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Abstract. When calculating consolidation settlement, it is necessary to process the Oedometer
test data to obtain the consolidation parameters of the soil sample. In this paper a single
variable nonlinear regression model to predict settlement of the soil sample over time when
conducting consolidation test is established. The regression coefficients include the elastic
modulus - Es (Young® modulus), coefficient of consolidation - Cy and the secondary
compression index - C, with 3 different settlement stages (elastic settlement, primary
consolidation settlement and secondary consolidation settlement). Nonlinear regression
analysis is carried out based on consolidation test data corresponding to a certain load. The
results showed that the nonlinear regression model predicts the settlement of the soil sample
that fits well the experimental results, and thereby can be used to provide the consolidation
parameters for the calculation of settlement in practice.
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Tém tit. Khi can tinh toan do 1an cta cong trinh theo thoi gian, phai tién hanh xu 1y s6 liu
thi nghiém nén cb két dé cung cép cac tham sb dic trung cua mau dat. Bai bao nay thiét lap
mo hinh hdi quy phi tuyen don blen dé du bao d6 1un cia mau dat theo thoi gian khi tién hanh
thi nghiém nen c6 két. Cac hé sd can tim cua ham hoi quy bao gém mo dun dan hoi Es, hé sb
¢ két Cy va chi sb nén thtr cap C, déu dic trung cho dat Gmg voi 3 giai doan lan khac nhau 13
Itn tirc thoi, 1an c¢b két so cap va lin cb két thir cip. Phan tich hdi quy phi tuyén duoc thuc
hién trén co s6 bo s6 licu thi nghiém cb két img V01 mot tai trong nhat dinh. Két qua chi ra
rang, mo hinh héi quy phi tuyén du bao do lun cua mau dét sat voi két qua thuc nghiém, va do
d6 c6 thé duge str dung dé cung cép cac tham s nén 1an phuc vu tinh toan do lun trong thyc té.

Tur khoa: phan tich h01 quy phi tuyén, hé s hdi quy, md dun dan hoi, hé s ¢d két, chi s6 nén
thir cap, thi nghiém cd két.

© 2021 Truong Pai hoc Giao thong Van tdi

1. PAT VAN PE

Khi tién hanh nén c6 két mot mau dat, dudi tac dung cua tai trong mau bi lun va co thé
chia d¢ lun lam 3 giai doan sau day:

- LUn ttrc thoi: Giai doan nay dién ra gan nhu dong thoi véi viée ting tai trong thur
nghiém trong phong thi nghiém va trude khi bat dau thoat nudc. Mot phan la do nén cac thi
khi nho trong khong gian 16 rong va mét ty 1€ nho la do nén dan hoi ctua pha rdn trong mau dat
(co thé phuc hoi trd lai khi tai trong duogc loai bo). Theo [1] 6 1an trong giai doan nay dugc
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goi 14 “lun dan hoi” béi vi 1y thuyét dan hdi duoc st dung cho muc dich tinh toan. Sy tng xir
cua dat khong phai 1a dan hoi. Tuy nhién, ly thuyét dan hoéi dugc st dung rong rai va chap
nhan trong dia k¥ thudt cho viéc tinh toan d6 lun tic thoi do tinh don gian cia né.

- Lin ¢6 két so cap: giai doan nén phu thudc vao thdi gian do su tiéu tan cua ap luc nudc
10 rong thang du va dugc tinh toan theo 1y thuyét ¢o két cua Terzaghi.

- Lan cb két thtr cap: giai doan nén thir cp tiép tuc sau khi ap luc nude 16 rdng thing du
ctia giai doan cb két so cap gan nhu tiéu tan hét. Co ché nay phtrc tap, nhung sy nén lan thi
cép duoc cho la su chuyén dong lién tuc cua cac hat dét khi cAu tric dat diéu chinh chinh no
dan dén su gia ting (mg suit hitu hiéu. Nén lun thir cap thudng khong thé phuc hoi khi loai bo
tai trong.

MObi mot giai doan lin déu c¢6 cac tham sé dic trung riéng nhu: mé dun dan hoi - Es (mo
dun Young), hé sb c6 két - Cy va chi s6 nén thi cdp - C,. Day la cac tham sé quan trong cho
tinh toan lun d6i véi cong trinh x4y dung dan dung, cau va duong.

Hién nay & Viét Nam, dé xu ly két qué thi nghiém nén cb két mau dat dinh bao hoa
thuong ap dung tiéu chuan TCVN 4200:2012 - “Pat xay dung — phuong phap xéac dinh tinh
nén ltn trong phong thi nghiém” [2]. Tiéu chuan ndy ap dung phuong phép dd thi cua D.

Taylor va A. Casagrande [3] dé xac dinh hé s6 ¢ két Cy. Con cac tham bién trong giai doan
In dan hoi va lan thir cap khong duoc dé cap dén.

Asaoka [4, 5] dua ra phuong phap du bao d6 lun cudi cung va hé sé cb két can ctr vao két
qua thuc nghiém do lin trén co s& xay dung dugc moi lién hé¢ gitra cac do 1an & cac budc thoi
gian lién ti€ép nhau nhu sau:

Sy =L+ bi-Sha 1)
trong do:
Sn— d6 lan ctia nén dét tai thoi diém thi n;
Sn-1— d¢ 1an ctia nén dat & thoi diém tha n-1;
Bo, p1— cac tham s6 (hang sd khong d6i), P1 1a do ddc cua duong thang hoi quy mé
phong chinh xac nhat.

t t+At t+2At S,
I L
: : T
1
l4— At —pla— At —P:
i ' Sa=PBo+ B1-Sa1
: N\
:
----------- :
________________________ 45°
Sn
A J s Sa1
a) Quan trdc lin theo thoi gian b) Lap quan hé Sy~ Su.1

Hinh 1. Phan tich du bao 1un theo phuong phap Asaoka.

Heé s6 ¢ két xac dinh theo cong thirc sau (trudng hop thoat nude 2 chiéu):
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2
c, - H.nA @)
6.AL

trong do:
H — chiéu day 16p dat;
At — budc thoi gian.

Chunlin [6] st dung cong thirc tinh toan d6 lan theo thoi gian ciia Terzaghi va bién dbi n6
dudi dang sau:
5, =5,.01--2 &™) 3)
V4
trong do:
St— d6 lun & thoi diém t;
Se — dd Itn cudi cung;
b — tham bién duoc xac dinh theo dif liéu do va phuong phap Asaoka.
Pé don gian cho tinh toan, Chunlin [6] dd dé xuit mot tham bién méi goi 1a “do lan con

lai” tai moi thoi di€ém va xac dinh theo cong thuec:

S,=S,-S :Sw.%.eb-t (4)
T

Tham blen b  trong cac cong thue (3) va (4) dai dién cho diéu kién thoat nudc, duoc xac
dinh boi hé s6 c¢b két Cy va chiéu dai thoat nudc. Tir cong thic (4) c6 thé suy ra cong thirc

Sau.
Sp.7Z'2
y=In| 22— |=bt (5)

"Moo

Nhu vdy, cin cir vao bd sb lidu do Si ¢ thot diém ti, ap dung phuong phap Asaoka xac
dinh dugc S va tap cac gia tri yi 0 thoi diém ti. Cong thirc (5) cho thdy mdi quan h¢ gilta y va
t 1a tuyén tinh. Trén co s& bo s6 lidu (yi — ti), ap dung phuong phap binh phuong t6i thiéu co
thé xac dinh duoc tham bién b (b 1 goc ddc cua dudng bac nhat).

Ca 2 phuong phap ciia Asaoka va Chunlin déu cin ctr vao két qua bai toan cb két 1 chiéu
cua Terzaghi. D§ lun trong 2 phuong phap nay chua duoc phén tach thanh 3 giai doan lin
khac nhau. Chinh vi vy, cac phuong phap nay chi xac dinh dugc hé s6 co két Cy ma khdng
xéc dinh dugc cac tham sb trong giai doan ltin dan hoi va lin c¢b két th cép.

PerSIQ L. A. Barros [7] da dé xuat phuong phap hdi quy phi tuyén dé phan tich thi
nghiém c6 két mau dat. B lun tong theo thoi gian duge phan tach ra lam 3 thanh phan: d6 lin
dan hoi, do lun co két so cap va do lan co két thir cap. Ham hoéi quy duoc xéc dinh nhu sau:

o
d 0 0

C,t H t
S(t)=S,+S.(t)+S,(t)=S, + SlOO.U(?) +C .m.loglomax(l,t—) (6)

trong do:
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Se — d6 lan dan hoi cia mau dat;
Se(t) — d6 1an cb két so cip & thoi gian t;
Ss(t) — d6 lun ¢ két thir cap & thoi gian t;
S100 — d0 lun ¢ két so cap khi d6 cb két dat 100% (U=100%);
to — thoi gian két thuc lan c¢b két so cap;
H — chiéu cao mau dat thi nghi¢m;
Ha — chiu dai dudng tham, néu c¢b két 1 chidu He=H, néu c¢b két 2 chiéu Hg=0,5H;
eo — hé s6 réng ban dau trude khi tién hanh thi nghiém.

Theo cong thire (6) cac hé sO h01 quy (HSQH) can tim la: d6 lun dan hoi Se, d6 Itn két
thiic giai doan c6 két so cap Sioo, hé s6 cb két so cip Cy va chi s6 nén tht cap Co.

Co thé thiy rang, Pérsio L. A. Barros dua vao ham hodi quy hé sb bién dang dan hoi Se
chua thuc su c6 y nghia vé mit ung dung thuc hanh, bdi vi Se chi dai dién cho d6 Iun tirc thoi
ciia mau dat véi kich thude khi tién hanh thi nghiém. Trong khi d6, dé tinh toan do lin tic
thoi ciia dat nén, ngoai yéu té hinh dang ctia mong can phai biét gia tri mé dun dan hdi cua dat
nén. Do vay, dé c6 ¥ nghia 4p dung thuc té hon, tac gia dé xuat thay thé hé s6 Se bai dai luong
mé dun dan hoi cua dit Es. Mat khac, mot van dé chua thuc sy thoa dang 1a cong thuc xéac
dinh @6 lun c¢d két thr cAp dua vao gid tri €0 (hé s6 rong & thoi diém chua tién hanh thi
nghiém). Theo [8] thi dai lwong nay phai duoc thay thé bai hé sé rdng ¢ thoi diém két thuc
giai doan ¢ két so cap ep mébi hop 1y.

Trong bai béo nay, tac gia thiét 1ap lai ham hoi quy du bédo do lin ¢b két theo thoi gian
ctia miu thi nghiém (thi nghiém cb két mau dat dinh bio hoa nudc) voi 3 HSHQ dai dién cho
3 giai doan lun khac nhau (Es, Cy, C.) va S100. Thém nita, can thay thé dai lugng hé s6 rong &
thoi diém ban dau eo boi hé s6 rong khi két thic giai doan lin ¢d két so cap ep. Gid tri ep 12 dai
luong dan xuat phu thugc vao Se, Si00 va eo. Khi thiét 1ap dugc ham h01 quy, tac gia s& phan
tich h01 quy phi tuyén de tim ra cac HSHQ trén co sé dau vao 1a bo sé liéu thi nghiém nén ¢
két mau dat tmg véi 1 cAp tai nhat dinh (thoi gian doc ti va do lan S twong tng).

2. XAY DUNG HAM HOI QUY DU BAO LUN CUA MAU PAT THi NGHIEM THEO
THOI GIAN

Nhu trén da trinh bay, ham hoi quy phi tuyén S(t) du bao lun theo thoi gian cua mau dat
khi thi nghiém b két duoc thlet 1ap gom 3 thanh phan nhu sau: d6 ltn tic thoi - Se, d0 lun cd
két so cap — Se(t) va do lan cb két thur cip — Ss(t). Do do, cong thirc ciia ham hdi quy duoc
biéu dién:

S(t) =S, +S.(t) +S,(t) (7
2.1. b9 lun tire thoi

Theo [9] cong thirc xac dinh do lun tirc thoi nhu sau:

0. (1-v*) A

Se =
E..5,

(8)

trong do:
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(o — tai trong nén tac dung 1én mau thi nghiém;
v—hé sb poission cua mau dit;
A — dién tich ctia mau dat;
Es—m6 dun dan hdi ciia mau dat;
Bz — hé sb hinh dang (5,=1,13).
2.2. Do lin cb két so cip

D6 Iin cb két so cap duge xac dinh trén co so bai toan cb két 1 chidu ciia Terzaghi [10]:

8 7’ C,1
S.(t) = Sloo-U(t):Smo-{l';-exp(_ 4.H§ )} )
2.3. P9 lin ¢b két thir cap
Do lun cb két thir cAp duge xac dinh theo [8]:
H t
S,(t) = Ca'm'loglomax(l’ t_) (10)

p 0

trong do:

C. — chi sd nén thtt cép;

H — chiéu cao mau dat;

to — thoi gian két thic 1an c6 két so cap;

ep — hé s6 rong clia mau dat khi két thiic Iin cd két so cap va xac dinh theo mdi quan hé sau:

1+e,).S
ep — eo _ ( O) 100 (11)
H
Gia stir khi mau dat c6 mure do b két dat 95% thi coi nhu két thuc giai doan lun cd két, vi

vay ta c6 thé xac dinh thoi gian to theo biéu thic:

Ty HI  1120H7

t 12
R (12)
2.4. Ham hdi quy phi tuyén cho d¢ lin tong
Thay (8), (9) va (10) vao (7) ta nhan dugc:
G- (1-v2) A 8 7%.C, 1 H t
S(t)=————+S,,-| 1-—.exp(— +C,.——.log,,max(1,— 13
=S| L5 00 [+ G logmadL ) (19

- Cac héng sb da duoc xac dinh trude: Jo, v, €0, A, f7, Ha, va H;
- Céc hé sb hoi quy can tim: Es, Sio0, Cy, V& Cq;

- Cac tham sb dan xuét theo HSHQ va céac hang s6 biét trudc: ep xac dinh theo (11) va to
xac dinh theo (12);
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- ~Télp ’mﬁu quan sat dugc (D) 1a toan bd dit li¢u doc dugce trong qua trinh thi nghiém )
két mau dat dinh bao hoa nudc:
= [d6 1an Si trong tng & thoi diém ti, | = 1+N] (14)
trong d6: N — téng toan bd dir liéu do duoc.
Dé xac dinh dugc cac hé sb hoi quy trén, tac gia ing dung cong cu Solver trong phan
mém Microsoft Excel cho viéc phan tich hdi quy phi tuyén dbi v6i ham da thiét 1ap S(t). Phan
tich nay dugc thuc hién trén co s¢ phuong phap binh phuong tbi thiéu, véi diéu kién ham sb

sau phai dat cuc tiéu:
2

f(E..500.C,nC,) = D [8()-S,] —Min (15)

i=1
3. THU NGHIEM SO

Trong phan nay, tac gia s& 1y két qua thi nghiém nén c6 két (Oedometer test) mau dét sét
dugc thuc hién bdi Pérsio L. A. Barros [7] d€ tién hanh phan tich hoi quy phi tuyén nham xac
dinh cac hé so Es, Sio0, Cv, vVa C,, trén co s¢ ham hoi quy thiét 1ap nhu ¢ cong thie (13).

Thi nghiém c6 két mau dat sét c6 cac ddc diem nhu sau:

- bic trung mﬁy dét thi nghiém: t}”/ trong hat A=2,6§; (I(f) am gidj han nhao WL=46%; chi
s0 déo PI=23%; d0 am tu nhién cua mau W=36,9%; h¢ s6 rong ban dau eo=1,0;

- Kich thuéc mau thi nghiém: mau thi nghiém hinh try, duong kinh d=71,4mm,; chiéu cao
mau H=20mm;

- Tai trong nén mau go =200 kPa;
- biéu kién thoat nude cho mau: thoat nude 2 chiéu;

- Két qua do d¢ l4n cua mau Si img v6i thoi gian ti dugc thé hién nhu trén Hinh 2 (cac
diém cham tron).
Véi két qua thi nghiém nhu dé trinh bay, sir dung cong cu Solver dé tién hanh phan tich

hoi quy phi tuyén dé xac dinh cac tham sO ddc trung nén lan cho mau dat, déng thoi dy bao sy
bién doi d9 lan ctia mau theo thoi gian. Két qua duoc thé hién nhu trong Bang 1 va trén Hinh 2.

Bang 1. Két qua xéc dinh cac tham sé dc trung nén lin cho méu dat sét.

Pic trung ciia miu dat Pon vi (l;llllj;ltlllctl:l;}gll
D6 lan tirc thoi, Se mm -0,1289
Heé s6 c6 két, C, mm?/phat 7,3300
Mo dun dan héi, Es kPa 76241
Chi s6 nén thir cap C, - 0,00695
8211‘83(;3 1;?;050’ cap (khi mm 10,55857

719



Tap chi Khoa hoc Giao thong van tai, Tap 72, S6 6 (08/2021), 713-721

Thai gian (phiit)
0.1 1.0 10.0 100.0 1000.0 10000.0

Thoi diém két thac lan cé
két so cap t, =15.40 phit
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@® Thue nghiém (Oedometer test) = Du bdo theo PP héi quy

Hinh 2. So sanh duong cong c6 két miu duoc du béo theo phuwong phéap d& xuét voi két qua thi nghiém.

Quan sat Hinh 2 va Bang 1 cho ta thiy:

- Buong cong lin cua m'flu’ dugc du bao theo phan tich hdi quy phi tuyén cho két qua sat
v6i két qua thi nghiém (v6i hé s6 R binh phuong dat duge R?=0,9972);

- Ty 1& d6 1Un tic thoi cta mau dat sét duoc thi nghiém trong bai bao so voi tong do lin
khi két thuc giai doan cb két so cép 1a 18% trong khi d6 theo tiéu chuén 22TCN 262-2000
[11] ty 1& do lan dan hoi chlem khoang tir 10% dén 40%. Nhu vdy, ty 1¢ do lun dan hdi tinh
dugc trong bai bao ciing nam trong pham vi quy dinh ciia tiéu chuan néu trén.

- M6 dun dan hdi ctiia mau dat thi nghiém tuong dbi 1on Es=76241,17 kPa. Gia tri nay
cling nam trong pham vi ctia bang tra cta tiéu chuan TCVN 11823:2017 [9].

4. KET LUAN

Bai bao dd d& xuét viéc sir dung phan tich hdi quy phi tuyén dé xac dinh 3 dic trung nén
lan ciia mau dét twong tng voi 3 giai doan lan khac nhau (lun trc thoi, lan ¢b két so cap, va
lan cb két thir cap) can ctr vao két qua thi nghiém cd két mau dit dinh. Ham hoi quy duoc
thiét lap trén co s nghién ciru cua Pérsio L. A. Barros da duoc tac gia hiéu chinh dé hoan
thién hon vé mit img dung thyc hanh (h¢ so héi quy Se dugc thay boi m6 dun dan hodi Es va hé
sd rong ban dau eo duoc thay boi hé s6 rong khi két thuc qua trinh cb két ep). Két qua cho
thiy, duong cong du bao lun mau dit theo thoi gian dugc xac dinh theo phuong phap hdi quy
phi tuyén dé xut trong nghién ctru nay bam sat két qua thi nghiém.
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