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TINH TOAN CONG TRINH NG AM TRONG NEN SAN HO
CHIU TAC DUNG PONG THOI CUA PONG PAT VA L UC THUY TINH

NGUYEN TAT NGAN

Hoc vién Ky thuat quan s

Tém tit. Bai bao trinh bay plong phap tinhitong tac gira céng trinh ngm trong
nén san hd chu tdc ding aia ti trong dodéng ddat va ke thw tinh nén. Bai todmioc gidi
quyét bang mé hinh pling, trén @ so phrong phap phin tr hiu han (PTHH), Kt hop phin
bién dang phing dzng tam giac 37iém nit va phin tz tiép xdc hai chiu (2D). Wi thudt toan
két hop tich phan tec ticp Newmark va plong phap &p Newton-Raphson tacdgldp trinh
tinh toan trong méi trong Matlabdé giai phwong trinh phi tugn lién két. Két qua tinh toan
so phil vp quy luit co hoc va toan hc cho tliy khi ning aia chrong trinhdd lgp. Noi dung
cia bai bao co th lam tai liégu tham kkio cho véc nghién éu va tinh todn, ti ké cac ket
cau cdng trinh ngm trong @n san ho.

l. MO PAU

DPong dit 1a hién trong thién nhiérda va § gay ra nhdu tham haa ddi véi con ngroi
va cac cong trinh xayuehg. Tir treéc t6i nay, con ngoi da cé ét nhiéu nd luc trong vic
nghién &u phong, chng dong dat dé bao vé sinh maing aia minh va tai & vat chit xa
hoi. M6t trong nhirng hrdng nghién @u hién nay ladua ra cac ptiong phap tinh toan,
thiét ké cong trinhdam bao giam thiéu tdcdong aia dong dat, nang cao 1u qua sir dung,
ting twi tho cua coéng trinh. Mc duda co nlitng thanh céngéang K trong inh wre nay,
song thrc € van con nhéu tham haa do dong dat gay ra trén T giéi hién nay. Khidong
dat xay ra, do hén trong daodong manh aia rén dat, nén Kt ciu ding b daodong, dodd
tu ban than Kt cau (hé két ciu - rén) ding cHu tac ding aia hrc quan tinh do giat
chuyén dong aia rén (gia Hc rén) gay ra. Do §y, trong tinh toan céng trinh ghtac ding
cuadong dat, gia H¢ rén 1a mbt trong nhiing yeu t6 rat quan tong.

Ca&c cong trinh trén catao san hd xadciing c6 kh nang chu tdcdong aia dong
dat, khi cac cdng trinh nayuthong, ngoai s thiét hai vé vat chit, con ngroi nhu cac coéng
trinh trongdat lién thi vin dé bao dam diéu kién tac chén tréndao khéng conanh hrong
lon dén kha nang gii virng chi quyén trén bén - diéu nay la ndt trong nhirng dic thu dia



cac cong trinh B, dao. Vi vay, nghién ¢u tinh todn cac cong trinh arg trong ©n san
ho chu tac ding aia ti trong dong dat 1a vin dé can thiét.
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Hinh 1: Gia ¢ nén trong tan dongdat nim 1995 4i Kobe - NHit Ban [5]
Il. CAC GI A THIET, MO HINH VA PH UONG PHAP TiNH

1. Cac gh thiét va md hinh tinh aia bai toan

Bai toanduoc giai quyét dwa vao cac githiét sau:

« Két cau cong trinhdan toi, bién dang tuyén tinh.

« M3i 16p nén san ho 1a it liéu dong nHit, ding hrong, dan Koi tuyén tinh. Qua trinh
két ciu lam vic, khdng co Hin trong tach, tirot giira cac &p rén v6i nhau.

 Hé két ciu cong trinh va én 1am vic trongdiéu kién bién dang phing. Lién Kt
giita két ciu va rén san héduogc thay tk bang lién Kt niat gita cac phn tr bién dang
phing 2D théng qua liéndk véi phan tir tiép xic Goodman [1, 3]. Liénéktiép xuc gira
két cau va ren san ho la liénd mot chiéu.

« Khi tinh toanddi véi vat liéu san ho, b qua lrc dinh gita két ciu va rén.

Theo hréng nay, tachit hé thuc ban vé bn ra ndt mién hiru han bao gm két ciu
va mdt phan rén goi 1a mién nghién ¢u, trén bién néin nghién ¢u duoc dit cac lién Kt,
viéc tinh toantuogc thuc hién trén mén nghién ¢u da xacdinh. Kich throc bién @a mén
nghién ¢u dugc xacdinh theo plrong phapdp [1,7] (hinh 2).
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Hinh 2: M6 hinh thrc cia bai toan
2. Phwong phap tinh va céc lai PTHH

Pé tinh toan Kt ciu theo md hinh néi trén, tacagsir dung phrong phap PTHH,
trong dé cac lai phan tir sir dung 1a: B4i véi nén san hé vad ciu sr dung laai phan tir
tam giac phing 3diém nat.Bdi vai 16p tiép xic gira két cau va ren san hd & dung loai
phan tir tiép xdc tr giac 4diém nat (four nodes slip element).

lIl. THI ET LAP CAC PHUONG TRINH C O BAN BANG PHUONG PHAP PTHH

1. Cac quan & déi véi phan tir thudc nén va két cau

Xét phin tr tam giac plng 3diém nat, véc danh $ thi te naGt cia pHin tr va ra
chon ¢ toa d6 cuc b caa phin tir dugc quyudc nhr trén hinh 3.

Chuyén vj tai mot diém bit ky trong plam vi phan tir dugc ndi suy tr véc b chuyén
vi nat dia ptin tr theo béu thic [2]:

{u} =[N]..{u},, 1)
trongdo:
{u} ={u, uy}T - véc ty chuyén vi tai diém (x,y) thupc pHan ti,

[N],, - ma tén ham dng aia phin tir tha m,



{U},.- véc t chuyén vi nat aia phin tir thir m, N6 ¢6 dng:
{U}m :{le Uly U2x U2y U3x Usy}T (2)

Ma tran ham dng aia phin tir c6 ding:

N 0O N 0O N 0
N =| ‘ ’ 3
O N, 0 N, 0 N,
Yi
S
3(0,1) 4
2(1,0
1(0,0)
Hé toa do cuc bo (1, s)
Hé toa do chung (x,y) X

Hinh 3: S6 hiéu nGt @a phin tr, hé toa d6 chung va te d6 cuc b caa pHin tir
Biéu thac ham dng aia pHin tir tam gidc Wt trong ta d6 cuc bd va ba do chung
duogc cho trong bng 1.
Bang 1: Ham ding aia phin tir tam giac

Toa do cuc bp Toa d§ chung
Np=1-r-s N; = (a1 + bix + cpy)/2A
No=r N, = (az + box + Czy)/ZA
N3 =s N3 = (ag + bsx + c3y)/2A
1 1 % vy
trongdo A =S X2 ve| - la dién tich phan ti,
1 X3 s
& = X5¥Y3 T X3Yo, a, = X3Y1 = X1Yas a3 = X1Y5 = X5Y1;

VOiib, =y, -y b, =y -y, b=y -y,
C,=X3—X,, Cy =X, —Xs; C3=X,—X,



Véc o bién dang aia pHin tir{e} duoc viét nhr sau:

{e} = [Bln{U}. @)

Ma tran bién dang-chuyn vi ciia phin tir [B],, dugc xacdinh:

N, N, AN
oX o0x o0X
Bl,=| 0 To o N o X (5)
oy oy oy
N, oN, ON, N, oN, oN,
| dy 0Ox 0y  OX dy  0X |
Ma tran d6 cang phin tir dugc xacdinh theo biu thirc sau:
K], = rh[B].[D]B].dA, (6)
Am

trongdo: [D] la ma tan vat liéu phan tir, phu thudc vao modul Young E,ésd Possior.
Sir dung phrong phrong phéap tich phanjscau phrong Gauss-Legendre, i thirc
(6) duoc viét lai: [K],, = h3:[B]",[D][B],., detd [w, W, (7)
i=1
trong do: i - diém tich phan thi c6 ta do (rj, s), n - tong $ diém tich phan, dé&t)O -
dinh thirc cia ma tén JacobiWii, Ws; - trong $ caa phép tich phania phrong, cH S5
biéu dién gia ti caia ham 4i diém Gauss thi.
Ma tran khdi legng aia pHin tir duoc xacdinh theo cong tinc sau:

[M],, =Afph[N]L[N]mdAm (8)

va ding duoc tinh theo phong phap tich phardsiu phrong Gauss-Legendre.
trongdo: o - khdi luong riéng @a VAt liéu cia pHin tir thir m; Ay, - dién tich pan tir thae m;
h - chiéu day plan t,

2. Cac quan 1§ ddi véi phan tir thudc lép tiép xic (PTTX)

PHin tir tiép x(c 2 chdu dugc b tri vao bp tiép xuc gira két ciu cong trinh va én
san ho th hién tinh cfat lién k&t mot chiéu cia rén. Mo hinh phn tr tiép xic cé chiu
day “bing khéng”duoc chi ra nhr trén hinh 4, do chu day t @a ptin tir gin nhr bang 0
nén cac @ nut1va4, 2va 3,5va6 co cung dd.



4 1= C+otep
r Ggh ________ tEﬁl ________ gh g

(a) (b) (c)
Hinh 4: Md hinh pln tir tiép xic Goodman @4 — cac nit). a) &6 hinh ke aia phin
tir tiép xdc; b) Quan &itng suit phap tugn voi bién dang phap tugn; c) Quan Aing
SUit tiép tuyén vai bién dang tiép tuyén

. . . . A A
Quan R gitra $ giaung suit va $ gia bén dang: { 0} = [Dse{ 8} (9)
At Ay
] - A ky O
trongdé ma tén [Dsd duoc xacdinh theo biu thic: [D_ ] = o K (10)
£

Véi: kn va k twong tng ladé cing phap tugn vado cang tiép tuyén cia pran tir.
Céc It sb nay c6 th duoc xacdinh bing thrc nghiém haic xacdinh théng qua cadic

o A . _ E(l_V) . -C = E
trung Qia ren [1,3] kn —m, £ = G —m (11)

véi: v va E trongting la k¢ sb Poisson va mdun Young @a Vit liéu nén.

Chuyén vi mot diém bit ky cua phin tir trong ¢ truc toa do dia phrong duoc xac
dinh théng qua chp vi caa né trong B toa do tong thé va goc éch tuc a:

u, {cosﬁ sinB} u
| srp el
Vi -sinB cosB |V
Ma tran d6 cing trong 1§ toa do chung:[Kse] = ﬂ[Bse]T[Dse][Bse]dxdy (13)
cos -sinp

sinB  cosB
Déi v6i PTTX 4diém nat, bén dang trong phn tir [adéu, ta co:

trongdo: [B) :{ }[Bmm] (14)



B ] 0O N, 0 N, 0 -N, 0 =N,
BIocal = , , . )
N, 0 N, 0 -N, 0 -N, O

véi: N = dd_l\ali , & (T -1dén +1) dbe theo chiu dai pfan tir, N; 1a ham éng aia PTTX [1, 3].
Sir dung phép kin déi [[dxdy= }deHdE , ma thn d6 cing PTTXdwoc xacdinh:

k.= J[B.J'[D.][B. ]detdct (15)

trongdo [J] la ma tin Jacobin [1,3].

Ma tran d6 cing aia PTTX trong codng e (15) duoc xacdinh king phrong phap
tich phan & ciu phrong Gauss-Legendre va dung s db 1 diém tich phan{ =0, w = 2).
4. Phrong trinh chuyén ddng cia két cau

Khi dong dat, gia ¢ nén s gay ra giadc chuyén vi caa cac kibi luong ép trung i

cac nit aa két ciu {Ug}, duoc biéu dién [4,5,6,7]:

{0,}={ra,. (16)
trongdo: {ﬁg} la véc b c6 $ chidu hiing bing  chidu véc t nut {U} cua fe,

{r} 1a véc b h¢ s anh hrong chuygn vi nat béu thi chuyén vi tai cac nat do
chuyén vi ngang éa rén bing don vi gay ra, éu tric véc & gdm cac phn tr 1 va 0 - ty
vao Hic tr do dia mbi Nt va $ chiéu cia gia Bc rén.

Goi {ﬁe} la véc b tai trong doddong dit tac ding 18n cac nut (I quan tinh do gia
tbc nén gay raddi vai ddi véi cac khoi lugng quy nat) aa k. Lic nay ta co:

R} =-Wlu,}=-ma,. 17)

Phrong trinh chugn dong aia ke két ciu chiu tac ding ddng thyi cua i trong da cho va
dongdat, c6 ding [4,5,6,7]:

Mo} [cfof+ Ko} =R} +{Ro). (18)

trongdo: {ﬁd} la véc b tai trong nut do di trongda cho gay ra.



IV. THU AT TOAN GI Al PHUONG TRINH CHUY EN PONG CUA KET CAU

Sau khidwa vao cadiéu kién bién, (18) c6 ghg ©ng quat nkx sau [2, 4, 5, 6]:
KO+ [cfot+[k{ul = (R} +{R.}, (19)

Nhu d4 biét, do K dén ar tach, toot cuc bo gitta két cAu va rén san hd, piong
trinh chuyn dong (19) 1a plrong trinh phi tugn hinh foc vaduoc viét lai nhu sau:

[MKO}+ [cqubiot+ [k QUDEU} ={Ra} +{R} ={R} (20)

Ma tran can tng thé duoc xacdinh:

28

[C] = a[M]+B[K] =[c{u})], vei: B= g ;0= Bwyw,; (W, Wy 1a 2 fin & dau tién

2
trong daadong tr do, € 1a ty sb can).

Dé giai phuong trinh chugn dong (20) tac gi sir dung phrong phéap tich phanic
tiép Newmark Kt hop voi phuong phapdp Newton — Raphsongicéac hrge tém fit thuat
giai nhu trong king 2.

Bang 2: TOm it thuat todn gii bai toan trong tac Kt ciu cong trinh vaén san hod cu
tac ding dong dat theo plrong phap Newmarkét hop vai 1ap Newton-Raphson

l. Nhap dir liéu ban dau:

1. So 46, kich thréc két cau
2.bac treng Vat liéu

3. Nhap tai trong (réu c6)

4. Nhap gian d6 gia ¢ nén ti(t)

Il. Tinh to&n so b ban diu:

1. Tinh cac ma #n o ban: [K], [M], [C], véc to anh hrong {r}.

XAacdinh hréc tich phanAt va cac tham&tich phana, d. Tinh cac B s cia
phuong phap: @ a, &, &, &, ..., a.

Xaadinh cac vécd didu kign bandau: {U,}{U,}{0,}.

Tinh ma fin do cang hiéu qua [KDJ.




Il. Tinh | &p cho céc hréc tich phan i cac thoi diém: t = At, t = 2At, t=3At, ... theo
cac hréc sau:

1. Tinh véc tai trong hiéu qui {RY,, | tai thoi diém t +At
2. Dung plrong phapip xacdinh véc & chuyén vi na{U,,, } tai thoi diém t +At:
K faul” ={RELS Rl
{Uead® ={Uaf™ +{au}?,
flaur”|
{0...J7 (U]
3. Xéacdinh cac vécd gia Hc va \an toc tai thoi diém t +At:

{UHAt} = aO({UHAt}“_{Ut}) _“aZ{Ut} - a3{Ut}

{Ut+At} :{Ut}+a6{ut}+a7{ut+At}

4. Tinhung st, bién dang va i luc tai thoi diém t +At.

Kém tradiéu kién hoi tu: <g,

5. Kiém tradiéu kién tach, twot, cip nhit ma tén phan tir.

6. Tang hréc thoi gian t =t +At va tén hanh dp lai tir budc 1.

V.ViDU SO

Trén @ sv cac thdt toAnda thiét 1ap, tac gi d& lp chrong trinh tinh co tén la
Eartquake_2010. Glong trinhduoc viét bing ngdn ng MATLAB chay trén may tinh @
dung F diéu hanh Windows xp.

Tinh Két ciu cdng & trong rén san hod clu ddng thoi caa hre thuy tinh tac ding tnrc
tiép 1én It cdu va &i trong dong dat theo plrong ngang, gin d6 gia Hc rén nhr hinh 5.

So d6 bai toan nir hinh 2, Wi cac $ liéu au thé nhue sau:
- Luc thuy tinh: p,(t) = po[—%+%), V&i po = 200N/cns.

- Kich thrdc hinh bao a két ciu: chiéu cao H =4 m, brong B = 5 m, chiu day t
= 0,5 m. \4t liéu c6 E = 0,3410'N/cn?, v = 0,3,p = 2,5¢10° kg/cnt.,
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Hinh 5: Biéu db gia ¢ nén véi gia tri cuc dai amax= 170,85cm/S[6]

Sau khi &ip ung Wi gia tbc nén lon nhit, xacdinh dugc kich thr6c mién tinh toan:
Bo = 20 m, chdu cao H = 14 m, i sai $ chuyén vi € = 2,16%, trong tng Wi 5 16p rén
(thir tu tir 1 dén 5) codic treng @ ly nhu bang 3.

Bang 3: Thudc tinh \at liéu nén san ho [1]

Lép Do sau = v P Hé s5 ma sat f He SO giam
(m) (N/cn) (kg/cnt) chéin &
1 2810 |022| 2510 0,21
2 4 2,116 | 025| 2,810 0,32
3 2,016 | 025| 2,910 0,41 0,05
4 10 2,6.10 | 025| 2,018 0,47
5 14 2,316 | 0,25| 3,010 0,38

M6 hinh PTHH éa bai toan nin hinh 6.
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Hinh 6: M6 hinh PTHH da bai toan

S6 lwong phn tir tbng dng & 186, baodm: 32 phan tir két ciu, 20 plan tir tiép xac
va 134 phin tir nén. Thoi gian tinh toand, = 20s, Ixdc thoi gianAt = 0,02s.

Két qua tinh:

Hinh 7 va 8 1a vi d cac Kt qua dapung chugn vi ngang U varng st oy theo thoi
gian diadiém C ®iém bén trai congis.

T S S e T S S

Chuyen vi u tai diem Clcm]

-10 i i
0

Thai gian t[=]

Hinh 7: Sy thayddi chuyén vi ngang 4i diém A thuwc dinh céng s
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Ung suat xicrmay tai diem C [MNicmZ2]

Thai gian t[s]

Hinh 8: Sy thayddi (ng stt oy tai diém C thipc dinh cong g
VI. KET LUAN

Noi dung bai baaa dat duoc:

- Xay deng mé hinh, thit toan PTHH va clong trinh pAn mém trong méi teong
Matlab gii bai toan trong tac gira két ciu cong trinh va én san hé clu tac ding dong
thoi caa lec thuy tinh va i trong dodong dat gay nén.

- Tinh toan trén viwcu thé cho thy két qua tinh phi yp quy It co hoc.

- Két qua bai bao co th lam tai léu tham klo va la cong ¢ tinh toan tong tac
gitta két cdng trinh va én san hd clu tai trong dong dat phuc vu an ninh géc phong.
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ANALYSIS OF UNDERGROUND STRUCTURE IN CORAL FOUNDATI ON
UNDER EARTHQUAKE AND HYDROSTATIC LOAD

NGUYEN TAT NGAN

Summary:In this study, the author present the calculatingthod interaction between
underground structure and coral foundation undertleguake and hydrostatic load. The
problem analysis with finite element method andhaiglane strain three nodes triangular
element and 2D slip element (for slip layer betwesmerground structure and coral
foundation). The paper results can be used in deafg reference for the structures in the
coral foundation under earthquake loads.
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