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PHU'O'NG PHAP TINH 00 LUN DONG CUA MONG . . 
TREN NEN DAN HOI CO DU' KHI DAO I>QNG TV DO 

vtJ vAN BANG 

I. D!T VAN Dit 

Hi.~n nay chua c6 rn¢t phuang phap nao, th~m chi H c:i phuang ph:ip gan dung 
d~ tinh loan d9 h]n do d¢ng lgc eho nha eua va cong trinh, nen khi thiet ke phili dung 
cac so li~u thvc nghi~m [1], ho~c phaj nhan v6i h~ so dam biio cho ca.,; cong trinh 
xay dvng ttong vung c6 d(ing cl:H Clip 9 [2]. Thvc te ngay cang nhieu nM cua, cong 
trinh bj nut ne, ph a ho~i do lnih huang ciia chan d¢ng. Nh u v*y, d¢ lun d¢ng la nguyen 
nhan ehinh gay .ra cac hi¢n tuqng d6. Dieu nay da dugc D.D.Barkan, R.D. Filippov, 
A.A. R6man6p, K. Terxaghi vi H. Pek mo Lii, phan tieh va lu·u y. Con O.A. Xavinop [1] 
cho ding: ((van de xac dtnh d9 lun d(ing cua m6ng cht.u tac d1fng ciia tai tr<;mg d(ing 
vin la van de quan tr<;mg va c6 tinh chfit cap thiet )). . 

M~c du trong nhii:ng nam gan day da c6 nhieu ngm:'ri. nghien cl'ru vi kien nght 
phuang ph:ip tinh toan nlm W.Wallace [2], E.B. Berezanxev [3], N.M. Gecxevanov l'\1.· .. 
nhung hau het khong su dvng vi d9 chinh xac kh6ng d~t yen diu, it y nghia thvc tii'\n 
hoi,ic neu sir ch.mg dugc khoi luqng linh toan quit 16n, kh6 khan ve phuang di¢n toan h9c. 

. Trong nhii:ng nam qua cht'mg t6i da tien hanh nhieu thi nghi¢m a ngoai trai d~ 
ti111 hi~u ve : -. 

L Moi quan h¢ giii:a ung suat va bien d~ng cua h~ nen m6ng khi dao dQng tv do 

2. Dao ·d(ing ctra h¢ nen m6ng trong truong hgp c6 can khong dan hC>i. 

Tren ca sa d6 xi'\.y d~;rng cong thU:c tinh d9 l(m d(ing. 

II - KET QUA THVC NGJH$M 

•. LoC}Ii dat: D:1t UUQC chQn nghien cl'ru thu(ic lo~i a set tv nhien, mau nau 
x:im, lap diH co he day 2,5m. <;:::tc ch'i lieu co ly da.c trung nlm .sau : 

4 

B9 llm tv nhien 

Dung trQng ~m 

Dung trQng kh6 

H¢ so r6ng tv nhien 

Chi s6 deo 

Chi so s¢t 

Lvc dinh ket 

G6c rna sat trong 

l\IIMun dl'm hOi 

W% = 34% 

'Yw = 1,85 T/m3 

Tc = l,'i T/m3 

E0 = 0,9 

¢1 = 14 

B = 0,45 

C :::: 0,14 kG/em~ 

. cp = 100 

E 0 = 80kG/cm2 
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f)!; d:;tt duqc m~c dich treu, thi nghi~m duqc hen htwh theo hai phuung phitp: 

a) Thi nghi~m chat va ra tai lien t\1c v&i toe d¢ nhanh bang kich thuy lgc. c6 
thll xem nhu M nen m6ng chtu Htc dt:tng ciia tai trqng d(\ng. Sau m6i chu ky d~ bien 
d:;~.ng tinh .<3n d!nh rOi cho chju anh huang rung d¢,ng do may d6ng CQC gay ra. Do bien 
d~ng ctia m6ng khi rung va ngay sau khi m{ty rung ngung ho:;tt d(\ng. B6 tri thi nghi~m 

nhu anh s6 1. " -c .• ~ -

b) Thi nghi~m Mng phuung" phitp va ch:;tm. B6 tri thi nghi~m nhu anh so 2. 
D~ng ciao d(\ng tv do cua M duqc gbi l:;ti bi'lng may SClO. M6~g la nhfrng tam bet6ng 
ca 100 X 100 X 10 em va 150 X 150 X 15 em thao Up duqc. 

3. Phan tich kit qua . 

. a) f)uong bien d~ng khi nen ep a m8i chu ky lu6n luon d6c hun nhanh dan hOi --(ABC va ADC), · xem do tht hinh 1. 

b) Ung v&i m6i khoang {tp 1\rc thay d1li tt't Pi-t; Pi; Pi+t chu ky sau luqng bi~n 
, d~ng l6n han a chu ky trll'OC, nghia la tr~C cua C{H~ nem dan h(\i doc hun, ho~c neu 

dao d(\ng giil: cuang d9 kh6ng dCH thi d¢ lun tjing len, xem do thi hinh 2. 

_ c) V6i cung toe d() Uing va giam 'tai, ci1ng nlnr cung dieu ki~n thi nghi~rn. duang 
cong nen ep a d.p Pi+t khong trung v&i di(';m ltm <3n djnh cua ci1p tru&c n6 CPi) rna h:;t tMp 
xu6ng. Vi d~ di!lm 4 va 4'. Xet v6i mqi cap ap 1\tC Pi ta c6 diElm 1', 2', 3' ... va 1", 2'', 

- 3".'·· N6i cac di~m d6 l:;ti ta duqc duang cong. llm d(\ng 1 , 2', 3' ... va: duang dim hoi 
1'', 2"', 3" ... Khi ap h_rc tinh Hing len, d(\ 11m d(\ng cling tang H~n (hinh 1). 

d) B<) Iun cua m6ng a bat ky ap lgc t'inh nao da on djnh, khi chtu anh huong 
ctia chan d<)ng, d(\ lun l:;ti 'tiep t~c phat tri~n. tren ~uang cong' quan h~ irng suat va bien 
d:;~.ng tinh ta tMy c6 bu6c nhay ro r~t. do~n AB v~ CD hinh 3. 

e) Dao d9ng- tt.r do cua h~ nen m6ng tih rat nhanh (khoang hai pha dau), xem 
iinh so 3. 

g) Vai cung lo~i aat, cung dieu ki~n thi nghi~m. ap 1\rc tinh tren m6ng cang l&n 
khi dao d<)ng se gfty ra d<) lun l6n, xein hinh 4. Tri so d<) lim dl'it tu 1 - 2mm. 

h) Lgc kich thich thay d6i, bien d<) dao ct¢ng ci'~a h~ se thay d&i, hinh d~ng dao 
d¢ng bi@u thi Lren hinh 5. V&i cling lo~i dat, cling clieu ki~n thi nghi~m va lgc kich 
thich kh6ng khac nhau nhieu La se nh~n duqc gia tr! trung binh ve bien d<) dao d<)ng 
cU. a h~ nhu Mng d u&i : 

I~ 
l'C 3:rt 5lt 7lt g:n: u:rc - ~ - - --
2 2 2 2 2 2 . 

--- ---- ---
A nen 12 7,25 1,1 

---,----- __ , __ ---
A dan hoi 10 3,5 0,5 

1. Neu ta coi dao d<)ng tttt sau hai pha dan ta l~p duqc ty so cac bien dO 0 cac 
chu ky nhu sau: 

12 . 
Pt == 7,25 ; 

10 
PJ---
. - 3,5 ' 

12 
Pz = --

1,1 

Pz == _!.2.__ 
0,5 

doi v&i nhanh nen 

d6i v&i nhanh dl'm Mi 
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Va gia thiet ding d9 lun d(lng cling xay ra v6·i r:1mg t,\ !.~ d6, thi v&i tong a¢ 
n d¢ng tU: 1.4- 2mm ta c6: 

I~ 
Jt 3TC 5:rt 7:TI: g:rc •. u:rr: - - - -- -
2 2 2 2 2 2 

g 

zi nen (mm) 1,2 0,7 0,1 

-·--. 
zi dim hoi (mm) 1,0 0,35 , 0,05 

' 

k) Tren co sa th\fC ng~i¢m, ta c6 th~ m6 ta qua h:Jnh dao d¢ng h.r do cua h~ thOng 
1a phan l\fC n~n nhu so do hinh. 6. Cac Lh6ng s6 cila do thi duqc xac d~nh bang s6 li~u 
\fC nghi~m sau :· 

Ct 0 = 85° 

Ctl = 86°30 

ot2 = 87° 

ots = 87°05 

~0 = 86° 

~1 = 87° 

~2 = 87°15 

~3 = 87°20 

III- L!P CONG THUC XAC DlNH De) LUN DQNG· CUA H~ Ni!:N MONG 

DAO DQNG TV DO 

Phuong trinh vi ph~n chuy~n d¢ng cua h¢ kl:ii k~ t&i Sl;f can kh6ng dan hOi 
d~ng: 

dlly: <b -bang so (mMun tat), 

~ VK K h" " ' • ~ d' l ~· fl.z = - . - ¥ su cung cua nen an 101, 
.M, 

M - khOi luqng cua h¢, 

K = C,F ; Cz - h~ so n~n dim hoi, 

F - di~n tich de m6ng. 

Vii!t l~i (1) 

z" + <t>(CzF )2 z' ' (~z~)2 z = 0 
M T 'M 

(1) 

(2) 

Ro rang phan hlc nen F z = ( C;r r Z kh6ng th~ hi¢n ro sv Uit dan cua dao d¢ng 

a d~c bi~t 19. hai tln"lng s6 Cz va M ratkh6 ch9n chinh- xac, vi chung bien dbi l&n. 

'ren lh\fc te Fz duqc bi~u tht nhu hfnh 6. Vi v~y, van d~ d~t ra la phai xac dinh duqc 
1am d~c lrung ciia F z. 

1. KMo sat ham s6 Fz 

G9i g6c nghieng khi bi nen Ia a;, khi dan hOi la ~i va ky hi~u ~ 

kp) = tget; 

k\2) = tg~; 
! 

(3) 

,; '· 
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Gia thiet tgeti, tg~i Hing theo quy lu~t tuyen tinh, nghia la: 
(1) I (1) 

k i = k 0 + a (Zi- Z0 ) 

. (Z) -k(Z) + b (Z·- Z. w i - 0 1 t) 

Trong 8:6. a va b la cac gia trt duqc xac d~nh bling th:gc D~Yhi~m; a ~""' 4,1; b """ 4,78. 
(1) (2) ~ ~ . • 

Coi drc d(i cung K , K . la cac hang so. tr:ong tu11g _ do~.tn ta dugc : z z . ? . - ....... 

k(l) = k(l) 
0 0 

(1) (1) 
k 1 = k 0 + a CZ2- Z0 ) 

(1) (1) ·. . (5) 
k 2 = k 0 + a (Z4 - Z0 ) 

(1) (1) 
k i = k o + ~ (Z2i - Z0 ) 

Ro rang r~ng : 
(1) (1) . (1)' (1) 

k 0 < k 1 < .... < k i < ki+l <. 
. (2) ' 

tuong t-g v6i k i ta co : 

(2) (2).. ' 
k i = k o + b (Z2i+l - Zt) 

(2) (2) (2) (~) 
va k 0 < k 1 . <. ..... <. k i <. ki+ 1 <. ... 

Tren co sa d6 tim each bi~u di~n ham F Z• 

Ggi cac do~.tn bi~u. di~n ham F(z) la Fl(z), .F2(z)·'·ta c6 

(1) (2) 
F 1(z) = k oh; F2(Z) = k 0 Zt+ A 

A la h~ng s6 dugc xac d:!nh tu dieu ki¢n lien h,J.C cua hil.m Fz 

F2(z) = Fl(z) 

do d6: 

E>~t: 

Ta c6: 

2-TCCH 

(2) . (lJ ' (2) (1) 
k O Zt + A = k O Z1 ~A = .,... (k O - k O ) Zt 

(2) (t) 
Sij =k . - k . v6i Sq > 0 

l J 

A=- SaoZt 
(2) 

F2(z) = k O Zt- SooZl 

(1) 
F S(z) = k 1 Z + B 

F3(Z2) = F2(Z2) 

(1) (2) 
k 1 Z2 + B = k 0 Z2 - So 0 Zt 

B = Sot Z2 - S0 oZt 
(1) 

F3(z) = k 1 z + s01z- SooZt· 

(9) 

(7) 



F = F 
- 4(Zs ) 3 (Z3 ) 

{2) (1) n 

klZ3 + C = k1Z3 + ~01 z2- So0 21 

C = - SuZ3 + SotZz - SooZt 

M(lt each t~ng quat ta c6 : 

(1) 2P-3 i+J+l . 
F = k p-1 + 2 ( -1) S

1 
.. Z

1
.+ .+

1 
d6i v6i nh:inh nen (8) 

2p-t(Z) i+j=O J J 

i'~;J<Hi 

(2) 2p-2 i+. +1 
F

2
p(Z) = kp-:1 + _2: (-1) J S .. Z.+.+t doi v6i nhanh dan Mi . (9) · 

i+j=O · lJ 1 J 

i<j<i+1 

2. L~p phucrng trinh chuy~n d(lng va khiio sat tren m~t ph~ng pha 

Xet phucrng tr:inh chuy~n d(lng 11! do ciia h~ b chu ky thU: p ta c6: 

MZ" + 2hZ' + F 2p -l'(Z) = 0 qua trinh nen 

MZ" + 2hZ' + F 2p(Z) == 0 qua trinh dan Mi 

(10) 

(11) 

V 6i di~u ki~n ban dau : 

t = tp-i 

Ztp-1 == z2p-2 

Ztp-l =0. 

Cac phuung trinh UO) va (11) c6 d:,mg: 

Z" + 21iZ' + [ w~1~ 1 fz + Ap-1 = 0 

[ 
(2) ]2 

Z" + 21iZ' + wp_ 1 Z + Bp-t = 0 

Trong ll6: 

k~~~ . [ (2) ]2 
----''-- • (!) p - 1 M . 

k (2) 
p-1 

M 

(12) 

(13) 

Nhfrng phuong trinh (12), (13) c6 th~ bi~u di~n tren m~t ph1\.ng pha va th1,lc ch1l.t 
:t:l6 la duang xoan lie -v&i di~m tieu: 

(p)_ ___!~ 
z1 -- [ ( 1) ] 2 d6i v6:i chu ky nen 

(l)p-1 

(14) 

z(p)= ~ Bp-1 

2 [w (2) ]2 
p-1 

d6i v6i chu ky dan Mi (15) 

·to 
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(Juy d<,lO plia la chrang xoiin 6c ti~n t&i dillm tieu (xem hinh 7) n~n ta c6 th~ Ht 
lu~n ri'ing { zf} hQi t\1 khi P Bing. Khi d6 Z,t chinh la do lun dong, d~ tifih duqc d¢ hin 

nay ta tim di~m. tieu . 
(16) 

Gia su E la sai s6 cho phep kh~- tinh lim. lay zip+l) = ~d n~u 
[ Za - z~p) I < So (17) 

Nhu v~y ehUng toi da thi~t l~p cong thirc d~ tim di) lun d(lng khi M nen m6ng 
dao d¢ng t~ do. Vi lo~i dao dOng nay tlit rill nhanh nen ta chi din tinh doi v6i 2 ho:.tc 
3 chu ky dau. 

IV- K:tT LU!N 

V:in de xac d~nh d¢ lun d¢ng la van de cap thi~t. nhung Mt sire pht'rc t~p. trE\n 
co sa thl}:c nghi~m. dung phuong phap toan hQc mO ta dao dl)ng h~ nen 'm6ng chung tOi 

· da lim ra loi giai gan dung, ca.c llri giai d6 c6 chir~ cac h~ s6 th~c nghi~m. Vi v$-y ket 
qua tinh chinh xac n~u ta ChQn cac h~ SO . d6 chinh xac. 

Bia chi Nh(tn ngdy 4/10/1979 
Vi~n Co - Vi~n KHVN 
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SUMMARY 

METHOD OF CALCULATING DYNAMIC 

SETTLEMENT OF FOUNDATIONS ON THE INCOMPLETE 

ELASTIC GROUND WHEN THERE ARE FREE VIBRATIONS 

To estimate the dynamic settlement of foundations is for us a very urgent but .also 
very complicated matter. On the basis of our experiments we employ the mathematical 
method of describing the vibrations of the foundation system. We have therefore elabo~ 
l'ated an approximate formula to calculate the dynamic settlement. 
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