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The methods for analysis and evaluation the geotechnical monitoring data of
embankment on soft soil- Apply to the south road of Danang city- Package C57
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TOM TAT: Nén dit yéu thuong dugc xur Iy bang nhiéu phuong phap khac nhau. Trong d6
phuong phép sir dung thiét bi thoat nudc theo phuwong thang dimg (Prefabricated vertical
Drains - PVD) két hop véi gia tai truée duge ung dung kha pho bién hién nay tai mot sé du
an ciia Viét Nam. Tuy nhién viéc danh gia 6n dinh nén trong qua trinh gia tai ciing nhu danh
gia do cb két nén phuc vu cong tac d& tai thi cong cac giai doan tiép theo con thiéu nhiéu tai
liéu tong hop. Bai bao gioi thi¢u cac phuong phap danh gia on dinh, cb két nén trong xir Iy
nén dat yéu dua trén dir liéu quan tric. Ung dung cac phan mém chuyén dung cho phan tich
dia k¥ thuat hién nay (Chuong trinh PTHH- Plaxis, Sai phan hiru han - SETTLE 3D) vao bai
toan phan tich nguoc dé danh gia c¢b két nén, cling nhu cac Modul chuong trinh do nhém
nghién ctru phat trién nhdm muc dich tu dong héa trong viéc danh gia két qua quan trac dia ky
thuat. Nghién ctru da duoc tng dung danh gia két qua quan tric dia k¥ thuat dudong vanh dai
phia nam Thanh phb Pa Ning - Goi thau C57.

Tir khoéa: Quan tric, dia k¥ thuat, danh gia ¢ két, on dinh, dat yéu.

ABSTRACT: Soft soil usually processed by many different methods. In which, plug PVD’s
method in conjunction with preloaded is quite popular at many current projects in Vietnam.
However, the evaluation of the stability of the loading process as well as evaluating the
consolidation to unloading and construction the next stage lacks general documents. This
paper introduces the evaluation methods of stability and consolidation for embankment on
soft soil with PVD. Application of current specialized software for geotechnical analysis
(FEM-Plasix program[6.], Finite differential method — SETTLE 3D) for back analysis to
evaluate the consolidation, as well as modules developed by the group for the purpose of
automation in the evaluation results of geotechnical monitoring. Applications evaluate results
of geotechnical monitoring the beltway south of Da Nang City - Package C57.

Keywords: Monitoring, geotechnical, consolidation evaluation, stability, soft soil.

1. PAT VAN PE

Khi thi cong xay dung nén dudng dap cao trén dat yéu, hd mong dao sau,... thudng c6
yéu cau cong tac quan trac dia k¥ thuat tir lic bat dau thi cong va co thé kéo dal trong mot
thoi gian dau cua khai thac. Myc dich ctia quan trac trong giai doan thi cong nham kiém tra lai
cac s lidu, két qué tinh toan da du bao trong budc thiét ké ciing nhu theo ddi canh bao kip
thoi cc sy ¢b co thé xdy ra trong qua trinh thi cong va thu thap cac s6 liéu quan trac lau dai
qua trinh khai thac phyc vu danh gia tong thé dicu kién lam viéc cua két cau theo thoi gian.

Bai viét nay, hé thong lai mot 86 bién phap quan trac, thiét bi quan tric, cac phuong
phap danh gia két qua quan trac dia k¥ thuat dbi vo1 cac doan duong c6 nén dap cao trén dat
y€u phuc vu cong tac ra quyét dinh d? tai, va cac van dé khac trong qua trinh thi cong mot sO
doan nén duong dip cao qua nén dit yéu tuyén duong vanh dai phia nam thanh phd Da Néng
(Puong Nguyén Tri Phuong di Hoa Qui).



2. BO TRi VA LAP PAT HE THONG THIET BI QUAN TRAC .

Qua trinh nghién ctru th1et ké ky thuat, thiét ke ban V€ thi cong, cac ky su dia ky thuat
da xac dinh cac mat cét ngang nén dudng can quan trac, ndi dung quan tric va yéu cau thlet bi
quan tric. Cac ky su quan tric can cur ban vé bb tri hé thong quan tric da phé duyét trién khai
dé cuong chi tiét cong tac quan trac dia k¥ thuat trinh ky su Tu van va Chu dau tu phé duyét
dé cuong. Cong tac lap dat thiét bi, thu thap, danh gia sd liéu quan tric sau d6 duogc thuc hién
theo dé cwong quan tric di dugc Tu van va Chu dau tu phé duyét. BS tri dién hinh cua hé
thong quan tric dia k¥ thuat nén dudng, xem trong Hinh 1
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Hinh 1: Cit ngang dién dinh doan c6 bb tri thiét bi quan trac

Céc thiét bi quan trac duoc st dung cho dy 4n bao gém:
+ Po ln bing ban lon va chuyén vi ngang bé mit: May thiy binh va toan dac dién tur;
+ Do myc nudc ngam trong gleng quan tric muc nudc: Thuodc thép;
+ Do chuyén vi ngang theo chiéu sdu nén: Cam bién Inclinometer, dau doc s cua hing Slope
Indicator (USA)- goi thau C13 va hang SISGEO- Italy (g6i thau C12 va C57);
+ Po 4p luc nude 16 réng: Piezometer loai cam bién diy rung, dau doc sd cua hing Slope
Indicator va SISGEO.

Mat d quan tric theo dé cuong 13 1 1an/ngdy trong thdi gian dip va thwa hon trong
thoi gian chd ¢b két sau do.

3. PHUONG PHAP THU'C HIEN PANH GIA KET QUA QUAN TRAC

Thi cong xdy dung nén duong dap cao trén dat yeu véi viée st dung phuong phéap
PVD két hop V01 gia tai trude yéu cau can phai danh gia 6n dinh trong qua trinh thi céng cling
nhu danh gia cb két thyc té dé xac dinh thoi diém thi cong giai doan tiép theo:
Panh gia on dinh: st dung phuong phap Matsuo- Kawamura [3.].
Pinh gia cb két:
- Phuong phap Asaoka [4.];
- Phuong phap phan tich nguoc;
- Phurong phap dénh gia do ¢b két theo két qua quan trac ap lyc nudc.

3.1. Phwong phap Matsuo Kawamura:

Co so dit liéu phuc vu danh gia: sé liéu quan tric lan va quan trac chuyén vi ngang
(Inclinometer) o
Theo [3.], Phuong phap nay dua trén kinh nghiém k¥ thudt cho thi nghiém nén dat dap



pha huy. K§ thuat nay 1a mot phuong phap so sanh twong quan diéu kién nén dit thi cong va
tinh trang pha hoai trong qua trinh thi cong. Phuong phap nay chi ra nhu hinh dudi day:

Hinh 2 giéi thiéu biéu dd dung danh gia 6n dinh, duong quan hé cia (h va h/s) duoc
thé hién trén biéu d6 va:
+ Khi huéng miii tén mau trang (I — III): On dinh;
+ Khi huéng mili tén mau den (I — II): C6 xu huéng mat 6n dinh nhanh.
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Hinh 2: biéu dién biéu d6 cho danh gia 6n dinh, dudng quan hé cua (h va h/s) dugc thé hién
theo Matsuo-Kawamura

3.2. Phwong phap Asaoka:

Co s¢ dir lieu phuc vu danh gia: dya vao s6 lidu quan trac lan.

Theo[4.], Asaoka di chirng minh ring néu chia dudng cong quan tric lun thanh nhiéu
diém Si co cac khoang thoi gian bang nhau thi khi v& truc do thi voi truc hoanh 1a Si va truc
tung la Si+1 thi cac diém do 1a duong théng Diéu nay chi dung khi tai trong tac dung 1a héng
s0, thuong tng voi giai doan dép tai 16n nhat (anh hudng muc nudc ciing s lam cho cac dlem
1éch nhau). Do lun cudi cung 1a diém giao nhau giita dudng ndi cac diém va duong ké tir goc
toa do mdt goc 45 do.

Co6 thé so hoa nhu sau:
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Hinh 3: So hoa tinh toan d6 lin cudi ciing bang phuong phap Asaoka
3.3. Phuwong phap phan tich nguge:

Co s¢ dir liéu phyuc vu danh gia: Dya vao so li¢u quan trac lun, quan trac myc nudc
ngam va tinh chat co 1y cac 16p dat yeu, vat li¢u nén dap, bién phap xur ly dat yeu.



Phuong phap ndy thuc hién dua trén viée tinh toan 1y thuyét do lin tng véi cac thoi
diém trude khi lép dat PVD va sau khi lép dat, v6i cac chiéu cao dép khac nhau, muc nudc
ting thoi diém khac nhau anh hudng dén tng suit hitu hiéu khac nhau. Pudng cong lan tinh
toan tir tAt ca cac yéu td phai dat duoc tring khép twong dbi véi dudng cong quan tric lin
trén co sé hiéu chinh thong sé nén dat phu hop véi thuc té tir cac két qua thi nghiém trude do,
dic biét 1a cac thong sb vé chi s nén Cc va hé s6 cd két ngang Cp. Tir d6 s& xac dinh duge do
lan so cdp va tht cap cudi clng.

3.4. Phwong phap danh gia d co két theo két qua quan tric ap lwe nuée:

Co s& dir liéu phuc vu dénh gia: két qua quan tric ap luc nude 16 réng va muc nude
ngam.

Ap luc nudc 16 rdng thang du ting 1én do qué trinh gia tai va tiéu tan dan vé gia tri <0”
khi ¢6 két dat 100%.

Do ¢ két theo ap luc nudc:

Uwp% = (CSmax - EPWP)/ CSpmax*100%

trong do:

CSmax (Max Consolidation stress): Ap luc c6 két 1on nhét;

EPWP (Excess pore water pressure): p luc nude 16 rong thing du;

EPWP = PWP — SWP;

PWP (Pore water pressure): Ap luc nuéc 16 rdng;

SWP (Static water pressure): Ap lwc nudc tinh.

4. PHAN MEM UNG DUNG PHAN TiCH NGUQC

Tuy theo diéu kién sin c6 cua don vi, co thé st dung mdt ) phén mém phan tich dia
k¥ thuat sau day cho bai toan nén duong dép cao trén dit yéu co sir dung PVD Plaxis [6.] cia
Ha Lan (Hinh 4), Settle 3D (Canada) [7.], hodc mdt sb phan mém tu viét cua cac cong ty nhur
One-Consolidation (hang TOA,Nhat),...Chuong trinh Plasix dya trén phuong phap phan tir
hiru han (PTHH) kha manh cho nhiéu bai toan dia k¥ thuat khac nhau. Tuy nhién, cac tham sd
dau vao cho cdc md hinh dat tuong ddi phirc tap can cac thi nghiém phirc tap hon. Chuong
trinh Settle 3D dwa trén phuong phap sai phan hiru han cho dé giai bai toan c¢b két cho nén
nhiéu 16p c6 giao dién dd hoa kha manh, nhp liéu thuin loi va c¢6 mot nhiéu tinh ning
chuyén dung cho bai toan nén dip cao trén dit yéu c6 PVD thi cong nhiéu giai doan nhu tinh
ning phan tich nguoc xac dinh chiu cao gia tai truéc dé dat do cb két yéu cau & mot thoi
diém nhat dinh.
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Hinh 4: M6 hinh PTHH bai toan Nén dép trén dat yéu c6 PVD thi cong nhiéu giai doan.
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S§ttle 3D c¢6 rat nhidu dang ké;t qua ph,én tjch duoc xuaflt ra gluéi dang biéu dd, dang
bang, xuat dang dinh dang Excel d€ dé dang két noi véi cac phan mém phan tich va danh gia
khéac (Hinh 5 va Hinh 6).
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Hinh 5: Giao dién chinh chuong trinh Settle3D.
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d) Biéu do ap luc

s 0 700

nudc 16 rong thing du

theo thoi gian.

Pre-Load Height: 1.28 m
Settlement Goal: 20 cm
(At Stage: Stage 29 =450d

b R i)

e) Két qua tinh chiéu cao gia tai trudc
theo muc ti€u do lin

Hinh 6: Giao dién nhap liéu va bicu do két
qua phan mém Settle3D.




5. TU PONG HOA TRONG PHAN TiCH VA PANH GIA KET QUA QUAN TRAC
PIA KY THUAT:

Cac chuong trinh phan tich Plaxis, Settle3D chua c6 tinh nang két ndi véi cac dir liéu
quan trac va két hop véi két qua phan tich nguoc dé thé dién cac dit lidu phan tich ly thuyét-
quan trac hién truong trén cung mot do thi. Tur cac _phuong phap danh gia 6n dinh ciing nhu
danh gia b két da néu ¢ muc 2, két hop véi phan mém chuyén dung néu trén, nhom tac gia da
phat trién thém cac méd dun chuong trinh viét trén ngdn ngir C# phuc vu cong tac ty dong hoa
trong qua trinh phan tich va danh gia két qua quan tric dia k¥ thuat. Ung dung danh gia két
qua quan trac dia k¥ thuat duong vanh dai phia nam thanh ph6 Pa Néng - gbi thau C57.

So d6 khéi tong quat ciac md dun chuong trinh phat trién thém nhu Hinh 7.

-Dir idu quantr:i_u: hin -Dit idu quantriclimn
- Dir Lidu quantric chuyénvingang (dang file * xls, * txt)
(dang fil= * xls, * txt)

T ﬂc_':nng_ nhan dir ]if:_u
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L hin, chuyén vingang 3

Chuong trinh con ESTAB 131:1 dai(hg thong quan Chyong trinh con ESA
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- Wi suy, ngoai suy dir idu ' - N1 suy , ngoai suy dif idu

- V& biéu d6 ccdwrdmg giéi han -Xac dinh cictung d6 lin Si,Si+1
theo Matsuo-Kawamura - Xac dinh dvimg xu hwéng y=ax+b
- W& diridu quantrac 3,(H/S) ) | diquacacdiémquantric.
-DPanhgia, bio cotinhtrang én ' - Xac dinh giao diém va 46 kin cudi
dinh _ cing drr bao theo Asacka

- Hién thi nén nén Web

- Canhbao

Chwong trinh Settle 3D
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- V& bigu d4 lin-théi glanva ap e
thang du-thai gian theo két qui phan
tichly thuyét va quantric trén cimg
hétruc toa do.

Nicdinh d6 lin cuéi cimg Y
- Xac dinh thai diem dat 36 c6 ket
e két cho trrde, thid diém dé tdi
phirheop.

Kiém tra s phu
hop két qua phian
tich- quantrac

Hinh 7: So d6 khéi cac chuwong trinh con ESTAB (dénh gi4 on dinh); ESA (dénh gia do lun
cuoi cung theo Asaoka); BAKANA (Phan tich ngugc).
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e) Giao dién chuong trinh BAKANA
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Hinh 8: Mot s giao dién va biéu d6 két qua cua cac chuong trinh con

St dung cac chuong trinh con 1dp dugc cung voi chuong trinh Settle 3D, ung dung
danh gia do tai (chuyén giai doan) cho nén dudng dép cao qua dat yéu c6 bd tri hé thong quan
tric — goi thiu C57- dudng vanh dai phia nam thanh phd Pa Néng c6 két qua theo bang 1.




Bang 1: Két qua danh gid cé két dé chuyén giai doan thi cong goi thau C57

Do lun cudi cung Do lin 6 12/08/2013 D6 lin & thoi diém tiép tuc
Spr1 (CmM) Sp U(%) giai doan khac
Mat cét Phan (cm) Phan Nedy tiép tuc
Asaoka tich Quéan Asaoka tich Spa (cm) GD khic.
nguoc trac nguoc
Km0+280 |117.9 | 1185 106.7 | 90.50 | 90.04 106.65 Ngay by gio
Km0+460 | 1715 |173 133.4 |7756 |77.11 155.70 2/11/13

6. 4. KET LUAN VA KIEN NGHI:

Qua cong tac tham gia 1ap dé cuong, lap dat van hanh thiét bi quan tric, thu thap va
phan tich bao cao két qua quan tric phuc vu chan doan va quyét dinh do tai, chuyén giai doan
thi cong cac goéi thau Cl13, C12 (da thi cong mat duong) C57 (dang thi cong) tuyén dudng
vanh dai phia Nam thanh phé Da Ning, c6 mot s6 nhan xét nhu sau:

1. Cong tac quan trac dia k¥ thudt cho cac doan nén dip cao qua dat yéu 1a can thiét, nd
cho phép thu thip cac dit liéu khach quan biéu thi ing xtr ctia nén dap theo cac giai doan thi
cong khac nhau dé so sanh d01 chiéu voi két qua phan tich 1y thuyét ma so liu dau vao cua
phan tich mang nhiéu yéu t6 khong chic chan. Phan tich dir liéu quan tric theo cac phuong
phap thuc nghiém-két hop phan tich néu trén cho phép ra quyét dinh pht hop va ¢ co sé tin
cdy hon vé thoi diém d& tai, chuyén giai doan thi cong; xac dinh chiéu cao gia tai thém va thoi
gian cho ¢d két trong truong hop mudn rat ngin thoi gian thi cong dap nén hodc diéu chinh
tién do du 4n (da ap dung cho goi thau C12).
2. Hau hét qua trinh phan tich nguoc dé khop dir liéu Iun-thoi gian va ap luc 16 rdéng
thang du- thoi gian déu can phai diéu chinh cic tham s6 mé hinh nen ban dau, sb vong lip
diéu chinh tuy theo kinh nghiém ngudi phan tich, kha ning phan mém st dung, d6 chinh xac
cac sb liéu khao sat nén ban dau. Phuong phap phén tich nguoc 1a duong 16i phu hop va hay
duoc ap dung khong nhitng trong dia k¥ thuit ma con trong nhiéu bai toan chan doan két cau
khac. N6 cang c6 wu thé va kha thi trong diéu kién cong nghé cam bién va do dac ngay cang
phat trién.
3. Két qua phan tich nguoc, du bao thoi diém d& tai, tinh toan ting thém chiéu cao gia tai
dé rat ngan thoi gian cho ¢o ket danh gia 6n dinh da ap dung cho dy an da phu hop véi ting
xir ctia nén va két qua quan tric.
4, Nho ¢6 cac phan mém phan tich c6 thé d& dang tinh toan do lan cd két ctia mé hinh ké
ca do lan so cép va d6 1un thi cép, cho nén can x4c dinh 1o yéu cu vé do 1an cd két dat duoc
dé chuyén giai doan thi cong 4o dudng theo tiéu chuan 22TCN 244-98 90% bao gom ca do
Itn so cp va thir cap dé giam d6 lan con lai khi thi cong 40 dudng, giam nguy co hu hong két
cau 4o duong do do lan con lai qua nhiéu gay ra.
S. Cac chuong trinh con da 1ap dugc sir dung kha hiéu qua dé xir 1y cac dir lidu quan tric,
két ndi véi phan mém phan tich chuyén dung trong cong tac phan tich nguoc. Cac chuong
trinh con cé thé phat trién thém nhleu tinh nang mo1 nhu: Ty dong nhan s6 liéu tir bo thu dir
liéu (dataloger) cuia thiét bi; két ndi mang ludi cam bién khi quan trac lau dai; giao tiép mang
internet; danh gi4 tw dong va hién thi két qua theo thoi gian thyc trén nén Web.
6. Mot s6 bai hoc kinh nghiém rut ra duoc la:
+ Can phan tich mé hinh ky cang dé xéac dinh vi tri bé tri cam bién quan tric tai cac noi
c6 tmg xtr (lan, chuyén vi) bat loi nhét phu hop véi cau tao nen s€ thi cong.
+ Trong qua trinh khoan, lap dat cam bién piezometer quan trac ap luc 16 rong trong cac
16p dét dinh (sét) can quan sat, danh gid mau d4t khoan 1én tai hién truong, dé tranh dat



piezometer vao vi tri thau kinh 16p cat (cuc bd hodc do khao sat bude trudc do chua chinh
xac) dé thu thap sb lidu va xac dinh ap luc 15 rong thing du phi hop hon.

+ Trong truong hop cac doan nén dip cao trong mot dw an c6 b6 tri nhiéu vi tri quan tréc
gan nhau, nén phan tich thém cac phuong an bo tri thiét bi hop 1y hon cho ca du an dé tiét
ki¢ém kinh phi quan tric. C6 thé dung ndt cdu hlnh tram tong (node-base), trong do cac
nut két ndi vai cac cam bién & mot tram quan tric (mit cat) va truyén dir liéu vé tram
tong bang duong truyén c6 diy hodc khong day.

Cong nghé quan trac 4p dung cho du an nay dung bd doc dir liéu cAm tay, thu thap va
phan tich ban ty dong. Qua kinh nghiém thu dugc c6 thé md rong ap dung cho cac hé thong
quan tric dia k¥ thuat ty dong qui mé 10n, quan tric 1au dai, hién thi s6 lidu va két qua danh
gi4 theo thoi gian thyc trén nén web 1a hoan toan kha thi.
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