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XAC DINH CAC THAM sO MO HINH
~ HE COC-NEN DAT
BANG PHUONG PHAP THU NGHIEM DONG

NGUYEN TIEN KHIEM

Trong xdy dymg cic cdng trinh cao ting, trén thé gidi v ngay cd & Vit Nam dang dwoc st
dung rong rai hé th8ng méng coc, diic bidt 13 & khu vye nén d4t y&€u khong n dinh. Sau khi coc
4% dwoe 13p A4t nhitu vin 48 thi nghiém dwec dit ra mdt cach bit budc nhwr dinh gid khi ning
chiu lwe, kiém tra chit lrong coc, xac dinh cic tham 58 cda nén v.v... Trong mét 3 trwdng hop
cin phii x4c dinh chifu dii thwe cda coc. T4t ci nhimg vdn d8 ndy d8u cé thé dwa v& bii todn
¢hén dodn k§ thugt. & diy ching ta tam th¥i chia mdt cich twomg d3i cic vin d% thinh ba nhém
chinh:

1. X4c djnh cdc tham 6 mé hinh cda hé coc + nén (chitu dii coc, hé 55 din hoi nén, ddt,...)

2. Panh gi4 khi ning chin lyc vi nhitng d3c tinh co hoc khic clda coc

3. Chin dodn hw hdng, s ¢3 trong qué trinh thi céng.

R4 rang 1 d€ gidi quyét cdc vin 4 nay khéng 6 con dwdng nio khic ngodi phwong phép thi
nghi¢m mdt + mdt (trén md hinh thuc). T trwée t&i nay, & nudce ta phd bién ding phrong phip
thit tinh. Mic dit viéc tinh todn trong phwong phip ndy dom gidn nhung lai vé ciing t8n kém ve
kinh t€. Hon nira phwong phép thi tinh ciing chl cho dwoe rdt it théng tin vi véi 8 chinh xdc
thdp. Trén thé gi4i phwong phip thit nghiém déng di v dang dwge dmg dung réng rii. Uu diém
clda nd 1a: - Viée thir nghiém dom gidn, ré tién, - St dung triét 42 c4c thidt bi hién dai vi do dac,
- D chinh x4c cao hom, - Cho phép danh gid dwge nhidu tham s8 hon.

Bii bdo niy nhim xiy duymg thuit toin vi chwong trink mdy tinh d2 gidi quyét cdc vin d&
thudc nhém thé nhit néu trén. Muc dich 13 st dung céc thiét bi do dac phd cip hién nay cé thé
x4c dinh dwoc cdc tham s8 cda hé coc + nén, mi cde ki sw xdy dung cé thé 4p dung mdt cach
dé dang. Nhirng két qui nghién ctu va 4p dung phwong phip dwgc trinh bay & diy ciing nhim
khuyén cdo véi cdc nhi x4y dung nén 4p dung phwong phap thir nghiém ddng thay vi cho phwong
phép tinh ¢8 dién. Cdc bii toin thudc nhém thé hai vi thi ba sé dwoc $i€p tuc trinh biy trong
¢4e bai bdo ti€p theo. N4i dung cda baii bdo gdm nhitng phin: M3 hinh co hoc hé coc + nén; Co
s& cho vidc do dac cic dic trung ddng hoc clda hé; X4c dinh chigu Y
dai coc va cic hé 58 din hdi v3 cdn cda nén. -

1. M6 hinh co hoc cda hé coc + nén PR
GiA thift hé coc + nin 13 dan hbi tuyén tinh. Coc c6 chidu dai L, gm;—‘
ti€t dién F, mé dun dan hdi B, mjt 43 khdi p, hé s8 dan hdi cda ddt
& miii coc K,; hé s8 din hdi vi h¢ s8 cdn nhét cda d4t xung quanh :
coc 13 K vi C;. M3 hinh cda hé dwge mé tA nhu trong hinh 1. ‘
Gid st & d3u coc tic dyng mdt lye doc truc 13 P(t). Néu ky E

hig¢u W(z,t) 14 chuyén vi doc truc cda coc tai mit cit z va thii diém L dx=L
t, phwong trinh dao ddng cda hé ¢é dang: é Ko
W W 82w -
pFw + C’IE + KW — EF—é?- = P(t)6(z) - (1) Hinh 1
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(6(z} 1a ham Delta-Dirac), v&i céc ditu kién bién:

W 154
erdY| —o (BF -+ K.W)
3z la=0 Jz
Mé hinh todn hoc (1.1}, (1.2) cda hé coc + ndn cé thé si dyng d€ gidi nhidu bii todn khic
nhau. Dwéi diy ta s 4p dung ching d& thigt lip co s& cho vidc do dac thi nghiém ddng vi tinh
todn cic tham s8 md hinh cia hg. o

=0, (1.2)

=L

2. Céc dic trung dong hrc hoc cta hé coc + nén
2.1. Tan 88, dang daoc dong riéng cda hé
Phwong trinh dao d3ng riéng cda hé cé dang

W FPW
—_— W —EF— = .
pF 3:2 + K. 5.2 0 (2.1}
véi didu kién bién (1.2).
Kx A ot e P " . s
Dwa vio cac ky hign &, = EF- h€ 55 dan hdi twong d6i cda nén so véi d§ clmg coc, ag = 4 /_-f—

€

P hé s8 dan hdi twong d8i clia 48t & mii coce so

- vin t8¢ truyén séng dan héi trong coc, k, =

vé&i 48 cdng cda coc.
Gid thi€t: W(z,t) = ¢(z) exp{iwt}; w - tin 5 vd $(z) - dang dao ddng riéng; ta ¢ thé dua
phuwomg trinh (2.1) ching diéu kién bidn (1.2) vé dang

¢"(5) + N2p(z) = 0; A=~k #(0)=0; ¢'(L)+k.$(L)=0. (2.2)
:-Gili bai todn bign (2.2) ta dwge ¢,(2) = Apcos A,z v6i A, 13 nghiém cda phwong trinh t3n 8
AtghL = k,. (2.3)

A, 12 hing s8 thy ¥, cé thé chon @2 chuin héa him ¢, (z), vi du chon 4, 48

L
_ A
2{z)dz =1 khidé An=2\/ o .
f‘ﬁﬂ{x) ‘ 1o DL +sinon, L
0

Di dang chéng minh dwyc ring ham @, (z} nhw vy c6 tinh chit trwe giao

L
0 m#n
f o (2) s () = {
1 m=n
0
Tém lai, & tim tin s& vi dang riéng ta chi cin gidi phwong trinh t3n s5 (2.3). Trong trudng
hgp dic biét, khi k., = co tmg véi nén céng tuyét d8i & mail coc, phwong trinh t3n s8 (2.3) cho ta
nghiém:

1
2= (n=3) n=123,.. (2.4)
Néu k. = 0 tic miii coc tw do thi phwong trink niy cho ta
A0 = % in=0,1,23, ... (2.5)

D2 dang nhin thy nghiém cda phwong trinh (2.3) trong trwdmg hop téng quit nim giita cdc
trudng hop téi han néu trén, Téc
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(n—1)%

7 29)

Ihx
< Ap < (n )f
'2.2. Dic trung phé’ cia cgc + nén
Trong thuc te thir ng}uem déng, biia lyc dwgc ding phd bi€n cling véi méy do dao déng nhitu
kénh. Loi thé ni bt cda vidc ding bia lyc 1a phin tmg do dwoe s khéng phu thude vio cuimg
46 lwe ngoai téc dung. Chinh vi & d6 s8 Liéu do dwgc cho phép ta d& ding xic dinh dwoe cdc dic
trwng d6ng hre-hoc nhw tin s riéng, dang riéng, hé sd cin cda hé. & diy ta sé xem xét cor sé& cia
viéc do dac c4c dic trung déng lwc hoc ding thi€t bi do dao ddng cé bd phin tich phd vi bia lie.
Néu P( ) = Pob(t), Po 1& cwirng 4§ cia lyc xung (phu thudc vio trong lwong va téc d6 cla
bta). Khi d6 phwong trinh t8ng quit (1.1) c6 thd viét lai & dang

W aw 2w
pF—@* -+ cz—a;‘ + K, W — EF-E;E' = Poﬁ{t)&(:c) (2.7)

Nghiém cda phwong trinh niy thda mén didu kién bién (1.2) c6 thé tim dwoc & dang

W(z,t) =Y dal2)&alt), (2.8)

khi d6, khéng ¢6 gl khé khin, ¢6 thé nhin dwgc phuong trinh tich bién cho &,(t)

. . A
Ealt) + 2hpwnn(t) + Wi (t) = p—;POHS(t) (2.9)
véi hy = —Z—QFL, Wy, = ag\/A2 + k; 12 tin 53 riéng . Bién d6i Fourier hai v€ phwong trinh (2.9)
p8Wa :
ta dwoc _
AP
§nlw) = w2 ~w? 4+ Bhw,w '’
trong 6
4 +oo
= .;—}—I_,n— bnlw) = f £ (t)e v dt.
— o0

Twong tw bién déi Fourier hai v& ding thirc (2:8) theo ¢, ta dwoe

+o0
M(z,w) = f W (z,t)e™idt = P{)Z >

b >

Andn(z)

— w2 4 2hWaw

Tir day 6 thé nhin dwoe cdc d3c trung phd cda hé coc + nén. Him s& H(z,w) = M(a: w)/ Py
gol 13 ham truy®n cda hé tai mit cit z. Y nghia vit Iy cda ham truyén chinh li &F s8 gifta bién
d6 dao déng tai mit cdt z vi cwdng 49 luc tic dung tal dau coc, H(z,w) 12 mét ham phirc cla
hal bién thue ¢ v w vi c6 dang

H(z,w)=) Angn(z) : (2.10)

~ w? —w? 4+ Bhywew
Do a4

ReH(:s,w)-=12Hn{w)1n¢,,(x)(wﬁ—wz); Im H(z,w) = ZH (W) Ay dn(2)2hnwnw
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-1
13 phin thwe va phin 4o cla H(z,w) véi H,(w) = [(wﬁ —w2)2 + 4hﬁwﬁwg] . Cudi ciing ta dwee

cac dic trwng phd tin s6 bign dé va dic trwng pha clda hé coc + nén

AFC(z,w) = IH(z,w)Iz =
3 A A () b () Ha () Hon () [(wi ~ w?){wd, ~ w?) + 4hnhmwnw,_nw~”=]

ZEH,L(&_J)Znaﬁn(a:)hnwnw '
2 Hul(w) Angn(z) (w2 — w?)

Trong thwe t& céc thigt bi do dao ddng hién dai cé b§ xd I phd FFT ludn cung cip cho ta
bidu d5 clia cdc dic trwng phd (2.11) trén midn tin 88 w. Gid tri cla = twong dng véi gid tri it
diém do. Théng thwdmg, d8i véi coc ta chi cé thé do dwoc & diu coc tie z = 0. Khi 46 trong
bidu thire (2.11) cdc ham ¢, () dwoc thay bing hing s8 A,. Cédc d3c trung phd niy cho phép ta
tinh to4n xic dinh tin s riéng wy,, hé s8 cin h, tir 58 lidu do. Viée tinh todn ndy di dwoc trinh
biy trong bii bdo trwéc [1] cda tic gis, vi viy & diy s€ khong nhic lai. Nhu viy ching ta cé
phwong phép va thidt bi dé xdc dinh dwoe tin s& riéng w,, v hé 53 cdn h,. Gib st ching 13 w},
hi,n=1,2,...,M. Tir s6 liéu niy ta s€ xdc dinh c4c tham s& md hinh coc + nén.

PEC(z,w) = —arctg (2.11)

3. Xé4c dinh hé s6 nén va chiéu dai coc tir tan sd riéng va hé 56 cdn

Bii todn 44t ra li: Tir cdc 8 liéu nhin dwoc gua viée do dac thwe nghifm wj,, A, n =
1,2,..., M x4c dinh céc tham s8 m3 hinh cda hé. Téng s cic tham s mé hinh bao ghm: E, F,
p, Kz, K., C,. Nhung trong thiwe t€ khdng thé xdc dinh dwoc hét cac tham s8 ndy va ciing khong
cin thié. O diy quan tim d&n viéc xdc dinh c4c tham s8 L, K,, K., C,. Con céc'tham 3 E, F,
p, 8¢ dwge xem xét trong chc bii toan chin dodn khuy€t tit. Vi viy ta gid thidt 12 ching di bict.

Cu thé 1a gid st hai trong ba hing 88: ¢ = EF; a9 = —;; mg = pF da bi&k. Hang 58 thir ba

s& dwoe tinh tir hai hing s6 d3 bift vi: a2 = eg/my. Ta coi & diy ap vd mg di bist. DE tim cde
tham s& L, K, K., C, ta cé cdc guan hé:

Ko = ooks; K. =eoke; Cu=2mownhn; wn=ay/22 + ks |
vi phwong trink tin &8 d8i véi A, la:
AntgAnl=ke; n=12,....
V& nguyén tic, hé s8 cin nhét cla dit Cp cb thé tinh ngay dwoc tie két qui do:
Cp=2mowhl; n=1,....M.
Hién nhién 13 trong trudng hop niy phii thda min ditu kién
whhy =wphy, nm=1,... M
Day chinh 13 didu kién ring budc 1n 8 lién do va dd chinh x4c cda mb hinh. Vi trong do dac

va md hinh héa bao gi¥ ciing c6 sai 58, nén diéu kién ring budc chi ¢6 thé thda min mdt cach gin
ding, tic:
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Tir ddy td c6 thé tinh dwgc gan diing:

2mg M
Co=5r Ewnhn. (3.1)

D5 ching x4c¢ cda (3.1) dwoc kiém tra bing digu kién

M

Zw';zh*z_i(iw*h*)zg'd” 6y
] n 'n M = n''n . - "

Nhw viy hé s8 cdn nhét cda dit cd the xdc dinh dwgc tir 53 lidu do dwoce vE tin s riéng va
hé s8 can két ciu. S8 lhwong tén 88 va hé 5§ cdn do dwoc khéng 4nh hwéng dén quy trink tinh
todn. Cdn lai ba tham s8 cin tim 13 L, K, K,. & &ay ta ¢6 cdc quan hé: w,, = ag\/AZ + ky vi
Atg AL = ke, n=1,..., M c6 st tham gia cda ba tham s8 cin tim. V& nguyén tdc ta phii do
dwoe ba tin 58 téc 13 M = 3. Thye viy, dwéi diy sé dwa ra mdt quy trinh dom gidn 4 tim ba
tham s8 L, k;, k. néu bift w}, w3, w} vi ag.

Dwa vho cde ki hidw: f = AL, £ = k.L, y = L?/a3; z = Lk, khi 36 phwong trinh tin s& cé
dang: Ptgf = z. Phwong trinh ndy c6 thé gidi dwge mét cich tdng quit trén mdy tinh, két qui
cho ta s8 hrgng thy ¥ cdc nghidm 13 ham cia z. Trén hinh 2 cho ta d5 thi cda 5 nghiém diu tién
phu thudc vio z. Trong trwdmg hop niy ta cin ba nghiém, téc ba him: f;(z), fa(z), Palz). Sk
dung cic nghiém ndy cling véi cdc k¢ hiéu z, y, 2 43 dwa vio-ta cé ba phuong trinh

fi(z) ~wiy+2=0, n=123 (3.3)

8 x4c dinh z, y, z. Thit viy, tir hai phwong trinh diu ta cé thd bidu dikn y, z qua =:

. _Bile) - pR(x) | _ wi?BR(z) —wi?PR(z)
v= wi? - wi? ' 2= wh? — wi? (3-4)

Thay (3.4) vio phwong trinh th& ba con lai trong (3.3) ta dwogc
fla) = (w32 - w?) B3(e) + (03~ w3?)B2e) + (w® — wi) BRle) = 0. (33)

Day chinh 13 phwong trinh d€ x4¢c dinh z. Phuwong trinh niy d dang gidi dwgc cing phwong
trinh tin s8: Atgf = z. Gii s¢ nghiém cia phuong trinh &6 13 z., khi 46 y, vi 2, s&€ duwoc tinh
theo (3.4) véi z = z,. Khi bi€t z,, y. vi z. khong cé gt khé khin ta cé ngay:

T4 Zs
L=ay/ye; ke= i ke = ‘ (3.6)

LNV agys

va do 84
mModp Ty

N

Ciing véi (3.1), (3.7) cho ta l&i gidi cda bii todn A4t ra ban d3u. Cin phii nhén manh & diy
ring, viéc djt ra tim chi cdc tham s8 L, K,, K., C, khéng phdi 12 nghu nhién. Thwe chit md
hinh niy, st dung chi tin 8 do va hé s8 cdn két cdu do dwoe, ta chi cé thé xéc dinh dwge cie
tham s8 dé ma thdi. Mudn tim thém cic tham s& khic, vi du ao, mo, €o ta phéi st dung thém
cdc 38 do v& dang riéng. Céng viéc nay thudc linh vuc thit ba &8 dwoc nghién ctu tidp.

L= aO‘\/y_*; K: =

(3.7)

4. Vi du minh hoa .
Thuit todn trén di dwoc 13p thinh mét Chwong trinh may tinh th& nghitm coc.
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86 liéu vao cda chwong trinh bao gom:

V3in t8c truyén séng trong coc ap = " 7

Khéi lwgng cla mét mét ddicocmp =pF;Ba 2
tin 88 riéng lién tuc wf, wi, w} va twong tng _ '
v&iba hé =8 can kI, h3, A3 ey e
56 liéu ra gom: 8
Chi%u dii coc L., hé s8 din hoi cla ddt &
mili coc K7, hé 38 dan hoi cda dit xung quanh 4 |
4
2

coc K va hé s8 cin nhét cia ddt xung quanh

Cy. /’_—,
Chwong trinh dwec thd nghiém cho tredmg +
hop ag = 3500m/s; My = 24kg/m véi ba k/"
phwong in chinh: —
1) L thay d8i, K., K, giir nguyén; o a 20 o 40 50
2) K, thay d4i, L, K, giit nguyén;
3) K, thay ddi, L, K, giit nguyén. Hinh 2

K&t qua chin doén cho trong bdng 1. Cac gid tri cho trwée cia L, K, ndm trong ba c8t d3u,
ba ¢t san 13 két qui chin dodn cha ching. K& qui ndy cho thiy 43 chinh xdc rit cao cia thujt
todn vi phwong phip.

Bdng 1
Gid tri cho trwée Kéi qud chin dodn
L - K, K, L, K; K
(m) (x10'N/m) (x10°N/m?) (m) (x10°N/m) (x10°N/m?)
Phwong 4n 1
1 10 2.94 2.94 9.99997 2.94955 2.94022
2 20 2.94 2.94 20.00G2 2.94021 2.94002
3 30 2.94 2.94 29.8999 2.94010 2.94002
4 40 2.94 2.94 40,0006 2.94067 2.93996
5 50 2.94 2.94 50,0006 2.94070 2.93998
: Phuwong 4n 2
1 20 147 2.94 19.99992 1.48975 - 2.94006
2 20 2.94 2.94 20.00017 2.94024 2.94002
3 20 4.41 2.94 19.99990 4.41001 2.94005
4 20 5.88 2.94 20.00030 5.88132 . 2.93995
5 20 7.35 2.94 20.00029 7.35182 2.93986
Phwong 4n 3
1 20 1.47 2.94 19.599%4 1.46977 2.94006
2 20 1.47 5.88 19.99904 1.46976 5.88006
3 20 1.47 8.82 19.99990 1.46976 8.82006
4 20 1.47 1176 19.99990 1.46978 11.76006
5 20 147 14.70 19,99990 1.46977 14.70005

5. K& ludn

K&t qud chinh cda bai bio niy 1a:
+ ¢ Dwa ra mdt mé hinh twong ddi diy dd d€ mo td hé coc + n¥n sit véi thye t& hon cic md
‘hinh dang s& dung hién nay.
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e Xay dyng dugc cic dic trung pho cla hé coc + nén ladm co s& d€ do dac phin tich & lida
do bing mdy rung déng cé b3 xi Iy phd.

e Dwa ra thudt todn don giln vi d3 dwoc chu-omg trinh héa d8 x4dc dinh chidu dii coc, hé s8
d3n hbi cda dit & mili coc vA xung quanh coc, hé s6 cin nhét cda a4t xung quanh. Viéc phan biét
hai hé 58 dan hdi cda dit d€ tinh d&n ci tredng hop coc dimg trén mét 16p 44t cirng khic véi ddt
Xung qua.nh vi du nhw d4, sdi,...

o K&t qui th¥ nghiém todn hoc cho thiy d3 chinh xdc cda thujt todn, chwong trinh rft cao. -

. @ Vi chwomg trinh co ban phai gidi 1d phwong trinh (3.5) phy thudc vao higu binh phwong cdc
tin s8 do, Vi vay sai 58 trong do dac néi chung 13 43 dwoc gidm 41 t&i da. D§ chinh xéc niy 6n
dinh véi sai 88 do dac.

Viée tinh todn va 1dp chuwong trinh do Thac si Dio Nhw Mai va K§ sw Nguyéa Vlet Khoa
thyc hién.

Cong trinh ndy dwgc hoan thinh dwdi sy tii bre cia Chwong trich nghién ctru co bin nhi
nwée vé khoa hoc tw nhién.

Pia chi: Nhén ngdy 20/8/1997
Vién Co hoc
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SUMMARY

PARAMETER IDENTIFICATION OF SOIL-PILE SYSTEM
BY THE DYNAMIC TESTING METHOD

This paper deals with a problem to determinate parameters of soil and pile by measurements
of natural frequencies and damping ratios of the system. There was suggested a model of soil-
pile system, which includes more unknown parameters of soil to be determined. Here is given also
mathematical base for extraction of modal parameters from measured spectral characteristics. The
most important result obtained in this study is a procedure and program carried out to determinate
the pile length (L), elastic coefficients of soil around pile and at the bottom end of pile and also
the damping coefficient of soil. Numerical test by the progra.m shows high accuracy and validates
effectiveness of the procedure.
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