tin s6 dao dong doc riéng cta két cdu, k = Ill'g . rorang k

khéng phu thude vao mémen léch tAm cua may rung va tan
56 o cla ndé. N6 dudge xac dinh chi bang phan luye dan héi

cua dit va tinh quan tinh caa hé dao déng:
Pg A aa . . . R R
P, === - Dbién d¢ cua lyc kich déng may rung trén mot don

vi khé1 lugng dao dong.
Nghiém tuong (ng véi dao déng cudng bite cua (3.3), theo (1.20) &
chuong 1 bang:
g =Asin{of + ), {3.4)
trong dé: A - bién d6 dao ddng cudng bite doc ctia két cau.
Ta cé: A=KA. (3.5)

A* = —m”ge = %
Q Q

14 bién dd g161 han cua dao déng;
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K. = .= -t o 12 h¢ 80 clla bién d6 A. (3.6)
| R Ante?
I| 1 - 03] —| +
\I ( k] }B.I
_ - )] n . N . . . &
Bat A= A Y= T thi hé thie (3.6) c6 thé viét:
K* = .'.:-_%'_ . (37)

i
'

¢ la goéc trugt pha gita lic kich déng ca may rung véi dich
chuyén dao dong cia két cau. Ta o
2now  2yh

tgo=—, r =
B - 1-3°

(3.8)

Bay gic ta xét sy thay d6i ciia K. va tge phu thude vao su thay déi
cta o dd1 véi cac gia tri xiac dinh cua k va n.

« Tan s& may rung 16n so véi tAn =6 riéng cia két cauw: o >> k
(> D.TuB.Nsuvra: K. = 1viA=A4.

Vay. néu tan s cia may rung 1én hon nhiéu 1an tin s8 riéng

cia két cilu thi bién do dao d6ng xae dinh theo (3.5). Khi dé theo

(3.8) gbe trugt pha tién tdi n. Do dé. lue kich déng cta may
rung va dich chuyén rung ca két ciu cé huéng ngudge nhau.

+ Téin s0 cia may rung nho so véi tan s6 dao dong riéng cua
két cau: o <<k (h << 1), Tt (3.7) ta co:

1 (o) 0" Qe
K.=—: A:L | A= —— =0
Q

A J cg
Q

Nghia 14: néu tan 8 may rung nhd hon nhiu 14n tin s6 riéng

Lt havA=A
¢

cua két cdu thi bién d6 dao déng duge xac dinh theo bién d6 clia

lye kich dong. Trong trudng hop nay. theo (3.8) ta nhan dudge:
teg =2va .
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Khi v :; khéng i6n, X :% nho, thi luc kich déng ctia may
iy

rung va dich chuyvén daoc déng ctia két cdu cé hudng tring nhau.
o Trudng hgp Lan s6 may rung ¢6 gia tri sao cho:

2 = :_.—_.__ — (3.9)
™1 2y°

thi @ dat tin 56 céng hudng: o= Q. Hé thie (3.9) chi ra rang:
tan s6 eong hudng Q cla may rung phu thude vao v = % Néu
7 rat nho (trudng hop gidi han y=0), thi A =1. Do d6. néu ta
lién két chat may rung véi két cau thi thn s6 Q cta may rung

trang vo1 tAn 56 dao dong doc rleng cua két cau. Trong diéu kién
thue t& v =0 (tdn <8 cdng hudng cta may rung luén khéc tin s&

dao ddng viéng cua két cau). Gia tri cla y thuong nam trong
khoang 0<y<05 nén k<Q<14k. Nhu vay. gia tri 16n nhat
cua tan s0 cong hudng Q =14k, O trang thai cbng hudng vdi A
duge xde dinh t (3.9) thi hé s6 K. chi phu thude vao hé s6 ¢ va
hang:

l_

K.o=—" o (3.10)
21 -7

Cie 86 héu do duge trong thuc 1€ va nghién ciu thyc nghlem
kh(mg dinh rang: khi ha chim két cilu vao dit, tri sd v 8ap xI trong

khoang 0.3+ 0.5. nén bién dé cta né trong diéu kién lam viée cong
hudng cua may rung s& 16n gip 1,15 +1,6 1an gia tri A.. Nhu thé,
sau khi chyn tan s& may rung gan tan s8 cong hudng cang khé c6
hy vong ting dang ké bién d8 dao dong cudng biic.

Nhiing ly giai vé ly thuyél d trén di dude so sanh kiém tra véi két
qua thye nghiém [3, 4].

Cudi cung. ta dua vao biéu dién nghiém cta bai toan & dang phic
38 can diing sau nay.
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Xét luc kich dong la hiam sin hay cos cua thot gian £. Ta cd:

QCH Fag, gy = Psinof: ()
g

Q. . |
g, +0d; + &), = Pcoswt . (z)
&

Nhan phudng trinh (1) vé don vi ao i (i* = -1) va cong vé1 phuong
trinh (2), vdichuy rang:

e = cosmt +isinowt . (3)

Ta nhan dude phudng trinh vi phan dao déng doc cudng bic o
dang phuc:

Q G +og+cqg=Pe™, (3.11)
o

I=1
& day: Pe™ - luc kich dgng dang phiic;
q=1ig, +gq, - dich chuyén phic, trong do phan ac mbd ta
chuyén déng dao doéng do lyc Psin ot phin thyc md
t4 chuyén dong dao déng do lhyc Pceosot.
Nghiém dao dong cudng buc tim dudi dang:
g=Ac . (3.12)

Thay (3.12) vao (3.11) ta tim duge bién dd phie:
P

Ao 3.13
a (3.13)

— T wl rlam+c

£
Biédu thuc trén c6 thé viet dudi dang:
A=a.e”, (3.14)

& day: modun bién dg phite a. la bién d6 dao ddng;
B 1a d trugt pha.

Do d6. bién d6 phde ham chda théng tin khong chi 1& bién dd dao

ddng méa con cd ca pha dao dong.
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bat: D= PQ(:)! +ioe + ¢, goi 1a d6 cdng dong luce cua hé.
g

1 1
Pai lugng: D.= — hay Di=— _ —7 —— 3.15
1 lugng p b 0. . (3.19)
- (" + I+ O
&
14 bién d6 phue cha dao dong gay ra do luc kich dong dan vi va gol

1a dae trung tan s6 cua he. ~

3.1.2. KET CAU HA CHiM VAO DAT COI NHU VAT THE DAN HOI

(3ia thiét tinh két cdu ha
chim vao dit coi nhu vat ran
puyét dot da mang Lol sai s6
nhat dinh khi khao sat dao
dong caa nd. Trong mot sd
trudng  hop. gia thidt nay

khéng dap dng véu ciu thuce ~Qn

t6 vi sal s§ co thé cb gid tri
rit 16n. Ta khao sat dao déng
cudng bie doc ctua két cdu la
thanh {coc) dan hé1 tiét dién

ngang nho tya trén nén dat
duge md hinh nhu lo xo
khéng trong lugng cé db
cling c. da biét (hinh 3.1).
May rung gan lién vél mit

trén cua thanh, tac dung Ién
né lue kich dong Pe™. Theo
§2.1 chuong 2. phuong trinh

vi phan dao dong doc cua
thanh ¢6 tinh dén phan Jyc

Hinh 3.1

giam chin ty 18 véi van téc la:

2

=)
€ u 5] 5 &
—  4+u-_-=d
of" it &

(3.16)
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vl @ - hé s6 cia lge can dao dong:
, \ 'E
a - van toe truvién song doe trong thanh, a = \|'— :
| P
E v p - modun dan héi vt mat do khéi lugng caa vét liéu thanh:
u - dich chuvén cua tiét di¢n thanh cé toa do x.
Truc Ox ¢6 goe O ¢ muit dud thanh.
Nghi¢m cua phuong trinh (3.16) tim & dang (xem 2.1.4 chuong 2):
u— X(x)e™. (3.1
Thay (3.17) vao {3.16) ta nhan duge phuong trinh xac dinh
ham X(x):

X'+5°X =0, (3.18)
& day: s=2 1. 2piid. (3.19)
o\ )

Nghiém cua (3.18) c6 dang:
X =Ccos(b+id)x+Dsin(b+id)x . (3.20)
C va D 13 cac hang 56 dude xac dinh tit cac diéu kién bién.

Phiéu kién bién cua bai toan:

. cu L ou
-taix= 0 EF—=cu-su=i - (3.21)
dx é
- -
, 7 U :
Starx =& EF 2—" = _Q”' € — + Pe't (3.22)
ox g at”
g dav: F - dién tich tiét dién ngang cua thanh:

Q,, - trong lugng cua may rung;

hé 500 b= E - . E{" = % : (3.23)
Ca Qk“ ku(Qm + Qc)
E
levg
k - tan s6 dao déng doc riéng cua thanh, & = \ll _EQg :

Q. - trong lugng cua thanh.
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Khi st dung cac didu kién bién (3.21) - (3.22), ta thu duge cac két
qua sau:

C=ib+id)D:

X = DIE(B +id)? + 1sin((B+id)x +o, ]
L= Ab+id) . (3.24)
. ) . P
FF(bHan (E_J:d) +1J{ 0s[@ +id)+o,] - @ _
L a’Q,(b+id)
T d6 nghiém ctia phuong trinh (3.16) c6 dang:
Pe™™ sinf(b +id) + |

QHI
a*Q, (b +id)

D:

sin[G+id) +a,]

ey

o= - e
EF(b + .id){cos[(b vid) v o] - sinf[(b + id) + o, 1} Y

(3.25)

Anh hudng cda phan lue gidm chén ton tai kh chiéu dai cha thanh
lén 50 véi chiéu dai ctia séng lan truvén trong né. Vi vay, khi khao
sat su lan truyén soéng, chang han nhu trong &ng, dudc st dung
trong trudng hop khoan giéng dau va khi, giéng phun... ta khong
thé bd qua phan lye trén. Trong xay dung, chiéu dai coec, dng, cli
dung dé khoan va gia cd nén méng thudng nho so vél chiéu dai cua
séng lan truyén cta lye kich dong do may rung giy ra nén co thé
bo qua phan lye giam rung. Nghia 1a trong (3.25) dat d = 0 va c6:
Psin[ O o, J

u= : 2 sin o? (3.26)

EF { %( ol + ot \J _ Qo sin[w +a J}
Q a

a La a

o

Khi cho mAu s6 cia bidu thic trén bing khéng, ta nhan duge
phuong trinh xéc dinh tan sé dao dong doc riéng k cua thanh:

(otg(k—[ +0y Q”’ :ki (3.27)
L a Q. a
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Bav gi¢ ta khiao sat trudng hgp khi:

EP1 ({)m + Q(: 4
s> O LR,

----- ; (3.28)
¢ g
F .o / BY: .
hav: o= E- £ 551 va .~3mg 2 : cns-;i)z =1. (3.29
kG, + Q) a a a

Trong truong hgp nay co thé ching L0 duge cac biéu thic trong
(3.25) va (3.26) trung nhau.

Nhu vay. néu do cling ctia thanh 16n han rat nhiéu so véi 46 cang
dim L6 cta dit, con chidu diai cua thanh nho hon nhiéu so vol
chidu dii cta séng truyén trong no. thi tinh chat dan hé cua
thanh Anh huéng khéng dang ké t6i bién do dao dong va tan a6 dao
déng doc riéng cua thanh.

Ta kiém tra két qua trén bang mol vai thi du don gian:

a) Puong kinh trung binh cua coe od 25em (F = 490 cm®), mddun
dan héi cua g (thd doo) E = 5.10' kG/em?, tan s6 dao dong

thing ding cua coc & = 50 rad/s, lrong lugng may rung va coc
Q =@, +Q. = 210" kG. Theo (3.23) tinh dude 2 =49m.

Thye & chidu dii coc g6 it khi vugt qua 10 + 12m. Do dé, doi vl
coc thong thudng dieu kién (3.28) la dam bdo. Dé ha chim
coc nguoi ta dung may rung véi sd vong quayv khong i6n han
1000 vong/phit, van tée truyén song doc trong ¢ xac dinh
béng:
-
a = IiE = 25.10" m/s.
Vp
T d6. chidu dai séng truyén trong coc khi ha chim nd vao dat
bhang may rung sé khong nhé hon 180m, nghia 14 16n hon dang
Ké so véi chibu di cla coe. Nhu vay, doi véi coc 0d cac didu kién
(3.28) v (3.29) duge dam bio vi tinh chilt din hdi cla coc g6

Anh hudng khong 1én dén dao ddng cua no.
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b) Coe bétong cot thép c6 tiét dién ngang trung binh f= 1,2.10° em®
NEu k& = 30 rad/s. E = 3.10° kG/em?®, Q@=Q.,+Q =710°kG thi
#=510m . nghia la 1dn hon khoang 10 + 20 14n chidu dai coe st

dung trong xiy duyng.

Tan 8 cac may rung dung dé ha chim coc bétdng o6t thép khong
vUgt qua 50 rad/s con tée df lan truyén séng trong coc bétdng cot
thép gin bang 3.5.10° m/s, nén chidu dai lan truyén séng trong coc
bétdng cdt thép dat gan 400m, tde 1a 16n dang ké so vii chidu dai
coc thue t& Vi vay, khi tinh dao déng déi véi coc bétdng cot thép ta

c6 thé bd qua tinh dan héi cla né.

Bac tinh dan hoi eha vat lidu s& anh hudng dic biét Ién ddi vai cac
kél cAu ha chim vao dat theo chidu doc 6 49 dai 16n (chang han
nhu céc loai dng). Do d6, thuc t& khi st dung rung déng dé khoan
cac 16 khoan siu viée tinh toan dao déng ctia 6ng cén phai tinh dén

tinh dan héi cla vat liéu dng.

3.1.3. DAO BONG CUGONG BUC DOC CUA KET CAU HA CHIM VAO
DAT GAY RA DO HAI MAY RUNG

Ta xét truong hop ha chim vio dat thanh (hay coc) dude coi nhu
vat rin tuyél déi bing hai may rung. May rung thd nhat lién két
chit v6i mat trén cia thanh. May rung thd hai dat trén may rung
thit nhat nhd lién két dan héi (hinh 3.2).

Hé khao sat trong trudng hgp nay ¢ hai bac tu do va duge xac dinh
boi hat dich chuyén: dich chuyén cta trong tAm thanh (coc) va may
rung thi nhit, dich chuyén cia trong tam may rung thi hai.

Gia thiét rdng: tan s6 goe cia hai may rung nhu nhau (@) va cace luc
kich ddng clia chiing tring pha. pha ban dau bang khong. Truc Ox

chon nhu hinh vé, gée O trung véi mit dudi ctia thanh (coc).
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x

1
Q\ (@ Tﬂz

G

Q\ JO\

Hinh 3.2

Theo §1.3 chuong 1. ta ¢6 phudng trinh v1 phan dao dong thang

ding cua hé ¢d dang:

JL R+, —Riu(x, cx)+ex - (x, - X)) — Pstnot (3.30)

1[:362 +hRI(x, —x, )+, 0%, ~0) = Pysinot T

trong d6: ¢, - h¢ 86 cling dan hoi cha dilt;
m, - khéi lugng ting cong cia thanh (coc) v may rung dudi:
x, - dich chuvén thédng diing cta trong tam khoi liong m
¢, - hé 86 cting dan hdi cta 10 xo 1ién két hai may runyg;

m., - khot lugng cua may rung 1rén:
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%~ dich chuvén thang ditng cua trong tAm may rung trén;

c o ¢

b = _CL kl“ EE—"
nioEL n
oy oy n.,

H.] = - T -2 o= o ln
" m, .,

o, .., - hé s gidm rung trong dat va trong lién két dan hoi:
P P, - bién dd eta hie kich déng cua cae may rung.

Do Ei)ie_!_(t)j; p, — Q.J‘}c 2;

B e

m g m.g

@.e . Q.c,- momen khdi liugng léch tdm ctia ciac may

rung. Khi tinh toan sau nay. lJave, =e, = e.

Nehiém cua phudng trinh (3.30) tim ¢ dang (1.50) (xem chudng 1):
x, = A, sinwi + B cosat: o
' ‘ (3.31)

x, = A, sinot + B, cosomf.

Thayv (3.31) vao 3 30) ta nhan duge bén phudng trinh xae dinh A,
B,.A.B.

"[—mi + B -+ RalA ) A eB, — kLA, - nueB, - P =0
‘(m Fg A, e = R = REL B - nund, —RB, = 0
l ECA +n,mB, (ol A —eB, B, =0

el — BB e, H e+ BB, =0

. (3.32)

(viai hé (3.32) ta nhan duge binh phucng cac bién d6 dao dong cua

khat Wigng pe, va m.

E R L
w b o 1 -1 =2
ai = AP + B :‘ ] e
m, g g
165 = o oy

(3.3
ST .
, " PRI P N
a; =A; +B oA r
m.g ) f‘:‘
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trong dé.
‘:‘Jf - {Z} (Qoi +Q~J) +}’L [(1_7\. )Qr:] (‘?r;Q]2
&-)3 _‘A [ ZQnI +('v’ +ﬂ"‘¥' )an] rllu_’_QnZ [(1 + “‘)Bz + Il"l' _?‘2])'2

STt (C TR TR Rl [ RS BRSTRE L (G B LAENTE + oAy —
e (OIS TS /CRARTN TRy Liy's QR o Ty 2;1]27312 + 27,7, A "
}»Zﬂl B % . M, Mo

= - ,{!:E,}(zzgu,.

Truwong hop riéng:

1) Dao déng cudng bitc caa thanh (coc) gay ra do may rung dudi,
may rung trén khéng c6. Thay vao nd, ta gin truc tiép véi may
rung dudi mot 10 xo ¢6 khéi lugng m,. Do sy hao tan nang lugng
cia 16 xo nay rat nho so véi sy hao tan nang ludng trong dat.
nén hé s8 y, nhd so v4i hé s8 v, sau ndy ta coi y, = 0. M4 hinh
khao sat tudng Ung véi trudng hgp dat khai luong phu tao ra ap
luc gia thém l1én thanh (coc) va dat.

Trong trucng hgp nay, nghiém bai toan sé don gian dang ké va

c6 thé nhan duge tryc tiép khi dit Q.. ¥, = 0. Ta et
EF =P (1-2%)*Q%;
&) =R
€2 =it H+ OB 4 - AN - A0 - - (L a2) Rt

Bién d§ dao dong ena khéi lugng m . m, tudng tng bang:
Qe M- p?

a, = p
N }90& (3.34)
M€ AT
R
Tit do:
a, 1




Chuong 3. CO SO TINH TOAN HA CHiM CAC KET CAL VAO DAT BANG THIET BI RUNG B 71

9) May rung dudi khéng cd, m, 1a kho lugng cua thanh {(cocr. May
rung trén lién két v6i thanh (coc) bang 16 xo dan hé1 1y tudng o
d6é clng ¢, (hinh 3.3). M6 hinh khio sat tudng Ung vé truong
hop dat may rung trén mi coc dan héi. Cae gi1a tri bidn d6 trong
trudng hop nav cang duge nhan trye tigp ti (3.3:3) khit dat
Q, ~0.v,=0

x
maz
OMOT
I

Hinh 3.3
Ta ed: £l =@l
T (ST LU AS R [
£ = [+ P + - 27001 - PR TERTEEL I [) YL LTRSS
T doé:
Q¢ “ _}:2!43 :

g2
kel

U e ) L LT (!_;:z.:-))
s TRy + IO+ }1)[32 T o
* - - Lo -

ay, = -

Q
Q.

Y
n2‘,
" ) o
. [
QL’ =
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a, Ty T i

Suy ra: f = Wy [+ B -7 (3.36)
1

Ta lam rd ¥ nghia clia diéu kién nayv: s6 hang diu cia bidu thie

dudi dAu can A%y} luén khac khéng. s8 hang thi hai ¢fia biéu thite

dudi dau edn [(1+p)R* +u—4*1* bing khong khi:

A=A =1+ B +p, (3.37)
g dav: k(,z&;kfziﬁ—.
R, n,

(ia tri can thiét cha &, théa man hé thic (3.37) vA dé ty s6 bién do

., 5 - P
—= nheo nhat sé bang:
L

1

B o)~ (1+p)k*

ki = (3.38)
It
Trong truong hdp nay, ta cé:

a, “rllmn
gy, =t (3.39)
a, D0 -1+ ik’

a,a: P'\

a2 ( May rung)
N
- -

a,{Coc})

Hinh 3.4
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3.1.4.

R5 rang. bigu thiic (3.37) thoa min khong phai véi bat ky gia tri o,
nao cua may rung. Vi kI >0, nén gia tri nhé nhit cua o, dé diéu

kién nav tudn theo la:

o> > {1+ k", (3.40)

T dé. mav rung dit trén mi coe dan héi, tan s8 ctia né cin phai
I6n hon tin so dao déng riéng thing ding cla coc. Pidu kién trén
dd chi ra nhing han ch@& kha nang sU dung mi coc dan hdi trong
thue t&, Viée sit dung mil coe $8 hoan toan ¢é lgi d61 vél may rung
nhe tin s cao va trung binh: déi vé may rung Lan sd thap thi ap
dung mua coc dan hdl khong that 1gi thé. Véi hé e6 ma coc dan héi
hal bac tu do né sé ¢6 hai tdn s& chinh. Cdc tan sd chinh duge xdac
dinh nhu 14 nghiém cha phuong trinh £=0. Hé gua la: nhiing
dudng cong cdng hudng dude xdy dung doi vél may rung trén ma
coc dan hoi va déi val k&t cdu ha chim sé cé hail gia tri cyce dai.
Trén hinh vé (hinh 3.4) xdy dung cdc dudng cong ¢dng huong cua
coc vA cua may rung ¢ mi coc dan héi tuong dng véi cac gia tri

cua tan s6 may rung,

DAO DONG XOAN CUA KET CAU HA CHIM VAO PAT GAY RA
DO MAY RUNG

K&t eilu ha chim vao dat thue hién thuan lgi khi 6 kich dong xoan
dBng thii véi kich dong thing dung, dic hiét val két cAu ¢6 dang
hinh tron (ching han cac loai éng). Ta khdo sat 6ng tru duge ha
chim vao dat. Khi tinh dén tinh chat dan hai eda vat ligu 6ng. cac
phéan lue dan hdi va nhét cda dat tac dung 1én éng, phucng trinh vi
phan dao ddng xodn cudng biic ctia dng duge viét ¢ dang (xem §2.2
chudng 2).

vabr e, F0=GI L. (3.41)

3

et

_-’9
.rz

pd

)

trong d6: O - gbéc quay ctia dng:
p - mat dd khéi ¢da vat Ligu éng;



J - mémen quan tinh déc cue cua HeL dién ngang ong;

« - hé 6 cla lde can dao ddng (lay yon dung ty 1¢& vdil
ditn tich mat bén éng).

¢, - ¢ 26 cdng dan hoi cua datl khi quay:

F,_ dién tich phan miit bén cua &ng ha chim trong dat.

- o o -
Pat: n, =-— -héstcan {giam chan):
Qpe]

221 L tAn 86 dao dong xedn riéng cun ong. (3.42)

kY =
pd

Phudng trinh (3.41) viét dudge:

4

570 3 : . &7
29 on, B ko= ey (3.43)
ot ct e
o dav: bl = G _
P

Q4 thiét chiéu dai ctia 6ng 12 4, mit dudi cta ong dit tu do. gbe toa
d% dal ¢ mit dud, true Ox hudng lén trén. Momen xodn k ich ding

cla may rung bang:

M=Mye".
"Ta 58 c6 cac didu kién bién cua bal todn nhu saw:

-khix =0 GJ—E:-{-]-zo;

ox
A A

-khix =4 GJEQ-:——Ii--?—+M, {34
ox ct-

trong d6: I - mémen quan tinh cta fng dél vOl truce quay cua no.
Ta tim nghiém clia phudng trinh (3.43) & dang (xem ehndang 2):
0=X(x)e™. (3.45)

Thay (3.45) vae (3.143), ta nhan duge phuong trinh ddi véi ham
riéng X(x):
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X'+(b-id)* X = 0. (3.46)
o 4. . 1 o
o day: b—id=- o -k -2nin:
b,
1 .'I-U)j B kz' _1_ — e
b= 57 Vl 5 Ly 5-\,"((1)“ kY +danio”
e I e —
d=m-——L o = fo* -k +4nie? .
Y 2 5 Ve ) !

Nghiém cta phudng trinh (3.46) ¢6 dang:
Xix)= Acos(b—id)x + Bsin{b -~ id)x . {3.47)

Khi st dung cac diéu kién bién (3.44). ta nhan dudgc:

M 1

M i — (3.48)
GJ  reos(b—id) + (b —id)sin(b—id)l

B=1

"

GJ

Néu tan 8 may rung 16n so véi tdn sd dao ddng xodn riéng cla dng
thi khi tinh bién dd dao déng xoan cudng bic. ¢6 thé bd qua anh
hudng cua phan luc nhdét (g1am chin), nghia 1a dit n, = 0. Ta ¢6;

M S :51_____7_ . (3.49)
GJ rb, cos(bl) + \ju* ~ k! sin(b,{)

§3.2. MOT VAI BAl TOAN TiNH BUA RUNG

3.2.1. BAI TOAN DON GIAN VE DAN BONG RUNG VA CHAM

Ha chim k&l cAu vao trong dit cin thiét phai khac phuc luc can
mit ddu va mat bén cha dat 18n két cdu, Trong §3.1 da trinh bay
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phudng phap su dung cic may rung tao ra dao dong cudng bie ¢o
bien do va tan =6 cAn thiét. Thue t& ¢hi ra vana. Jda =0 truong hgp
che mav rung 6 thé théa min cic véu cau Jdar 1o, Nhung trong
nhidu trudng hop. dé khac phuc cac lye can trén. cie may rung
khéng thé dat dudge. Do dé. ngudi ta phai dang c¢ide co ciu va cham

c6 tAn 56 va cham dia 16n dé khae phue lge can eua dat.

Ta xét bai todan dao dong rung va cham don giin dude md ta theo
36 d6 sau (hinh 3.5). Vat 1 khai lugng m treo vao 16 xo dian bl 2 ed
dé ctmg . Nhi lién két 1y tudng 3. vat 1 cin chuvéa done tinh tién
doc true g. Trong qua trinh chuvén dong. vat 1 thuc hien va cham

viio miit ¢& dinh 4.

(+ia sti dich chuyén ctia vat 1 duge
tinh tir vi tri can bang. khoang cach
tir né dén mat ¢d dinh (khe ha) 1a ¢,
g day g, > 0.

Néu trong khoang thail glan va cham
khéng xay ra hao tan nang lugng thi

phuong trinh vi phan chuvén dong

eua vat 1 e the vict o dang:

Hinh 3.5

G+kqg=0. (1)

trong do: k= - thn s goc riéng cua hé khone ke dén mat

e
\I Fas
cd dinh.
Tai thot diém ban dau ¢ = O (1&y o thdai diém khi vat {1y tach v
khoi miit ¢d dinh (4). ta ed:
(1’+:(}U: (;+:_‘];P' iz’
& dav da ky hicu: didu (+) ¢hi cde gid tritrge tiép st v chaon:
dau () chi cac gia tri truc tiép trude va cham.

Tich phin phugng trinh (1). ta nhan duge:

g = A, cos(kt~a). (-5}
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A, va « xac dinh ty didu kién (2):
A 1%
A1 - I.qr_J .- Lgu . ___’__ (’1)
¥ X g h

Pao ham ¢ theo thai glan ¢, ta eo:

G =-Aksin(kt + o). (H)
Vao thai diém ¢ = ¢, vat 1 lai va cham vao mat ¢ dinh 4, khi d6
trang thai cua hé duge xace dinh bing didu kién:

q. =q,: g =V, (6)

Thay (6) vao {3) va {3). sau db chin dfmg thdce th hai nhan duge

2 . N -
cho diang thae dau, ta ¢

V,
tg(kt, +u) = {7
gk
T (7) va dang thie thi hai cda (4) nhin duge:

Rt =2r-a.

5). i)
Suy ra: A "U{}’ @) k[ — arceos o ] (&)
v 1

Bay gic, diéu kién ban d4u cGa chu trinh thi hai ¢ = ¢, la:

Q+ :qn: q— :__RV ' (9)

i

§ day: R duge ky hidu 12 hé 6 khdi phue van tde Niuton khi va
cham, né dac trung cho bude nhay eua van tée va dude xac dinh boi
quan hé sau;

-4 0<Rr<1. (10)

. RV 2
A, =g+, :—(n—ar(:(:osﬁ : (1)
- Toml A,
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Khi coi ® = const. 6 chu trinh thi x. ta cé;
TRV o L
N T —Ln - arceos %”— i (12)

p * n |
k n oS

A” = \:q: +
Nhu vay. hé dao dong nhd dan ddng va cham ¢6 thé coi nhu thuc
hién dao déng cudng ble ¢ chu ky.

3.2.2. TINH TOAN BUA RUNG MOT BAC TU DO

Thuc t6 khéng thé Lao ra cAc thiét bi rung van nang dé véi bat ky
didu kién nao cing thuc hién ha chim duge cic két ciu vao dat.

Cac loal bida hoi, bia diézel ¢6 s6 va cham 16n trong mot don vi
thai gian, to ra ¢6 hidu qua khic phue lue can eha dat 1én két cau.

Nhicu tai lidu thue t& va nghién edu thyc nghiém da ching to
duge: dé tac dung va cham cé hiéu qua, trude hét tan s6 va cham
phai gin bang tn 56 dao déng thiang ding tu do cua két ciu ha
chim, sau d6 tién hanh quéa trinh lap di lap lai lién tuc thi lge
khéng clia ddt sé giam. Ngudi ta da do dude: tan s6 dao doéng tu do
cua coc béténg cdt thép trong dat yéu khoang 300 + 400 vong/phut.
coe gb khoang 500 + 600 vong/phit. S8 va cham c¢an phai chon
tuong dng véi cac tan s6 nay. Thuc t& cd thé d& dang nban dude
tin s6 va cham ¢4n thidt khi ap dung may rung véi kich dong va
cham tan sd cao. Cac may rung cho phép thuyce hién cac va cham vl
tAn s6 dam bao véu cAu trén goi 1a bia rung. 8¢ d6 nguyén tic va
¢d s6 tinh toan bda rung da cé tit nhitng nam 40 cla thé ky XX,
nhung viée 4p dung vaoc thuc t&€ dé ha chim cac két cdu vao dat
phai téi nhiing nam 50 cia thé ky XX.

Ta x6t mol so dd cia bia rung duge md ta nhu trén hinh vé
(hinh 3.6). May rung 1 ning dau bua 4 nho cac 1o xo 7 nam dél
xing ddi véi true ¢. Trong may rung, ngudi ta bd tri cie doéng co.
dién 8. Trén truc réto clia dong cd ¢6 qua vang 2 dam bao cho dao
dong cua phan va cham rung dich chuyén doc truc g. Dao dong nay
truyén va cham cta bia 3 vao mi 5 cia két cdu. Mi 5 gin chat
vao coe 6 duge ha chim vao dat. Nhu thé&, khi lam viée bia rung
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thige hién dong thal tae dung rung va va cham. Tuy nhién, dao
dong ¢o ban cia két ciu (coe) duge gay ra bing va cham. Vige tinh
toAn btia rung din téi xae dinh van téc va cham la chu yéu.

Ta chon mé hinh déng lye cua hé dao déng va cham c6 mdt bac tu
do ap dung cho bia rung hoic mét s6 may rung va cham khae nhu
trén hinh vé (hinh 3.7). Khél lugng m tua trén 10 xo ¢6 dd cing ¢,
chiu tac dung cua lue kich dong F(#) va luc khéng dé @. Chuyén
dong cun hé sé gdv ra va cham vao vat tua trén nén dat ¢6 dinh.

REEE!
L /'/ o . . /
LT G Lo 4 F(z)
A0 B 1
| S
L iz =
o 7
Hinh 3.6 Hinh 3.7

Nhing vin dé dong luc khae nhau cua hé khao sat da duge nghién
citu bdi nhiéu tac gia. nhu: WI. Pycakossi, A.A. Xapkesul,
0. Nonoswi, N.C. imewkH, C.A. UannuH, 0.1, Wextep, A.4. bapkaH,
W.K. MuenyH... Tuy nhién viée nghién ctu diy du va hodn thién
nhat thude vé f1.B. Becnaxoeblil. C6 thé néi chung 1d: cac tac gid
déu gia thift riang. may rung gay ra lyc kich déng thang ddng thay
dd1 didu hoa theo théi gian; va cham xay ra t@e thél va duge dic
trung bang hé s6 khol phuc van tée R: cac 10 xo 12 dan hoi 1y tudng
nén sy mat ning luong cua may rung xay ra chi trong thoi gian va
cham, con chuvén déng cha may rung trong khoang thoi gian giiia
hai va cham khéng ¢6 su hao tan nang lugng va nd thuyc hién
chuvén déng cudng biie ¢6 chu ky 6n dinh.

Phuong trinh vi phan chuyén dong cia may rung 6 the viét ¢ dang:

nig +cq = Peos{ot +0) - @, (3.50)
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Gdav: @, m - trong lugng, khéi Jugng ctia phin may rung va chaum:
¢ - dé cling cia 16 xo dan hot ly tuong;

P.o.¢- bién d0, tan so. goc truct pha cua luce kich déng cua
may rung:
g- 46 léch cua may rung i vi tri ban dau (hinh 3.8).

Hinh 3.8
i ne
Q

& dav: @,e - momen léch tAm cua may rung;

Ky hiew A.=

k- tin s0 dao dong néng thing ding clla may rung duge
lién két chat bdi cac 10 xo: k% = =
Q

Phuong trinh (3.50) viét duge ¢ dang:

i+ kiq = A coslot +0)— & (3.50a)
Theo phuong phap ciia U.T. PycakoBbli va A.A. XapKesutl, ta dua ra
didu kién ¢ thoi &iém dau va cudi cia khoang thdi gian gitta cac
va cham. _

t=0: g=-q,. g=RV: (3.51)

q=-9,:4=-V"
"
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G day: q - 4o 16n cua khe hé gita dau bia cla mAy rung va mu coc.
_ty 56 chu ky va cham va chu ky lue kich déng cua may
rang, 2= L2 b
Trong kboang thol gian gitia hal va cham Jign tiép cAn thoa mén
|) “

s 27k
didu kigm: O <t <-—-1 ¢=fqo-
&)

Nghiém tong quat enia phudng trinh (3.50a) ¢6 dang:

g o
=5 (3.52)
k_

wong dé: ALA, 0w 18 cac hing s6 dude xac dinh tit cac diéu kién

q = A, cos(kt + y) + A, cos(of + Q) —

ban dau cua chuyén dong.
S hanﬁ dAu cta nghiém tiong {ing vél dao dong ti do cua may
rung: s0 hang thit hai tuong ung véi dao dong cudng blc cua may
rung: thanh phan cudi tuong dng vl 4o véng tinh cua may rung
rén 10 xo dudt tac dung cua Lrong lugng ban than cua no.

Suu khi su dung diéu kién ban d4Au cua chuyé én dong (3.51) ta nhan
duge bon phuong trinh xac dinh A, Ay @000

[

|~ q, = A, cosut A, coso— _gT

| B

IRV = A, ksiny - A0 sinQ (3.53)
| _g = A, cos(2hng, +y)+ A, coso

V =-A, Bsin(Zams + ) - A,081n9

... _k
vo g, = — -
o
(3iai hé trén, ta nhén duge:
xRy L
' ok bll"l AnE,
A*
A, =—-——0
1-£&7 (3.54)
o= —ATE,
vl - BRI -ED)

¢ = ATCSIN —

Z(I)Ai
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Thay cac gia tri tim dude £t (3.54) vao bidu thiic nghiém (3.52) ta co:

g = (1—*5)‘1 X —— — cos(kt —AnE )
2k sinAng,
o ‘ (3.55)
A* - — £
- — = cos{mt +arcsin va e Ra g_
1-£8 | 20A. k*

Khi £ = 0. bidu thiic (3.55) c6 dang:

(1+ RV o L Va-R(- £ |
-g, =—— —col grmi, —— 3 cos‘ aresin — —— =
: 20A. |

Y

Binh phudng hai vé ctia phuong trinh va tién hanh cae bién dol. La

nhan duge phudng trinh déi véi van e v vio thoi diém va cham:

Vz + 4q|| _(.)_ X _}I—(} V + 4 _ﬂuf?:-)(t ':"T 3: ‘i-:_-]')“- = 0 * (3‘56)
1-R 1-y 1-&5Y(i+y)1-ER)
g day dat:
L gh
s O 1+ R colghnt, (3.57)

1-R £,

(Hai phuong trinh (3.56). nhén dudce:

Vi = oA - (3.058)

Trong d6 dua ra ky hidw

ry = Lo, T
by — Vo-gt (3.59)
1.2 1- R 1 y‘ ’ Ok
1 g
r= ( 0+ ): =Ty
A q, 4.1 4, s

& dav: ¢, ,- ham van toe:
d6 16n cha r khac vol khe hd thuc va goi la khe hd thu gon:
g, - dé co tinh cua 16 xo duéi tac dung cua trong lugng may

rung.
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T bicu thite xac dinh ¢, ta thay: vdi cac gia tri cho trude cua
thong s6 &, va r. van téc may rung ¢6 hai gia tri va phu thude vao
d&u Lrude can. Trong thyc t&, van téc va cham chi c6 thé 1a thyc va
dudng.
Ham cia van tée ,, 12 thuc néu biéu thiic dudi ddu cidn trong
(3.59) khong am. Tu d6, nhan dugc:
| '__‘)
I
|?":| < |\II— 4
1

(3.60)

‘ :
Diu cua ¢,, phu thudc vao d&u ctia ry va vige chon déu trude dau
Can.

Néu ry > 0 va ddu trude can chon ducng thi ¢,, bdo toan gia tri
duong véi moi gia tr caa r va y. Trong trudng hgp ddu trude can
chon dau &m, viin t6c va cham bao toan gia tri dudng néu:

1

g}

Cubi cung. néu ry < C thi van tc va cham chi dudng trong ditu
kién dau trudc cin duong, ta ch;

'ir‘|_ < — ! = (3.62)
-g

Cac biéu thic (3.60) - (3.62) xac dinh giai tich sy tdn tai cac gia tri
thye va duong cua ham ¢,, va thiét 14p didu kién va cham c6 chu

ky én dinh cua may rung vii cac van toc ty 18 vél b,

Nhiing diéu kién trén phu thudc vaor, £, va R; nghia la vao khe
hé, ty s gitia tan sd dao dong riéng va tAn sb quay cua may
rung trén 1o xo, hé 50 khéi phuc van t6c va cham, cing nhu vao
gia tri A (ty 6 gitta chu ky va cham va chu ky lye kich dong cua
may rung). Nhu thé, viéc diéu chinh baa rung gip kho khan
dang k& va vige tinh toan bia rung ludn ludn tén tai nhitng tinh
chéit chua xae dinh. Nguyén nhan chti y&u la do nhitng gia tri
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chinh xAae cua hé s khoi phue va cham chua b6t va eé thé thav
doi trong mot giGi han 16n.

Thong thudng cie déng cd dién c6 dong bién déi st dung dé din
dong rung val s6 vong quay khong dél, nén tin =6 cua lue kich
dong ¢6 gia tri od dinh: cGng nhu thé, cac 10 xo cia bia rung 6 cac
théng =6 khong déi da cho khi thict k& ché tao bia rung. Né xac
dinh tan =6 dao ddng ricng o6 dinh cda bda rung (rén ¢ie 16 xo. Do
do6. dai val eae bia rung sU dung trong sdn xuit. thi cong, ty 6 2,
14 khéng doi va ed gia tri da cho. Pidu nguge 1ai, khe ho gida dau
bia v mit coc lai dé dang thay déi. Van dé 13 chon gid tri khe hé
vt do do gia tri » (khe ho thu gon) dé véi gia tri 2, di cho dam bio

van tée va cham 16n nhat.

G1a tri t61 vu cua khe hd tugng tng véi gia tri 1an nhit eta van Loe

va cham duge xie dinh ti phuong trinh:

Trén thue té thi R =1, gid ui ham y= v,  R) hitu han, tir (3.59)

SUY A g4t 161 vu s bange:

(3.63)

Thay (3.63) vao (3.59). ta nhan duge gid tri 16n nhat cda ham
Vian Lo
A¥TFD

"lll. Sax T L e LT T (364)
I el B ORI (O U

Cae eong thie nhan dudge cho phép xae dinh gid tri td vu cua khe
ha vét gia tri cho trude 2.

Trong bang 3.1 dan va nhiing théng =0 6 ban cua baa rung phu

thude vao chu ky da cho cua va cham,
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Bang 3.1
5 . i : r )
;o : .4 - 0,-6 o _T_ _> -1+t . 4 .
2 | 0.25-073 < -1 2.8
3 I 0.19-0.22 ' <-1 2.5
4 0.125-0,17 < - 2.5 .

I e e e - 1

3.2.3. TINH TOAN BUA RUNG HAI BAC TU DO

Trong phin trén ta khao =3t phuong phap tinh toan buia rung mot
Lae tu do. O trusng hdp nav va cham dudge thye hién true tiép boi
mayv rung, Can trie nhu theé dan dén nhiing bé phin riéng ré cua
mav rung (déng od. & dd.) s¢ ehiu tae dung cda eie tai trong va
cham vit ¢6 thé bi pha hong, Khae vdi so dd di khao sat. mot sa 4o
khac cua bia rung v va

cham  duge  thue  hién

2 /07
khinmg  phid oude Uep @ O
hing mav rung ma bang 2 X\
|
|

khét huone dace bier dat 4

C

UL AN PLUNY Vi ma coe.

lidn ket vai coe bing 10 xo.

Sl baa rung o6 the mé
ta nhu hinh v thinh 3.9,

erong do:

L phan va cham  khd

liong 2.

2oy runy khan laong i

3 ket ciau hacchin vao dat:

Hinh 3.9

4 vt Droede 16 xo dan han

v ding.
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Trong trudng hop nay viée tinh toan bua rung din tdi khao sat dao
ddng chia hé hai bic ty do.

Ta ky hiéu:

g, s - dich chuyén thing dung cua trong 1am cac khol lugng ms.
m., t vi tri can bang tinh:

¢, c,- hésdclng dan hdi cia cac 1o xo;

Q,, Q.- trong lugng ctia phéan va cham va clla MAay rung;

P cos(wt + ¢): lyc kich dong cua may rung.

Phucng trinh vi phén dao dong cua phén va cham va cua may
rung khong tinh dén phan lyc giam chan dude viét g dang:

Q..
_gl"h +¢y{q, —gy) i, =-Q,

%Ejz +¢5{q4 —q1)=Pcos(wt+(p)—Q2‘

(3.65)

Nghiém tdng quat cua phudng trinh (3.65) ¢6 thé tim & dang [3]:

- Acos(ot + @) — By, cos(Eof + y,) — Bopy cos(E,of + Wy ) — Gy
, = Beos{at + )+ B, cos(E,f +y, ) + B, cos(Gyof + s Y- g

(3.66)
trong do:
ZA--&
(1 )(1 £y )
v Lo (3.67)
iyt
(1-5)A-E3)
5 k k.
V(‘jl A*_Q-—,nlz—l—"n‘):._z.
Q_)_ [O)] B ()]

k., k, - tan 0 gidi han dao dong riéng cua hé:
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IPRNT STy 6., it
Q] Q:1 Ql ¢
Q *Q Q‘J
26 = T 2 N 2
Cq C,

Cac hé 56 p, ., bang:

!/. 2
Iri 1i u.,:f’-ﬂ +1.

£,.%, la nghiém cua phuong trinh:
'—[nf {1+ Sm3le” +nin; =0.
Cac didu kién ban diu cha bai toan d61 véi khal lugng dusi m, 1a
-khit=0: g, =-q,. q =RV:
-khi ¢t = 2(% g, = g, q, =-V. (3.68)

Con d61 voi khéi lugng trén m, dich chuvén va van tée théa man
diéu kién lién tue:

v L
g, (t=0)= (f: 2nn 3‘:
N m _
C om (3.69)
Gu(t=0)=q,| 1= f?‘;j_
L ()

Nhu vay ta co sdu diéu kién; bén diéu kién déi vai khéi lugng dudi
m, va hal diéu kién @81 vdi khéi lugng trén m,. Thay cac diéu kign
nav vao (3.68) ta dan ra duge cac két qua lién quan dén xde dinh
van tée va cham V-

o= —AnE Ly, = —ATE (3.7
sing = va- g ; (3.71)
Z2A®
vV
B, - (] + R) : ‘
2(,)_,1(}11 Ly )sin ks, 579
B, - V(1+R) o

de Ly — Hy)sinAng, '
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] - R) V(i+R) ht cotghrg, p, cot ghmi, 1

—q +q, =A—- Z .
o TG =5y 4An 20, 1 )L £ & ‘
(3.7
Néu ky hicw
pLeR 1 oottty pcotgint | g
1-R o -m | & g |
Ta nhan duge:
} - 'A ]_ + z

‘,-T _ 2(] v — (qr; q'[f )f + ( f ) (qp QH)— i (375)

1- “R 1+f

Bav gio ta tim gid tri t8i uu cua thdng 58 (g, —q,) dé van toc va

cham c¢é gia tri cyc dai (tudng Gng véi cac gia tri cho trude eun
2.5, i phuong trinh:

v o
.](qrj Q'H )
Ta co: :lqu - qlt;ih':'i R 'iAIf.
Do dd. nhan duge:
2(I')|AI 2 Oy 2)
Vo :_ﬂ“‘ie Y Inz_ (3.76)

| [ . 1+
g, =|AR - sinof + — X o ol T
1-R E]-E&, c_lsm?\nﬁ.l

Fj—nz ~ e
-— 2 cosE, (ot —hm) i —qy, - (3.77)

niné,

I'Jj

bsinwt 1+ R " { osf 1((01‘—Mt) cosé, (f-)t—ﬁ*c)w
+ - - - +— -q.

f’:|A|{_ - o L ¢
! A 1-R £]-%; £, sIning, E,sining, |

(3.78)
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§3.3. DO SAU HA CHIM VA VAN TOC HA CHIM
CUA KET CAU

3.3.1. DO SAU HA CHIM

Trude hét ta xél truong hap kéo két ciu tir dat 1én bing may rung
véi gid thidt rang: khong cé lue dinh cta dit va két cdu duge kéo
1en vai van toe nho, e edn nhét rung 6 thé bo qua.

K¢ hiéu 1y 1a ty 26 gia tdc dao dong vdi gia toe trong luc,

Phudng trinh vi phan mé ta sy phu thuge gitia luc ma sat (£,,) va
tri & 1 oo dang [3. 4]

- 1.}, (3.79)

& dav:v = v, - hé s6 anh hudng do rung l1én ma sat cua dat.

i’!”?.‘;
Khi n=0 thi R, =F, : F, 14 tris8 luc can bén cua dat khi

khéng ¢4 rung dong. Néu tang gia tde dao déng thi tri s6 cua lue
ma sat sé tién téi gia tri gidi han R, phu thude vio dién tich mat

bén ctia két cdu va tinh chit cua dat.
T phucng trinh (3.79). ta nhan duge:

R =R.+(F

s

~Roe M. (3.80)

L2
Khi chuyén téi eic gia tri viéng cia hie can bén caa dat. ta co:

o= +{o, —a e {(3.81)

s
GHia tri 86 cua cac hé s§ «,,,.c. va 7 nhan duge tif thye nghiém
cla H.A. MpeoBpaxercknit dan theo bang 3.2.

Goi ung luc kéo két cu chim trong dét 1én 1a 8. Tu dié¢u kién can
bang cta két cdu chim trong dat, suy ra:

S = S!h'[u* + (a:u.\' - (-1“')‘-'}_-'.” ] + Q ' (382)
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8 dayv: @ - trong lugng cua ket cdu va may rung:
h - dé siu ha chim cua két cau vao dat:
S, - chu vi cia phéan ha chim cta két cdu:
¢, .0, vA y - cac hi s8 xac dinh tinh chat eua dat;

1}- ty 86 gia toc dao dong vi1 gia tdc trong truong.

Bing 3.2. Gia tri cac hé s6 o, .0, va y d&i vdi coc gé va cir thép

Ton kel céu Chuvi | Diéntichf F:,Js L S R Us .
S, (m) (m?) (tan} | (t'm?) {t ‘ (W) ’

Cocgbh=4m ! ‘ -
Pudng kinh 25cm | 0.8 3.2 5 1,6 08 ' 025 | 0.5
Budng kinh 20em | 062 | 24 4,5 19 1.0 : 0.42 0,4
pudng kinh 15cm | 0,47 1,9 3.2 17 0.8 i. 0,42 1,0
Gitthéph=3m | | ' |
Phing 1,0 3,0 32 | 1.1 12 | 0,4 0,75
Lan séng 12 | 38 45 | 1.25 ‘ 0,8 ! 0.2 0,80

Bidu thiic (3.82) cho quan hé tng luc S cin thiét kéo kél cAu chim
trong dAt phu thude vio tinh chat cua dat, duong kinh va do sau
ha chim ctia két cau vao dat.

Ta minh hoa vi du 6 4p dung hé thic (3.82). Gia su yéu cau kéo ol
phdng bing thép déng ¢ do sdu 10m trong dét cat, cd o, = TUm":
a. =02t/m*; v=08; chu vi ctt S; = Im; trong lugng cua el vit
may rung @ = 2.5 t. Gia thict may rung gy ra gia toe bang 10g.
Theo (3.82). ta cd:

§=1.10[02+(7+02)e "] +25=167t.

Trong trudng hep khao sat Ung luc kéo vugt trong lugng tong cong
cua may rung va et 1a 2,17 t. Khi khing 6 rung dong (n=0). ing

luc can thiét dé kéo phai can tdi 74,5 t.
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3.3.2.

Bav gid ta xét anh hudng cac théng s6 khae nhau dén dd sdu ha
chim 1én nhat. Khi cha v S 1a (ng luc kéo, t (3.82) ta co thé viét:
S+Q

R Sl [(X.* 4 ((1 —o, )e..m] .

(3.83)

s

Cac tinh toan va ly giai trong [3] da ching té rang: vige thay déo
trong ludng may rung dua dén sy thay d61 bién d6 va do 46 ca gia
toc dao déng. Néu tan s6 may rung 16n so véi tan 6 dao dong riéng
thing ding ctia két ciu thi bién do dac déng cudng biic thay déi ty
1&¢ nghich vdi trong lugng cha may rung va két cdu. Vél s6 vong
quav mav rung khéng déi, gia tde dao déng sé thay do6i phu thude
vao trong lugng may rung. Vi vay, d6 sdu h,,, trong trudng hop
niy ¢6 thé hidu thi bang hé thie:

oo 5+ (3.84)

11 E%Y [1J

Syl o+ (e

s

Qrue

§ day dat: =y 0°;
g

Q.e- mbémen léch tAm ctia may rung, © 12 tin sé cua né.

D& thiy rang, t6n tal gia tri tél vu ca trong lugng may rung va
két cAu dé dd sau ha chim dat gia tri 16n nhat. D61 véi truong hop
khi hé s6 bién do K. {xem (3.7)! gin bing don vi, gia tri t61 uu cla
trong lugng trén duge xac dinh ti phuong trinh:

o e.ﬁé _ B(S“_LQ)—L

o, —O Q°

ms

(3.85)

VAN TOC HA CHiM

K&t cau rung la ngudn séng dan hdi trong dat, tao ra trucng gia
tée bien ddi. Theo cac k&t qua thue nghiém cé thé gia thiét réng:
duéi tiac dung rung dong, dat bién thanh méi trudng cé tinh chit
nhét. Hé 56 nhét rung s¢ khac nhau déi vdi cac diém khac nhau
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trong dat. Néu mudng gia tdée cua dat xie dinh bol ham
Wix.y.z) thi hé s6 nhdt rung cing sé dude e dinh bdéi ham
§ - 8 Wix.v.2)]. BBau toan ha chim két cau bang phudng phap
rung. kh hue tae dung 1én né chi 1a lue ean nhdt eta ddt, dan dén
van dé vé ha ehim k6t edu bang phudng phap rung vio mdi wrudng
e6 hé =6 nhdt rung bién d61. Nghiém cua bl tein nav. ngav ea
trong trudng hdp don gian nhat cing gip kho khan Idn vé toan
hoe. Tuy nhién, khi dua ra eae gia thiét don gtan hén cie tinh chat
el moi Lrudng va cta két e, ta oo thé ddnh gid Anh hudng eta
ede véu 1§ khae nhau 6 te] 6 van tde ha ehim (¢6 xét Jdén lue can
nhét caa dat).

(la st lue can nhdt cia dat tae dung 1én miat bén eun k&1 edu ha
chim khong phu thude vio dang bé mat cta 10 tmat tra. mat
phang hav bat ky dang nao khae). ma chi phu Uhuoe vao do 16n bé
mat sinh ra trén mdt don vi chicu dai ctia phin két edu ehiim vie
ddt; k&L eau dude ha chim vio dat I tidm mong v6 han: dat Jude
khio sit nhu méi trudng nhdt khong nén dude. Bo qua =y thay déi
ap lge eva dat gavy ra khi ha tdm va coi thanh phin van téc chuyén
déng cta dit theo hudng thang gée véi hudng ha chim eda tam la
nho so véi thanh phan van toe chuvén déng cta datl ¢ hudng song
song vl hudng chuvén ddng cua tam.

Goi 1 1a ting sudt & diém nao dé ena dat gay ra bai lue nhét. p 1a
mat 4 khol lugng dat (eol khéng doi). 8 1a chiéu cun van tde tuvet
ddi cun phan td khao sat 1én true song song vé hudng ha chim.
Phuong trinh chuvén dong cua phin td dat khao st <6l
Yo (33 %6)
ot cx

bar chiu tac dung rung déng duge col nhu thoa man gia thict

Niuton dd véi méi truong nhét, nén:

-4 (387
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(*ac phudng trinh trén can phai théa man phudng trinh lién tue:
vy
eV o e
A (3.88)
Cy

- Phudng trinh (3.86) bav gio e6 thé vidt 6 dang:

Va8 eV i :
pll ol g V (3.89)
ot éx®

Piéu kien dau va dicu kién bién cd the 1ay:

-khit=00 V=W

-khix =0 V=V (3.90)

khix=w V=0,
G dav: Vi, - van tde ha chim tam vie dal.
Bang thue nehiém. cac tie gia nghién edu chi ra ring: néu tan 56 dao
dong khong déi. hé s6 nhét rung § phu thude vao gia tde dao déng
hay vao bién dd dao déng. Do do6 dé xac dinh hé s§ 9 can biét su phan
b bicn dd duo dimg gan két cau ha chim. Nhiing nghigén ctu ly
Chuvét vé Tan truvén séng trong dit gay ra bit kél cdu ha chim bang
phudng phap rung chda co va vé van dé nay ngay ca nhing nghién
et thue nehiém van eon thiéu, Trong mét sd thue nghiém, cic tac
i edng di tién hanh do bién dé dao déng thang ddng cta dat gan
coc rung trim eiace khoang cach khie nhau (ké tir coe). Mot trong cac
k6t qua do nhu vay, dan ra trén hinh vé (hinh 3.10).
Cae vong tron nho trén hinh vé chi cice tal héu thue nghiém, cie
dutng cong duge dua ra theo quan hé kinh nghiém:

A=A, {3.91)
trong dé: A,- bién do dao ddng caa coc.
Vi gia toe dao dong bang:
W =4 0",

nén: n=e ., - ty 86 gia toe dao dong cua két ¢du ha chim véi
gia toe trong lue: 1, 6 thé gol 1a ngucng (giéi han) cua trang thai

rung nhdt caa dat



GO SGLY THUYET KY THUAT RUNG TRONG XAY DUNG

Bién @ (mm)

Khoang cach tif coc (cm)

Hinh 3.10

Mat khac. theo [3], ta ¢6 quan hé¢ sau trén cd 56 thiyic nghiém:
1
g. :a(n_nu}' (392)

Thay n vaoe (3.92), ta nhan duge sy phu thude cia hé s6 nhét rung
vio khoang cach:

[ L

an,e ™ -b
Gia thiét & nho. ta ¢ hé thic gan ding:

9=9 e (3.93)
G day: 8, - hé sé nhét rung tuong tng vii gia toc dao dong cha két
cdu ha chim.
Tix (3.93). ta cb:

ﬁ: 3 we™
R )

)

9 . .
Thay & va -(é— vao phuong trinh (3.89). ta nhén duge phuong trinh
dx

chuyén déng nhét cla dait:
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oo P fY g (3.94)
cx” B ot

Trong trudng hgp khi o ¢6 gia tri du nho. phuong trinh chuyén

déng nhdl cua dat cd dang:

BV v eV

yra B o-=0. (3.95)
ox” ax of
aday dat: p° = P
9

Nhu vav. phuong trinh chuvén déng nhét ctia dit dan téi phuong
trinh truveén nhiét véi hé <6 khong déi.
Nghiém ctia phuong trinh (3.95) tim ¢ dang:
7 __u:t
V=Ve® . (3.96)
Thay (3.96) vio (3.95) ta thay: biéu thize (3.96) chi thda man khi V.

thoa man phudng trinh:

(?'ZV* ” A'1‘/\\
— =P - (3.9
i’ P ct
Dicu kién dau va didu kién bién khi nay viét duge:
Skhit =00 V=0
w't
Skhix=0: V.=V, ', (3.99)

Phuong trinh (3.97) vdi dicu kién (3.98) tuong Gng v6l bail toan
truyén nhiét trong thanh bi gidi han ¢ mét phia. Nghiém cha bai
toAn nav di biét. Trong trudng hgp khao sat, ta c¢é:

B lﬁ-‘z.r2

t M-

V. = YB— jtp(y) € y dy. (3.99)
2\"]1 P (r - Y) 3




Tu do:

Ry -
v -9 Sl I(P(‘{) S o-dy (3.100)

Ty (=) ¢

Sau khi =u dung phm ng trinh (3.86). trong |3] da dua ra biéu thie
t 1h Ung sufit tidép 1, trén mit cua phan két ciu ha chim. gy ra
do luc tac dung tuong hé eta dat nhat vai ket cdu:

g 7 A
__|,'p et

ST I <R VA (3.101)
MRS 3 T
Gia thiet V), khong d61. ta ed:

1 'pvht i
! \\ ab h

r\:-iQ

8,V,.. (3.102)

& dav: k- do sau ha chim két cdu vio dat.

o
|p8u 1‘_}

Truong hop hé 26 nhit «w =0 thl 1, = Vo
| wh

Néu két edu duge ha chim vao dit ¢ d sau h. thi lyc can toan
phan cua dat bang:

9., 8
F - bhmﬂ " .-”“) )Vm_. (3.103)

Cot 8, nho so val 56 hang dAu cua (3.103). ta cd:

08, V
F. =28 h, 08.Vie (3.104)

\ wh
Trong truong hap téng quat, lgc can bén bao gbm lde ma sat kKho
F . va luc can nhot F. Diéu kién ha chim ctia két cau cd thé viét 4

dang:
S+QzF, +F
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8.V,

hay: gz hL +2 'p he 1 (3.105)
L V ngh

g day: g = S+4. s r=oe o, —ase,

1

(12l phuong trinh (3.105) do1 véi Vi, ta nhan duge:

PR

| 2
| g g
V., =3+ - h . 3.106

e \[h r] 4p8, ( )

Biéu thie (3.106) cho phép danh gia dnh hudng cac théng s6 khac
nhau tdi van toc ha chim (V,.), déng thoi ciing cho phép xac dinh
hé s6 nhot rung cha dat theo van tée, tai trong, dudng kinh va dé
sdu ha chim cta k&t cAu da cho. Ré rang, khi cin tang 49 sdu thi
van toe ha chim cén phai giam dan. Thyc t&, coc thudng c6 tiét
dién ngang tucng d61 lén nén viée ha chim coc vao dat bang
phuong phap rung, thi diéu cd ban phai khic phye lyc can cua dat
1én mat bén coc. Trong trudng hgp nay, van toc va 46 sdu ha chim
coc vao dit chiu anh hudng c¢d ban 1a bién d6 dao dong. Nhu vay,
cAc may rung su dung dé ha chim coc cin ¢6 tan s nho va mémen
léch tam 16n, dam bdo dao dong véi bién dé du 16n (cac may rung
ding ha chim coc phai tucng déi nang). Khi cdn phai khic phuc

| luc can bén 16n, t6t nhat 12 sit dung bta rung hoic mé hinh két
hop rung va va cham (co cdu rung déc biét).

Cde tai lidu thue té cho thdy [3]:

Ha chim céc coc gd nhe vao d6 sdu 6 - 8m trong nén dit yéu, ap
dung bia rung ¢6 mémen léch tim 400 - 500 kGem, s6 vong quay
1000 voéng/phut, cong sudt dong ¢ 10 - 12 kW; cdn dé lién két may
rung vdi coe nguol ta dung mii ném.

Ha chim coc bétdng ¢t thép, ap dung may rung tén s thip: Néu
ti6t dién ngang cha coc 16n dang ké, sé xuit hién luc can mat bén
16n. Pé khic phue luc can nay ¢in rung coc véi bién dé dac dong
16n. Thudng ¢6 thé so bd tinh chon:
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@

trong do: Q¢ - mémen léch tAm clia may rung;

A - _Que

@ - trong lugng cua COC va may rung,

Theo bién d6. trong lugng cua coc va may rung da cho, dé dang xac
dinh {6 ldn can thiét cda mémen léch tam, Cac coe bétdng ¢6t thép.,
trong lugng cua né va may rung thudng vao khoang 7 - 10 t va
ciing ¢6 thé 16n hon. D& dam bao rung ¢d higu qua, bién d6 dao
déng may rung cin vao khoang 10 - 15mm. mémen léch tAm cua
may rung phai khéng nhé han 10000 - 15000 kGem.



Chuang 4

VA CHAM DOC CUA THANH DAN HOI
VA AP DUNG CUA NO VAO BAI TOAN

THI CONG PONG COC
I S—

1. Hién tugng va cham trong cac hé cd hoc 1a hién tugng dic biét
va rit da dang, nhung ¢6 thé néi chung la:

a) Vé mdt déng hoc: thdi gian va cham rat ngin, trong thoi
gian va cham xay ra sy thay déi van téc diang ké cha cac
chat diém thude co hé.

b) Vé mat déng lue hoc: xudt hién va mat di cac lyc va cham
rat lén.

Trong mét vai trudng hgp cic luc va cham c¢é thé coi la nhiing
lue ngoai da cho, khéng phu thude vae tinh chit va chuyén dong
ctia hé co hoe (ching han nhu séng nd 1én cbng trinh); con néi
chung. ching tén tai 1a nhiing luc kich déng ma tac dung cla
chiing ¢6 thé giai quyét véi méd hinh clia nhiing dao dong cudng
bic. Diéu nay da duge lam sang té mét phan trong chuong 1,
chuong 2 va chuong 3.

2. Sy phat trién ctia ly thuy8t va cham c¢é thé chia thanh ba giai
doan chinh:

Gial doan diu 1a ly thuyét va cham ¢8 dién. N6 gén lién véi tén

tudi cua Galils. Huyghen, Niutdn, Marpy, Ricat. N6i dung cta ly
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thuyél va cham trong giai doan nay chi 12 mat phéan ctia cg hoc vat
ran. K& qua 1a dya vao cac dinh 1y ctia cd hoc c6 dién dua ra
phudng trinh co ban cua va cham:

_.-'\('1?117) = ;[th ) (1)

11

Sau d6 d& phi hap véi thue t€ hon da dua vao hé 586 khéi phuce dua
trén cd s6 thue nghiém:

= “?3 . (2)

Sl

Tén tai cua ly thuyét va cham cd dién duge nghién etu va gidi
quvét véi su ra doi cta Iy thuyétl bién dang vi tri. Ngugi dat nén
mong cho 1y thuyét nay 1a Hee. Ong da dua ra hé phuong trinh o
ban cua bid toan tiép xdc. Tuy nhién, )y thuyét cua Hece ciing chi
ap dung khi cic vat va cham c6 téc dé nho va ¢ vang tiép xuc cac
ting suit khong vugt qué gidi han dan héi. Vao nlta dau thé ky XX,
Staerman da xét bai toan tong quat hon, nghiém cta Hee dua ra
chi 1a trudng hgp riéng.

Vio nhiing nam cudl ciia nia dau thé ky XIX, cac nha nghién cltu
da nhan thay rang: viée coi vat thé va cham nhu vat rin tuvét dd
i hoan toan khong hgp 1y trong thuc t& Nam 1823, Navié da xét
bai toan vé va cham doc clia thanh dan héi va viét nghiém caa no
dudi dang cap s6 v han. Nghi¢m ¢ dang dé khéng thuéan tién khi
ap dung thuc t€ do tinh héi tu cham cia ¢ip s6. Su phat trién tiép
theo phai ké dén tén tudi cua CeH-BeHaH va BycemHeck. Nghiém
cua phuong trinh séng da duge viét dudi dang nghiém Dalambe, nd
cho phép (ng dung thuln tién khi ap dung vao thue 1&. Dua vao
két qua nghién cdu trén, nhidu tac gia dd dua ra cac coéng thie
khac nhau ap dung vao cic bai toan coc, khi thi cong nén méng cac
chng trinh. BPang ké phai ndi dén cac ¢dng Lrinh cla Ghexévanbép.
Tricundp. Vatxilepski, Smith. Holandais... v cdc két qua nghién
et etia Lrudng dai hoc Case USA do Goble chu tri vao nua cudi
thé ky XX.
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Hién nay ¢ nudc ta dd xudt hi¢gn nhiéu cdng trinh nghién cau
ang dung ly thuyét nay. Tap trung va ¢6 két qud trong viée hoan
thién 16p cac bai toan vé ly thuyét séng va cham doc cting nhu
bude dau c6 nghién cdu ving dung trong thi ¢dng méng coc 1o dé
tar nghién cdu c¢dp nha nude. duge tién hanh nhidu nim do
GS. TS Nguvén Thie An chi tri cung véi cic edng tac khou hoc
125. 28, 29. 31. 39, 11].

§4.1. VA CHAM DOC CUA VAT RAN
VAO THANH PAN HO!

41.1. VA CHAM CUA VAT RAN VAO THANH BAN HOI MOT DAU
GAN CHAT

4.1.1.a. bat bai toan
Xét va cham eta vt ran vao thanh dan héi dai 4 ¢6 mdt dau

gan chat con va cham xav ra theo mit tu do con lai cua thanh
{hinh 4.1).

Vo
= .. - I

Hinh 4.1

Chon truc Ox nhu hinh vé. Gia st V, 1a van téc ban dau cua vat
thé va cham. Phuang trinh vi phan va cham doc cia thanh theo

(2.4} chuang 2:

ik
o=

ST & aTu ‘ (4.1
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Piéu kién ban déu cia bai todn (£ = 0):

“’|:—.n =u(x =0 O<x<{ (1.2}

3
w0 o pax< (4.3)
al = o
iy 2

w0y =y (4.4)

A ct
Piéu kién bién cla bai toan {x = 0, x =

(0, ty=0,2=0. (4.5)
Con tai dau thanh ty do (x = ) luc doc dau thanh bang lyc quan
tinh cua vat va cham. Ta cé:

2,1
gp -_Q%u
oxl . ga|
Néu ky hiéu ty o trong lugng cua vat va cham Q véi trong lugng
thanh Q, = vF/ qua m (@ = m@,), ta viét duge hé thde trén 6 dang:
3 u(t. .
g ZHED g oult,l) -y (4.6)
ot ox
Giai bai toan duge thigt lap chinh la tim nghiém cta phuong trinh
(4.1) théa man cac diéu kién ban dau (4.2) - (4.4) va ¢1€u kién bién
(4.5) — (4.8).
4.1.1.b. Giai bai toan

St dung phuong phap tim nghiém Dalambe, nghiém téng quat cua
phuong trinh (4.1) co dang {2.69) chuong 2:

U= (p(at—x)+\p(at+x). {4.7)

Tt didu kién bién d ddu ngam (4.5). ta co:

wlat) = —o{at) do1 véi bat ky at,

nén: wlat + x) = -olat — x} .
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Nghiém (4.7) ¢6 thé viét o dang:

w = qlat —xy—plat + x). (4.8)
T (4.8) dé1 véi thai diém ban dau (£ = 0). ta cé:

ul, = ol=x)-q(rx)=0. O<x</

cu , .

<, =0 (-x)—@'(+x)=0. O<x <t (1.9)

axl,

fu , ‘

- =ap'(-x)—ap'(+=x) =0, 0<x</{

ot

=i

Khi st dung didu kién ban dau. hai h¢ thdce cudi cua (4.9) cho ta

két qua:
pl=x) -p'(+x) =0

0<x</ (1.10)

¢ (—x)-'(+x)=0

Khao sat ¢ nhu ham cua Z (Z ¢6 thé dat bang —x hay +x). tit (4.10)

ta két luiin duge:

P (Z)=0. Sd<h<d (4.11)

Vav. ¢(Z) = const . Dicu ki¢n (4.9) van con thoa min khi ta chon

hang 6 bang khong. Do dd:

p(Z) =10, A< A< {4.12}

Trg laj didu kién bién (4.6) ¢d thé xae dinh duge ¢(Z) nam ngoai

khoang - < Z < ..

Thay (4.8) vao (4.6) viu dat at + /= Z. ta nhén dudce:

02+ (D) =" (Z 20 %(p‘(Z Son. (413
m

Ap dung (1.13) ¢ Lhé' xAay dung lién tiép cac ham (Z). That vay.

trong khoang § < Z < 3/ v& phai cta (4.13) biang khong. Tich phan
phiiong trinh nay. ta biét ¢(Z) trong khoang { < Z < 3/ va 1ai biét

duge phan phai cua phuong trinh (4.13) trong khoang 3 < 7 <
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Tiép tue tich phan phuong trinh vita nhin duge. La c6 ¢(Z) trong
khoang 8/ < Z < 5/ C lam nhu vay. ta xac dinh duge p(Z) d61 véi
cac gia tri cua Z 16n hon /.

‘Bay gi¢ xét (4.13) nhu phuong trinh d6i véi ¢'(Z). Nghiém téng

quat cua né bang:

- _ Z _ Z ¥4 ﬂl
e (Zy=Cie ™ +e ™ Ie”“’ [[p”(Z -2H —%(p'(Z —2Z)JdZ_. (1.14)
m
v6i: C, - hang s& tich phan.
Trong khoang / < Z < 3/ v& phai ctia (4.13) bang khéng, nén:
oz
0'(Z)=C,e ™.
Tit diéu kién ban dau (4.4). ta viét dugce:
a[p(-/+0)~ @' ({+0)) = -V .
Néu chu y dén (4.11), s hang thi nhat trong dau ngoic vuéng

bang khéng. ta cé:

1 1

- 1% 1% -
p(Z)=Cle ™ =—2 5 =em 2 {4.15)
a a
Déivai{< Z < 3/ thi:
v, -2
P Z)y="te ™ [<Z <3 (4.16)
a
Kht 3/ < Z < 5/, 11 (4.14), ta c6:
174 “Z_:.”
O (L ~2/)=-"e ™ |
a
Thay vao (4.13), ta nhan dudc:
Z- 3
2V 2
0 Z-20)- 2 gz -on=-2 Ve m
m mi «a

Nghiém tdng quat caa phuong trinh nay viét dusi dang:
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zZ . £
- 2V -
O(Zy=C,e "™ - 2AZ _3Ne ™ | (4.1
- mi a
Hang s8 C, duge xdc dinh tit diéu kién lién tuc cua van téc ¢ ddu
e e e o 2{
thanh td do (x = ) trong thoi gian va cham (tai thor diém ¢ = =2).
a
Biéu kién nay cé dang:
i (?-'ui
ou - _u (4.18)
al=n ety
I i iz +11
" i

St dung hé thic (4.8) hodce hé thite cudi cta {4.9), chi y tdl cac hé
thite (4.11). (4.16) va (4.17), ta nhan dugce:

v vV i Vv 1 4
- "=—"-Cem">5C,=-" ,(e’" +e™ |. (4.19)

4 a ak

Do d6. d61 véi khoang 3 < Z < 54, ta cé:

FE ) zon
@'(L) = Ke meoy K‘-’- rl -—{(Z —3!)}3 me <A< Bl (4.20)
a a L mi

Tuong ty trong khoang 3/ < Z < 74

v 2 oy c 2w
§(Z)=-"*e ™ + --1{1——2-(2—35)} "ot
@ ¥ nl
Vv ) _Z—:Tu'
+—Llrl——4--(z—5f)+ 2 > (Z*E)Z')““e mi (421)
al m (mi)* i

Ham o(Z) c¢6 duge khi tich phan cac ham ¢'(Z) . Cac hing s8 tich
phan dude xac dinh tu cac didu kién lién tue cla dich chuyén
u(x, ¥) tal dau thanh (x = 4. Két qua la:

WLy=0.,-{<Z<{ {4.22)

w, [
(P(Z):E'-'_’_’Ll—e i J,J<Z<3{_- (4.23)

a
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Z-i Z a0 7z
miV.o -7 o mivoo -0 2V ' .
WZ)y=——-"e " +—"e " +- C(Z-3De A< <D (4.24)
a a
L‘/r - _Z—.' A V . o A
q’)(z] = m W [ 1 - i 4 nlg_"{l + 2 . (Z _ 3 ‘.') !(., oy
a ). a mi J
2V 2 J1o _
- ”%+—;AZ—MTF m— D<A < (1.25)
a moi-

Khi biét ¢(Z) ¢6 thé xic dinh dich chuyén va ting sudt d bat ky
tiét dién ngang cua thanh.
. .. 2 . s .
Nhu vay, vai 0 <t <= thi plat-x)=0 vatacdou - lat+ x). Do
a
la dich chuyén cua soéng theo huéng am cta true Ox. Biéu thic ena

né c6 duge trén cd sG cong thie (4.23) sau kbi dat Z = af + x. Vi
!

t = © séng dén dau thanh bi gin chat va xual hién song phan xa
a

.

. L d 20 . .
theo hudng duong truc Ox. Do dé kht — < f < — ton tai hal sdng:
a a

séng oqlat —x) dich chuyén theo chitu duong true Ox va song
(et +x) dich chuyén theo chidu am true Ox. Ci hai séng déu céd
thé tim bang cach thay Z =at —x vAd Z = af + x viio biéu thiic
(4.23). Tiép tuc con dudng nay ta cd thé nhan dude bice tranh dAv
dd ctia hién tugng va cham doc caa thanh dan héi.

“ac hé thie trén nhan duge chi ¢6 ¥ nghia trong thol gian va cham
gita vat ran va thanh. Can phai xét sy két thie va cham tai thol
diém 1 nao do.

Ta c6, ap luc gita vat va cham vao thanh biéu dién qua dd dan d
tuong déu:

N
Gu‘ =—g'(at - H—¢'(at+{). (1.26)

-

cro -

x=r

. p !'lr{ - kN » - - - - - f
Khi 0<t< 2 vé phai ctia (4.26) duge xéc dinh bing hé thize (4.16)
a
Y

¢

Ny
e e . du . o 2
va nhan gia tri duong, nén —| < 0. Vay thoi gian va cham t > - .
8x| . _. a
X=i .
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Khi ‘ < f< 2 . 36 hang dau cia v& phai (4.26) duge xac dinh bot
a a
(4.16), s6 hang th hai duge xac dinh béi (4.20). Ta cé:
Ay, V _at 2 _9y
Tl 1+2e’“(1 _at- ‘3‘(-] .
axl . a N mi

Hé thie quav vé khéng khi bhidu thic trong ngoic vubng bang
khong, hay:

o

2t 4 -
——=—+4+2+e ", (1.27)
Mmi m
. . N T . . 2 A
Phudng trinh nay chi ¢é thé c¢6 nghiém trong khoang — < f < —
a a

chi trong truong hgp néu:

- 4

24 " <« —

m
Theo tinh todn clia CeH-BeHaH. bit dang thae chl xAy ra véi
m < 1,73. Vay. néu ty s0 trong lugng vét va cham va trong lugng
thanh m < 1.73 thi va cham sé& két thuce & thoi diém théa mén

2{ 4 s e . . X -
20 Thét didm nay dudge tinh theo phudgng trinh (4.27).
a

— < f
o

Néu m > 1.73 cAn x6t dén su két thuc va cham trong cac khoang

44 <t < 6! . ... CeH-BeHaH ciing tinh dudgc:

a a
2/ < at <4/ néu m < 1,7283:
4{ < a1 <6/ néu 1.7283 <m < 4,1511: (4.28)
6/ <at < & néu 4,1511 < m < 7,35.

R& rang. ty sd m tdng thi thoi gian va cham ting. Ung sudt nén 1dn
nhat khi va cham dat dude & midt gan chat.

Khi m =24 (m 16n) e6 thé tinh theo céng thie gin diing du dd
chinh xac:
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Tpax = EL(\; + 1) . (429)
(2

Khi 5 <m < 24;

G

[3F Y

- EL(\-’E +1.1) (4.30)
o

Khim < 5. CeH-BeHaH dua ra cong thiie:

I8 e

V .
9] ~2K Ll 14e ™ {1.31)

nix
a '

. J

4.1.2. VA CHAM CUA VAT RAN VAO THANH PAN HOI TU DO

4.1.2.a. bat bai toan
Xét va cham cua vat ran trong lugng @ vao thanh dian hdi dai /
dién tich méat ciit ngang F. mat d¢ khoi lugng p. médun din héi
cua vat licu E. Goi T_/T la van téc ban dau cta vat thé va cham.
Chon true Ox nhu hinh vé (hinh 1.2). Phuong trinh vi phan chuyén
déng cua thanh viét theo (2.4) chuong 2:

e 5
Cu L 6%u .
S mat— . {4.32)
cf” éx”
1 i~
' - | |EU
4 day a= 1 = 1=F

Hinh 4.2

D1éu kign ban dau cuia bai toan (¢ = 0)

u,_, =t(x0)=0. 0<x<y (4.33)
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|

L x0) =0, O<x<i (4.34)
cti,

f$: —ulxM=-V,, x={ (4.35)
[

S

hicu kién bign cua bal toan (x =0, x =4
an JAERD o) k=0 (4.36)

Tai diu 1y do ¢on lai. ing sudl o, cua tiét dién ddu thanh bing
lue quan tinh cua tai trong va cham. Ta c6:
- o
g OU cTu
(_):EF ...:——Q.__

! T
o g o’

Ky higu: —Q— =m: @, = vF{ . taviét hé thiic trén & dang:
|

i » dul?,
el ””j) - dult,!) x=/ (4.37)
ot ox

(31a1 bai toan trén 14 tim nghiém cua phuong trinh (4.32) thoa
maéan cac diéu kién ban dau (4.33) — (4.35) va cac diéu kién bién
(4.36) — (4.37).

4.1.2.b. Gidi bai toan
Nghiém cua phucng trinh (4.32) theo Dalambe ¢ dang (2.69)
chudng 2:

u = plat —x)r wlaf +x) (4.38)

Pao ham (4.38) theo ¢ va x ta dugc:

-

U aloat - x)+ gt + 0] (4.39)
ot
E:Ei = —@'(af — x}+ ' (at + x)]. (4.40)

X
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T diéw kién bién (4.36) va hé thic (4.40) nhan dude:

tr'ﬁii = ~0'{at) - {at)=0. (1.41)
éxl| .,
Suy ra;
o'(aty=v'{at);
o'lat —x)=wy'lat—x}:
plat — x) = wiaf —x).
Do do: w=vyat —x)+ylat —x). (4.42)

Tu diéu kién ban dau (4.34) va hé thic (4.39), ta co:

— =ale (=) ()] = aly (—x) + 3 (2] = 0.
Miit khac theo diéu kién bién (4.36) thi:

N (=20 + 4/ () ==/ (=) + 4/ (1) =0

if-0
Suv ra: wii-xy=y'{x)=0.0<x </
Né&u thay x bing bién méi 7, ta cé:
wi{Zy=0,{<x</ (1.43)
Tu d6 w(Z) = const va ¢d thé chon hang s& bing khéng, ta co

wiZYy=0.-{<x </ (1.44)

Su dung diéu kién bién (4.37) va dit Z = at + /4, ta nhan dugc:
Wwi(Z) + 1 wi{Z)y=—y'"(Z -2+ iW'(Z 20 . (4.45)
m{ mi

Nghiém téng quat cta phuong trinh trén d81 véi ¢'(Z) ¢b dang:

z 'z z
WiZ)y=Cre ™ +¢ ™ J.e”“’ {— W (Z-20+ % Wiz — 21)}dZ . {4.46)
7]
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Vé phai cua (4.46) bing khang trong khodang / < Z < 3/ mat khac tu
diéu kién ban dAu (4.35). La ¢o:
cul o . ,
o =ux N =ale(-{+ M+l + 0] = -V, .
S
80 hang dau trong ngoac vudng clia hé thie trén bing khong. it d6
hitng 56 C trong (1.46) duge xac dinh tit hé thic:

! ;o1
aCe m ==V, >C=—--"em.
a

Nhu vay, ta nhan duge:

v i
VY= e o < Y (4.47)
a
Tich phan (4.47). ta cé:
Z_I.
TAV A
WwZ) - Mg mi s .

4}

Hing s6 C, duge xae dinh tir diéu kién lién tuc ctia ham u(z. ) tai

£=1
. H=y({+0)=0->C, =- m:;l )
Do d6:
W(Z) = - ’”;V“ (1 e " \‘ [<Z < (4.48)
L
Suy ra u=wvlat r x) = - ﬂ;f_ (1 —e 7”’_: \ A<D <3 (4.49)

Vdi cic khoang cach tiép theo. bang cach 1y giai tuong tu ta
nhan duge:
L2V A e
WwiZ)y-C,e ™ ——AZ - 3hHe ™ | 3 <7 <5l (4.50)
) mi «
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Dua vao tinh 1ién tuc clia vin tée tai x =4, ta xac dinh duge hing
50 C.:

7 3
C,=- v, Le”’ +em \ )
z a J
Do do:
194 R 14 ; _ B Z—JI{,’
W(Zy=— Lg mi 4 ¢ L_ - i(Z -3De ™ | Bi<<bl (4.51)
a a | nid

[
Bay gid ta xét thai gian két thie va cham tai tiét dién x = /. bién
dang tuong dél bing:
cie

= —y'(at — L)+ y'(at + £).
ax

Khi at < 2/ 1hi

~ _of
ox|,_. ¢

nghia 1a vat thé va cham va thanh cdn tiép xdc nhau.

Khi at > 2/ thi

= V _ur—’%a’ V _al V 2 B m__r.z;
2Ty e e e ™ +—11-——-(at-2))|e ™ |
x| . a a a mé
Thay af = 2/ + (0 vao hé thic trén, ta co:
0 1% -E
ﬁ| =—y'lat-N+ylat+H=—|2-e m |=0.
a

at=2/+0

- 1= 7a 3 oo 3o 24 . .. C
Nghia la. ¢ thoi diém ¢ ="" thanh tach roi vat va cham. Hién
a

. . . 27
tugng va cham két thie tai ¢ = ==,
a
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4.1.3. VA CHAM CUA VAT RAN VAO THANH BAN HOI MOQT DAU GAN
CHAT CO KE PEN LUC CAN NHOT G MAT BEN [27]
4.1.3.a. bat bai toan
Xét va cham clia vat rin vao thanh dan héi dai /, chiu lyc cén &
mat bén. co6 mot dAu bi gan chat con va cham xay ra ¢ mit tu do
con lai ciia thanh qua dém dan héi.
Ta xem lyc ma sat & mit bén cha thanh 1a dan nhét va coi gAn
ding nhy lye khoi, khi d6 6 thé biéu dién lye nay tac dung lén
mét don vi thé tich cha thanh bang:
(klml%]i,
L ot ) F
trong d6: k, va i, - hé s6 luc can dan héi va luc cAn nhét 6 mit bén;
r va f - chu vi va dién tich tiét dién ngang cua thanh.
Phuong trinh chuyén dong cua thanh trong trudng hgp nay ¢d dang:

2 =
&u g 07U cu

~—a’ — +hkuti—=0 (4.52)
at” ox” ot
—
. A
& day dat: a = B ;_ k:_}?l_"; e Ly
Vp F F

Diéu kién ban dAu cha bai toan (£ = O):

=0:4|_,=0. (4.53)

ulf:[)

Diéu kién bién ctia bai toan (x =0, x = ):
ou . .
o, =E—=~f(t) taix=0;
: o

u=0tarx={¢ (4.54)

D& tim nghiém ctia bai toan, ta phéi giai phuong trinh (4.52) thoa
man cac didu kién ban diu (4.53) va cac diéu kién bién (4.54). Do
thanh c6 dém dan héi (gidm chan) ¢ ddu ty do nén cAn xac dinh
ham £(£) (Idc nén cua dém dan héi 1én dau thanh).
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4.4.3.b. Tim ham dich chuyén u(x, )

SU dung phép bién do1 Laplace:

w, {p.xy= I:s(t,x)e'”dt . (1.53)

Khi dé bai toan khao sat dian dén bai toan sau:

iF AP~
( “ p_.gj_ku = (). (456)

]

d a’
Dicdu kién bién biy gio viet ¢ dang:

i 1 ) i
e L2 ), talx = 0;
i Eﬁ](z). ; :

“‘H(P, I) == O y t.ﬂl X = {r (157)

Nghién téng quat elia (4.56) tim ¢ dang:

MU(P,J:) = Cl e " Czem. . (458)
1 I| 7_‘_2 N
trong d6: o =— ' p+ +‘k__.
[#2 \ I\ : L 4 J

(‘e hing 86 C,. €, duge xac dinh t cée didu kién bién (1.57)

va bang:

(J\'l = fr.u(p)e_____ : C.__,: — fr’]()l;.) L
uE(1+e““ ) uF(1+e"‘ )y
Thav ¢, va C, vao (4.55) ta nhin dudc:
uu(p.x) - Mp)J__ [)f.r\".ﬂ. -~ + eu.\'] i (458(1)
oaF(1+e™)
hay:
sl xedni 5 "] 2in- Il—\]—|

”n(PU——f(p)'Z( L —Z( 1" ° —a |

Lr-tt -
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S i) -ofginr lpi—x]

Ky hicu:  V, (p.x)=- W (px)=- -
o3 o
Ta bidu dién u, (p.x) dud dang:
u,,(P‘x):E- f0) D D" V,;(p..x)-Z(nl) Wn(p,x)—‘. (4.58b)
=1l =1 i

Ham dich chuvén u(x, #) duge xac dinh khi biét cac ham gdc cua

V. (p.x) va W (p.x).

Ta co:

—ulrtdnd}

:a.H”(pﬂL&._xw. (4.59)
2

s \

Vu (p.'x) =
Theo bang tra bién déi tich phéan [5] va trén co s6 dinh 1y dich
chuyén. ta cé:
' nt

/ AU
V, (p,x)= aH{p+ ;,x ‘—:e ah, (t.x):
/

- _ | —
2 _ P, : :
VA - Ak ], x+2_{1:;_f__J n[t_“znz]_@_ma)

V,(px)=ae * I, 0F
n(p ‘x) ae 1l 2 \Il a

Néu +° -4k <0 thi:

V (p.x) = ,_'EJ N
n(p T) ae r,\‘ 2 \Il . a J _]

g day dat: a, =2° -4k

Mat cach tudng tu:

—u[Ha+10e- ]

Wipx)="-- b
o
[ ) Ry . AN
xae * [, ,f:_g\ll|t2_(72(n+l)£_x_) r|(t——27(n+1)‘g xJ. (4.603)
a /' \ a
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Néu 2F -4k <0 thi:

J‘:f " III"_‘ _I; ‘) 3 _."__-.- ‘.\.\j.ﬂ: -f, o
W’n (p.x)+ae * J“’VEQ l-t-f _i f(n_jl_)f - X r]! t—= "'{”’ 1)'{ x |{/1 60b)
2 \' h a 4 k a
Ap dung dinh 1y ham nhan ta cé:
u (pxdsult x) =
1,+Am S 2y ] , (x - . - 2n!
(-1)"n ¢t - ! (f —1t)e LIV BT L (e dr -
Z ! )I ! PR 1
, Zn+1-x) f i III 2(n+])J x W
Z( 1 |e——----- N he s [ ‘
n 1l a /'-_{(”..1;; —r \ a J
(1.61)
Néu ¢ tong thit hai ctia (4.61) ta dat (n + 1) = k va goi phan nguyén
lat - xi £+
” al—x . !|a‘z._! =n,. thi{4.61) trg thanh:
2 P28

", .J..r

u{x.t)y = — Z( 1) J fit—1e : I”: }; \I;II“EQ —L I—Ta—)ilz ' —!!dr—-

-

n—i raded

o

I ! T % .i- . ¢ :
- , - ., 2R —
- E (D J- fle—-ve 21 ;“ T - -rl
foxed T

[

Trudng hgp 4 - 4k <0 thi dich chuvén ux, #) bang:

3

wix, f) = = 2“( 1y . '!; fli—1)e ® JU[ iZ_) \Il'rz —(f:jn{ Ja’.t—
1

. i rT . 1

e
_Z( 1);‘ J f{t— t)e--- 2 J,.‘ f_:z_f IIT._, 5 |\ _.ﬂflu"_ i\.
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Ciac biéu thie (4.61a) va (4.61h) 1i nghiém ecua bai toan (1.52).
{4.53), (1.H41).

4.1.3.c. Xac dinh luc ft)

Trong phin trén {a dd khao sat sy truvén song trong Lthanh khi da
xac dinh dudge ham dich chuvén ux. #). Do ddu thanh bi va cham cé
bo phan giam chin nén ean xac dinh ham £#). D6 chinh 1a e nén
cta dém dan héi 1én ddu thanh khi va cham. Theo két qua [29].
ham f(#) dudge tim ti phuong trinh:

fiey- :4 £+ % G(.0) = 0. (4.62)

trong do: m - khé luong eta dau bua. Dong thaot cin théa man cac
didu kién ban dau sau:

FO)=0: F(0) = kY, (1.63)
3 = . = F . [REFREIS

G dav: £ - do ctng clia dém dan hoi:
V. - van to¢ ban diu eia vat ran khi va cham vao thanh.
Trong phuong trinh (4.62). ham #(¢.0) van ¢on phu thude vio f7).
T (4.61a) thav & = 0 vao dé tinh w0, 8). Thue hién dao him hidt

thie (0. #) hai lan theo thal gian va thay viao (4.62), sau khi hién
d61 va rat gon. ta nhan duge phueng trinh xac dinh ham fi¢):

‘ ko kak,’ katl,
R B (ORaS = PRSI
floys o e \ Ty A “jg ) f12)dz
Dher B ondiYy hL (hand N 2wy } 1
S R R — : =T U _ + iF — 2 |_ i
; EF,_.Z( e Aol 1)\{[\: . J [EAC f_)dh‘ o

Néw n=n,=n,khix=10

! (7 by Ny
gly)=, I‘ yJ—211 —y(+L | vie * o
'\ i

1
l
P / . : 4]
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! g .d _|II~J 2 ' —_——
_’-:'-| i 2 \ a J I |(?~..- o 4ng£\i

(.[)_'ilg N L T . _ bl
T e R

Phuong trinh (4.64) la phuong trinh v tich phan c6 d¢ cham, ta co

thé giai nd trong tung khoang thoi gian.
: 24
Khi 0 <t <= thin = 0. Phudng trinh (4.64) c6 dang:
1

jg(r—g)f(h_,)da 0. (4.65)

4]

kak, kai,

. ka -
fioy+ mm i Jf(t) P

Phuong trinh (4.65) tudng ducng vé phuong trinh Volter:

i)+ [K of@de= 2 V.e (4.66)
0
t) s ) 0 Y —|
trong a6 dat: K, ko J{L—k— —~ E”—ﬂ + ]-kalz_ - 1)d& [dO .
“EFJ|\M2EF ) 4F

(6 thé gidi phuong trinh (4.66) bang phudng phap gan dung lién

tiép. Ta co:
k
ty= =Vt
f.&y= 2V
k 4
fi=5Vt- jK (t,Of, (dt;

)

£.(6) = %Vﬁt - jK t.0f, (vd,

(¥

VoL {fn (t)_} - f(t).
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Biing cach ly giai wiong tu ¢d thé tim nghiém cua phuong trinh G
cae khoang tiép sau.

Khi tim dude fiH). thay vao (4.61a), (4.61b) ta xac dinh duge dich
chuyén .
u(x, £). ting sudt va van 1oe tal md ift dién thanh. Dong thar eimg
tim duce thai gian va cham cua vat ran vao thanh.

Bai toan khio sat gan vii mo hinh bai toan: bria rol tu do vao co¢
din héi c6 dém ¢ dau coc. chiu stc can dan nhdt d mat bén va gap

nén cing.

Trong |30} bang phuong phap tuong LU da x6t bal toén va cham

cta VAt ran vio thanh dan hdi tua trén nén cling chiu lge can nhét
g mit bén. duge gia thidt 1a ty 1¢ bac nhat v toa do pét dign
thanh.

§4.2. MOT VAI BAI TOAN VA CHAM
cUA BUA VA COC [12, 26, 29]

4.2.4. VA CHAM CUA BUA VA COC TY DO (hinh 4.3)

4.2.1.a. Thiét lap bai toan

1. Phudng trinh chuyén déng cia coc:

2

ot 2°u
S =al — (4.67)
ot~ ox”

trong d6: & - dich chuyén cla coc:
(T
q = 1= - van tée truytn song trong coc:
\p
E va p - mbdun dan hoi va khor lugng riéng cun vat

hitu coc.
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Pt}
L 0 2l/a 4l/a
|i t
i . —
. lla 3ifa 5lta
x | _
Hinh 4.3
2. Nghiém téng quat cia (4.67) theo Palambe c6 dang:
1 =olat —x)+ylat +x) (1.68)

3. Piéu kién diu cta bai toan: Chon thoi diém ban diu trung véi
thoi diém bit dau va cham (¢ = 0):

.
u=0Z-p (4.69)
ot

4. Biéu kién bién cua bai toan:

o .
. PO tal daucocx = O;
EF '

ox
Ju

=0 taidaycocx =1 {4.70)
ox

4.2.1.b. Thiét lap phuong trinh vi phan xac dinh lyc nén clia dém dan hdi
Ién dau coc
(ol luc nén cua dém dén héi 1én dau coc 12 P(f). Ta cé:
P(t) = c(u: —U, )

.. (4.71)
Pty = cGii, —ii,).

trong d6: ¢ - do cing cua dém dau coc;
i, - dich chuyén ciia dau bua;
u, - dich chuvén ctia dau coc.
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Phudng trinh chuyén déng ctiia ddu bua:
Mii, =-P(f):
. =P (a)
g, ="
M
trong d6: M - khat lugng ddu bada.
Dich chuyén cta dau coc (x = 0) bang:
w, =olat) +ylab):
. . (b}
i, =a 9" (af) + ' (ad)].
T dibu kign bién (4.70), ta cé:
cu P(t)
=-¢'(at) +y'(at)=——"",
P EF
P(t) ©
o (af) =y (at) + —=.
" ‘ EF
Trong khoang thdi gian séng phan chua xudl hién thi ¢'(at) = 0.

Thay (a), (b). (c) vao (4.71) véi y''(at)=0. ta nhan dude phuong

trinh vi phan xac dinh Iue nén cua dém dan héi 1én diu coc P,{):

P (t)y+2nP, (1) + (0 +n*)P (1) =0,

trong d6 dat:

2
ca ¢ 9y 9 € ca
—re=2n — =0y +nt o) = —-— .
EF M M | 2EF

Nghiém téng quat etia phuong trinh ¢6 dang:

P {t)=e " (C,cosm,t+C,sinm,t),

Céc hang s6 C,. C, duge xac dinh nha didu kidn ban d4u tai ¢ = 0 thi:

P0)y=0: P(0)=cV,

¢ day: V- van t8c rdi cha bia, V = (2¢H ;
H - d6 cao rgi ciia bua;
g - gia tdc trong trudng.
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v
Ta dé C,=0.¢, =52
,
. Vo
Do do: P.(6)= e sin . (1.72)
o,

T (4.68) va (1700 1a 6

E—u =-p'(at) ~y'{at) = - £u

-

Trong khoang thoi g1an nav chua xuit hién sing phin, nén:
' "Pr: (r) - , - K s - -
plat) == T Vay song thuan é mién 1 va 2 trong coc of dung:

. 1 (. x) .
! t— — --PJ ft—= . {(4.73
o (at - x) wF |.\ o /}| )

Dé xéc dinh song phan ¢ day coc (v = /), ta su dung dicu kién bién
(4.70) va biéu thie nghidm (4.68). Ta cé:
P

@ (at) =y (at) + - .
a

Phudng trinh vi phan xdc dinh hic nén clia dém dan héi lén dau
coc cd dang:

Pt + onP(e) 4 (oF +n*YP(t) = —2ea’y' (at). (4.71)

4.21.c. Xac dinh lyc nén clia dém dan héi lén dau coc trong khoang
.4

thoi gian 0<t< -2—", —? S ‘:— va cac ham séng o (at - X},
w'(at + x}

Ta xét triong hop ®] >0, trudng hop ©f <0 xét tuong L.

2/

o

* Trong khoing 0 <t <

P () Ia Iue nén clla dém dan hdi 1én dau coc. Trong khoang
thol gian nay séng phan chua xudt hién, vé phai caa (1.74)
bang khéng. Séng phan trong mién 2. 3 ¢ coc 6 dang:
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rs . _ 2 \
a4 ) = — P,,Lt Rl (4.75)
EF _ a )
. 24 4/
o Trong khoang - -=¢t< —.
a a

Goi P (8 12 lue nén ctia dém dan héi 1&n dau coc. T (4.75) tai diu
coc (x = 0), ta ol

lat) = — P (t —-2‘51
R 7 a )

tS
Mat khac: P(t)=e ™ (-nC, sino,t + C, 0, cosw,t).

Suy ra:

i

L 2!\ —rr|:—2f‘ \5’7 ) i 2/ ¢ 2(,:\
Plt- ---E]:L? ol -nC, smml! t- ——W{LC‘Z(OT cosw,[l £—- J .
s a L i @) N a

Phuong trinh (4.74) c6 dang:

[, d
—r -

. o . ol a 2/ o f2h
P+ 2nP(®) + (0 +nHP@)=e * “'|Acoso,[t-- |+ Bsino, Lt - J
a a

(4.76)

cdayv: A= _Zea C,0,: B= Zea C,n.
EF -~ EF ~

Nghiém tong quat cua (4.76) cd dang:
_”|'r 9N . . _”I

f / 2
P)y=e ~ “RC,cosmt+C, sinont + —t LA 81Ny Lf - 2—) - Beoso, [t —= j
| 203 a a

)

‘-ll'i

;

{(4.77)
Cac hang 6 C,. C; dude xac dinh ti diéu kign lién tuc cha ham
P@®) va P(t) tai thai didm ¢t = 2 :
a
247 : 2y (24 .
Pl(_[:Pn(ﬁf}: B _z_zJ_:P”(z_]‘ (4.78)
L) L a L a L a
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Ta cd:
= sl — ] [Ssmt(o] -
kS a 3 A
2/ (20
C,—ua sm(m, - 1 B eosl n, — |
a ) ay
/ (90
= ;‘B + P“ Z{: JI
@y i,
L, (2 2% B
p= —| P, __£|+np“ o P Al .
0, L a a,; 2o o

Thav C,. C, vao (4.77) ta xac dinh duge luc nén P, ta a1 co:

571 Pt
— =o' (at)+wy'(al)= -1
ol ¢'(at) + ' (at) i
. o 24 4 . ) .
Trong khoang thoi gian =% <¢< 3% song phan ' (a#)
« a
co dang:
! 540
w'at) = - L Plt- 2 :
EF "l a
Do do:
pat) = yiat) + {—)— L I—P (f—{—\
eran = gF gr| P

Vay. séng thuan ¢ mién 3 trong coc ¢b dang:

1 {P( x+20) i]

£ - t-= T P'f—-— 5 (1.78¢
M e 1 o) 4.782)

4.2.1.d. Xac dinh tmg su3t trong coc & mién 1, 2 va 3
Ung sudt trong coc dude xae dinh theo edng thite:

-
9773

U:E';-—.
[y
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T (4.73) Gng sudl trong coc ¢ mién 1 bang:

o, - —%P” t—i}
N a

T (4.73) va (1. 75) (ing sudt trong coc d mién 2 bing:

ety re)
; F a a

TU (4.75) va (4.78) ting sudt trong coc d mién 3 bing:

\.

i v ¢
U:‘.:i _R,‘t-i‘i—_‘-_-if-J—P][f—x +P”§t.;-_..
F N ¥ '\

43

Nhan xét:

)

M6 hinh bai toan pha hgp véi truong hop coc dong trong nén dat

rat véu.

Khi tién hanh thi ¢dng déng coc, tai mién 1, trong coc chua xudt

hién séng phan, ting sudlt trong coc tal mién nay chi chiu lng suit
nén va giam dan i dau ecoc (x = 0) dén day coc (x = £. Coc bi vd

thuong ¢ dau coc (x = 0). Tai mién 2, 3 trong coc di xuit hién séng

phan ¢ day coc (x = ), {ing suit ¢ hal mién nay c6 ca ting suat kéo.

Né&u coc 14 bétdng thi kha ning pha hiy né s& do ting suit kéo.

4.2.2. VA CHAM CUA BUA VAO COC TUA TREN NEN DAT CUNG

(hinh 4.4)

4.2.2.a. Thiét 1ap bai toan
1. Phuong trinh vi phan chuvén déng cua coc:

- s

2 u , CTU
= 1 o

it ox

2

o

2. Nghiém téng quat cia (1.79) theo Palambe ¢6 dang:

wlx,t) = lat —x) + ylat + x).

(4.79)

(4.80)
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3. Piéu kién ddu etia bai toan: Chon thaoi diém ban diu trung véi
thai diém bat diu va cham (¢ = O

=0 Yoo (4.81)
it
P(t)
% 0 2lia difa
' . .
.. t
i | . _
lia 3lla b5lia
X
Hinh 4.4
4. Piéu kién bién cua bai toan:
% P .
LA P tal dau coc x = O:
ox E
:ﬁ =0 taidaycocx =4 (4.82)
oX

4.2.2.b. Phuong trinh vi phan xac dinh lyc nén ciia dém dan hoi lén
dau coc

Tién hanh tuong tu nhu da lam ¢ phan 4.1.2.b, ta nhan dude
P(t) + 2nP(t) + (@ + n®)P(t) = —2ca’y" (at). (4.83)

4.2.2.c. Xac dinh luyc nén cta dém dan héi 1&n dau coc trong khoang

thai gian Df;tgg-f, Egtgﬁ va cac ham séng o'(at - x},
a a a

w'(at + x)

Ta chi xét trudng hop ©* >0 con trudng hgp o} < 0 xét tuong tu.
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. 24
e Trong khoang 0 <¢ < — |
a
Joi Po(o) 14 lue nén cia dgm dan hél 1én dau coc. Do séng phan
chua xuit hidn nén vé pha ctn (4.83) bing khéng. Ly gidi tuong
{u trutng hop trén (xem phan 4.1.2.¢), ta c&:

Voo L
Pit)y= £ ¢ sin w,t. (4.84)
of

T didu kién hién (4.82) va chi ¥ séng phan chua xuat hign, ta
suv ra séng Lthuin ¢ mién 1. 2 trong coc la:

o
Lople-Xs (4.85)

¢ lat - x)= ,
EF U a)

D& xae dinh song phan d day ege (x = 4 ta su dung diéu kién bién
thit hai cua (4.82). ta nhan dude soéng phan ¢ mién 2, 3 trong coc

eo dang:

1, x-2{
1.1‘(at+x):—-ﬂ—P“ t+x } (4.86)
EF 4 a
. 2{ 4/
s Trong khoang - <t =- .
o} @

Goi P () 1a lie nén cta dém dan héi 1én dau coc. Phuong trinh
(4.83) 6 dang:
) ‘ L S oy , 9]
P(y+2nP () +(wy +n )P ()= * 77 Acosml[t—— + Bsinwm, __JJ
L [ [

{(1.87)
i) 3
d dav dit: A = -ca C,o,: B=- zea C,n.
EF EF

Nghiém tong quat ¢ta (1.87) co dang:

. ..Ii 13 ‘ o —!
Py=e ' ° JC cose,t +C, s, £+ ;{Asinm{t - 72—‘{)—8005(:},(1 4 1 L
: 2 a, k a )JJ

(4.88)

J b
._;(I]I L

[
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Céc hang 56 C,. C, duge xac dinh dua vao didu kién lién tue cha

ham P@) v P(e) tal thoi diém ¢ = 2 (xem (4.78)). Thay C.. C,
a

tinh duge vao (4.88) ta xac dinh duge lyc nén P, ().

T diéu kién bién (4.82) véi cha v trong khoang tha gian nay
s6ng phan di xuét hién. T dé suy ra séng thuin & mién 3 trong

coc bang:

0 (@t —x) = - {R,[t"hz—-f'}—}’l(nf]] (4.89)
23 J

EF .
4.2.2.d. Xac dinh tng suat trong coc é mién 1, 2 va 3

Duya vio cong thie tinh dng sudt theo dinh luat Hue va cae két qua
tinh trén, ta nhan duge hé thac tinh dng suit trong coe tal cac
mién 1. 2, 3 tudng Ung bing:

o= L a[t—“”}-P{t—f]—a[mﬁz'fﬂ.
F a a a

Thyc t& m6 hinh bai todn gan véi trudng hgp thi cong déng coc gip

chuéng ngai vat va khi tinh bo qua Anh hudng ma sat § mat bén.

Két qua chi ra ring: D¢ cing ¢ clia dém dan héi dau coc tang thi

gié tri Iuc nén cuc dai P(¢) tdng va thdi gian va cham gidm.

Trong thdi gian va cham Ung sudt ctia céc tiét dién coc chi 1a ing
sulit nén va gia tri cla nd ting dan tit ddu coe (x = 0) dén day coc’
(x = ). Do d6 khi thi edng can chon ddu bua, chidu cao rdi etia bia
va dém diu coc sao cho tng sudt d day coc ( = /) phai nho han ing

sudt cho phép eta vat liéu coc.
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4.2.3. VA CHAM CUA BUA VAO COC TRONG NEN DONG NHAT, DAY
COC GAP LUC CAN KHONG 00l (hinh 4.5)
4.2.3.a. Thiéet lap bai toan

1. Phuong trinh vi phian chuyén dong ctia coc va nghiém clia bai
toan:
Ta gia thiét rang:
- Coc duge gid trong dat bang lue ma sat phan b8 déu ¢ mit bén:
- Lue chéng clia ddt 1én day coc khéng doi;
- Kich thude ti€t dién ngang cia coc nhd so vdi chiéu dai caa né.
Ta coi lve ma sat ¢ mat bén coc nhu hic khél dit vae coc, tri s&
rq

ctua né ¢ mét don vi thé tich bing ik trong d6:; g - luc ma sat

cua dat trén mdt don vi dién tich mat bén; r va f - chu vi va dién
tich tiét dién ngang coc.

Pt
0 2lla 4lfa
a’s 6 o A t
At Ay
1 >/ Nev A
» \/ %% R ) \
WA / 11 \
\ Aob \
4a, 7 40 12
L 4 0a/ \
iia Hia alfa
x
Hinh 4.5

o u :aj[a“u_KJl (4.90)
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& dav dat: K = ’;’ : K 0 khiat —x > 0.
Theo [13. 26]. nghiém téng quat cia (4.90) ¢6 thé viét 3 dang:
o 3 mién 1

w(x,t) = plat —.'>f:]l+%Kx2 - Katx . {4.908)
e O mién 2. 3:

ulx.t) =olat - x)+ % K{/—x)?. (4.90b)
» J cac mién edn lai:

ul{x.t) = plat - x} + ylat + x) + é K(/-x)*. (4.90¢)

2. Méu kién diu cta bai toian: Chon théi diém ban dau trimg véi

thot diém bat dau va cham (¢ = 0}

Al
w=0 2o, (4.91)

at

3. Biéu kién bién clla bal toan (x = 0: x = )

e Tai ddu cocx = 0
= — (a)

e Tail day cocx =/ thi:

a. Coc chua hin:

] A
EF“<r. % -0, (b)
ox ct

= R. {c)(4.92)
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¢. Coc dimg lun:

eFM . _p. %o, ' ()
ox t

d. Day coc tua trén nén dat yéu:
du Au
EF—<—R,%:O. (e)

134 15,

& d4y: r coi 1a hing s6, khi r = 0 tuong dudng véi coc déng
trén nén dit yéu.

4.2.3.b. Xac dinh trang thai img suét trong coc

) )
o Trong khoang 0 <t <—.
a

Goi P,(f) 1a Iuc nén ctia dém dan héi 1én dau coc. Phuong trinh

xac dinh né ¢é dang:
P () +2nP (£) + (0} +n*)P (1) = Ka’c. (4.93)

Nghiém tong quat ctia (4.93) tim & dang:

. _ _ K 2
Plty=c ru(C1 cosm,t+C,sinwt)+ _za—cg _
w; +n
Céc hiing s6 C,, C, duge xac dinh tit diéu kién ban dau cua P,(0)

va P,(0). Tait=0thi:
PO)=0; P(0)=cV.

Ta co:

S6ng thuan trong mién 1 la:

1 x
(at —x) =-K(at - — -= . :
o'{at —x) (at —x)+ Pﬂ[r a] {4.94)
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Ung sudt trong coe & mién 1 bang:

M Al 1 x\
g, = E[-¢'{at —x) - K(at -x)]= _FP” t— (; ‘

S
(iia thiét tai dudng bién £ =~ gitia mién 1 va mién 2, ham dich
a
chuvén la ham lién tyc;

- 5 ; N
i, ——O,x']:u._,( : +U,x‘,
e /

Ta ¢d:
¢ lat—x) =@, (at - x}.
Nhu vay. song thuén tai mién 1. 2 va 4a, 4 giéng nhaw:

m'(at—x}——K(at—x)Jr—l—P t—f\
B EF"* a.J‘

Ung sudt & mién 2 bang:

5, = Bl-gat ) - Kiat -] =~ 5 B[t - |« ERGat - 0.
\ a )

\

- p - ff o - N .- . pd
Xét trudng hop coc chua lun tal £ = — . Goi ¢, la tha diém coe
a . .

bat diau lan: ¢, duge xac dinh tu didéu kién lin tay day coc:
+ Khi séng o'(at —x) chua truyén téi day coc thi no bang

khong:

+ Khi ¢t>- (hi ung sudt ¢ day coc ting ddan nhung

a
cu n - z . - [T
EF —« —~R nén day coc van chua lun. Tai thot diem ¢ = £,
X '
. Cu . ER
thi EF — = -R. day coc bat dau lun.
o

o o . : A a
e Khi = <t<t,:cocchualin. song phan y'(at + x) 0 cac mién da.
a ’

Sa. 6a duge xac dinh U diéu kién bidn:
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o
f;{ =ale(at -x)+w'lat +x)] =0 > y'(af +x) = —¢'{at — x).
&

T (4.94) sdng phan cla coc d cae mién 1a, Ha. Ba la:

w'(ar + x) = —iP“(f + | + K{at +x-23/). {4.95)
F \ a )

Ung sudt trong coc tai mién 4a bing:
1 [ x ¢ — 25\
G4, = ( P,‘ t ——W—P (t+ roel
/

i

i+EK(2at +x-20).

i

a J)
e Khi ¢, <<= coc lan. Tu diéu kién bién, ta cé séng phan
' a

w'{at + x) ¢ eac mién 4. 5, 6b, 6 1

x - 20
“|-R|-K(at+x-20). (1.98)
A ]

1 !
(at+xy= _-|P|¢
W' (at + x} EF{ e+

y a

Ung sual trong coc 6 mién 4 bang:

) ( 2%
c]—.—{ Rl[t———|+Rlit+x ‘ - EK({-x).
F ¢ i e J
i [y
¢ Trong khoang iétéz—z.
a a

Gol P (#) 1a Iuc nén cia dém dan héi Jén dau coe. Phugng trinh
xdce dinh lue P(#) trong khoang thai gian nay 1a:

Pit)=20P(£) + (0° +n* )P (£) = 0. (4.97)
Nghiém tong quat cta phudng trinh trén ¢6 dang:
Pty=e "(C,cosmt+C, sinw,t).

Cac hang 8 C.. C, duge xac dinh tir didu kién ban dau ctia P,@)
va P ().

{ (4 L o
Tait=-: P, i}:PjJ-J; P,(_}:p{i}_
a v (3 \a [#) a
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T COSOLY THUYETKY THUAT RUN

T d6 ta co:
J Bsin(m, Z_}
a

J +[3 (‘O‘-‘s(u]] : J,
a

C, = acos(m] --

2l g

C,=a sin(ml

=@ ‘P”(é}
a
R 1
b= Lol np [‘LR,(EJ |
o, | a ) a
Séng ¢'(at —x} trong mién 3, 5a, 5, 7 la:

1 x)
lat-x)=-—__p t—--— |- K/, 4.98
¢ (at ~ x) TF 1[ a)[ (4.98)

Ung suat trong coc & mién 3 bing:

s = Elo'{at —x) - K(/ - )] - —%Pl [r— §J+EK9¢

Ung suit trong coe d mién 5a bing:
[ P(t } (r+2€ﬂzz-H+EK(af+2x—2Z).
a

Ung suit trong coc & mién 5 bang:

.
Gy = i[mpl(:—f} plts ?‘:—3{) RJ—EK(at—ZZ}.
F a L a

Tu diéu kién bién (4. 92), khi coc lan day coc thude mién 7. Ta c¢
séng phan & cdc mién 7, 8a, 8 va 9 la:
1 x -2/
Wiat+xy=-——(plgys X2 R|-K:. 4.99)
| ) EF[ ( - J J (
Ung sust trong coc ¢ mién 7 bing:
1 x -2/

G; = -—[ P[t— J+P(r+———J—RJ~EK(J~x)‘
F a a
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) .. . 2/ {
* Trong khoang thdi gian =% <« 24 t,.
a a
Trong kheang thai gian nay, sOng phan da xuat hién o dau coc.
Phuong trinh xdc dinh lge nén ciia dém dan héi 2, .(t) 16n dau coe
ch dang:

P(£)+ 2nP, (1) + (0} + n¥)P,(t) = —2a*ey" (at).  (4.100)

Tt (4.96) séng phan tai diu coc trong mién 6a 1a:

9/
v'iaty= —- -]—R,(é—_-‘i + K{at - 20
EF "L aJ

1 | _/\'

“lat)=—- — P + K,
— ' (af) “EF [ J

Thav vao (4.100). ta c6:

By (Y +2nP,(t) + (0] +n")P,(t) = - Zea Pn(l‘ ——(] —Z2a c¢K (4.100a)
) } EF "\ q

Lrong d6:

/ 5] 5 3 v .r\I 1
P | t ——Z- | ”’((mlC -nC, )cosmlft - ﬁ] —(0,C; +nC,)sino, [ t- 2 |'J
l\ a ) } I‘\ a
Phuang trinh (4.1004) viét duge dudi dang;
P () + ZnP (t)+{w] +n” )P (£) =
_n|r 2 I s I YAY N

=¢ a [A(:os ) [t - iq + Bsin o, (t - /MJ —Za ek . (1.100h)

| a ) a

Nghiém téng quat etia phuong trinh nay la:

i z
ot
Pity=e © “'P,t)- Za K

B
{l) +n

P,(6) la nghiém cua phudng trinh:

A = 240
Pty ro, P, (t) = A(roscu,[t—g{)+85m (o,(t 2 l

G‘:/l a /'i
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Nghiém tong quat cia phuong trinh trén 1a:

P,(t)=C, cosw,t + Cg sine ¢

. {
20, a a

0. o ea Zea 2ca
0 trén ky hidu: A = TF (w,C,—nC)); B= _E—F_(mlcl +nC,).

Cac hang s6 C; va C, dude xac dinh tir didu kién:

) n(%) p[%] (2

"k a a ¥} a

C, =@, (‘0‘?{2(9] —) Q. sin{le i]
a

20, ]-FQl 511"1(2(01 J].
a
Q, :p(z_"’)+_§f._+M-

2 b

Ta ¢o;

C, =Q, cos

a) aw, o’+n

¢ 3
Q_):L —B---—£+P ZJ\HnPLzz] on 5@ K. ‘
) 2031 2 \a) o] N e

Véay hé thie xac dinh luc nén P,(t) bang:

I TR
- f_"d ' I3
Fit)=e * ‘”{C cosm,  + C sino, t+—t—~- Abln(ﬂl[t—%] Bcosml(t—?{ﬂ -
{ 2m, a a /|
__2_'?_1 CK (4.101)
wi +n?

T diéu kién bién, séng ¢'(at — x) 3 cc mién 6a, 6b, 8a va 10a la:

1 x x+ 2
! —_ _ — 5 _—— —_— —_ J— J— . . ¥
o'(at —x) = [PH [z J Po[t H + K{at —x -3 . {(4.102)

a a

Ung suat trong coc § mién 6a bing:

i) _
F L a a a




Chuong 4. VA CHAM DOC CUA THANH DAN HOI VA AP DUNG CUA NO VAO BAI TOAN... 137

Ung suit trong coc d mién 6b bing:
— 9/
(T(',,‘," {P (f x+H{W P(f_ W’{'P{ x !J—R—‘
Fi ot a Loa
- :-’:EK(2G,L‘ —x -4,

Ung sudt trong coc & mién 8a bing:

LY I/ _i \l
Gy = 1-{[{,(:& - xiiz'f]—Pth —EL P, (t + xﬁJ—R}
F . a a ) a

- EK(at - 2x - {).

Truong hgp coc lan 6 mién 10a, tir diéu kién bién va {4.102)
séng y'(at + x) & cac mién 10a, 10b, 11a, 11b. 13a la:

— ! - A
1p'(at+x):i{—P” t+x—-ﬁ—liW+P_;(t+x—2£ |—R1
EF ! J (4.103)

L a a J
+~ K(at + x - 5).

Ung suat trong coc & mién 10a bang:

] _‘_+_2ﬂ_ _x) x -4/ x-20) 1
s "F[P[t a P._;,(I a] P,.[f-l‘ J+P(t{- . J RJ

+3EK({/-x)

{ 3«5
+ Trong khoang thai gian — + t, <t<—
a a

Trong khoang thoi gian nay. séng phan da xuat hién & dau coc.
T dicu kién bién va hé thie (4.94). séng phin tai diu coc trong
mién 6 la:

W (at) = IF[P( ZJJ R}—K(at—%):
J a

w''(at) = 1 Pﬂ{t —g'f-]—K.
aEF a

Go1 Iye nén ena dém dan héi 1én diu coc 1a P,@). Ta cé:

P.(t)+2nP (1) + (0 + n* )P, (8) = _QcaE‘l—FR’ {t - §] +2a%cK (4.101)
[4)
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trong dé:

+2a°cK .
Phuong trinh (4.104) vict duge dusi dang:
P (£)+ 2n,P (t) ~ (m, +nt )P (t) =
—ul.f = i|’ s 2,-‘ I( i) i N W . (4104(1)
=g A (Obul|f——]+B] smm[t——' HrZaeK
L a a "_i
o Yea 2ca .
odiy: A =-""(0,C, -nC): B="=(nC, -,
EF EF S
Nghiém tong quat cia né e dang:
Pan=c "0 ply - 2K
('J] —+ H
Con P(t) 1a nghiém cua phuong trinh:
{24y
f)v—() P(t)—A COS O, |t— + B, u.mm“t—----- L.
\ a ) \ a )
Nghiém téng quat clia phuong trinh nay la:
I?;(t) =C; cosm,t + C, sin wt
( (TR
A, blI‘l(,t)1| t—— ~ B, 005(1)1L£ S
)co1 | a a

Cac hang 6 C, va Cy duge xac dinh tr didu kién hén tue cua ham
P(t) va P():

3 . K i r_’fl b
_.(£+t W:RE(E*QII;R{'{”\' =P, —-'rt‘_!,
'\a '/ kﬂ, Y a '/' \a n

£

Ta nhan duge két qua:

{ , / E
C; =@, cosw, [— +E, 1 - @, sino, (-ff— +f,
a /

/ a S
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{ 4
C. =4, cosm]‘ +i, +Q3<=11n(0 L 1

V0

v .'_" —|
Q,,:e { “ t‘)—zfaK,]Jr l {B coaw](%+t] Aqmc-)l(£+t ]
R (I O a a

la ) o +n

-n I—:' [y P
Q- Ll f},( itv}ng( itv]_zgaﬂ )
. ' a -

20, a '\ o) +n°

- _Al —§{{ +t‘_\! Hlll[ﬂl[f ——\— ﬁ—‘d—i{ tv] COS(L)I(tV—EJ :
200 Za 7 aJ 20, 2\a - oa)

Cuéi cung ¢dng thiic xac dinh P.@) la:

L

[P
-not T
¢ J{CT coswt + Cy sinm,t +

P,(t)=e

D X3

¢ 3/
+ A smml{f-—]hB LO':UL{
7‘(1), a

r_EH}+ 20K (4.105)

a wl +n’

Séng thuin ¢'(af —x) trong cac mién 6, &, 10b, 10 bang:

\.
o' lat - x) = —— p:s(z—f ‘+R,(3—x+2"J—R ~K(at-x—{). (4.106)
EF '\ a

L ¢

Ung suat trong coc ¢ mién 6 bing:

o~ Ll_p(r 32 pi, ) pfp 2220 pg
U= a) |

' a ) a )
Ung sudt trong coc & mién 8 bang:
- 2 — A/ 2/
Gy = 1-]—R1Lt—ii--- ]—Pﬂ(ter —Pﬁ[t )+P[ iy ] +
FL a a a a J

+ EK(2at +x-7{)
Theo didu kién bién, séng phan y'(af + x) 6 cac mién 10, 11. 13 la:

y'lat + x) = L{Pn[t + x_4gj+P3(t+ f”—%]—R}EK(J—x)
EF

a a

(4.107)



140 CO SOLY THUYET KY THUAT RUNG TRONG XAY DUNG

Ung suit trong coc & mién 10 bang:

[ i 240 ¢ i I A { Y ]
Oy = _1 i P| 3_£+;J_P_{p_:\_J._,RJ| ;+x_ 4 gﬂ_p_ﬂ f+ ‘1__.2{.]_}3‘
FL \ a 2 \ a 4 a |
- EK{{ - r).
. 3/ 4
* Trong khoang = <<%,
a a

Thr (4.99) ta co:

w''iaf) = % P](z —g/;ﬁf(‘
a a

Phudng trinh xéc dinh hic nén P,(¢) ciia dém dan hotlén dau coc
trong khoang théi gian nay L

.. . y B i L A
P(t)+2nP (8) + (o) +n")P,(¢) = —20&—1— Pt F - {(1.108)
EF a )
trong dé:
NN 2 . 9
P]Lt——q:e ' ”’-r((s)lC_, —n,C,g)coscs)](t— -——J—(m[C..,. +nC])sm(u]i(t - J
a L oa Looa)
Phudng trinh (4,107) trd thanh:
) . . e (,_2), 5 . (2]
Pl(t)+2nP4(t)+((o,“+n“)R1(z‘):e VYA, cose,l t -T2 I+ B, sine | £- = |
N L. alj - N o' ‘
{4.1082)

. 2ea 2ca .
vl A, = E‘F;(mlc_1 -nC,): B= EE(Q)IC:I +nC,).

Nghiém téng quat etia né c6 dang:

g

e f=

Pity=c * “ P(t),

P, () 1& nghiém cia phuong trinh:

5 2D [ 2 N A
P+ P, (t)=A, cosm]Lt—— +B,sina, | -2
- o4 - | a )
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Nghiém téng quat cua phuong trinh sau cang la:

- . . t | _ 2/ 2401
P (1)=C,cosot+Csinef+ _—i A, sinay | - |+B,cosm,| f-—
' 2t L ) Looa a ,JJ

Cée hing s§ C, vi C,, duge xac dinh ti diéu kién:

P2 m (%) (%) p[X).
v

=
/ va) |\a, L a

Va nhan dugce:

’ { . {
C, = @, vos| 3o, J -6, sIn| dw, - W
\ a \ a;
! 0 o i
C,y = Qs codl 3o, =+ @, SIHLBUJ] —J:
\ [ [4

i ./: ,\ : {f | 1
Q__.} e Pi‘ i‘_J + 34 . 82 COS[UJ1 —1 - A,.} 5111[(01 ':]I ] .
\ O 2awm, a - a

J'!I-|— ) ,/: N / : A /
Q. =L e LP"‘LE !lﬂ,,px(S_f_\l]_[ A 3 Jsiﬂ(m]q—
a;

w, a ) a 2wf  2am,

© 34 B W l
__I ________ -— _Il:‘.OF%UJl (O a .

2am, 207 J

Cong thiie xac dinh lye nén P () 1a:
S B
Hof—d .
Pty=e * “/{Cycosm,t+Cysinot+

. s 90
+ : LAB 811 m,it S J - B, cosm,[r 25“} (4.109)
a

2w, a

Do dé séng thuin trong cac mién 9, 11a, 11, 12 bing:

(p'(at—x):--—1—{}5’,,{1&—£]+P1(r~;—+2JJ—R—l—2K£. (4.110)
EF| "\ @ L a J

Ung sudt trong coc  mién 9 bang:

I L9 ( B
G, = l_l’V P_lLt_fr.in_. P-l.Lt_f_WJ’_Pl[z +.x 2£]—‘+EK‘
¢ J

F a y a
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Ung suit trong coc ¢ mién 11a bing:

10 20 x) - / UV
Ore = | Pt -T2 p e i p (e XA p X200,
F | a) ) a /|

+ EK(at + 2x)

Ung sudt trong coc ¢ mién 11 bang:
\

R e O I =
L N a '

a \ N a a

Ty =

1
F
- EK{at - 41).

Xét coe Iin trong mién 12, theo diéu kién bién ta c6 séng
W' (at +x) ¢ mién 12 la:

_ I _ %3
X 4%’%?.! f+£--“—zj—R}—2KJ, (1.111)

I/
\|;'((u‘+.‘r.):L Pt+
EF| a L a

Ung sudl trong coc & mién 12 bing:

9 { - { -
N 4 Y [ [ 4

]
- EK(/ - ).

Bang cach tuong tu. ta ¢é thé xac dinh duge trang thai (ng suat
cua coc trong cac mién Liép theo cho dén khi va cham két thie.
Thoi gian va cham cua bda viao coe duge xac dinh tit phuang trinh
Pit)y=10.

86 liéu tinh tedn cu thé cho thay ring: trong trudng hgp khao sét.
Ung suat trong coc chi chju Gng suit nén, tng sudt cuc dai thudng
xay ra ¢ dau coe va giam dan theo chiéu dai coc. Tai day coc tng

R . . ol o L a e
SUAt biang F Dé tranh vd, nidt dau coc. khi thiét ké can gia ¢ et

thép 6 dau coc va phai tinh chon dém va mii coc.



Chuong 4, VA CHAM DOC CUA THANH BAN HOI VA AP DUNG CUA NO VAO BAI TOAN... 143

§4.3. MOT SO KET QUA TINH TOAN
V01 SO LIEU CY THE TA! CONG TRUGNG

Mang coc 1la mét trong nhing hinh thde két cdu quan trong trong
cong trinh kifn tric xay dung nha va cac cong trinh giaoc thong,
thuy 16i. Su phd hoai ctia céac coc don va do dé d6i véi mong coc
dudi tac dung cua cac tai trong ngoai bao gém su pha hoai cudng
dd vat lig¢u coc va sy phi heal cuding dé dat nén. Viée tinh toan tinh
tal cing nhu viée thi nghiém tinh tai cla coc vén thuong hay st
dung. cho ta dé fin cay vé stic chiu nén doc truc va su chéng nhé
cua coc. vi thue té& & cac edng trinh hé méng coc thusng chiu luc
theo phudng thing ditng. Véi sy ra doi va phat trién 1y thuvét
truyén séng trong thanh dan héi, da chitng té ring: st pha huy coc
khong chi do nguyén nhan ving suat nén 1dn nhit ma c6 ca nguvén
nhan dng suat kéo (nhit 1a d61 véi cac coc béténg hay bhétdng cét
thép) ¢ d6 ing suit kéo vust Ung suit kéo cho phép cia vat ligu.

Cdug tac kiém tra site chiu tai cla coc cAn tién hanh & ca giai doan
thiét k& va gai doan kiém tra thi cdng. Vide kiém tra thi cong {(c6
tinh khdng ché nhat dinh) dude thuc hién trén e i kiém tra xac
SRAt coe su dung ¢ cbng trinh véi mét ty 18 xac dinh. Trong tinh
hinh hi¢n nav, ¢6 thé de nhiéu nguyén nhin khac nhau (nhu k¥
thuit va cdng nghé thi céng. trinh dé quan 1§, mé hinh tinh toan
déng dé kidm tra sy lam vi¢e cua coe, méng coc... gap khé khan Ién
vé todn hoc, khé cho két qua nghiém chinh xdc...) ma dan dén cac
vin dé vé chat lugng coc. méng coc. Thi du nhut déi véi coc bétong
dic san, khi tié€n hanh thi eéng thuong hay ding bia Diezel, bua
hai hay roi tu do d€ tang tai coc vao dat. Viée nghién ciu giai
quyét cdc van dé sau day 1a rdt quan trong, dam bao d6 tin cay vé

B

su lam viée cua coc, mong coc.

1. Tinh toan chon dém coc va dém bua phu hgp. Pém bua la 16p
dém gitia mi coe va bida. Ngudi ta thudng dung g8, cao su hoac
cac ¢hé phim chdt déo, cae tAm thép hodc tAm nhom... Bém coc
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1a 16p dém gitta ddu coc va mil coc. Ngudi ta thudng bd tri nhiéu
16p va vat ligu chu yéu ¢d thé 1a gb, bao 1ai, rom... Tac dung cua
dém la truyén xung lue va cham cudng dd 16n tir bia vao dau
coc tao ra lue nén dan héi phan bé déu, dé ting suAl trong coc
khéng vigt qua gia tri cho phép cua vat liéu coc khi déng.

_ Tinh toan sy xuat hién (néu c6) va dé i6n cua dng sudl kéo d cac

ti6t dién cta than coc khi tién hanh ha coc. Sy xuét hién va do
16n cua dng suit kéo la nguyén nhén co ban ddn dén nil than
coc batong hay bétdng cot thép, gay nén su phé hoai coc'va két
¢&u mong coc. Trong céc md hinh co ban, gial cdc bal toan
truyén song dan héi trong thanh khi va cham 4 cac phéan trén,
ta thay rdang: khéng phai bao gig ciing xuit hién dng sudt kéo,
né phu thude vao difu kién bién cua bai toan va cha yé€u la ma
sat mat bén (lye can cta dat 1én thanh coo), lue can mil coc
(litn quan dén tinh chat ¢g 1y cac loal dat ¢ miii coe) va cang ¢d
thé cA vio tinh chét dan héi cac 16p dém dau coc.

Trong [35] chi ra rang: mét coc dic shn 450 x 450mm, dai 24m,
batong M38, 16p d& il coc 1a a sét. bia déng ning 40000N.
chidu cao ra1 1.2m va coc ¢ dém. Thuc té do vi tri cach dau coc

7.8m (ng sudt kéo dat 3 MN/m? vugt qua cuang dd chiu kéo cua
bétong (bétong M38 co cudng do chiu kéo 1a 2,57 MN/m*?). V&t
nit ¢6 6 rong du tinh bang & = 0,15mm.

Tinh toan stc chiu tai cta coc khi duge tang tai vao dat ¢6 nhiéu
l6p khic nhau. M hinh dong lve gii cac bai toan nhu thé gap
nhidu khé khan vé toan hoc. Hién nay. thuong vAn hay st dung
phuong phap thd hode dua vao kinh nghiém dé tién hanh thi
cing mong coc. Pidu nay ré rang kho c6 dg tin cay cao vé sy an
toan méng coc. Coc déng trong cac trddng hgp nhu thé c6 thé
khéng dap dng yéu cAu d6 xuyén dén chidu sdu du kién hogc vd
nitt dau coc, anh hudng 16n dén stc chiu tai caa coc,

Trong nhing nam gin dav, ngudi ta bat dau ap dung réng rai

phuong phap ddng dé tién hanh kiém tra chét lugng coc. Dién hinh
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phai ké dén: phuong phap dong bién dang nhé va phudng phap
dong bién dang lén.

Vao nhiing nam 60 cua thé ky XX, E.A. Smith 1an diu tién da dua
ra nghidm sai phéan cua phuong trinh séng ng dung vao bal toan
déng coc. Y tudng chinh cha phudng phap la: dua phuong trinh
song (2.4) (xem chudng 2) thanh mét s6 hiiu han céc phudng trinh
gai phan, mo ta hé théng bua — coc - dit 1y tudng dé tim nghiém.
T d6 cho ta mét phuong phap phan tich qua trinh déng coc phue
tap trén cd s6 md hinh co - Iy gin chinh xac, két hgp véi tinh toén
s6. D6 chinh 14 mé hinh khéi: khoi lugng, 10 xo va giam chén, su
dung may vi tinh ti_én hanh theo phudng phap thit dan. Céc tham
a0 Smith dua vao tinh la: trong lugng coc, trong lugng mail coc,
trong lugng bta, mdodun dan héi clia coc, dién tich mat cét coc,
chiéu dai coe, mdt s tham s& chi dac tinh dém bia va dém coc. ty
16 phén b luc can vach coc va mili coe, Iye can tinh cta dat khi
déng coc. Phuong phap phan tich phuong trinh song ¢ trén c6 thé
thu duge ing sudt cla moi thoi diém trén mbi mat cit ¢ than coc,
ciing nhu Ung sudt ¢ cac mat cat khac nhau cua cing mét thoi
diém. Diéu nay giip ta khdng ché tng suat khi tién hanh ha cge.
Dic biét d61 vdi coc bétdng hay bétdng cdt thép, néu tng suit kéo
lén hdn cudng dé chiu kéo cia né sé lam thén coe ntt, hinh thanh
két qua gay coc.

Ciing vao thdi gian nay, song muén hdn mét it, dudi su chu tri cua
G.C. Goble 6 Hoc vién Céng trinh Case USA (nay la Trudng Dai
hoc Case) da dua ra phuong phap Case, dang ly thuyét phudng
trinh séng 12 co s, déng thai ché tao thidt bi phan tich dong coc
PDA dé ngay tai hién trudng cé thé thu duge cac tham s8: site chiu
tai cua coc, Ung suft déng coc, nang lugng bia va tinh ndng cua
16p dém. Nam 1975, phuong phap Case dd dua ra cong thic ¢d ban
suy ra tit 1§ thuyst truyén séng xac dinh téng lyc can cha dat [35].

V4i nhiing van dé trinh bay s¢ lude trén, ro rang: viéc hoan thign
vé 1y thuyét cac bai toan truyén song trong thanh dan héi dudi tac



146

CO SG LY THUYET KY THUAT RUNG TRONG XAY DUNG

dong xung hie va cham. ciing nhu gial quyét cAc mé hinh bai toan
va cham cGa bda vao coc vdl cac di¢u kién bién khae nhau 14 ral
quan trong lrong viée &p dung thue 1€ cua ly thuyétr k¥ thuat rung
vao cong tac xay dung. N6 gnap cho céng tac thiét ké, Lhi eong.
kiém tra chdt lugng coc nhanh chéng, nhe nhang va nhiéu kha
ning chi phi thap. Trong tinh hinh hién nay da 6 nude. nhat 1a ¢
nude ta, viée tién hanh phudng phap déng xac dinh ste chiu tai
cua coe. méng coc chua nhicu va do nhiing han ché nhat dinh (ca
vé ly thuvél va ea vide thidu phuong tién ky thuat) dé chinh xae

cua nd con Lhap.

Ta dua ra mot s6 vi du cda mot sd tic gia nghién ctu, ap dung
nghiém chinh xdc L cie mé hinh bai todn va cham cua buaa vao
coc. Cac 50 l1éu duoe 14y tU cac eéng trudng thue t& ¢ nude ta. Mic
du ¢on sdm néu néi dén kha nang ap dung vao thue L&, song phan
nao cing dua ra duge cae nhan xét bd ich giip cho céng tac thisl

ké. thi edng cac edng trinh méng coc ngdy mét hoan thién hon.
Két qua thi nghiém céng trinh cau Ky Lan - Ninh Binh [44]:

Ap dung két qua nghiém bl toan: va cham clia bia vao coc, phan
trén et coc Ly do. phan dudi eta coe chiu ma sat mét bén. dav coc
chiu e can.

1) May do 8i3535D, Scorpo Date Logger: ghl song (ng suidt va
song bien dang trong qua trinh ha coc. Dang 4 kénh do ddéng

cUuA mMAay.

9) Bua: bua Diezel kidu C.268. trong lugng phan va dap @ = 1.9 t:
duong kinh xylanh D = 29e¢m: dién tich xylanh f = 0.066m"
hanh trinh lam viée H, = 0.515m: chiéu cao ro1 16n nhit
H = 2.10m. Khi thi nghiém, cho buaa déng tiing nhat. khéng cap

nhién lidu.

3) Bém: cd dién Lich bang tiél dién coc £ = 30 x 30 em. gdm ba 16p:
16p dudi cung 1a g6 lim £ = 6.7.107 kG/em? day 15em va Sem: 16p
gitia 1a bian thép m coe day 4em. E = 2.1.10" k(/em?: 16p trén
cung Ia bao tai B = 37.2 kG/em” day 1.3,
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4) Coc: bétong cét thép M200#, kich thude 30 x 30 x 1000 cm.
E = 3.11.10" kG/em®: van tée truvén song a = 3.565.10° cmfs:
ung suit cho phép [o], = 175 kG/em?.

) Bar nén: 16p 1 ¢6 chidu day 6.67m la dat sét pha mau xam den

¢6 1an htiu co, ¢ trang thal mém déo, ¢6 ¢ = 1,5 t/m? Lép 2 dudi

16p 1. chua r6 chitu day. 1a sét loang 18, & trang thai déo cing

dén nda ciing, lye chéng dav coc r = 330 t/m?.

6y Két qua:

Loar dém

{ing sudt tinh toan lon
nhat

{ing sugt do duoc ion nhét

Gé iim day 15¢cm

100,301 kG/em?

54,44 kGicny

G& lim day 5cm

102,660 kG/em?

63,33 kG/ecm? J

K&t qua trén cho thay: thi nghiém da ghi duge tin hiéu vé tng suat

va bién dang. Tal mit cat x = 0.6m két qua do thuc nghiém sai

khae khoang 40% so véi két qua 1y thuvét, song thién vé xu hudng

an toan. Nhing sai khac trong thi nghiém nay cé thé phan tich d

nhiéu nhan té khac nhau. song diéu quan trong 1a két qua thi

nghiém da khang dinh thém tinh ding dan clia nghiém bai toan

v ¢6 thé tham khae khi 4p dung. Mat khae, diéu ro rang la dé

cing cua dém dau coc anh hudng kha rd dén tng sut trong coe va

thoi gian va cham gita bua va coe. D6 cling cia dém tdng thi dng

sUfit trong coc 1dn va Lhai gian va cham nho,

45]

a) Tinh vdi 56 ligu 1ay 1t TTKH va TKKT Thuy loi cho tram bom
Vian Thai A — Bac Ninh:

Ap dung két qua thi nghiém khi giai bai todn: va cham cta buia

vir coe qua dém dan hoi c6 ké dén lue can 0 mat bén va lue

chimg d dayv coc khong déi. Hé s6 truyén nang luong n duge xae
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dinh 12 ty =8 cong clia lye nén P(¢) cia dém lén diu coc vai dong

nang cua bua trude khi va cham.

9 fP(s)V(t)dr
N CR
T, MV}

(4.111)

1) Bdt nén: q = 2,46 t/m* coc chong 1én 16p dat nén r = 126 t/m®.

2) Cpe: bétdbng c6t thép M300#. p = 2400 kG/m”, kich thude
30x30x1900cm.

3) Dém: gbm hai 1dp bao tai va thép, do eting déc trung v =0.25.

4) Bua: loai 6ng dan piltong roi: dau bua 2,5 t; H, . = 2.5m.

5) Két gud: khoi lugng coc m = 4104 kg.

Cho y = 0.25 ¢é dinh tng vdi % thay déi tix 0,9 + 3,6, K&t qua cho
n = 0.766862 v61 A = 1,239879 —» m = 3310kg. Néu diing bia cé
m = 2500kg. chiéu cao nang 1.8m thi Gng suit 16n nhat xuil
hién trong coc khi déng o = 171 kG/em? nho hon 175 kG/em?® 1a
Gng sufit cho phép cua coc, tai mat cat x = 1m ké t ddu coc.

Cho % = 1.64 ¢§ dinh va thav déi vy = 0.15 + 0.36 két qua cho
Mo = 0.705261 tng vdr y = 0,3004, T d6 tim duge dd ciing dém.

chen dude dém thich hgp vél loal bua cé sin.

by Tinh véi s héu 1dy tai céng trudng cau kénh gitia dudng Bic

Thang Long — Noi Bai:

Ap dung két qua nghiém khi gidi bai toan: va cham eia baa vao

coc. mOL phiin cua coe chju ma sat mit bén phan bd déu, day coc

chiu lue chéng khiéng doi

1) Dét nén: ¢ = 4.46 tyim* chidu day l6p dat nay 14 8m. Lép dat
tiép theo 14 ban nhio day 4m. lge ¢in bé qua. Coc chéng 1én
lap ddt nén r = 29340 kG/em?.
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2) Coc: béténg cdt thép M200#, p = 2400 kG/m*: kich thude

35x3Hx1200cm.

3) Bém: gdm hai 1dp bao tai va thép: gia tri déc trung v = 0.16

vay = 0,185

4 Bua: loat ong dan: dau biia m = 2.5 t; H = 2.5m. Bia hoi mot

chiéu 6B: m = 2.,560t: chidu dii di chuvén cia pitténg 1.37m.
5) Tinh: khéi lugng coc m = 2592kg,

e Cho vy = 0,16 ¢6 dinh va thay d6i A = 0,9 + 3.2 két qua cho
Ny = 0. 710061 khi dé vy = 0,1475, tir d6 C = 46677.6 kG/em.

« Cho . = 141 ¢6 dinh va thay déi v = 0,15 = 0.22 két qua cho
M = 0.7 khivy=0.1411, ti d6 C = 46556,2 kG/em.

Nhu véy. thue t& khi thi céng cge trong méi trudng khéng ddng
nhit thi khi ¢6 dinh d4u bda can tirh toan chon dém thich hop va

ngugc lai khi ¢6 dém can tinh chon dau bia thich hap.

Tinh vdi s6' liéu ldy tgi cong truong khi dép dung Rét qua
nghiém giai tit cdc bai todan sau [37]:

a) Coc dong trong nén dong nhat day coe tua trén nén dat véu.
Cac tinh todn da di dén cac két luan sau:

1) Thay doi chiéu dai coe: chiéu dai coc tang thi thdi gian kat
thuc va cham tang, Ung sudtl nén cuc dai trong coc giam.
ing sudt kéo cuc dai trong coc tang. Tir d6 da dé nghi chon

chiéu dai coc hgp ly dé tranh pha hong coc khi dong.

2) Thay dé1 do ciing clia dém dau coc: do ciing cta dém diu coc
tang thi thai gian két thue va cham giam, dng suft nén cuc
da1 trong coc ting va ng sudt kéo cyc dai trong coc cing
tang. Tac gia da dé nghi chon théng s& dac trung dém diu

coc v hgp 1y dam bao an toan va dé tin cay khi ha coc.
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b) Coc déng trong nén khéng dong nhat hai 16p. day coc tiga Lrén

nén cing.

1) Thay dai Uit dién ngang coc: tiét dién ngang coc tang thi
thol gian két thic va cham glam, dng sudl nén cuc dai
trong eoc cing giam. T d6 dan dén tinh toan chon Liét dién

coc hgp 1y khi c¢hé tao hay dac sén coc.

2) Thay doi d6 ciing dém dan hoi dau coc: dd cing dém dau coc
téng thi thoi gian két thac va cham giam, ting suit nén cuc
dai trong coc ting. Nhu vay. cé thé tinh chon théng 6 diac
trung vy hgp 1y dam bao dé an toan va tin cav dél vl sic

chiu tai cua coc.



Chuong 5

TINH TOAN RUNG MAT VA RUNG SAU

__ __

§5.1. TINH TOAN RUNG MAT

5.1.1. DAO DONG CUA STAMP CUNG TREN NUA MAT PHANG DAN

5.1.1

HOI CHIU TAC DUNG CUA TAI TRONG THANG DUNG BAT KY

.a. Bai toan Lambb H,

Bai toan Lamb I1.. thue chét 1a bai toan vé dich chuvé én dong lue

cua nda mit phang dan héi (bién dang phang) khi cic tai trong

da cho thav d8i doe
ién phu  thude vao
thot gian £

Teén bién cua nua mit
phang dan héi chiu tac
dung cua tal trong
thang dang thav dél
theo quy luat pl, 8
(hinh 5.1). Tim cac dich
chuyvén  thing diing
vlx, v, ) va ciae dich

chuvén ndm ngang u(x, y, £) cua cac diém thude nlia mat phang,

Phudng trinh vi phén chuyvén déng cta niia mit phang viét

dang [1}:

Hinh 5.1
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=+ (1-P*)- +BP = =B
U a e a (5.1)
2 2 o2 a9 .
r 0¥ qopy i 00 _g O
g2 oxcy By a2
| —
trong dH: BZE?': |||ll 2‘90 ¢ ||7L+2].I. L ey = |||£
Cl \I2 1—90 \I o V .
E 9 E,

Oy .
———— “

A= = - .
(1+9,)1-28,) 21+9,)

¢y, €y~ toc dd truyén séng doc va séng ngang trong nia
khéng gian dan héi;
%L E,.8,.p,- cac hdng s6 Lamé, médun dan héi, hé so

Poisson, mat dd vat liéu cia nitia khéng gian;

x=2 L Y= Z. t=c, L cic bién 8 khéng thi nguyén.
a a a

X, y.t - cac bién 88 thuc;

a- théng sd bat ky cé thit nguyén 1a chiéu dai (chang
han: néu tdi trong dit trén chiéu dai hiu han 1a ¢
thi thudng dat e bang nia chiéu dai doan dat luc:
{=2a).

Ap dung phép bién d6i Laplace, dua phuong trinh (5.1) v& dang:
a2 2 2
Ju g, 070 5 85U g 9=
T a-ph g S sty
i Oxly ay
. o (5.2)
2 87D y u 3v
B +(E-P) +“7=[32 ‘v,
e axay E}y

¢ day: s - thong s6 khéng thit nguyén clia phép bién déi Laplace:
zz(x.y, §) = Iu(x, y, e dt;
0 (5.3)

2

zj'(x‘ ¥.8) = J.U(x, y,t)e " dt.

1]
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Thuc hién phép bién déi nguge Laplace:

(AN

1 .
u(x, y.t)=- — _[u.(x. v, 8)e"ds:
2nl a
(5.4)
vix .y ) =- — ju(x, y.8)e™ ds.
v} i

Nghiém cta phuang trinh (5.2) tim & dang:

s e s _
=1 1oy o 1d 13y (5.5)

adx ady ady aix

Khi nay. viée giai phuong trinh (5.2) din dén giai cac phuong trinh

song:
o2 a2 .
e :‘.’+3§—st2cp=0:
T 6.6
Fy 8 )=
a—j{+—-—ly—szlp=0.
Ox -

Nghiém cua phuong trinh (5.6) duge tim theo phudng phap bién d6i
Furié. Cac bién déi Furié eta ham o(x.y,8) va y(x,y,5) 6 dang:

o

(g y.8) = 2. _‘.(B(x, y.t)e' ™ dx;
v T -
- (5.7)
;(E;, ¥,8) = —:'1: j@(x, y.t)e" ¥ dx,
Va2m

d day: & - thong s& khéng thi nguyén cua phép bién déi Furié.

Néu céc bién dai Furié da biét, thi chinh ham phéi tim sé c6 duge
trén co s phép bién déi nguge:
- ]. e . —ixE
olx. y,8) = —— jtp(é,y.t)e ~dE;
/2n

ay oy
’ (5.8)

+1:.=

. i —ixt g
WX, y,8) = —— jlp(&_,y. s)e " dE.
aven

-
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Bav gid, ta su dung eac phép bien dd1 Furit trén (theo toa dd x).
phuong trinh (5.6) dan té1 dang:

O gt -0
o
" (5.9)
(_Ii "JlJ _ (.;:J R Sz)\l; - U
oy "

Theo phuong phap da chi (xem 2.4.1 chuong 1) nghiém cua
phuong trinh (5.9) s 1im d dang:

. oy, ‘):A g 3—_\'\.1_"||'\-‘,\--"
o{Z. ¥. 8. (£.8)¢ .

“ll(&_.- ¥. S) = B(\E_\.. S)c ¥ AT T

Cac hé =8 A(L.«), B(Z.8) dude tim I cae didu kien bién dii vél dng

sufit phap o (x.y.0) va Ung sudt Lép t,,(x.v.f)

o (x0.t) = -pla )y T (x0.8) =0, (H.11)
hayv: g}_(x.(}\t) = —;_J(x. t): t_: (x0,0)=0.
Ta cé:
d .)\.;2 Lo
A5y =~ 2= I p(es):
po F(E8) -
I (H.12)

2 .'.i L::\,'éi +BZS‘.J. —

B(i.s)= .-
(%.8) u F(¢c. s}

& dav: bién déi hai lan (Laplace va Furié) cua ham di cho plaf}

ch dang:

pEo = o | [ptenedtdx. (5. 139)
\'Ilr - 0
viham:  F(L.8)=(287 4 %) —4¢° V"Ig‘“’ Bist (2 + 8" . (H.14)

Cudi ciing. ta nhan duge:
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_ .i (2.:__._} + S:: )e LAY LR “E;BB—_\-'\?‘H' :|p(é~ S)e—r'xidf-‘

(5.15)

- 1 —-/-;_' E',‘. F . ,, v, TE e
(X, y,8) = ——= IL"U(‘ r;)il[ZE,z +587)e ° L

pa2n ) F(E ) L
S2VE SR e Y e (5.16)
11 TEURE et T vy g
oyt = ——=— | ¥E_EDT gzt g gye
ny2m 2me 4 F(Es)y L

_ 2;2(3 YuiTHsT :|£(E:lS)e—i.\';;-.u.f(iéds : (5'17)

u(x, y,t) = . J fsp(:’ {(9&,2 +5t)e I
1y 2 ZTU F(&,s)

-yE 4Pt et pste Y }e Mt dids (5.18)
Khiy = 0 thi:

ol 0 s) =[5 TPF e sertdi (5.19)
[TREDC F(5,8)

. U i) s I
ae0,s) = 1 [PPST0zv g o e e B L6 et 1(5.20)
a2 7 Figs) [ v v J

PR R

- fxi+st ye . 4
I -[____F:(T o p{g,s)e dids: (5.21)

via0.6) = -
W 2 Z"U
ulx,y,t) =

Pl R

1 1 ( I } e g Ilr., " e _) “g i _“.;_ _“_',.'J: 4 CixF s
- “E 2"[5 ,[ F{J(: (’,). [zg + 5 - 2\.'5; + ﬁ 5 \,lé + 8 Je rdﬁds
Vo ! PO ot

(5.22}
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Nhu vay. bai toan khao sat dan téi tich phan huai lop (5.17). (5.18)
hay (5.21). (5.22) (dé1 véi bién) khi da biét ham plx, B

5.1.1.b. Dao déng cua Stamp ciumg trén nira mit phing dan héi

Khao sat tdm cing tuvét doi
chiéu réng bang dan vi, chidu

dfij 2a. chiu tac (:11_1‘1'1g cua luc P

thang dang thay déi theo thai

glan P(t). Yéu cdu tim phan ‘
lue phap cua nén px, £ va 'c'
dich chuvén thing ding cta a O a b ?
tAm w{t}. Ma sit giGa tadm T *
va nia mit phang bo qua oy

(hinh 5.2). Hinh 5.2

Phuong trinh vi phén chuyén
dong cua tdm viét ¢ dang (trong cac bién khong thd nguvén)
[13. 22]:

S dWY by Ry, (5.23)
a® dt*
|I’_”.- E'

6 dé\’ e, = 11— H = " :
e, 2(1+8,)

M, - khol huong cta tam;.
R(#)- hop cac phan lue cia nén:

1
R(t) = 2a _[p(x.r)dx‘ (5.24)
{1
Diéu kién tiép xic ¢é dang:
w{t) = olx, 0.6, (Jx' <1). (H.25)

Ap dung phép bién déi Laplace va chu ¥ tdi (5.25). phudng trinh
(5.23) nhan duge dang:
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|/ . "\2— — -
V] w(x0.8) = P(s) - R(s) . (4] < 1), (5.26)
Ve

M

i

Thay (5.19) vao (5.26). st dung (5.13). ta dan téi phudng trinh tich

phan cap trong mién khao sat:

o fer a2 2

R 2= +B s
mov2ms J -

8]

) plE.s)ycosxidt = P(s) - R(s) . (jx' < 1);

[pe.s)cosxede =0, (x > 1), (5.27)
L}

TR 2h p
¢ day: m, =0
Tap,

h - dd cao cua tAm:
O - mat do vit lidu tAm;
Ham F(%,s) xac dinh theo biéu thie (5.14),

Tu (5.27) ta nhan duge ham p{x,s) va sau d6 xac dinh duge ham

goc theo cong Lhie ngude:

;(x._s)e“ds‘ (5.28)

RS s

plx.f) = i
2me

Néi chung. dé nhan duge nghiém chinh xac d6i véi ham p, £ 1a
khéng thé. Do do. ta chon hudng tim cac phudng phap gin ding ¢6
hiéu qua dé giai bal toan.
Trong cac cong trinh nghién cdu chia nhiéu tac gia, phudng trinh vi
phin dao déng cta Stamp duge dan dén phuong trinh Fretdon 11
va dude giai bang phuong phap s6 hay ¢ dang c¢hudi. Mot phuong
phap da biét 13 d&n phudng trinh tich phan lap truc tiép tdi b
toan dai s8 bing cach biéu dién nghiém bdi hé ham trie giao.
Trong trudng hdp nay. d€ nhan dude nghiém hitu hiéu dam bio héi
tu nhanh can phai lam rd thue chat tinh ky di cda ham phai tim.
Nguiol ta da ching minh duge: phudng phap da thie truc giac da
hitu hi¢u khi giai cdc bal toan dong hic. Nghiém cla bai toan khao
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sat s¢ dude tim ¢ dang khai trién chudi theo da thie lruc giao
Yebuiwes loai I:

",n'—”_-‘(x}_ _ (5.29)

plx )= ZAN\' (t) y
oy v1i-x°
vl AL () - cae ham chua hist, phu thuée vio that gian ¢,

Bién déi hai lan (Laplace va Furié) ham (5.29) ¢é dang:

;(i.s)-—a' LS D A (I ). (5.30)

"‘f(]

Sau khi tién hanh hang loat cac bign déi va tinh Loan, ta nhan
duge cac két qua [22]:

a) Hé phuong trinh dai 26 dé xac dinh cac An 8 Ay (s):

+m,s” Zﬁg;.- ($)C,, ,(8) = D.(s)
k=il

. (5.31)
WZ D A ()0, (5) = D (5).
Lh=ti
Ta dé:  Aa(s)=— Q . (5.32)
Als)

¢ diy: A(s)- dinh thie cGa hé (5.31);
Ay (s)- dinh thie nhan duge khi thay cée cot tudng ing
cua ma trin bang cac thanh phan tu do:
_ P(s) —
D) =2 D=0, =1.2.).
na
Ap dung cong thic bién d6i Laplace nguge, ta nhan duge:

4 A

Ay (t):—l- J' 2 (;)e“ds. (5.33)
q

b) Dich chuyén thing ding cua Stamp tim duge tu phuang
trinh (5.23)
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wis) = L ]\_,-—[1_3(5) -raA.(s)]. (5.34)

T d6 w(#) duge xae dinh bang cach tinhi tich phan chap:

!

w(t) = — ' — [it —0[P(x) - nad (1)l (5.35)

T

5.1.2. LAM CHAT DAT BANG MAY RUNG MAT

5.1.2.a. Phuang phap rung mat va nguyén ly 1am viéc cia may rung mit

Phuong phip rung mat 1a phuong phap dat bo kich déng rung 1én
mat val. Nho tae dung cia lue kich déng rung truvén téi vat ligu
lam cho vat li¢u bt lén chat hon.

Phusng phdap rung mit thudng duge si dung dé lén chat nén
dudng. nén cac coéng trinh xay dung (nén nha, nén dat khi dap dé.
ddp...). len chat cae 1dp trong két cau Ao dudng 616 biang béténg
atphan. bétong ximang., ¢dp phéi da dam, da gia cd ximang... Higu
qua lén chat ¢6 thé dat dé day ta 0.5 + 1.0 m. May rung mit [én
chat nén dat qua mot tdm thép eung hay con 1an rung (iu rung tu
hanh hay lu rung ¢é xe kéo). Cac tam thép can phai c6 do clng
ding ké so véi db eing cua nén dat. Do d6, véi dd chinh xdc cao ta
¢o thé col tim rép xde cling mav rung nhu mot vat ran tuvét déi
thue hién rung Lrén nén dat.

Khi may rung lam viée, ngoai trong lugng ban than con ¢4 luc
quan tinh ly tim do mémen léch tam (qua vang) sinh ra. lage nay
tac dung lén vat liéu, gay ra hi¢u ung di chuyén rung lam vat liéu
bi Ién chit lal Dudi tic dung ctia lie rung déng cac hat khoang va
dit nén bi dao déng, lam cho lvc ma sat va lue dinh gitia cac hat
giam di. Do luc kich rung va tr ong lugng ban than, cac hat Lhoang

v dit chuvén dich theo phugng Lhang ding xudng tdi vi tri én
dinh. sdp xép lai lap day 16 véng. Cac hat khoang nho hon 36 chén
dav vio ciace khe rong giia cac hat lam dé réng cta dat giam & do
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chat tang 1én. d6 tham nuée giam, kha nang chdng bién dang cia
nén dat dudi cong trinh tang lén.

Hiéu qua dam nén bang phuong phap rung phu thudce vao bién dg,
tan sb dao déng, d6 Am, s6'1an dim nén ciing nhu cach tiép xuc clia
bé mit may rung véi nén. Khi rung, Iuc ma sat déng giia cac hat
khoéng nho so véi lue ma sat tinh. Cac hat khoang sé di chuyén
cang nhanh khi lue dinh gita ching cang nho va do chénh léch vé
kich thude gitia cdc hat cang 16n. Vi vay, déi véi dat rdi rac gém cac
hat c6 d6 thé khac nhau, luc két dinh nho thi st dung may rung dé
1én chiat dat nén cang hiéu qua. Khi cAn dadm nén ¢ dd sau 16n ta
thudng dung thiét bi rung c6 tan sd rung nhd, bién dé rung lén va
nguge lal, Thue t&, trong qua trinh thidt bi rung lam viée, ta ¢6 thé
diéu chinh tdn s8 rung cho phu hgp bang cach thay ddi s8 vong
quay cta déng cg.

Gia st luc kich déng ciia may rung tac dung theo truc dé xing
thang ding qua trong tdm may rung, khi d6 bai toan dao déng
cudng bic thang ding ciia may rung mat dan téi bai toan dao déng
cua vAt ran trén nda khéng gian dan héi. Nghidm chinh xac cta
bai tean khao sat. nhu da chi ra ¢ phan trén con chua tim duge,
Néu ta thidt 1ap mé hinh nén dat nhu méi truong dan hobi va thay
nd bang 1o xo 1y tudng (nhu mot val md hinh giai trong chuong 3)
1a khong thé, vi trong trudng hop tén tai dao déng cudng biic cua
may rung mat, luc can dae déng clia cdu trdc nén dat thuc chat

phu thudc dang ké vao tinh chit quan tinh cha né.

5.1.2.b. Cac yéu td anh hudng dén do chat cia nén dat khi rung va
mét vai chi tidu danh gia hiéu qua dam nén
Do réng va 46 am la nhing dic trung vat ly cd ban cta dat cat.
Luc can cua dit dusi tac dung cla téi trong ngoai, tinh én dinh
ctia dat. luc ma sat va luc dinh cua dit, do ngdm nude va cac tinh
chit co hoe khéae ctia dit phu thude vio dd rong va dé Am.
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Goi v,.v,.W tuong ing la trong lugng riéng cua dit, trong lugng
khéi va d6 Am cha dit. Gia tri hé s6 d6 réng & biéu thi bang
guan hé:

e=(1+W)le 1. (5.36)

T

D& chat 1dn nhat cta dat dat duge khi su phan bé cac hat trong dat
dam dac nhit. né tuong 1ing v6i gia tri nhoé nhit ctia hé 58 dé rong
£.. Goi gia tri hé s8 d0 rong cua dat toi x6p 14 &, . Nhiing gia tri tdi
han e. va ¢, 1A cac dac tinh vat 1y cua dat, khéng phu thude vao
tac dung ngoai va d6 Am cua né. Chung duge xac dinh bdi hinh
dang va tinh déng déu cha cdc phan td. Thue t& khé khan 1én
trong thuc nghiém 14 xac dinh hé s8 d6 rong nho nhét €., vi khi su
dung ap lue tinh khong thé lam dat c6 trang thai lén chit 16n
nhat. Do d6, dé xic dinh &, ngudi ta phai 4p dung kh4 nang 1am
chat dat do tac dung rung déng. Do chat cyce dai (3, ) duge dic

trung bang hi¢u cic gia tri gidl han cta cac hé s dod rong:

) =g —C..

X i

Néu ban dau dit o trang thai tgi x6p nhat va dudi tac dung bén
ngoai dé rong clia dat dude dac trung bing hé s6 ¢, thi d6 chat cia
dat (&) bang:

d=€,—€.

Ngudi ta thudng ding ty 56 - dé dac trung cho dé chat cta dat.

ky hiéu la D:

6 _
D:—: 8” E .
B € —~£.

1LY 3]

D goi 1a hé sd dé chat e dat. Gia tri cia nd thay déi trong khoang
tr 1 dén 0. Trong trang thal toi x6p nhdt s=¢, nén D = 0. con

trong trang thai lén chat nhat e=¢. nén D = 1.
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Can e vaoe hé 0 d6 chit, cac loai dat cat chia thanh ba nhéom:
‘

TN .. 2
- Dt eat 1én chat: 3 «D<l:

&

- D4t cat chit trung binh: % <D< §

- DAt cat toi x6p: 0 < D < % ,

Trong nhifu trudng hop. ngudi ta con st dung hé s8 toi x6p K cua
dit thay cho hé & do chit cla dat:
€~ Ts

K-- .
€, —E

GitiaKvaDcedquan hé&: K=1-D.
Ta xét cu thé mdt s& quan hé sau:
+ Anh hudng ctia d6 Am d€n @6 chit cua nén dit khi rung:
Theo [3. 4]. gidta cAc hé 86 & vA n (gia téc rung) ton tai su phu
thude khong tuvén tinh. Ta cé:
g =e(1).

Liy véi gin dang thi nhit, c6 thé coi sy phu thude nay tuyén
tinh va phuong trinh vi phan biéu thi sy phu thude gida € va y
¢6 thé viét:

e .

o Be-e.). (5.37)
dn :

& dav: - hé s8 ty 1& hay hé s0 1én chat khi rung.
Vikhi n=0.thi £ =¢(0), nén:
1 _a({)__)'— E.

[3 tga,

§ dav: o, - goc léch cua dudng cong € = ¢(n} khi n=0.
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Cae tai liéu thue nghiém cho thay, dé1 véi dat cat:
Néu d6 am 5% thi hé sd B gidm dang ké. Do chat ctia nén dat
giam khi thyc hién lam chat nén bing phuong phap rung.
Khi d6 Am tang thi B tang. D6 4m dat 16 + 17% thi  ldn
nhéat. Trong trudng hdp nay. nén dat duge lam chat t8t nhat
bang phuong phap rung.
N&u d6 Am viigt qua 16 + 17% thi B lai giam.

Ta c6 thé néi: mbi loai dit cho ta mdt d6 Am t6t nhat. Do Am tot
nhét 14 d6 Am véi cong dim nén khong d4i sé cho ta d6 chat ldn
nhét. Do db. khi st dung phudng phap rung dé 1én chat dat, do
4m thuc t& cta nén dit chua dat 46 4m tot nhal can phai tudi
thém nude cho dat d6 4m té6t nhét. Song ciing luu ¥ ring: néu
tudi qua yéu cau dd Am tot nhat thi phuong phap dam nén bang
rung déng cling rat khé khan khi ddy bét nude ra khoi nén dat.

Dua vao tai liéu thi nghiém, ta c6 thé bidu thi quan hé trén

d6 thi gida d6 chat clia nén dit khi rung véi d6 am cha nd
(hinh 5.3).

D .+
h

—

TN

A

O o
04 \\ /(/ | \\ ]
| |

i
0 2 4 6 81012141618202224 G3%

Hinh 5.3
« Anh hudng ctia bién d va tin s8 rung dén do chit cia nén dat
khi rung:
Su thay déi hé s6 do rdng phu thude vio gia téc dao déng, nghia
1a phu thude vio bién do va tan s6 ctia may rung. ‘Trén @6 thi
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(hinh 5.4) biéu thi su phu thude d rong cua d&t cat vao bién dé

dao dong thang ding (ng véi cic tan s6 dao déng khac nhau.
T d6 thi, ta nhan thay:

- Néu tin sd dao dong khéng doi. thi hé 36 réng gidm khi
hién d6 dao ddng ting.

- N¢u bién ) dao déng khong déi, eom tan sd dao déng thay

d61 thi hé s6 rong tang khi tin 58 dao dong gian.

o Sy phu thude gitta do chéit cua nén dat kbi dam nén vdéi s6 1an
dam nén.

Cac ta1 hiéu thue nghiém khffn'lg dinh rang. khi s8 lan ddm nén
ting 1én thi d6 chal caa nén ddt cling tang, Van dé 1i: can phai
chon =& 1an dim nén t6i vu (xae dinh) dé véi do siu dd cho nén
dat dat téi dd chat yéu eau. Qua thue t& v tai lidu thue nghiém.
nguol ta nhan thiav: hiéu qua cdce 1an ddm nén cang vé sau

cimg giam.

® N.1000MUH . @ N.2000 MUH |
£ o N.1300MUH < N.2500 MUH |
100 | ® N.1600MUH™ % N. 3000 MUH
0.9
08 —
0.7/ - A ~—
0_6...._7_ i ¥ - - T || —-e-
| P L
04 08 12 15 2 24 28

Hinh 5.4
Su bign doi A9 chat cta dat véi s6 1an dam nén duge cho trén dé
thi (hinh 5.5). T d6 thi. ta ¢6 mét s6 nhan xét:
- Vdi =6 1an dam nén trong khoang 1+ 12 1an thi do chit cia
nén dal tang dan. c¢on sau dé du ting =0 Iin dam nén do

chiit cua nén ddt cing khong tang.
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- Cung mot 86 1an ddm nén. § cac dé siu khae nhau (ké L

miét nén xudng), nén dit co do chat khac nhau.
Trong nhi¢u nam trd lai day, trén Lhé gidi clng nhu ¢ nude ta da
su dung rong rail cdc may rung dé lén chat dat nén dudng hav cac
cong trinh xav dung nha. thuy lgi... Ngudi ta thuong su dung eac
chi tiéu sau dé danh gia higu qua ddm nén béing may rung:

a) Chi tiéu ty s0 P’/xé [46]:

Py~ lde kich rung: @ - trong lugng eua phén chan dong rung.
. ;e ) C N R A AP s
Hiéu qua dam nén duge xac dinh bang ty s6 *‘;/Q .0 dav P, ty lé
Vi
vl ién dé dao dong con trong lugng @ cia bo chan dong phai

s
s
.

di 16n dé ap lye tinh don vi (GB’F’ F - dién tich dayv bd chan

déng) khong duge nho hon cac gia tri sau:

- P61 vé catl Am udt: 300 + 400 kG/em™:
- P61 véi cat dd Am t6t nhat: 600 + 1000 kG/em™:
- Déi véi dat 4 cat do Am ot nhat 1000 =+ 2000 kG/em?®.

Hiéu qua ddm nén bang lu rung phu thudc vao Lan s6. bién 0]
dao déng va LAl trong tac dung 1én nén dat.

Quan hé gitia d6 chit cua nén ddt khi ddm nén bang lu rung vai

s

ty s6 Rf{,é cho trén dé thj (hinh 5.6). Nhu thé, ty s6 PR’,’EJ ol

nhat ¢6 nhing tri 6 khac nhau va phu thude vao tan s6 dao

déng (bang 5.1).

Khi tan 56 dao déng cua may rung bing hay gin bing tan so
dao dong riéng cta hé (gém may rung va khail dat rung theo) thi
xuéit hién cong huong. hidu qua dam nén sé tét nhat. Tuy nhicn.
viée xac dinh chinh xac tdn sd riéng clia hé 1a van dé con khé
khan diang ké vé toan hoc, cho dén nay chua 6 phudng phip

nao dang tin cAy.
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Bdng 5.1
Tdn s6 dao déng 750 = 1500 1500 + 3000 3000 = 50007
P |
Ty s6 % 6t nhat 0.9+10 10+14 14-23 ‘
B9 md
2.0
1
: L
/
|
175} —
tudn
15 :
10 15 20
Hinh 5.5

8%

Hinh 5.6
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Ngoai ra. La cling ¢6 thé khao sal quan hé gitia 46 chit cua nén

a4t khi diAm nén bing may rung véi tdn s6 di cho (chang han
. & bl e 4 ~ a - *
750 + 1500 +/f) va su thay doéi cua ty s P}é Trén d6 thi (hinh

~ e P e e .
5.7) cho quan hé giia & va ty so f/é d cac d6 sfiu k khac nhau

(h - d6 sAu dudi mat nén).

‘ 6 q‘:l“"

20l

Al A

1.8

17

1.6

1.5

1.4 | i
07 08 09 10 11 12 13 P/

Hinh 5.7

b) Chi tidu bién do ly thuyét A, {47]

- M 4 o ~ w -
Dya vao théng so —L]-\.'An theo bang phén cdp kém theo

(bang 5.2). O day: M, - khéi lugng tdng cfng tac dung 1én mot
banh chu déng ela lu rung (kg): L - chiéu dai cua bianh chu
ddng clia lu rung {(cm): A, - bién do 1y thuyét, tinh bang mm.
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Bang 5.2
Cap % VAo A,
B 15 - 25 [ A, 208
Cép V, > 25 | A,=06:08
M 25+ 40 A, 208
CépV, > 40 A, =08-10
40 = 55 A, 210
Cép V, > 55 A, _15 =13
wwwww 55 = 70 A, 213
Cép V, > 70 A =13+16
Cap V; > 70 A z186

5.1.2.c. Thiét 1ap va gidi bai toan vé ly thuyét rung mat

Ta xét bai todn dam chit nén dAt bang may rung mat. Luc do may
rung téac dung lén nén dat dude truyén qua dé may theo phuong
thang ding. Bai toan dao dong cudng bic cla may rung theo
hudng thing ditng dan dén bai todn dac dong ctia Stamp trén nia
khéng gian dan hdi. Dé tinh anh hudng cta tinh chit quan tinh
cua khéi dat nén rung theo, ta col dé may rung 14 tdm mém tuyét
doi. May rung 6 khdi lugng M. Theo phuong phap ¢ phan 5.1.1.b,
phuong trinh vi phdn dao ddéng cudng bitc cua may rung theo
phuong thing ding (truc Oy) viét & dang:

Mj + Re = Pe™'" (5.38)
trong d6: R - bién d6 cia phan hic nén dat tac dung 1én dé may rung;
@ - g6c trugl pha gida luc kich dong ciia may rung va

phan luc cta nén dat:
o - tdn 86 clla may rung.
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PE giai phuong trinh (5.38) cdn phai biét sy phu thude cda phan
luc nén dat R va gia tri dich chuyvén dong luc thang ding y cla dé
mayv rung. Viée xac dinh chinh xdc quan hé nay nhu da chi ra
trong 5.1.1 1A khéng thé. Khi cot d& may rung 1a tdm tron va dich
chuyén déng luc cia d€ mav theo phucng thiang ding 1a gia tri
trung binh cta cac dich chuyén & tdm va trén bién. trong cong
trinh cua minh O.A. WexTtep di tién hanh thue nghiém va thue
hién hang loat tinh toan phttc tap, dé nghi s dung quan hé sau:

&
d dav: 1t - médun dan hoi trugt ca nén dat dia duge 1én chat:
r,- ban kinh cia dé& may rung. Néu F 1a dién tich dé

may rung thi:

Ilr_ﬁ
- :

it = |I_ N
Vn
fi: f4- cac ham cua thdng s§

]

y=2n
4 L,

L,- chiéu dai cua séng trudgt phat ra to may runeg.

Véi cac gia tri da cho cia . ciac ham f), £, duge thiél lap theo dé thi

(hinh 5.8):
o - moédun dan hdi trugt.
D6 thi ham fi:
1vé o=0:
2vd 6=025;

3vel o=05.
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D6 thi ham £,
4vié o=0;
pvi o =025

6vi o =05.

f. 1,
0.28 —

0.24 H"“‘*-I : )1 ' !
0.2 Fo g\_\i IS L
0.16_73\52 f)*""*‘“ :
0.12F =5 SR
08—~ A -
2,34 | j | Q

0 020406081 1214160
Hinh 5.8

Bao ham hai v& caa (5.39) hai lan theo thdi gian. thay két qua
nhan duge vio (5.38). ta cé:

’VM(OH (fl n 1}% ) N 1:| Refm! — Pef[r-}!+t3J .

o
Chu ¥ rang:
Pe''ot10 = Pettel®: 0% = cosq + ising.
T dang thiic trén, ta tim dudgc:
P

| Me?® : Me?® \2
ll( i+ 1} +{ fzJ
(LT rol
Mot . {5.40)
rH
lgp = —
© fi+l
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Thay biéu thic R vao phan phéi diing thie (5.39) va khi b phan 4o,
ta tim dudgc bién do dao déng eudng bic thang ditng eia may rung:

a-t Rty (5.41)
FoL 3 = 52 N2 '
||[Mw leW +(M() f‘*J
,?‘Up_ v \ ":JH

Géc trugt pha gitia lye kich dong va dich chuyén déng luc theo
phuong thing ditng duge x4c dinh theo bidu thic:
Lo

Mo® '
fi+ GRS

1]

Ly = — {5.42)

Nhitng e¢ong thiic nhan duge chi ra rang: mic da trong phucng
trinh xuét phat (5.38) khéng tinh dén phan ldc giam chan caa dat,
cdc bién d6 dao déng khi thay ddi tan s6 luc kich déng khéng tién
dén vé cung nhu diéu d6 da ¢b trong hé dan hdi Iy tudng. Do d6,
ngay ¢a khi coi nén dat 1a moi truong dan héi 1y tudng thi vAn tdn
tai anh hudng cha tac dung giam chén 1én dao dong cia may rung.
biéu nay dude giai thich la: niang ludng dao dong phat ra tit may
rung bi hao tan hén tuc va vi vay, dao déng cia mdiy rung trong
ntia khéng gian dan héi tat ddn theo thdi gian. Cudng d6 tat dan
cua dao dong phu thude viaoe tinh chat dan héi cia dat.
Cang theo phudng phap cua O.8. WexTep, viéc tinh bién dd dao
dong cudng bice thing ding clla may rung mit, ¢ thé ti€n hanh
theo cdng thic (3.5} (xem §3.1 chudng 3):
A=K.A..

trong d6 nhu da biét: K. - hé so bién d6 dugde xac dinh theo (3.6)

hedc (3.7);

A. - bién dd @61 han.
Trong trudng hop nay, khi tinh toan col nén dat nhu 1o xo dan héi
1y tudng tuan theo hai diéu kién:
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1) Gia tri 6 cua hé so tat din w can phai ldy thee dé thi thay déi

theo ty s6 hé s6 tat dian véi tin <8 dao dong riéng thang dang
phu thude vaoe gia tri ¢ bing (hinh 5.9):

3
I 1

q - - . —,

Ve NF

!

(H.43)

dday: o,- ap luc tinh do d6 may tac dung Ién nén dat (tri s6
nay thuong khéng vugt qua 0,20 + 0.30 kG/em”, ngav ca
dé1 v4i may rung cong suat 1dn),
Cac 38 liéu tinh toan chi ra rang: su hao tan ning luong cua
MAy rung xav ra rat manh.
2) Khéi lugng rung theo ciing may rung can phai J&y biing:
m =Pne,, (5.44)
d day: m,- khéi lugng ciia may rung.
Heé s6 B duge 14y phu thude vao ¢ va cac tinh chat dan héi cia

dat theo d6 thi (hinh 5.10).

B |
-16_ \ 1 _— — '____]..._ I
15 - I
1.4 1\ ‘T
13 > __.\.‘ __ l !
11 \\\M“‘“—-——T-ﬂ._

F—

L[ 2 S R B
0 5 10 15 20gq
Hinh 5.9 Hinth 5.10

5.1.2.d. Tinh dé sau Ién chit

Ta xav dung hé thae gin ding xac dinh dd sdu lén chit nén dat
bang may rung véi gia thiét: may rung tao ra séng mit Panes
truyén vao trong nén dat.
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Tac dung cia mAay rung Jén nén duge thay bang lye tap trung
thang ding Pe™ dat doc theo bign ciia nua khéng gian dao dong
(mat dit nén). Theo phudng phap va két qua di chi ra trong 2.4.1
chuong 1. biéu thie dé véi thanh phan thing ding cua soéng cb thé
vidét 6 dang:

; { y 3
V=i-ae "™ —be™ }ip sinl ot - 2. (5.45)
L ! L L

Dol v cat duge 1én chat, hé 56 Poisson bing 0.25 thi a-, b.. a.B ¢
cic gia o san (3]

. 2n
a. = 0.25; b.=0.43: a=0.3D 7 :

=039 7 n=01EF.

Biéu thie (5.45) viet dudge:

[ 2 P
, 0wy 0ty p 21 o
V =<-020¢ Lo —043e L l sin| ot —=-x |. (5.16)
 04E L
o day: L- ¢hidu dai lan truyén séng:
L . A
L=2rn-: (5.47)
W
a- Loe do truyén song.
Tée do truvén séng dan hor a= |/ —: toc do truyén soéng deo
o .. ‘ "
a, =, — duoc xace dinh theo thic nghié¢m.

Vo
Ta dan ra mot 8 gia tri cla a va a, déi véi mot s6 loai dit theo
bang 5.3. Véi: o 12 1An s0 cha may rung: E 1a mddun dan hdi cua

dat da duge lén chat.
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Bdng 5.3
L Loai dat a (my/s) a, (m/s) N
Cat toi 200 100
Cat chua bi pha hoai 500 250
DAt thit, cat pha 250 150
Dat thit, cat pha chua bi pha hoai 700 350
Sét pha 300 150
I_St‘-}t 1500 500

Do s hang dau trong moéc cua bidu thiic (5.46) nhd dang ké so véi
s6 hang thd hai nén c6 thé 18y gan ding:

-0 mz 9 .
V=e L f sin[mt — —nx]‘ (5.48)

(34 tri cta thanh phan thang diing cuia séng lan truyén do lye kich
dong thang ding cudng dd p pban bd doc dai rong 2/ nhan duge
bing cach thay P = pd/ vdo (5.48) va tich phén trong khoang (-, &):

V=e o i‘)j Ibm{(nt - —--TE {(x— J)}di .

t"'

2n

o, 39 sin _ {
hayv: V =2¢ v P _ L sin| @t — -2—nx .
L 2rn L
L

Do 46, bién d6 dao déng cudng buc thang diing cia dit bing:
A, =—e —bin—na (5.49)
v T T .4
Bidu thitc nhan duge di thiét lap quan hé gan ding su phu thude

gifta bién do dao ddng cudng bie thang dl.mg cua nén dat vl do
sdu y cua diém khao sat.
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Gia thiét nguon séng la Stamp cling giy ra dao ddng cudng biic
thang ding vdi bién dé A. Bién d6 dao déng thang ding cia cac
diém ciia nén dit phu thude vao dé sau (ké tit mat dit xudng),
duge xae dinh theo quan hé:

b .
—0,39 gy

A =Ae e (5.50)
6 day: 2/- chiéu rong ctia Stamp (d¢ may rung va 1a ngudn séng).

Dé xac dinh gia tri cla d. ta gid thiét ring: ¢ d6 shu du 16n,
su khac nhau gilia A, va A, trong (5.49) va (5.50) 14 rdt nho,
chang han:

y>KI/thid, = A,.

Thay ¥ = K/ vao (5.49) va (5.50). thuc hién so sanh béc lay thua

phin bén phai ta nhan duge:

d= %ln g[ S (5.51)
Lsin "K'/
L

Bidu thie (5.50) bay gio ¢ thé viét:

A, =Ae™, (5.52)

L 2m 1 In

trong do: =-039— - In ; 5.53
rong ¢ Y T (5.53)

Lsin MK
L

hé s8 K 6 thé 1dy trong khoang tit 2 dén 3.
Do gia tée dao dong cua dat (W) ty 18 véi bién d0 nén ta cd sd phu
thude cia W vio dé sdau h bang quan hé:

W=We™. (5.54)
Van ky hiéu 1 la ty s0 gia tdc dao dong vdi gia toc trong lue, con k
14 d6 sau 1én chit dat nén. Ta c6:

n=n,e ] ]
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Khi dé. diéu kién lén chat dat nén dudi tac dung cua rung déng la:
n>m,. (5.565)
trong dé: m, - gia t6c rung tuong tng véi hé s6 rong cua dat trudce

khi rung ma ta goi 1 ngudng lam chiat dat rung. Tri s&
cua nd dudge xac dinh ti phudng trinh:

K =e'™, (5.56)
G day: K- hé 56 toi xdp. ding véi trang thai ban dau clia
nén dat.

T (5.56), suy ra:

n, = - ! InkK,.
B

1 o 3iRL 1 o g
Do n= Bln K nén tir diéu kién (5.55) viét duge:

K<K,. (5.57)

Thay n=mn,e " vao vé trai cia (5.57) va giai déi véi A, ta nhan

dude bidu thite tinh dé sau lén chat dit bing may rung mat:

. —lln{— i K} (5.58)
¥ P,

trong dé: vy dudge xac dinh theo (5.53).

(ong thiic (5.58) cho phép thiét 1ap su phu thude gitta do sdu dat
nén duge lén chat vai dae tinh may rung va tinh chat cia dit nén
Ién chat.

Cac tinh toan da chi ra rang: d6 sau lén chit dat dude bing may
rung mat céng sudt nho tudng ty nhu may rung bétdng, nghia la
chi vio khoang 20cm. Do dd, cac may rung mit c¢dng sult nho it ap
dung trong thi céng lam chit nén dit. Nguge lai, cdc may rung
mat cong sudt 16n lai duge ap dung réng rii trong thuc té€, khong
phai chi lam chit dat nén dudng ma ca trong cac ¢ong trinh xay
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dyung nha 8. cong trinh thuy cdng va cac cdng trinh cong nghiép
khac. Né dude danh gia 1a mot trong cac phuong tién hiéu qua
nhat dé lén chat dit nén.

§5.2. TINH TOAN RUNG SAU

5.2.1. PHUONG PHAP RUNG SAU VA MAY RUNG SAU

Phudng phap rung sau la phuong phap dua bg kich rung vao sau
bén trong khoi vat lidu hay két cdu can 1am chat. Nho lye kich
rung lam cho vat liéu ¢ xung quanh ngudn phat rung bi lén chat

trong mot pham vi (mdt viang) nao dé.

Phuong phap nay thudng duge su dung dé dAm chit khél bétong
trong khung ¢ot thép nhu: mé cau, tru ciu, dap béténg cot thép,
dAm cAu bélong cot thép hay cac két cdu khung béténg cot thép.
Céc may rung siu lam vide nhd bo kich ddng rung ly tAm (tac dung
quay tron clia cac qua vang) hay cd cau hanh tinh. Trén hinh vé
(hinh 5.11) biéu dién so db clia may rung sdu qua ving.

Truc quay 2 nhd déng cd truyén qua tryc mém 1 ndi véi né. Trén

truc 1ap qua ving 5.

True 2 duge 1ong vao cac & d6 3. Cac & dd nay dat trong vo tru 4. Vo
cua doéng cd phai duge gili sao cho né khong thé tu quay doi véi
truc cua nb.

H&n hdp batong & tin s6 trung binh thudng duge coi la méi trudng
¢6 d6 ciing nho nhung lye can gidm chan va lye quan tinh 16n dang
ké. Nhd tinh dang hudng cia mdi trudng xung quanh, tinh dong
tam clia truc qua ving va vo cla may rung va nhd dang hinh tru
chia vo ciing nhu tinh @61 xitng truc ctia khéi lugng vo, ta co thé coi

ring: cac diém ctia vo vach nén cac quy dao tron.
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Hinh 5.11 Hinh 5,12

Bay gio ta khao sat trudng hop khi veetd cac ve tae dung lén vo
may rung (Idc quan tinh cua qua ving, cac Iue do dao déng theo
ctua hén hgp béténg va lye can hao Lan cia néd) nim trén mét tict
dién ngang vé1 trong tAm vo may rung va cac dudng tac dung cua
cac hie di qua trong tAm nay. Do vo may rung thue hién chuvén
dong tinh tién tron nén chuvén déng cla may rung 6 thé khao sat
trong mat phing tac dung eta cac lyc.

Goi: m, - khol lugng caa qua vang (bao gdm ca cac chi tiét lign két
chal vdi nod;

n, - khdl lugng phin cong tac (vd miy rung):

m, - khot lugng cua hon hap bélong dao déng theo.
Chon hé tryc toa dé cuc (r, 8), goi goc O 1a diém ma truc cia vo
may rung quayv quanh né, truc OP hudng song song véi vi tri ban
dau cua duong thang né lién truc A cia vo may vé trong Lam B
cua qua vang (khi ¢ = 0). Van téc gée o cua qua vang quay nguce
chiéu kim déng ho va theo hudng nay ta d&n ra gée cue 0 (hinh 5.12).

Bong nang cia hé:
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T = é{m“ Lyt My, YA+ %)+ mﬂem[rG cos{wt - ) — Fsin{wt —0)] +
1 By
+ TZ(J" +m,e” )

o day: r = OA- modun ban kinh vectd xac dinh true vo may rung:
{1 - gbe ede cua ban kinh vectd OA:
e- do léch tAm cda khéi lugng qua vang d61 véi truc
quav A4;

J.- mémen quan tinh trung tdm cua qua vang.

Ham hao tan dude xac dinh theo hé thic:
| R 259
¢ = ia(r‘ +r87),

trong d6: o - hé sd cla luc can hao tan cia mbl trudng.
Khi st dung phuong trinh Lagrang loai 11 {chuong 1;. ta nhan
duge phuong trinh vi phéan chuyén dong clla miy rung siu:

(m, +m, +m,)(F - rd%) + or —m, ew” cos(ot —8)=0

. : , ., (5.59)
(n, +m; +m,)rb+ 270) + aré —m_ eo” sin(wt - 0)=0

Cac tich phan ddu ctia hé (5.59) Gng véi chuyén déng binh én,
ta co: r:O;E}:(l);r:a; B=wi-q,
g day: a- bién dd dao déng tron cia vé may rung;
o - gbe Lrugt pha cha vo may rung d81 véi pha quay cua
qua vang.

T d6 phudng trinh (5.59) chuyén dén dang:

i

(m, +m, +m,)a+m,eccosp=0
{ " (5.60)
aa —m, ensing =0
(Gia1 he (5.60) ta duge:
o
igp=— : —
(m, +m, +My)o
(5.61)
m,ew
a=- —

! 72 2
Jim, +my +my) e +o
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Thong thudng hé s& o va khdi lugng thu gon m, ciia phan hén hgp
baténg das déng theo la chua biét. Tuy nhién, trong thuc &, khi
tién hénh cac thue nghiém, ta co thé do dugc bién 46 dao ddng tron
elia vo may rung {a) va géce trugt pha (¢). Biét cac gia tri nay, ta
tim o ti phuong trinh thi hal caa (5.60):

H, em

o= SIN¢g. (5.62)
a

Va w1 dang thic dau cua (5.60), ta thu duge:

.
e 1 .
m., — | “—cosp+m,+tmt. (5.63)
J

o

Vin dé cd bin ctia tinh toAn mayv rung sau la xac dinh vung dudc
ien chat. Tuy nhién, bal toan trén c6 y nghia la: xac dinh bién do
dac dény cta may rung phu thude vao lyc kich déng khi né dude

ha chim vao moi trucng (chang han: hén hop bédng).

Trong cong trinh [3]. viée khao sat dao dong cia may rung duge
dua vé khao sat dao déng theo mdi hudng (irue x) véi gia thiét
dao d6ng nho. Bal toin khao sdt da dan tdi gial phuong trinh vi
phéan dao dong cua hé ¢6 mdt bae ty do. Viée xac dinh hé sd can
hao tan o dude thav bing viée xac dinh phan lue cua hén hgp
héetong (hav nén dat) 1én miat hinh cau, duge mé hinh la nguon
phat ra séng rung.

5.2.2. VUNG DUCC LEN CHAT BANG MAY RUNG SAU

Nhiing nghién ctu thue nghiém cua O.A. CasuHos, O.5. Wexyep va
nhidu tac gid khac da ching to rang: 1én chit dat bang dao dong
thuc chit phu thude vao Lal trong tac dung lén nén dat. Trong ditu
kién dfit da chiu tac dung tai trong tinh, lam chat d&t bing rung
dong chi co hiéu qua khl gia t6c dao dong vugl qua mit gia tr1 xac
dinh naw do ma ta gol 1a ngudng rung. Nguong rung khéng chi phu
thude viio hd =8 toi x6p ciia dAL ma con phy thude vao gia tri tng
suit phiap tinh tac dung lén khol dat khao sat. Gia i Gng sudt
phip nay cang i6n thi ngudng rung cang lén.
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Ta ¢6 thé gia thift rang: chiéu sdu cang tang, anh hudng rung 161
d6 lén chat dit cang giam. Khi chua danh gid duge day du anh
hudng cia ap lic tinh, la ciing coi rang: ¢ mién duge lén chat dat
bing mav rung ¢6 hiéu qua thi ap luc tinh khéng déi. Didu do cong
¢t nghia: mién duge 1én chat rung thudng khéng 16n, trong mién
dé 4p lyc tinh thay d& khéng dang ké.

Tai noi chiu kich déng ela séng dac dong phat ra tir nguon rung.
pia toc dao dong phu thude vao toa dd cua diém khao sat. Do dé.
dudi tac dung cua rung dong tit ngudn phat rung, hé s6 tol xép hay
hé s& d6 r8ng clia dAl khong con 1a hang s ma thay déi phu thude
vao su thay déi gia toe cua phan dat khao sat (phu thude vio
khoang cach dén ngudn dao déng).

Néu n = n(x.y.2) thi hé s8 16l xdp duge biéu thi theo quan hé:

K = oo, (5.64)
Dé pha hop vdi ngudng rung, ta coi d6 1én chit dit sé xay ra chi ¢
cac diém thoa mian bat ding thite (5.57). Ta ¢d:

e—|‘:r;[.\',_\',z} < K{] ]
trong dé: K, - hé sd Lol xop tucng tng vél ngudng rung.

Ngoai @161 han mién dat duge 1én chit ¢d bat dang thic nguge, con

trén biAn cta mién nay, ta co:

e--['n]t.\x_\'\:] _ K

[T

e y.2) =~ éln K,. (5.65)

Vay. gidi han ctta ving duge 18n chat rung la mit ng véi cae gia
1dr dao dong nhu nhau. Do d6, viée xae dinh kich thude pham w1
dudge 1én chit rung dan tdi khao sat trudng gia toe cua dat bi kich

dong boi may rung sau da cho.
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Théng thudng may rung cé dao dong 6n dinh vdi bién d6 A va tan
s6 » khéng déi. Trong trudng hgp nay, séng lan truyén ti may
rung sé 6n dinh con gia téc cia diém bat ky trong dat bang:

W = Ac”.

& dav: A- bién d6 ¢ diém khdo sat trong dit, phu thude vao khoang
cach dén nguén song. Do gia tri © khdng 461 nén:
B

nix.y.z) = A(x.y.z)f;; .

Biéu thite (5.65) viét duge & dang:

Alx.y,2)=—E InK,. (5.66)
po’

Viéc tinh toan trudng bién dé dao dong cta dit gy ra do may rung
¢6 thé thue hién khi st dung phuong phap clia 1y thuyét dan hoi.
Cac nhan t6 anh hudng dén két qua tinh toan sé& 1a cAu trdic. dd
réng va sy ton tai cuia chit long trong dat.

AWM. dperkenb da khao sat bal toan vé lan truyén séng trong vit
rén vé han tu do ¢6 céc 16 réng, trong cic 16 rong duge 1l4p day
nudc. H.M. Tepcesanos da goi bii toan nay la khao sat mdi trudng
dat. Cac két qua nhin duge tring véi k&t qua nghién cdu su lan
truyén séng trong mdi trudng chat ldng nhét hay trong méi trudng
vat rdn tén tai sy tat dan ty 18 véi van toc dao déng.

Biyv gid. ta gia thit nén dit théa méin tat ca cac dicu kién cua vt
dan hoi Iy tudng. thudn nhit va ding huéng. Ta cé thé nghién cltu
su lan truyén song trong dit bang cach ap dung phuong trinh
chuyén déng téng quat ddi véi vat dan hoi da bidt [1]:

Ay &
(}.+p)i—+u‘7“u+X =p-—§f-
ox ot”
=y . 52
{l+u)(;—A+;.tV‘U+sz6 :' (5.67)
&y ot”
N i —; :
{A+;,L)-ﬁ—+u‘§?"w+Z=pa Iju
dz :
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g dav: u, v, w- cac thanh phén dich chuyén theo cac truc toa do
Décacx, y, 2;
fu v ow
4 - =

A= + - .
dx &y oz

V. toan ti Laplace:

4

s O é &
V - ':)_T_F_.'.’. +_"] ;.
ox oy iz

- fo s

p- mat do cua dAL. coi & khong d6i. khong phu thude
vao toa do va thol gian.

X, Y, Z - cac thanh phén cta hue khol:

b - cac hing <6 Lamé Lién he vdi modun dan hoi E va
hé 50 Poisson ¢ bang céc hé thue:

o 1

e o —Eipn=—- — k.
(1+ o)1 -2a) 21+ o)

-

Anh hutng cta lue khsi 1a nho. sau nay ta sé bé qua trong tinh
toan. Gia thift ti ngudn rung e6 hai séng duge lan truvén vao dit:
séng nén (doc) va song trugt (ngang). Dich chuvén cta didm bat ky
trong dat A téng céac dich chuyén giy ra do séng nén la u,, vy, W,

vi do song trudt 1wy, Uy, Wy

Gol o 1A ham thé. ta cd:

& € o
iy, = TP LU _ P DW= ; (5.68)
ox ay iz
Déng thai phai thoa mén phudng trinh Poisson:
62( w 2 — pag
- B =a V. (5.69
of”
§ day: a- toe dd truyén séng nén:
l1-o E o
a - —. (5. 700

- —— ¥
(1+0)1-20) p
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Céc thanh phan clia séng trugt ciing thoéa man phuong trinh;

3*u, - 3 v, . 3 1, . _
S EbViy T = bV, —— 2 = bV, (5.71)
- at” ot
Va diéu kién:
die, ov, Ow, ,
A, = —+ A (5.72)
dx Oy oz
trong dd:  b- téc dd truyén séng trugt:
4 1 E -
bt = —— . (5.73)
2l+0) p

Nguén séng phat ra ti may rung dude mé hinh nhu hinh ciu tao
nén dao déng da cho. Cac sdng phat ra ti¥ ngudn nay sé thude
dang hinh cAu, bién dd chia né trong trudng hap téng quat khéng
chi phu thuéc vao khoang cach dén tadm hinh cAu rung ma con
phu thudc vae hai théng s ciia toa d6 cdu cua diém khdo sat.
Nghiém téng quat cua phuong trinh séng (5.69) va (5.71) dudge
bidu thi ¢ dang [3):

hvie N
wo- O lF(s-E] , (5.74)
axtoytazd | r c

trong dé: v - ¢6 thé 18y gia tri clia ham thé (¢ hoic dich chuyén

Uy, Uy, Wy

F(t - i) - ham bt ky, dang cia nb sé duge thiét 1ap trén
L oc

cd 8¢ cac diéu kién ban dau v cic diéu kién bién da cho;
r- khoang cach clia diém khao sat trong dat dén géc toa
dd, chon trang véi tAm cdu phat ra nguén séng:

¢- van tdc lan truvén séng doc hay séng ngang.

Cac thong s6 A, i, j duge chon sae cho khi r = r, {trén méit cau

ngudn rung) thoa man céc diéu kién da cho cia chuvén déng.
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Nhu dii chi ra & phin trén, do may rung thyc hién chuvén déng
tvdn tinh ti&n nén cac thanh phan dich chuyén cua cac diém cua no

theo hai truc x, ¥ ¢6 thé biéu dién d dang:
u, = A, v, =iAe " (5.75)

¢ dav: A, - bién d&:
o - tédn s6 dao déng cudng bilfc cua may rung.
Ta khao sat su lan truyén séng tii may rung duge mé ta ¢ dang
hinh cAu. trong tam cta né thyc hién dao dong theo huéng truc x
tudng ting véi hé thic dau cia (5.75). Ky méu r, 14 ban kinh hinh
cAu (ngudn song) thi cAn phai chon h, §, j sao cho trén mat hinh
cAu rung (- = r) thda min diéu kign: '
" =A™ 0V =0 w! =0, (5.76)
Bay gid ta xét riéng cac séng nén va séng trugt:
e Trong truong hgp séng nén phat ra tu hinh cAu rung, ¢ nghiém
(5.74) ta 1&y: h = 1;i = 0:j = 0. Khi d6 biéu thie thé nang dich

chuvén c6 dang:

atl r
=_-—Fﬁ—— . (3.77)
¢ E‘IL‘ B aﬂ
Theo (5.68) ta cé:
u:h:a_ixi; Ug”:_a:.g_ :F‘l N will:;aixi_
dx” F oxdy r &xdz r

Mat khac. sy thay doi tuong déi cua thé tich bang:
1 @& F

R
a* ox r

o Da1 vé séng trugt, trong bidu thic nghiém (5.74) ta lay:
+Veie): h=1,i=1,j=0vacs

¢ F
pY = 2

s Saa T
oxdy r
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+ VA w)' h=1.i=0.j=1vach

u
in ad F,
L{;-; = — >< — -
éxdz r

P& thoa man phudng teinh (5.72) dd véi nhiing ga trl d'] chon

vl va w'''. nghié¢m cua phuong trinh séne dot v w)'' s8 b

dang:
T a—d) £, ——“--"
) &t o br
Ky hiéu: §(r.f) = ) [
/‘

Ta co:

|.'-—

7 2 =
oy & , (ti F. th 0 ¢ i1 _("J b =~

’
— _cEept s o x2 o w = o (5.7
Ex“ roor ey r dxdz v

Thay dao ham theo cae toa dd bang dao ham theo r. ta nhan duge:

:ﬂ / ‘ ‘ { 'l Pa Y
5 2 /II rlr e b.’. )
i
o = T,} | g 3¢’ (5.79)
L roort;

Xz
- P

[ - 3(’p 3¢)J
4 day: ddu () trén ham ¢ piéu thi dao ham theo thoi gian £ con
dau () trén ham (b biéu thi dao ham theo r.
E F,) F, F, _
Do: ¢'= —(—-1 +i i s =+ (3.8
e b
Va khi chit ¥ d&n didu kién bién (5.76), ta nhan duge cae phiudng
trinh xac dinh F, va Fy:

(5.8%)
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F, F, 3F, 3F, 3F, 3F,
— 4+ =4 +— =,

0=—1 + = , (5.82)
a” bi CT-T“ hrﬂ r”A r::
. F2F
T dd suy ra: 3r,A e =1 "%
a” b7
Sau khi tich phan nhén duge:
F'l _ ng 3rrJAn —tead
a'{ b! (1)' ) (5 8‘3)
o 2 . LR B2 3
Looa” r.a‘i
F1 :.3—‘JF, +3 i A“ I.Jr‘
& 7 w

Thav cac gla tri Fl.Fl,F, vao phudng trinh (5.81). ta din ra
phidng trinh xae dinh F.:

. . . 2 3all,. :
F, + 1 (2a+ B)F, + 1) (2a* +b)F, - (I‘,, - ﬁ? + a—-fi]bzAne O =
o o r.w 0]

Nghiém cida n6 cho ¢ dang:

F-_J, — Age_“"r:

‘ (5.84)
A, =D +1D,:
EY 438 +1+0% 4 3§ (28% +1)
D1 = r‘;5 e . __.g.__l 5 5 A“;
Q' (1 -1DOQ + (287 + 1) (5.85)
p o G-nEE+0Y
QO (E-DQY +ET 4T
o0 RO
STh b
Thayv F, vao (5.83) ta tim duge F:
F =Ae™:
A, =C, +iCy;
(5.86)

?"2 o
Cy=| 2D, -3 5 A, £

C,=2:"D,.
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Nhu vay. 461 véi gid tri bAt ky r > r, ta cd:

F A lel R
F, =A™
r—r,
A
) ‘"‘fr (5.87)
£, —=t- — "
- b
v h=Ae + Ae™ (5.88)

Thay o tU (5.88) vio (5. 79}, ta dugce:

S

. X nt —imf.
'l = '.—.[‘1119 b y,e ”’r-]+(p]e Qe
r’
Xy ;
(1 & -iedt e 3.8
p'th =t [m e M s y,e "”‘} (5.89)
r
Xz
ot - .T[\“]e e m'l
r-}
g dav:
3 o 3
W _{__.__)- i— A,
_ =
. ,; . (5.90)
[ m- 2N
1’7 ] .
O, =-1- -TFI—A]n
) 4

Lo ra | _
‘_ - (591)

Mat cach tuong td. khao sat su lan truyén song Lt hinh ¢ A orung

theo hudng v. Trong truong hop nay, cac séng duge xae dinh bai cae

ham saw:
¢
F1A — | I“;( ’....”\\:F*-——'_ifr]: F‘; -
s b | 1 e

7 /
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Cée thanh phan dich chuyén trong dit cho boi biéu thiie:

ut? e [Wle M ye ””-‘}

4

no_ Y -ty siv, | ety itz
o't T;?[x‘-!lc e ~]+ ipe ™ +ig,e ™ 1(5.92)
X2 ie ot
LUIU =i [lp‘e teady +y,e l'ch_l
.t -

Téng cac thanh phan dich chuyén ¢ dat dong thoi o hudng x vay bang:

—rd.

w="-(x- r.y)[w]e MRy e 1 ]+ o e+ @eT
r

Yo . i i, 1 o _
p= - {x+ .r,y)[\plc “hopy,e ™™ L(qole h e P } (5.93)
i 2 ,

W= Z) (x + iy)[r‘f:e""""“ e fuak 1
-
Xét hai truong hop g161 han:
1} Trudng hop 1:
Khoing ciach tii may rung dén d1ém khao sat trong dat nho so
véi chidu dai song duge phat ra tif may rung. Trong trudng hop

no 2 2 L. . .
nay LA 2 (L,. L, la chiéu dai song nén va song
a IJ” LI,IJ
. L1 © g
trugl) nho so véi —. Khi dé
r
3 3
ypo=—, Ay, =— A,
re r
1 1
0= ;A0 =—A,.
A re
Ta ¢o:
1 r:'}x . . i —itady —fead,
u—-TL—-é—(xHy)—lJlA]e +A,e )
rtlr
U= [ f(x+zy)—zJ(Ale Y+ Age ’”} (5.94)
r'pr
1 3 . -l ot
w=—- ?— (x + J.y)(Ale hpAe l

Iir,-r re
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2) Truong hgp 2:

Khoang cach tit may rung dén diém khdo sat trong dat 16n so
vl L, va L. Ta ecé:

0 . ®
W gt W = pL
o, =09, =0
T do:
_ X : findy : 2013
u=-—I(x+ ay)[—u— Ae +--Aye J
- 2 2
¥ o - w? -
v=- O (x iy — AT — Aje™™ (5.95)
r a’ b

b

z | T —1ty (I)2 Ltk
W= (X .r,y}[—‘_i— Ae +—Aye J
r a b
Kich thude ving dude lén chat d4t cia cac may rung siu (ké cd cac
may c6 cong suat 1dn) thuong khong vugt qua 3m, nén r khong
vugt qua 1.5m. Cac may rung nhe ap dung trong dam bétong, lén
chat dat cat thi ban kinh 1én chit eiia né 1a kha nho (khoang 0,5m).
D&l vé dat ¢6 do bén trung binh thi E = 1000 kG/cm® hé sb
Poisson bang 0.3; téc dé truyén séng nén va trugt khoang 3.10° m/s
va 1.6.10° m/s: tAn s6 dao doéng cla may rung thudng bang
o =312 vadfs nén chiéu dai cla séng nén va song trugt phat ra la
6.18m vi 3,34m. Do d6, cac dich chuyén ¢6 thé duge tinh theo cong
thie (5.94),
Ta khao sat dao déng cia dat trong mit phing xich dao cia may
rung {z = 0) trén khoang cdch nhd ti ngudn phat rung. Khi bo
phan 8o trong cac biéu thite (5.94), ta nhan duge:
1 . .
u= —I_;[B1 sin{w¢, +7v,) + B, sin{ot, +v, )]:
‘; (5.96)
U= [E1 sin(wf, +¢,)+ E, sin(wt, + 83)1
r
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O day ky higu:

o B,.E,.y,.7, lacac bién do va pha cua séng nén:

B —3—r—f-{—((4 +C Y.

\ T (5.97)
gro 2 T+ Oy

re

(3x” - e, - 3xyC,y
tg-:.r] - - _; __r_ —r

(3x? - r*)C, - 3xyC, (5.98)
Lo (Sy -r- )C - Bxy& N
T @yt -0, - 3xyC

e B..E, .t ¢, 1acacbién dj va pha cua séng trugt:

BJ:&"{_+r_(D + DYy.

o (5.99)
B -2 7T (D} + DY

o

Lo (%x —r )D AxyD _
= . *

3 - )D-, "‘dx D

3% =1 I (5.100)

(%y —re )D FdxyD.
gy, = )

(3y L g ‘D, - 3xyD, .
Lap ty s6 cic bién dé song nén véi séng trugt, su dung hé thae
(5.86) va diat A, = 1. ta co:

]

d +:2 S o e 4
o= {3’5_ = -B‘_,- = —C-‘.,—Jr- -C"f,- = 4H +(ii%rr, _??1] dra’_ (5.101)
B; E; D{+D, b w” (D +D )

Cac bién do song nén lén so véi cac bidn do séng trudt, nén s0 hang
tht hai nho so vol s6 hang dau va ta ed:

o= 4!( g\.l
)

Trong hé thitc (5.96) ta bd song trudgt va co:



CO SO LY THUYET KY THUAT RUNG TRONG XAY DUNG

B, .
u=—rsinon
K
E,
p = Lsin(ot—v)
r-5

0T =l + Y8

¥ =7 &

(5.102)

Bidu thic (5.102) chi ra réng: gAn ngudn sdng cac phén td ctua dat
thue hién dac dong theo quy dao Elip. C6 thé ching t6 duge hiéu s0
gia ban truc 10n cua elip va gia tri bién do ctia diém khao sat

. 1 5y @2 s " T .. .
trong dat A =—; \ﬂ'B; +E? lanho. Do d6, gia tri cde dai cua bién
r

dd c6 thé 18y theo (5.97):

1 S ._’)_
A=—-B(C]+C}), (5.103)
-
4 day: C, va C, duge xac dinh theo (5.86), chi phu thube vao

tinh chat dan hoi cia dat va dac iruing clia MAy rung
sau (ban kinh, bién dd. tin sd dao dong cua no).

Thay (5.103) véo (5.66), giai phuong trinh nhén dude d6i vél r, ta co
cong thie xac dinh ban kinh dugce lén chit dat bing may rung sdu:

=yl (5.104)

'K
. . — . 2
Ta duge: K = (5@ + € G =€yt Gy = Cain= Ao
A" Ata g

Trong [3] con dua ra quan hé r, ty 1& v ban kinh may rung sau (r,):

r o= rf}:w@“—! : (5.105)
\in K,

g —
trong do: i.Q):\pﬂ 23\/’5_, & - 1 D E=— = g(l _i);

a
2ri10r 7 b V6-20

T b T
Q=9n-2; L, =2n—: c-héso Poisson.
b w



TAI LIEU THAM KHAO

%

10.

11.

12.

Amer3age fO. A. Teopuna ynpyrocTu. M. Belwan wkona, 1976.
badaxos Y. M. Teopus konedannid. U3a. M. Hayka, 1965.

bapran 4. 1 BuépomeTon‘ B CTpouTenscree. M. locrpoit - u3gar,
1959,

bapran 4. 4. Wextep O. 5., K. Teopun BbiHYKOEHbIX KONESaHUMA
Budpatopa ¢ orpaHuudTeneMm. “fluHamuka rpyHTOB". ClopHuk
HumnoTn. N°32. MocToimaaar, 1958. '

bedtmar r Jpaed H. A. Tadnuubl WMHTErpanbHbix NpeodpasosaHwii
T1, 2. Hayka M,, 1969.

bopozaues H. M. QuHamudeckuid 3agada ans nonynpocTpaHcTea. B.
KH.  [vHaMudecknit  pauéT  COOpyeHUM Ha  chneuMansHble
BO3AeNCTBUS. M. CcTpoitv3aat, 1981,

bytermd H. B 3neMeHTbl TeopuM HenuHeliHbix Kkonedauwii, J1.
cnanpomorus, 1962.

boixosckmd U, 4. O BepxeM MpeAene MOLWHOCTW HedXoauMol ans
noanepxaHus  KonedaHust "smdpaumoHas TexHWKa" MaTepuansb
ceMuHapa ¢a 2(b). M. MaHrn, 1962,

boixoscKknd M. U. Nporpecc BUSPaLMOHOMA TEXHUKM W 331a4W HaYuHbIX
nccneaoBaHuin  "BudpaumoHas TexHWKa” MaTepuanul  HayuHo —
TexXHMUeckol KoHdbepeHUMs. M., 1966, '

beixoscrkuit M. 4. OCHOBbI TEOPUM BUAPAUMOHON TexHUKM, M. Mawmuto
CTpoeHu, 1969,

Muranos A. T. BUOpaUMOHHbIE MaluMHbI ANA YNNOTHEHWS rpyHTa
MexaHu3auus cTpouTenscTsa. N°10, 1954,

fepcesarios H. M. Teopusi MPOAOGNLHOIO yaapa C npuMeHehrieM K

onpeaenexuio conpotuenenns ceal. Codpanre CoummHenwit. M. T. 1.,
1948, ‘



194

0O S8 LY THUYET KY THUAT RUNG TRONG XAY OUNG

13.

14.

15.
16.

17.

18,

19.

20.

21.

23.
24.

25,

26.

27.

Wnsmnues B. A. BepTukaneHble HECTaunoHapHbLIE Konedarnsg MaccuBa
nog BO3AEMCTBMEM BOJH BO3HMKAOWMX B NOAYNPOCTPaHCTBE NP
konedarwvax Apyroro Maccvea B. K. H "duHaMuka COOPYXEeHUn" nog
pea koperesa b. ', M., 1968.

Unbuyes B A, vHaMudeckoe  B3auMOAeNCTBUE COOPYXEHUA ¢
OCHOBaHVIEM U nepefada KonedaHui 4Yepes rpyHT MpoMmblluneHHasn
ceticMuka B. KH, [uHaMuueckwii paueT COOpYXeHun Ha cnevansHbie
Bo3gevicTemd. M. Ctponnusgat, 1981

Kunsyesckuii H. A. Teopust coyaapequit TeEpapii Ten. Kues, 1969.

Kopr 1., Kopr 7. CNpaBoqHUMK NG MateMaTtuke AfiA Hay4HbiX
paSOTHUKOB M WHxXeHepos. U3a. Hayka, M., 1974.

Marosxo J. . OCHOBbI NPUKNAAHOA TEOPWA YNpYrnx KONeAaHW! v3a.
M. MawmHo - cTpoerwve, 1967.

[Tarosxo 5. . OcHOBbI NPUKNAgHOW Teopuin konedaHwin v yaapa. Jl.
MaluWHO - cTpoeHne, 1976.

flapron B. 3., [lepnmy [l 4. MeTogbl MaTEMATUUECKON TEOPWUN
ynpyrocTv. M. Hayka, 1981.

Capurios O. A., Slvckun A, A BMOPALMOHRbIA METOA NOTPYXEHWS
¢Bal 1 ero NPUMEHEHUE B CTPOMTENLCTBE. j1. ToccTpown 3aaT, 1960,
Capivicsr B. HexoTopble 3aAaqu TEOpUM ynpyrocTy asu3oTponHoro
Tena. Epesar, 1970.

Cevimos B, M., [MHaMUYECKhe KOHTaKTHbIE 3afaqdn 134 "HaykoBa
aymka", Kues, 1976.

Tumowerxo C. 1. Konedanwa B urxeHepHoM gene. M. Hayka, 1967.
Qunnios A. A. Konedanns gepdopmupyeMsix cucteM. M., MawvHo
cTpoenwe, 1970,

Wryperxo H. C. O snusiinv BUAPAUUIA Ha CONPOTUBEHWE TPYHTOB
pesaHio. Tpyas Humocn N°28 T'ocTpoin 34aT, 1956.

Nguyén Thac An, Nguyén Binh Chiéu, Khéng Doan Dién. Ly thuyét
dao dong. Dai hoc Thiy Igi, Nha xudt ban Nong nghiép, Ha Noi,
2002.

Nguyén Thic An, Nguyén Pinh Chiéu. Va cham cla vat ran vao
thanh dan héi co ké dén luc can dan nhét & mat bén. Tap chi Cd hoc,
tap XIlI, s6 2, 1991.



TAILIEU THAMKHAO ) _ 195

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

Nguyén Thuc An, Nguyén Tién Trién. Mét tdng quan vé qua trinh phat
trién cha Iy thuyét va cham. Tuyén tap céng trinh khoa hoc, Hoi nghi
Ca hoc toan qudc 1an thir vV, Ha Ngi, 1992.

Nguyén Thuc An. Ly thuyét va cham doc clia thanh va Ung dung vao
bai toan déng coc. Dai hoc Thoy Igi, Ha Noéi, 1991,

Nguyén Thuc An, Nguyédn Tién Trién, Nguyén Bang T¢. Va cham cla
vat rén vao thanh dan héi c6 ké dén luc can & mat bén. Tap chi Khoa
hoc va Cong nghé, tap XXXI, s& 3, 1993.

Nguydn Thuc An, Nguyén Dinh Chiéu, Nguyén Dang T6, Nguyén
Hung Son, Nguyén Dang Cuong, Trén Anh Ky, Khdng Doan Dién,
Phé Bie Anh, Nguyén Van Huén, Nguyén Tién Trién. Mot s6 két qua
nghién ciu ly thuyét va cham doc cda thanh. Tuyén tap céng trinh
khoa hoc, 35 nam Trudng Bai hoc Thay Idi, tap |, Ha N&i, 1994.
Nguyén Trong. Luan van thac s§: Nghién clu ing dung rung dong dé
lam chat dat nén dudng. Dai hoc Xay dyng, Ha N&i, 1995. Hudng dan
khoa hoc: GS. TS. Dudng Ngoc Hai, PGS. TS. Nguyén Binh Chiéu.
Nguyén Dinh Chiéu, Nguyén Trong. Tac dung tuong hd céng trinh
moéng - nén. Tuyén tap cong trinh khoa hoc, 40 nam Truong Bai hoc
Thay Lgi, Ha Néi, 1999,

Nguyén Dinh Chiéu, B6 Van Hia, Nguyén Bac Hung. Mét vai tng
dung ly thuyét k¥ thuat rung vao san xuat cdu kién bétdng va bétong
c6t thép vé méng. Tuyén tap bao cao khoa hoc, 35 nadm Trudng Dai
hoc Thily Ii, tap |, Ha N&i, 1994,

Cung Nhat Linh, Diép Van Linh, Luu Hung Luc. Thi nghiém va kiém
tra chat Iugng coc. Nha xuat ban Xay dung, Ha Noi, 1999.

B& mon Co hoc ung dung. Co hoc ly thuyét, tap 1l. Gido trinh Trudng
Pai hoc Thay Igi, 1877,

Nguyén Thi Thanh Binh. Luan an tién sy: Mot vai bai toan va cham
doc clia vat ran vao thanh dan héi va (ing dung nghién ctu trang thai
ing sut trong coc. Hudng dan khoa hoc: PGS. TS. Pham Ngoc Khanh,
PGS. TS. Nguyén Bang T9.

Nguyén Van Khang. Dao dong k¥ thuat. Nha xuat ban Khoa hoc va
Ky thuat, Ha Noi, 1998.

Nguydn Thac An, Nguyén Pang T, Pho Duc Anh, Nguyén Hung
Son, Hoang Xuén Vinh. Mét vai bai toan vé va cham doc cla hai
thanh dan hai. Hol nghi Quéc t€ Co hoc k¥ thuat ngay nay, 1995.



186

GO SOLY THUYET KY THUAT RUNG TRONG XAY DUNG

40.

41.

42.

43.

44.,

45.

46.

47.

48.

49.

50.

Nguyén Bang Cudng. Hé sd truyén nang lugng cta bla vao coc,
chon bla va chon dém. Tap chi Khoa hoc va Cang nghé, sé 6, 1999,
Nguyén Thoc An, Pho Blc Anh, Nguyén BDéng To, Nguyén Pang
Cuong. Mot s8 két qua nghién citu vé ly thuyét va cham clia thanh va
kha nang tng dung vao thi cong coc. Tuyén tap cac cong trinh khoa
hoc, 40 nam Trudng Bai hoc Thiy Loi, tap V, Ha Néi, 1999,

dguyén Thi Thanh Binh, Lé Binh Tham. Xac dinh (g suat trong coc
dong trong nén dong nhat, day coc tua trén nén ciing. Tuyén tap hoi
nghi khoa hoc toan quéc: Dao déng trong ky thuat, Ha Nai, 2000.
Nguyén Thj Thanh Binh, Bii Quang Nhung. Nghién ciu {ng suét clia
coc déng trong nén déng nhat. Tap chi Khoa hoc va Céng nghé xay
dung, 3/2000.

Hoang Xuan Vinh. Luan an tién s§: Mét s6 bai toan va cham cla bua
vao coc. Ha NGi, 1996. Huéng dén khoa hoc: GS. TS. Nguyén Thuc An,
PGS. TS. Hoang Xuan Lugng.

Nguyén Dang Cuong. Luan an tién sy: Nghién ciu trang thai Ung suat
clia coc va chon ddu bla theo ly thuyét va cham. Ha Noi, 1999.
Hudng dan khoa hoc: GS. TS. Nguyén Thuc An.

Nguyén Quang Chiéu, Ha Huy Cuong, Duong Hoc Hai, Nguyén Khai. -
Giao trinh xay dung nén dudng 6t6. Nha xuat ban Bai hoc va Trung
hoc chuyén nghiép, Ha N&i, 1981.

Realisation des remblais et des couches de forme. Guide technique
September, 1992.

Lamp H on the propagation of tremors over the surface of an elastic
solid. Phil. Trans. Roy. Soc. London, 1904, A203, 1 - 42.

Shamsher Prakash, Hari Dsharma. Pile foundations in enginering
practice. A wiley-interscience publication. John wiley & sons. Inc.
Newyork / Chichester / Brisbane / Taronto / Singapore.

Kenneth G. Mc Couneil. Vibration testing theory and practice. A wiley-
interscience publication. John wiley & sons. Inc. Newyork/ Chichester/
Brisbane / Toronto / Singapore.



MUC LUC

Trang
LEENOIBAU oottt ee bbb 3
Chuong 1
DAO DONG CUBNG BUC CUA HE TUYEN TiNH
cO MOT VA HAI BAC TY DO

§1.1. Phuong phap thiét lap phudng trinh vi phan chuyén déng
CUA NE A0 BONG...ooreeieiirreeem st 7
1.1.1: Céc phuang phap thiét 1ap phuang trinh vi phan chuyén dong .....7

1.1.2. Phuong trinh vi phan dao dong cla hé n chat diém co s

DG HLE 0 1 eee e oo 8
§1.2. Dao dong cudng blc clia hé tuyén tinh co mot bac tu dO i, 9
1.2.1. Dac dang cudng blc khong Can (1= 0)....oiinness R b
1.2.2. Dao ddng cudng b ¢ CAN (17 0) v 12
1.2.3. Kich déng rung véi Iuc cudng blc theo mOt hUGng ... 15
§1.3. Dao ddng cudng blc cla hé tuyén tinh hai bac tu do ..o 17
1.3.1. Dao ddng cudng bUc KhANG CAN ......ovveiiisiniss s 17
1.3.2. Dao dong cudng bUc CO GAN........ovriremeimemmiiss s 21
1,3.3. Mot 56 bai t0aN tNG AUNG ....cooviirereinnnsr s 22
§1.4. Anh hudng clia Uc can 861 Vi Ng da0 GONG ... 26

Chuong 2
DAO DONG DOC VA XOAN
CUA THANH THANG DAN HOI PONG CHAT

§2.1. Dao déng doc clia thanh tiét dién khong e o IO TR UTOURTI 33



198 ) CO SO LY THUYET KY THUAT RUNG TRONG XAY DUNG

2.1.1. Phuong trinh vi phan dac déng doc cla thanh ..., 33
2.1.2. Gidi phuong trinh (2.4) bang phuong phap Hurié ..., 35
2.1.3. Cac diéu kién bién cQa thanh. Phuong triinh tan 6 ... 36
2.1.4. Dao dong doc cudng bic clathanh ... 4
§2.2. Dao dong xoan clia truc tron tiét dién khong A6t ............ocooeceinies 43
2.2.1. Phuong trinh ¢d ban va nghigm clia nd............ocoiiviiiiie 43

2.2.2. Céac diéu kién bién — Phuong trinh tn s6
2.2.3. Dao dong xodn cudng blc cla tryc tron tiét dién khong asi....... 47

§2.3. Dao déng doc va xoén clia thanh thang tiét dién thay ddi................ 47
2.3.1. Phuong trinh vi ph&n dao dong ..o 47
2.3.2. Phuong phap gidi gan GUNG ... 48
§2.4. SU AN TUYEN SONG ..iiviviie et 50
2.4.1.80ng Mat PINER. ... 50
2.4.2. Sif lan truyén song dan hdi doc thanh c6 tiét dién khong déi ...... 53
Clurong 3
CO SO TINH TOAN HA CHIM CAC KET CAU
VAO DAT BANG THIET Bl RUNG
§3.1. Dao dong cudng blc doc cla két cau ha chim vao dat gay ra
O MAY FUNG .ottt bt e eeba b ean 57
3.1.1. Két cau ha chim vao dat coi nhu vat ran tuyét d6i.....c....cc.oceeeee 57
3.1.2. K&t cau ha chim vao dat coi nhu vat thé dan hdi........... S 63
3.1.3. Dao déng cudng blic doc cla két cau ha chim vao dat
gay ra do hai MAY TUNG ...coco i 67
3.1.4. Dao dong xoan clia két cdu ha chim vao dat gay ra
GO MIAY TUNG. ..ot 73
§3.2. MEt vai bai toan tinh bla rung .o 75
3.2.1. Bai toan don gian vé dan dong rung va cham ... 75
3.2.2. Tinhtoan bua rung MOt BAC U dO oo 78

3.2.3. Tinh toan bua rung hai bac tr do... e 85



Myctee 199

§3.3. D6 s&u ha chim va van t6c ha chim clia K& CAU ..o 89

3.3.1. D6 SAU N ChIMI oo 89

3.3.2. VAN EC 1A ChIM ccooticrmvvivvseirens s 1
Chuong 4

VA CHAM DOC CUA THANH DAN HOI VA AP DUNG
cUA NG VAO BAI TOAN THI CONG DONG COC

§4.1. Va cham doc cla vét r&n vao thanh Gan i ... 101
4.1.1. Va cham clia vat ran vae thanh dan héi mot dau gén chat...... 101
4.1.2, Va cham cla vat ran vae thanh dan STSTR (VL [~ DTS 108
4.1.3. Va cham clia vat ran vao thanh dan héi mét dau gan chat
o6 K& dén Iuc GAN NSt 8 MBLDEN Lo 113
§4.2. M6t vai bai toan va cham C0E DU VA COC . oeveeiimereeiicnese e 119
4.2.1. Va cham cia bua va COC T A0 o 119
4.2.2. Va cham clia bua vao coc tua trén néN dat cinNg ...oovveeenreemenes 125
4.2.3. Va cham clia bua vao coc trong nén déng nhat,
day coc gap Iuc can khong AT e 129
§4.3. M6t 56 két qua tinh toan vdi s6 lidu cu thé tai cong truong........o..... 143

Chuong 5
TiNH TOAN RUNG MAT VA RUNG SAU

§5.1, Tinh toan rung mat ... T USRS 151
5 1.1. Dao dong clia stamp cing trén nia mat phang dan hoi

chiu tac dung cla tai trong thing dUNG DAL KY .cccoovvvorerreesreeee 151

5.1.2. Lam chit dat bang MAy rUNG MAL oo 159

§5.2. Tinh toan rung GAU e ee e et et 177

5.2 1. Phudng phap rung sau va MAY FUNG SAU .o 177

5.2.2. Ving dugc 1en chat bANg MAy MUNG SAU ...ooooosssssssrssesinnems 180

TANLIEU THAM KHAO oo 193



NGUYEN BINH CHIEU (Ch bién)
NGUYEN TRONG - NGUYEN ANH TUAN

CO sO
LY THUYET KY THUAT RUNG
TRONG XAY DUNG

Chiu trach nhiem xudt ban . PGS.TS. TO PANG HAI
Bién tap . THANH DINH, DO PHU
Ky my thudt : pd PHU
Sua ban in : pO PHU
Trinh bay bia ; HUONG LAN

NHA XUAT BAN KHOA HOC VA KY THUAT
70 TRAN HUNG DAO - HA NOI

In 700 cudn, khd 16 x 24 cm, tai X nghiép in 19 - 8
Gidy phép xudt ban s&: 469-120, cdp ngdy 19/4/2004.
In xong v& nép luu chiéu thang 1 ndm 2005.



204291

e ML Uy GULE cung fe

2

900591
Gia : 27000 d

|

27.00% wNp i



	CO SO LY THUYET KY THUAT RUNG TRONG XAY DUNG
	MUC LUC

