Ly thuyét méi truong roi

Tong quan vé'ly thuyét cé két tham va tinh lin cho mét cong trinh cu thé ?

1. M6 dau

Khi ti€n hanh xay dung cdc cong trinh trén nén dat, do tdc dung cua tai trong cong
trinh nén d4t s& bi lin xu6ng. Thuc chét cua qud trinh nén lin 1a téng hop cla cdc qua
trinh: gidm hé s6 rong rong cta dit dong thoi véi su thoat nudc 16 rong doi véi dit bao hoa
va su sap sé€p lai clia cdc hat khodng duéi tic dong cua tai trong do cong trinh gay nén.
Qua trinh ldn c6 lién quan dén su nén chat cua dat dong thoi véi su thoat nude 16 réng
chinh 1a qua trinh c6 két cua dat. Qua trinh c6 két cua dit khong nhitng phu thudc va tai
trong tac dung ma con phu thudc vao ban chat ciing nhu tinh thadm nudc ctia dat. Néu dat
c6 tinh thdm nude cang 16n thi qua trinh cd két dién ra cang manh va cang nhanh dat t6i
6n dinh lin. Ngugc lai, do thaim nudc cua dit cang thap, qud trinh c6 két xay ra cang lau
dai va dat cang lau dat t6i trang thai 6n dinh ldn.

Dai va6i cac cong trinh xay dung, khong nhiing can phai xac dinh do lun cudi cung
dé du bdo ma con phai danh gia do ldn theo thoi gian khi thiét ké&. Két qua tinh lin theo
thoi gian 1a co s& dé dé ra bién phép thi cong phl hop va dép tng duge tién do yéu cau
ciing nhu dam bao do én dinh cuia dat nén. Day 1a van dé rat phic tap, boi vi dat d4 1a mot
moi trudong khong lién tuc, khong dong nhat va khong dang huéng.

Nguoi dat nén méng cho 1y thuyét c¢d két thAm va xac dinh do lin theo thdi gian 1a
Karl Terzaghi. Nam 1925, 6ng dua ra quan niém vé c6 két, mo hinh c6 két thdm va dua ra
phuong trinh vi phan 1y thuyét c6 két tham cta dat.

Sau d6 cac cong trinh nghién ctu cia N. M. Gherxevanop, D. E. Polsin da phat
trién thém Iy thuyét c6 két clia dat dé nang cao do chinh x4c tinh do lin theo thoi gian cho
mot s6 trudng hop cu thé.

Dac biét V. A. Florin da nghién ctu va cho 16i giai day du cac bai toan nén chat dat
hai chiéu va ba chiéu dudi tic dung cua tai trong ngoai, clia trong luong ban than va dong
thim. Ngoai ra ong con cho céc 10i giai riéng c6 ké dén anh hudng su thay déi hé so
thdm, anh hudng tui khi kin, cua tir bién hat dat.

Su phat trién 1y thuyét c6 két va tinh do lin theo thoi gian con cé nhiéu nha khoa
hoc khac nhu N. A. Txutovich, V. G. Korotkin, Gipon, Rendulick, Karillo,...
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2. Mo hinh c6 két tham cua Karl Terzaghi.

Nam 1925 Karl Terzaghi dua ra mo hinh c6 két thd&m cua bai todn nén mot chiéu
khong nd hong, bao gdm mot binh chida chat 16ng nude, trong dé ¢ mot pitong duoc do
béng céc 10 so thé hién khung két ciu ctia dat, van thoat nudc dé diéu chinh dp luc nudc.

Khi tic dung lén pitong mot hé luc phan bo déu P (gia thiét pitong khong c6 ma
sat, nuéc khong ép co, 10 so bién dang dan héi) néu van déng, toan bo luc P sé truyén cho
nudc, néu van md ap luc truyén cho nude di lam cho nudc thodt ra, dp luc nudc sé giam,
pitong 1dn xuéng vi 10 so bi nén. Nhu thé, luc tdc dung truyén dan dan cho 10 so 1am né co
ngan lai cho tdi khi chiu toan bo luc tac dung, lic nay dp luc nudc bang khong.

Néu goi dp luc tdc dung 1én 10 so 1a o, dp luc nudc 16 réng 1a U, tinh & moi thoi
diém t ta déu co:

P =0+ U[
Trudc khi van m& (t =0 ): Toan bo tai trong ngoai truyén lén nuée, khi dé ta cé: o
=0,P=U
Sau khi mé& van, nuGe thoét ra hoan toan: Toan bo tai trong ngoai truyén 1én 10 xo,
taco: U=0,P=0c
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Hinh 1

T mo hinh nay, néu xem c6t dat nhu 10 so, chét 1ong trong binh nhu nudc trong 16
héng clia dat thi qué trinh c6 két xay ra trong dat khi chiu tac dung cta tai trong hoan toan
giong mo hinh trén.
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3. Phuong phap tinh d¢ lin theo thoi gian trén co so ly thuyét co két tham cua
dat.
3.1. Lap phuong trinh vi phan ap luc thuy dong
Xudt phat tir mo hinh c6 két, K. Terzaghi da lap va giai phuong trinh vi phan ap luc
thuy dong cho nén dit gém mot 16p sét bao hoa nudc ¢6 hé sd thadm nudc k, chiéu day h,
nam trén nén da ciing khong th&m nudc, chiu tdc dung cua tai trong phan bo déu vo han.
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Hinh 2

Trudng hop nay biéu dé ting suit téng gan nhu khong déi theo chiéu sau, kha ning
thoat nudc chi theo mot hudng tir dudi 1én.

Xét mot phan to trong 16p dat sét ¢6 chiéu day dx nam & do sau z, dién tich dong
thadm thdm qua la F = dx.dy = 1.

Tai thoi diém t, luong tang luu luong nuée chdy qua phan t6 bang lugng giam do 16
rong trong dat, nghia la:

0q  On 1
oz ot ( )
Theo dinh luat thidm cta Pacxi c6: g=v.F = —k.aa—H
t
2
V€ trdi cia phuong trinh (1) cé dang: Z—q = —k.aa ]j
4 z
_ 2
Vig-L_-P=9 pen H_kI0
Yu  Vn oz y, oz’
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V& phéi cia phuong trinh ( 1) 6 dang: - 2= -2 [ ¢ J— ¢ 0¢

o a\l+e) l+eor
. A z s 88 60’ A ~ Z -
Theo dinh luat nén ldn: 5 (a-hé s6nén lin)
t t
Ao on a 60'. e LY . 6q N On N N z.
Vay: -—=-—"-""; thay cac gid tri -~ va = vao phuong trinh (1) ta co:
’ o l+¢ ot ’ Oz ot
2 R 1 2
i@a: a@_o-vay: k(+5)60':6_0' (2)
v, 0z l+e ot ’ ay, oz° ot
. KA+8) 18 1a x st n . . .
Goi ¢, = 1a hé so co két, phuong trinh ( 2 ) c6 dang:
ay,

0’c oo
C -— (3
T (3)

Day 1a phuong trinh vi phan cua bai todn nén mot chiéu khong nd hong, phuong
trinh con c6 thé viet dudi dang khéc:

*’U  oUu = o*H oH
c,2—=" (4)hoac ¢ =— (5
v 622 at ( ) . v 622 8t ( )

Dé nhan dugc 10i giai cho cdc phuong trinh trén, cic hé s6 khong thit nguyén duoc
thay vao bao gom:

Do 6 ket tai do sau z: U, =2~ - U;] ~Y _ he s6 thoi gian: T, - Cdf , he s6 dudng
tho4t nu6c: Z = 3
Trong d6: e, - hé s6 rong ban dau cta dat;
e - hé s6 rong sau thoi gian t;
€. - hé s6 rong cudi;
U, - ap luc nudc 16 rébng ban dau;
U - 4p luc nudc 16 rong sau thoi gian t;
d - chiéu dai dudng thoat nudc.
Thay cac hé s6 vao phuong trinh ( 4 ) ta co: 58220;2 = ZZZ (6)

Giai cdc phuong trinh trén cho phép xéac dinh dp luc hitu hiéu va dp luc nudc 16
rong cua nhitng diém & do sau z va thoi gian t bat ky.
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3.1.2. Phuong phap tinh do lan theo thoi gian.

Noi dung chu yéu ctua phuong phap nay 1a giai phuong trinh vi phan da lap duoc &
trén dé€ nhan dugc biéu thiic tinh 4p luc hitu hiéu o, . PO lin ctia nén dat & thoi diém t bat
ky dugc xac dinh theo phuong trinh tich phan:

h
S= J a,o. dz
0

Dé don gian hon trong tinh do lin theo thoi gian, ngudi ta dua ra khai niém do c6
két chung ctia nén nhu sau:

a

o

h
o,,dz Jaoaz’tdz
_0

h
a,o.,dz jaosz

o%z
0

Il
Il
ce— x|or—=

Dé gidi cdc phuong trinh vi phan trén c6 thé st dung phuong phéap phan tich chudi
Furie. Phuong phap nay dugc giai bang cach tim cdc nghiém riéng thoa mén cac diéu kién
bién khac nhau, tir cdc nghiém riéng s€ tim ra nghiém téng quat. D€ dé thoa man céc diéu
kién bién, ngudi ta thay nén cé chiéu diy h thodt nuéc mot chi€u bang nén cé chiéu day
2h thoat nuGc hai chiéu chiu tai trong phan b6 déu vo han nhu nhau.

Dua vao cdc diéu kién bién, van dung chudi s6 Furie giai ra ta dugc:

82)1 = P{] — i i 1 |:Sin (2)’! + l)ﬂz 87(2’1 +1PN :|]

rSm+1 2h

2
Trong d6 N =", T goi la nhan c6 két.
4h

bo co keét: Qtzl_ﬁz 1 o ln Py
”n:o(2m+1)

0, =1—§ eV +le_9N +Le_25N + ...
T 9 25

V6i chudi hoi tu, c6 thé 14y mot s6 hang dau tién ciing ddm bao do chinh x4c:
8

Qt :1_267

Do lin & thoi diém t bat ky duge xdc dinh: S = Q.S

Dé cho viéc tinh todn duoc nhanh chéng, thuan tién, nguoi ta 1ap sin bang quan hé
gifta do c6 két Q, va N cho timg biéu d6 phan b6 ting suat.
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3.2. Cac truong hop cua biéu do phan bo ung suat nén theo chiéu sau

Ngoai truong hop nhu da vi du ¢ trén (trudong hop 0), trong thuc t€ do dic di€ém
cong trinh cling nhu ctia nén d4t, ching ta gap nhitng trudng hop phan bo ng suit cu thé
nhu sau:

P,
0-2

Hinh 3
- Truong hop I1: Nén lin do trong luong ban than, bi€u dé tng suét c6 dang tam
giac dinh quay 1én trén.

3 27 125

2 1 1
0, :1—3—[eN +—e N g BN +}
T

- Truong hop 2: Nén lin do tai trong cong trinh phan bo cuc bo, biéu dé tng suat

dang tam giac c6 dinh quay xu6ng dudi.

0, ORI LR (U O S e
7[2 7[2 3z)9

- Truong hop 0 - 1: Két hop trudng hop 0 va 1, ¢6 thé tinh nhu sau:

N()_1=NO+(N_NO)J

- Truong hop 0 - 2: K&t hop trudong hop 0 va 2, ¢é thé tinh theo cong thiic sau:
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No-2=No+ (Np-Ny) T

Cac gia tri N,, N;, N, tra bang khi biét do co két Q, va ngugc lai (bang 1), cac hé sO
j, j tra bang phu thuoc vao ty s6 P;/P, véi Py - dp luc nén & mat thodt nudc; P, - 4p luc nén
6 mat khong thoat nuée (bang 2)

3.3. Bai toan c6 két phang

Phuong trinh vi phan ¢6 két trong truong hop bai todn hai chiéu cé dang:

2 2
o[22V AU Cv_k(1+so)(l+§)
ot 2ay,

o a2t o
C, - hé s6 c6 két trong diéu kién bai todn phang;

€ - hé s6 ap luc hong cua dat.

2 2
C6 thé viét phuong trinh trén dui dang khdc: C@ n +‘2 n ] - 56_’?
X Z

3.4. Bai toan co6 két tham doi xiing truc.

Theo Rendunlic, phuong trinh vi phan c6 két tham d6i xtng truc c6 dang:
oU o’U 10°U ) 8°U
—=C, —+— +—
ot Oz r or Oz

Trong d6:  r - khoang céch tir diém dang xét dén truc z;

8 36 c0 ké ié An 14 k, (1
C: - hé so co két theo chiéu xuyén tam. C, _kd+&)
ay,
5 56 c6 k& k. (1
C, - hé s6 c6 két theo truc Z. C, _k(A+2g)
ay,

K., k, - hé s6 tham clia dat theo chiéu xuyén tam va theo chiéu thiang diing.
Karillo da giai phuong trinh nay va rit ra cong thic xac dinh do ¢6 két Q nhu sau:
1-Q=(1-Q)(1-Q,)
Trong d6:  Q,, Q, - dd cd két theo chiéu xuyén tam va theo chiéu thang diing.
Q: =1(Ty), Q. =f(T>)

Trong d6:  T,, T, - thira s6 thoi gian tuong ting dugc xac dinh theo cong thiic:

C C
Tt T,=—2-t
4R? 4R?

T. =

I

Trong d6: R - khoang céach gitta cac gi€ng thoat nudc;

h - chiéu ddy 16p dat nén chat.
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Dé x4c dinh cac ham f(T;), f(T,) mot cach nhanh chéng, Terzaghi da dua ra do thi
lién hé gitta do co két Q, va Q, véi céc thira so thoi gian.

Tir do thi lién hé xdc dinh duoc Q, va Q, va tinh dugc do c6 két toan phan Q cua dat

R. Baroon ti€p tuc phét trién bai todn c6 két thim doi xing truc cho trudng hop
bién dang ditng déu trén mat khi dp suét 16 rong du va lam sang td van dé anh hudng cta
stic can cua vat liéu dén viéc nén chat tru dat c6 ban kinh anh huéng R.

2

Bdng 1: Tuong quan gitta do c¢6 két Q, va tri s6 N tng véi cac so do tng suat.

Pé c6 Tri s6 N ting v6i cac so do Po co Tri so N tng v6i cac so do
ket @) | o 1 ) | kQ [ 1 2
0.05 0.005 0.060 0.002 0.55 0.590 0.840 0.320
0.10 0.020 0.120 0.005 0.60 0.710 0.950 0.420
0.15 0.040 0.180 0.010 0.65 0.840 1.100 0.540

0.20 0.070 0.250 0.020 0.70 1.000 1.240 0.690
0.25 0.120 0.310 0.040 0.75 1.180 1.420 0.880
0.30 0.170 0.390 0.060 0.80 1.400 1.640 1.080
0.35 0.240 0.470 0.090 0.85 1.690 1.930 1.360
0.40 0.310 0.550 0.130 0.90 2.090 2.350 1.770
0.45 0.390 0.630 0.180 0.95 2.800 3.170 2.540
0.50 0.490 0.730 0.290 1.00
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Bang 2: Tri s6 J va J” dé tinh lin theo thoi gian

Truong hop 0 - 1 Truong hop 0 - 2
P1/P2 J P1/P2 J
0.00 1.00 1.00 1.00
0.10 0.84 1.50 0.83
0.20 0.69 2.00 0.71
0.30 0.56 2.50 0.62
0.40 0.46 3.00 0.55
0.50 0.36 3.50 0.50
0.60 0.27 4.00 0.45
0.70 0.19 4.50 0.42
0.80 0.12 5.00 0.39
0.90 0.06 6.00 0.34
1.00 0.00 7.00 0.30
8.00 0.27
9.00 0.25
10.00 0.23
12.00 0.20
15.00 0.17
20.00 0.13
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4. Thi du cu thé vé bai toan tinh lin theo thoi gian.

Cho mot méng bang chiéu rong rong 2.50m, chiéu sau chon méng 2.00m. tai trong
cong trinh truyén xuéng ddy méng p = 2.00kG/cm?, hé s6 nd hong cua ca nén u = 0.35 .
Nén dat dudi diy méng gom 3 16p:

Lép 1: Cat pha day 5.00m; v, = 1.8T/m? &y = 0.675; a; = 0.025cm*/kG; k;
=1.2.10° cm/s.

LGp 2: Sét pha day 2.50m; gy, = 0.820; a; = 0.065 cm?/kG; k; = 1.5.107 cm/s.
L6p 3: Sét day vo tan; gg3 = 1.12; a3 = 0.125¢cm?/kG; ks = 9.108 cm/s.
Hay tinh do 1dn theo thoi gian va do cd clia nén dat tng véi timg thoi diém.
Bai giai
Do Iin cudi cung cuia mong duoc xac dinh theo phuong phéap “16p twong duong” la:
S = aom.Pgn.hs (1)
Ta xdc dinh chiéu day 16p tong duong hy:

hs = A(Do.b (2)
S SJASX
I 2.00m
v Y V. V v / /
/ /
y s 7
H1 =5.00m /1
/ " Y
S
H =2hs = 17.90m ko 3 y
Y / > \ 71 = 15.40m
H3 = 10.40m 3 / Z2=11.65m
QE =520m
Vv
Hinh 4

10
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Tra bang tim tri s6 A®, cho méng bang (1/b>10), véi pu = 0.35.
Ta co Aw, = 3.58.
hy=3.58 x 2.50m = 8.95m
Chiéu sau chiu nén ctia dit nén la:
H=2h,=2x8.95m = 17.90m

Hé s6 nén lin rit d6i trung binh:

Aom = (Zacihiz;)/ 2h;? (3)
ao1 = a1/(1+eg;) = 0.024/(1+0.675) = 0.014 cm?/kG.
a0 = ay/(1+ep) = 0.060/(1+0.820) = 0.033 cm?/kG.
a3 = a3/(1+eg3) = 0.125/(1+1.120) = 0.059 cm?/kG.
h; =5.00m; h, = 2.50m; h; = 10.40m.
z1=15.40m; z, = 11.65m; zz = 5.20m

Thay s6 vao cong thic (3) ta co:
aom = (0.014x5.00x10.40+0.033x2.50x11.65+0.059x10.40x5.20)/2x(8.95)>
aom = 0.031 cm?/kG.
Ap luc gay lin:
Py=p-v.hy 4)

Py=2-0.18 x 2 = 1.64 kG/cm?
Do 1in cudi cung cia mong la:
Sco = Aom.Pgn.hs
S =0.031 x 1.64 x 895 =45.50 (cm)

Can cu vao su phan bo dia tang tir trén xudng dudi: cat pha; sét pha, sét do vay dudi
tac dung cua tai trong cong trinh nudc s€ chay tir noi c6 hé s6 thim nhd dén noi c6 hé so
thd&m 16n hon nghia 1a nudc s& thoat ra theo chiéu tir duéi Ién trén. Ta chon so do “2” dé
tinh lin theo thoi gian cho truong hop nay.

Chiéu dai duong tham H = 2h, = 17.90m.
N, = (T2.Con.1)/4h2 (5)
Cvm = m/aom-'Yn (6)

11
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knm = H/Zhi/k; = H/(hi/k; + hao/k; + ha/ks) (7)

km = 17.90/(500/1.2 x107 + 250/1.5 x 107 + 1040/9 x 10®)

kn = 1.35 x 107 (cm/s) = 4.05 cm/nam.

Thay s6 vao (6) ta co:

Cym = 4.05/0.031 x 107 = 130645 cm?/nam.

Thay s6 vao (5) ta c6:

N, = (3.14% x 130645 x t)/4 x 17.90°

N, = 0.1005 x t hay t =9.9503 x N,

Tt cac s0 liéu trén két hop véi bang 1 (bang twong quan gitta dai lugng N va Qt tng
vGi cdc so do) ta 1ap duoc bang tuongquan sau:

Bang 3: Tuong quan giita do c6 két, thoi gian va do lin ctia moéng.

So TT | Do co ket Nhan co két Thoi gian Do lin
(Qv) (N2) (t =9.9503 N>») S =Qtx S« (cm)

1 0.05 0.002 0.0199 2.28
2 0.10 0.005 0.0496 4.55
3 0.15 0.010 0.0995 6.83
4 0.20 0.020 0.1990 9.10
5 0.25 0.040 0.3980 11.38
6 0.30 0.060 0.5970 13.65
7 0.35 0.090 0.8955 15.93
8 0.40 0.130 1.3925 18.20
9 0.45 0.180 1.7911 20.48
10 0.50 0.290 2.8856 22.75
11 0.55 0.320 3.1841 25.03
12 0.60 0.420 4.1791 27.30
13 0.65 0.540 5.3732 29.58
14 0.70 0.690 6.8657 31.85
15 0.75 0.880 8.7563 34.13
16 0.80 1.080 10.7463 36.40
17 0.85 1.360 13.5324 38.68
18 0.90 1.770 17.6120 40.95
19 0.95 2.540 25.2738 43.23

12
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Bé lim (cm)

C6 thé bi€u dién két qua tinh 1dn theo thoi gian theo bi€u do sau:

Juan hé [0n theo then glan

l:l T T 11 Trrr[rrrr[rrrr[{rrrr[rrrr[rrrr[rrrr[rrrr[rrrrr LI

-10

-25 "\\

o 268 &5 7& 10 125 15 1758 A0 XA A YA
Thdi gian (nAm)
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