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'NG DUNG PHUONG PHAP SO BINH PHUONG NHO NHAT BE
XAC DINH CAC CHI TIEU CO KET CUA BAT BANG PHUONG PHAP
ASAOKA KHI XU’ LY NEN DAT YEU

ThS.TRAN THI THAO
Trwong Pai hoc Giao thong Van tai Ha Néi

Tém tat:Phuong phép Asaoka (1978) dé xéc
dinh do lun toan phén cua dat trong qué trinh xd ly
dat yéu la phuong phép duoc gidi dia ky thuat chép
nhan va hién nay dwoc s dung rong rai tai Viét
Nam vi né khé don gidn va dé chinh xac khé tét.
Trong qué trinh kiém tra rat nhiéu cac céng trinh cé
lién quan dén xu ly dat yéu cua HoOi dbng nghiém
thu nha nuwéc (HDNTNN) ching téi thdy céc béo
céo xtr ly dét yéu chi cung cép céac chi tiéu vé dé cd
két cia dat ma khéng c6 phan danh gia dé chinh
xé&c ctia ching dan dén céac chuyén gia Hoi dong va
don vj thiét ké khéng thé biét dwoc mirc do tin cdy
clia cac sé liéu duoc cung cép dé siv dung. Trong
bai viét nay ching téi sé cung cdp mét phuong
phép tinhmd&i dé xir ly cac sé liéu quan tréc khi xc ly
dat yéu duwa trén phuong phép sé binh phuong nhé
nhéat — mét phuong phap dwoc danh gié la tot nhat
dé xwr ly cac sb liéu quan tréc.Ngoai ra thuét toén
dwa theo phuwong phap nay con cung cép cac céng
thirc danh gia do chinh xac clda céc yéu td trén co
s& cua ly thuyét sai s6.Qué trinh tinh todn duoc
minh hoa bdng mét vi du béng s cu thé véi chubi
sé liéu quan tréc da duoc xt ly bdng phuong phép
Asaoka kinh dién l4y ttr béo cdo xi ly dat yéu trén
mot cbng trinh quan trong tai Viét Nam. Sy trung
khép hoan toan cia cac két qua tinh toan béng 2
phuwong phép chirng minh tinh ding dén cda
phurong phép tinh do ching téi dé xuét.

Tw khéa: Phuong phép Asaoka, Xt ly dét yéu,
D6 lun, phuong phap sé binh phwong nhé nhét,
Thuéat toan, Ma tran.

Abstract: Asaoka method [Asaoka 1978] for
prediction of total settlement of soil during soil
improvement process by surcharge and vertical
drain is well accepted by geotechnical engineering
community and now is widely used in Viet Nam due
to its simplicity and relatively accuracy. During the
inspection process of National Acceptance
Committee (NAC) in various projects it is usually
observed that the soft soil treatment reports present
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consolidation  parameters  without  accuracy
estimation. Consequently the experts of NAC and
design consultant do not know the realibity degree
of the data being provided. This paper presents a
new algorithm for calculation of predicted total
settlement based on Least Square Method (LSM) —
the best suitable method for treatment the
monitoring data. In additionthe algorithm based on
proposed method provides also formula for
accuracy estimation giving mean square error of all
parameters computed. The calculation procedure is
illustrated by a numeric example with observation
series taken from consolidation report of
animportant project in Viet Nam that has already
been processed by classical Asaoka method. The
coincidence of allresults calculated by both two
methods prove the correctitude of proposed
algorithm.

Tags: Asaoka, Soil improvement, Settlement,
Least Square Method, Algorithm, Matrix.

1. Pat van dé

Phuwong phap Asaoka (1978) la mét phuwong
phap kha don gian va cho dé chinh xac kha tét dé
danh gia cac chi tiéu cb két ctia dat khi xt ly nén déat
yéu bang phuong phap gia tai két hop véi cdm béc
thdm thang dng. Hién nay phwong phap nay duoc
st dung kha réng rai trong thuc tién san xuét tai Viét
Nam. Trong qua trinh kiém tra cac cong trinh c6 lién
quan dén x( ly nén dat yéu chung téi thdy bao cao
clia cac nha thau chi néu cac chi tiéu cb két cla dat
nhw gia tri d lun gidi han, d6 cb két cta déat,... ma
khong hé co céac sb liéu danh gia murc do tin cay cla
cac chi tiéu d6 dan dén nguoi st dung cac két qua
nay khong thé biét dwoc mirc d6 tin cay cla cac sb
liéu minh dwoc cung cap. Duwdi day chung toi xin
trinh bay moét thuat toan kha don gidn nhung rat hiéu
qua va chinh xac dé xac dinh cac chi tiéu cb két cla
dat bang phuong phap Asaoka. Thuat toan nay
khéng nhitng cho phép xac dinh cac chi tiéu cd két
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clia d4t mot cach chinh xac bang phwong phap sbé
binh phuong nhd nhét (Least Square Method — LSM)
ma con cho phép danh gia dd chinh xac ctia cac yéu
t& nhan duoc trén co sé cta ly thuyét sai sb.

2. Phwong phap Asaoka dé xac dinh cac chi tiéu
c6 két cuia dat

Do pham vi khuén khd clia bai viét c6 han
chung tdi khéng di sau vao cac van dé ly thuyét cia
phwong phap Asaoka ma chi trinh bay vé cac buwéc
thwe hién dé xac dinh cac chi tieu cd két cua déat.
Trinh tw cac bwéc dé nhw sau:

Budéc 1: Dwng moét hé toa do gia dinh.

Budc 2: Dya vao két qua quan tréc vé cac diém
nam trén dwong thdng (tam goi la dac tuyén
Asaoka) P1(S4,S,), P2(S,,S3),... Pi(S;,Si+1),... Pn(S,.
1,9,) trong d6 S; 1a dd lun do duwgrc tai chu ky thv .

Budc 3: V& dwdng dic tuyén Asaoka.

Theo ly thuyét cac diém P1(S1,S,), P2(S,S3), ...
Pi(S,Si+1),... Pn(Sn1,S,) phdi ndm trén dwong
thang.

y=ax+p (1)

Tuy nhién do tac dong cla cac sai s nén cac
diém trén khéng nam trén dwong thdng ma tao
thanh moét dwong dich dac. Can phai xap xi cac
diém néi trén véi dudng thang sau doé xac dinh cac
hé s ava .

a=Ar tan(£] 2)
AX

Hé sb B 1a gia tri cia ham tai diém x = 0 (giao
diém cla dac tuyén Asaoka véi truc tung).

Buwdc 4: Xac dinh db lun gi¢i han Sy (Predicted
final settlement)la gia tri cia ham tai giao diém gitra
d&c tuyén Asaoka va duwdng thang y = x.

Buwéc 5:Xac dinh dd cd két clia dat tai thoi diém
t cho trwée theo céng thivc:

S
K =21100 3)
Sf
Trong d6:S; — d6 lUn tai thdi diém t can danh gia.

| aT=

49.1 51.6 70 1

726] 68.9| 58.5
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D
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o7g) 60.8] B80.Cf &0

v= 0.784X + 13.208 :
70 : 27/May/2015

Hinh 1.Mét trang ctia bao cdo xt¥ Iy két quéd quan tréc bang phuong phép Asaoka

Hinh 1 1& mét trang trong bao cdo chinh thic
clia nha thiu quan trac x&r ly dét yéu bang phwong
phap gia tai két hop cdm bac thdm thang dirng
trong d6 bén trai 1a két qua quan tréc dd lun ti thoi
diém két thuc gia tai, bén phai la qua trinh xac dinh
cac chi tieu cd két bang Asaoka kinh dién theo cac
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bwdc néu & trén. Két qua cho thdy phuong trinh
dac tuyén Asaoka |14 0.784X + 13.208, d6 cb két dat
duwoc tai thoi diém t = 296 ngay ké tir thoi diém
ngrng cap tai 14 99.8%.

Nhin vao céc sb liéu chung ta thdy do cb két cta
dat da gan dat dén gia tri cwc dai va chi co thé két
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luan 1a dd cb két 1a cwc ky tét nhung khong thé
danh gia dwoc cac sb liéu quan trac va do cb két do
tin cay dén mdrc ndo. Duéi day chung téi sé dwa ra
mét quy trinh tinh toandon gian cho phép vira xt ly
nhanh chéng va chinh xac cac két qua vira dwa ra
cac chi tiéu danh gia dod chinh xac cla cac két qua
thu dwoc

3. ’'ng dung phwong phap sé binh phwong nhé
nhéat dé danh gia cac chi tiéu c6 két caa dat theo
phwong phap Asaoka

Nguyén ly s6 binh phwong nhd nhét (Least
Square Method-LSM) dwoc nha toan hoc nguwoi
Dlrc F Gauss xay dwng tir nam 1794 va ngay tw khi
m¢&i ra doi né da dwgc thira nhan réng rai la céng
cu toan hoc tét nhat dé xt ly cac chudi sb liéu quan
tréc. Do khuén khd cua bai viét nén chung téi khéng
trinh bay chi tiét vé ly thuyét ciia phwong phap LSM
ma chi trinh bay vé &ng dung ctia n6é dé x& ly cac
s6 liu quan trac danh gia cb két bang phwong phap
Asaoka.

Gia slr chung ta c6 n+1 sb liéu quan tréc do lun
khi x&r ly dét yéu S;, S,,...S; ..S,, Sh+ khodng thoi
gian dan céch gitra cac lan do 14 AT = Const.

Trong phwong trinh (1) céc gia tri x va y da biét
tir két qué quan tréc hién trworng, cac an sb can xac
dinh 1a a va B. Nhw vay dé xac dinh duoc cac chi
tiéu cb két bang phwong phap Asaoka nhw d& néu
& trén can téi thiéu 2 phwong trinh dang (1) tiec 14 3
sb liéu quan trac tai 3 thoi diém khac nhau.

Trong thwc té d& danh gia cac chi tiéu cd két
cla dat ngwoi ta thworng thue hién moét chudi quan
tréc rat Ion do d6 cé thé si dung phwong phap LSM
dé xtr ly sb liéu xac dinh cac chi tiéu cd két cha déat
v&i d6 chinh xac dwoc nang cao mét cach dang ké.

Néu chudi tri do khéng cé sai sb thi dac tuyén
Asaoka sé& |a dwdng thang (1). Tuy nhién, do rét
nhiéu nguy&n nhan nén cac tri do bao gio cling ¢
cac sai s6 do d6 biéu thirc 1 khong dwoc théa man
va né can viét lai dwdi dang sau

ax;+B - yi = v (2)

trongdé v; la mét dai lwong nhd goi 1a sb hiéu
chinh va phwong trinh (2) goi la phwong trinh sb
hiéu chinh.

Tw (2) v&i n+1 sb liéu quan trac co thé viét dwoc
hé phwong trinh gdm n phwong trinh nhw sau
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vi=a«Qa + b1,3 + I
vo=axa + b8 + I 3)

Vp=ana + b,B + I,

Hé phwong trinh (4) goi la hé phuwong trinh sb
hiéu chinh. & dang ma tran hé nay dwoc viét nhw
sau:

V =AX + L 4)
Trong do6:

V — Vec to sb hiéu chinh gdm n phan t&; V' =
Vi, Vo,.... Vp:

A — Ma tran hé phuwong trinh sé hiéu chinh kich
thwéc cda ma tran nay la nX2;

L - Vec to sb hang tw do gdm n phanter L7 =1/,
Iy ... |,

Vi cac dai lwong v; trong (4) la cac dai lwgng
ngau nhién nén theo nguyén ly sb binh phwong nhd
nhat chung phai théa man diéu kién V2 = Min.

Ki higu:® =3v%ta c6
® =3(aa + b + I)° (5)

Dé tim cuc tri ctia ham (6) theo qui tac can lay
dao ham bac nhét clia @ va cho né bang 0 sé giai
ra dwoc cac nghiém avagla diém cuc tri cla
ham,dao ham bac 2 cta ham @ la sé dwong nén
diém cuc tri sé Ia cuec tiéu.

L&y dao ham ctia ®theoavapta co:

oD &
—=2> alaa+b p+1
aa ]z 1 ( 1 lﬂ 1 )
oD u
—=2"bla,a+bp+1)=0
B
Hé phuwong trinh (7) goi la hé phuwong trinh
chuén, né co thé duoc viét dwdi dang ma tran nhw

sau:

0 (6)

RX + B = 0 (7)
Trong do6:
R = A"Ama tran hé s6 hé phwong trinh

chuan kich thudc Ry
B =A'L
Giai hé phuwong trinh (8) theo céng thirc:
X =-R'B (8)

Ngoai viéc xac dinh dwoc cac 4n sé phuwong
phap sb binh phwong nhd nhéat con cho phép danh
gia d6 chinh xac cla cac yéu té theo cac cong thirc
cua ly thuyét sai sb
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- Sai sb cac dai luong do truc tiép ngoai hién
trwdng:

2.V

n-2

‘Lt:

- Sai s6 clia cac an sb

Ma =H Q],] (10)

Mp =Hu Qz,z
Trong cac cong thirc trén.

v; - Sb hiéu chinh vao cac dai lwong do truc
tiép tinh theo cong thire (3) hodc (4);

n - Sbé phuong trinh 1ap dwoc tr chudi quan
tréc;

Q11, Qz2 -Trong sb dao twong (ng clia cac an
sb, day la cac phan t&r trén dworng chéo chinh cla
ma tran nghich dao R'1(trong vi du minh hoa phia
duéi cac phan tlr nay dwoc ki hiéu té dam).

Dé tinh gia tri ctia d6 lun giéi han Sican giai hé
phwong trinh:

ax + B -y =0 (11)
x-y=20
Giai hé phuwong trinh (12) dwoc:
X = S = p/1-a) (12)

Sai sb xac dinh do lan giéi han.
2 2
oS oS
da oB (13)
Trong dé: dSy/da — Bao ham riéng cta Stheo q;
dSy/dB — bao ham riéng cua S;theo B.

L&y dao ham riéng theo avap tir cong thirc (13)
sé dwoc (dSy/da =b/(1-a)’va (dS/dB =1/(1-a).

Nhw vay ching ta da tinh dwoc tat ca cac chi
tiéu can xac dinh va danh gia dwoc dd chinh xéac
cua chung theo cac céng thirc hoan toan chat ché.
Co thé tom tat cac buéc thye hién nhw sau:

Budc 1. Lap ma tran hé sbé hé phwong trinh sb
hiéu chinh (ma tran A);

Buwac 2. Chuyén vi ma tran A dwoc ma tran A'.

Bwéc 3. Lap ma tran hé sb hé phuong trinh
chuén theo cong thiec R = ATA, B =A'L.

Budc 4. Gidi hé phuong trinh chuan theo cong
thivc (8).

Buwdc 5.Tinh céac chi tiéu cb két va danh gia do
chinh xac cla chung.

4. Vi du minh hoa

Dé& minh hoa cho cac bwdc trén ching ta thuc
hién viéc tinh toan cho diém quan trdc SP-40, Block
10 géi 6 dw an cang Lach Huyén, Hai Phong. S6
liéu quan tréc va két qua x ly sb liéu theo phwong
phap Asaoka kinh dién dwoc nha thdu thwc hién
dwoc trinh bay trén hinh 1. Sé liéu do hién truwdng
gdm 17 gia tri dd lun nhw trong bang 1 dwéi day (cot
4). Toan bd qua trinh tinh toan dwgc thwc hién nho
sy tro’ gilp ctia phan mém Excel.

Bwdc 1. Lap ma tran hé sbé hé phwong trinh sb
hiéu chinh.

Phan nay rat don gian. Sé liéu dd Iun cta cac
lan do ghi trong c6t (3) chinh 1a cac hé sb a; ctia hé
phwong trinh sb hiéu chinh

Cot (4) 1a hé sb b; ciia hé phwong trinh sb hiéu
chinh.T4t c& cac hé sb bdéu bang 1.Nhw vay hai
c6t t6 mau vang trong bang nay chinh la ma tran A.

Cot (5) 1a sb hang tw do /bang do -1*S (i+1).

Bang 1. Sé liéu quan trac va lap ma tran A

No S6 ngay b% ";a"l)(cm’ (b) (1)
(1) (2) (3) 4) (5)

1 177 49.100 1,000 -51.600
2 184 51.600 1,000 -53.700
3 191 53.700 1,000 -55.100
4 198 55.100 1,000 -56.400
5 205 56.400 1,000 -58.300
6 212 58.300 1,000 -58.900
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7 219 58.900 1.000 -58.500
8 226 58.500 1.000 -59.600
9 233 59.600 1.000 -59.900
10 240 59.900 1.000 -60.100
11 247 60.100 1.000 -60.100
12 254 60.100 1.000 -60.500
13 261 60.500 1.000 -60.800
14 268 60.800 1.000 -60.700
15 275 60.700 1.000 -60.900
16 282 60.900 1.000 -61.100
17 289 61.1

Buwac 2. Chuyén vi ma tran A thanh A”. Ma tran A” duoc viét ngay dwéi day

49.1
1.00

51.6 53.7 55.1

1.00 1.00 1.00 1.00 1.00 1.00

1.00

56.4 58.3 58.9 585 596 59.9 60.1
1.00

1.00

1.00

60.1
1.00

1.00

60.5 60.8 60.7 60.9
1.00

1.00

Budc 3: Lap ma tran hé sé hé phwong trinh chuan R (ma tran R mau vang, vec to B mau xanh nhat)

53578.8 924.2
924.2 16

-54230
-936.2

Buwdc 4: Nghich dao va giai hé phwong trinh (ma tran R'mau vang va vec to nghiémXmau xam nhat)

0.00514 -0.2967 0.784
-0.2967 17.2029 13.216
Nhw vay phuwong trinh clia dac tuyén Asaoka la: 56.4246  -56.400  0.025 0.000606
0.784X + 13.216. 57.444 -58.300 -0.856 0.732654
PG 10n gidi han dw bdo S; = 13.216/(1-0.784) 58.934  -58.900  0.034  0.001156
= 61.24cm. 59.4045 -58.500 0.905 0.818139
o , , 59.0908  -59.600 -0.509  0.259248
Do cb két cua dat tai thoi diém 296 ngay la 599534  -59.900 0053  0.002856
(61.1/61.24)*100 = 99.8%. 60.1887  -60.100  0.089  0.007867
Bwéc 5: Danh gia do chinh xac. Thuwc hién theo 60.3455  -60.100  0.246  0.060286
trinh tw sau (bang 2). 60.3455  -60.500 -0.154  0.023860
. . 60.6592 -60.800 -0.141 0.019823
bé danh gia do c‘hl'nh xac trwdc hét can tinh v; 60.8945 60700 0194  0.037815
theo cbéng thic (4) bang cach nhan ma tran A véi 60816  -60900 -0.084 0007049
vec to an s6 X(két qua & cét 1, bang 2), tai cot 2 ghi 60.9729 61100 -0.127 0.016159
sb6 hang tw do, cot 3 1a s6 hiéu chinh v; bang tdng
cac gia tri & cot 1 va 2 va cot cudi cing la v phia M, Mps M V2
dwdi la 3v2 va dong cudi ciing clia bang nay 1a tinh 0.027 1.589 0.383  2.053614

sai sb cac dai lwong do truc tiép theo cong thirc (9)
va sai sb clia cac an sb theo cong thire (11).

Bang 2. Danh gia dé chinh xac

Theo cac két qua do thwc té tai hién trudng ta
dwoc cac chi tiéu dac trwng cho do cb két xac dinh
bang phwong phap sd binh phwong nhé nhat theo

2
Ax - Y Y phuwong phap Asaoka nhu sau:
(1) (2) (3) (4) ’
51.7195  -51.600  0.119  0.014280 - Phuong trinh cta dac tuyén Asaoka:
53.68 -53.700 -0.020  0.000402 0.784X + 13.216
55.3267 -55.100 0.227 0.051415
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V@i cac dac trwng dd chinh xac nhu sau:
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Sai sb cla cac gia tri do tryc tiép tai hién
trwo'ng:+£0.383 cm
Sai s6 xac dinh 4n s a:+0.027
Sai sb x&c dinh an sb B:x1.589
- Do Iun giéi han dw bao SF:
Sai sb xac dinh Msz+£10.7 cm
- DPocokétK 99.8%
Sai s6 xac dinh do cb két Mk *17.5%

61.24 cm

So sanh cac két qua do nha thau tinh toan va
két qua tinh toan theo phwong phap LSM bang
thuat toan ctia chung téi dwa ra gan nhw hoan toan
khé&p véi nhau chi cé hé sbé b sai khac nhau 0.008
don vi (13.208 va 13.216). Sai khac nay la do
phwong phap kinh dién gidi bdng dd giadi nén do
chinh xac kém hon. Cach giadi chung t6i dwa ra la
giai theo cac cong thirc giai tich nén hoan toan tin
cay.

Bay gi& chung ta cé thé danh gia dwoc mic dod
tin cay cta két qua quan tréc. Truwéc hét chung ta
thdy cac két qué quan tréc thuc té tai hién truong
c6 sai sd +0.383 cm nghia la xap xi +4mm. Day 1a
dod chinh xac rat thap trong do dd cao hién nay dod
chinh xac do dugc cé thé dé dang dat dwoc & mirc
+1mm. Do sai s& do dd cao I&n nén sai sé xac dinh
do cb két cling 1én t&i £17.5%. Théng thwong sai s
cho phép trong trvéng hop nay phai <10% va nhw
vay két qua quan trac nay khong dat yéu cau.

5. Két luan va kién nghi
5.1 Két luan

- Phuong phap s binh phwong nhé nhét cé co
s& toan hoc chat ché cho phép xac dinh cac chi tiéu
cb két ctia dat mot cach chinh xac kém theo ca viéc
danh gia do chinh xac cla cac yéu tb dé chung ta
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thdy mirc dd tin cay cla két qué quan trdc mot cach
dinh lwgng ré rang.

- X ly sbé lieu quan trac theo phwong phap sbé
binh phwong nhd nhét trén may tinh rat don gian
tién loi. Phdn mém duy nhét phai st dung |a Excel
l& phan mém rat thong dung dwoc cai dat trén tat ca
cac may tinh, véi nhirng nguwoi stv dung thanh thao
phan mém nay thi viéc x& ly chudi sb liéu quan trac
dAu tién mét khodng 10 phut, cac chudi tiép theo chi
can nap sb liéu vao la xong

5.2 Kién nghi

Khi ban hanh yéu cau ky thuat (specification) x(r
ly dat yéu dé nghitw van thiét ké ghi rd yéu cau do
chinh xac dbi véi viéc xac dinh dé cbd két cla
d4t.Trong giai doan thdm tra ciing nén tham khao y
kién cla cac chuyén gia dé dwa ra duwoc cac chi tiéu
phu hop nhw vay sé gép phan nang chat lvong
cong tac x& ly dat yéu ciing 1a giép phan giam nguy
co sy cd nén moéng va nang cao chat lwgng cong
trinh.
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