Transport and Communications Science Journal, Vol 72, Issue 3 (04/2021), 277-290

Transport and Communications Science Journal

A STUDY ON REAL MEASURED SETTLEMENT ANALYSIS AND
SETTLEMENT FORECAST OF HIGH-SPEED RAILWAY
FOUNDATION

Nguyen Hong Phong!, Chu Quang Chien?”

ITCQM Transport construction and quality management bureau, Ministry of Transport,
Vietnam

2University of Transport and Communications, No 3 Cau Giay Street, Hanoi, Vietnam
ARTICLE INFO

TYPE: Research Article

Received: 18/01/2021

Revised: 4/02/2021

Accepted: 27/02/2021

Published online: 15/04/2021
https://doi.org/10.47869/tcs|.72.3.4

* Corresponding author
Email: chuguangchien@utc.edu.vn

Abstract. High-speed rail has a very strict settlement control requirement over the project life.
The controlled settlement amount is usually less than 15 mm. In order to achieve such strict
controlled conditions, special methods are also required during the roadbed construction, the
monitoring period and the settlement prediction, those are with great differences compared to
the methods currently being used in Vietnam. This article conducts a real measured settlement
analysis of the roadbed to propose calculation method of the settlement prediction. The results
show that in case of large settlement, it is recommended to use the ground settlement
observation results as input data and three parameters to quality control of settlement simulation
prediction. In case of small settlement, it is recommended to use the measured data from the
settlement monitoring sheet and the cross-section settlement monitoring tube (for reference).
Also, it is recommended to use the three-point method and the two-line extension method for
simulation the settlement actually measured and settlement prediction after construction.
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Tom tit: Puong sat toe do cao co yéu cau khdng ché 1un rat khat khe trong sudt vong doi caa
du &n. Thong thuong luong khdng ché 1tn nho hon 15mm. Dé dat duoc diéu kién khdng ché
khit khe nhu vay, trong qua trinh xay dung nén dudng, trong thoi ky quan trac, theo dai va du
bao IUn ciing can c6 cac phuong phap dic biét, co sy khéc biét 1on so véi cac phuong phap hién
dang dugc sir dung ¢ Viét Nam. Bai bao tién hanh phan tich 1tn thuc do nén dudng dé dé xuat
phuong phap tinh toan dy bao 1un, két qua cho thay trong truong hop 1Gn 16n khuyén nghi st
dung két qua quan trac 1Gn mat nén 1am sé liéu dau vao, s dung ba tham sé khéng ché chat
lwong dy bao md phong lan. Trong trudng hop 14n nhé, khuyén nghi sir dung sé liéu do dugc
tir ban quan trac 1Gn va dng quan trac 1an mat cat (dé ddi chimg), dé xuat sir dung phuong phap
ba diém va phwong phap hai dudng mé rong dé md phong IGn thuc do va du bao 1tn sau thi
cong.

Tir khoa: duong sat toc do cao, 1Gn nén duong, du bao 1Gn, md phong I4n thyuc do.

©2021 Truong Dai hoc Giao thdng vdn tdi

|. DPAT VAN PE

Puong sit tbe do cao tai cac nudc tiénﬁtié'n nhu Nhét Ban, Anh, Phap, Trung Quéc ... trai
qua hon ntra thé ky nghién ciu va phét trién da dat duoc rat nhiéu thanh tuu to 16n, tuy nhién
thyc te cho thay vé quan ly va ky thuat ludn ton tai khéng it van dé. Thoi gian qua, duong sat
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téc d6 cao ludn duoc nang cao vé chit lugng phuc vy, giam chi phi duy tu bao dudng song van
phai ¢am bao van hanh an toan khi chay tau ¢ téc do cao. Biéu nay khién ap luc vé ‘mat cong
nghé ngay mot 16n, bat budc phai nghién ciru, dat ra va giai quyét nhidu bai toan vé ky thuat
[1-3]. Trong nhitng bai toan dé, viéc nghién ciu tong hop cac yéu té hop thanh 1Gn caa nén
duong st toc do cao, phuong 4n theo ddi, phan tich va dy bao Iin cua nén dwong sét 1a mot
trong nhing yéu t6 ky thuat mau chét de c6 thé thi cong duong sat \néi chung, nén duong sat
tbc do cao néi riéng theo dung cac yéu cau ki thuat dit ra [4], 1a nén tang dé dua dudng vao
khai thac vai tinh an toan, ém thuan, tién nghi va do tin cay cao.

Khédng ché 1Gn cua nén duong sit tée do cao 13 mot trong cac yéu t quyét dinh dén thanh
bai cua viéc xay dung duong sit toc d6 cao. Phan tich sé liéu do dac 1Gn caa nén duong trong
giai doan diéu chinh, mot mat c6 thé dinh lwong danh gia tinh hop ly caa thiét ké cling nhu chét
lwong thi cdng, mot mat khéc c6 thé du bao tinh 6n dinh 1au dai, tinh bén cua nén dudng sét tc
d6 cao c6 méi lién hé chat ché va chiu tac dong bai 1Gn cua nén, cung cip cac sé liéu quan trong
véi muc dich xé&c nhan c6 thé dat dugc duong st téc do cao [5]. Tuy nhién phan tich sé liéu
thuc do 1un va dy béo 1Gn sau thi cong ciia nén gifr vai trd quan trong trong viéc danh gia tinh
on dinh 1au dai cua nén duong, can dic biét quan tim dén hé thdng két ciu nén, bao gdom nhiéu
yéu té cua thiét ké nén mong va chat luong thi cong, nhu tinh 6n dinh khi chiu nuéc cua vat
liéu nén, tinh 6n dinh d6ng cua nén, va ca cac nhan té cé tac dung lau dai cua hé thdng thoat
nuéc mat, thoat nuéc ngam cho nén dudng.

Dy bao 10n sau thi cong 1a dya vao co sé s6 liéu do dac IGn cua nén dudng trong giai doan
thi cong va giai doan diéu chinh 1Un dé tién hanh. Phuong phap thuong duoc ap dung la sir dung
s6 liéu do dac hién truong, dung ham s6 md phong dudng 1an theo thoi gian, sau d6 ding ham
s6 d6 dé ngoai suy gia tri 1n theo thoi gian cia nén dudng. Trong trudng hop ndy can dic biét
chl y co sé caa do tin cay trong du bao 1Un ciia nén 1a tinh hop ly ciia phuong 4n theo dai lan,
chat lwong cua ban than thiét bi theo dbi ciing nhu chat lugng lip dit, tinh 6n dinh cua vi tri
theo ddi 1Un, tinh quy pham va chat lugng cua cong tac quan tric [4] v.v... Khi phan tich mo
phong s6 liéu do dac thyc té thuong sir dung cac cdng cu toan hoc hd trg dwong nhién ton tai
nhitng wu nhugc dlem trong do, tuy nhién két qua do khong phai la nhan t6 duy nhét trong cong
tac dy bao ldn cua nén dudong sat toc do cao. Quan trac lun, dénh gia lan, dé tur do c6 co so cho
viéc danh gia, dat két cau tang trén dudng sit déu co cac Ch1 dan tuong Gng va so tay ky thuat
dé tham khao [6, 7].

Bai bao tién hanh phan tich 1in thuc do nén duong dé dé xuat phuong phap tinh toan du
bao lin. Két qua cho thiy trong trudng hop 1Gn 16n, dé xuat sir dung két qua quan trac 1an hop
ly s6 liéu dau vao, kién nghi cac tham sé khéng ché chat luong du bdo md phong lin. Trong
truong hop 1Gn nho, kién nghi sir dung sé liéu do duoc tir thiét bi quan trac 1an phu hop va sb
liéu ddi ching, dé xuat s dung phuong phap dap tmg duoc yéu cau dé mé phong lin thyc do
va du bao 14n sau thi céng.

Il. PHAN TiCH LUN THUC PO CUA NEN PUONG

Dy bao 1Gn sau khi thi cong nén duong 1 co sé quan trong xac nhan diéu kién dat két cau
tang trén cua duong sat toc do cao, déng thai phan tich 1Gn thue do 1a co sé caa viéc du bdo 1Un
ctia nén. Phan tich 14n thyc do théng thuong dya vao phuong phap duong hdi quy, dong thoi
phai dap tmg duogc cac diéu kién nhu sau [5-8]:

(1) Dya vao sé ligu quan trac thyc té 10n cia nén dudng sau khi dap hogc sau khi dap dy ti
trong thoi gian khéng nho hon 3 thang, tien hanh nhi¢u phéan tich duong hoi quy, quyét dinh xu
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thé 1n, hé s6 twong quan trong dudng hdi quy (binh phuong d6 1éch chuan) khéng dwoc nho
hon 0.92.

(2) Tinh 6n dinh caa du bao 1Gn can thong qua nghiém ching, gia tri sai khéc hai lan dy
bao 1Un cudi cuing (t=0) khi gi&in cach thoi gian khdng qua 3 thang phai khong duge vuot qué
8mm

(3) Bé dat duoc gia tri du bao co d6 chinh xac va do tin cdy cao, thoi gian du béo 1dn lan
cuoi cung can dam bao: s(t)/s(t=0)>75%, trong doé s(t) 1a gia tri quan trac lan thuc do khi du
b&o, s(t=00) la gia bi IUn ngoai suy trén co s& so liéu thuc do, dugc tim ra theo duong hoi quy.

Trong nghién ctu, dya vao kinh nghiém cua cac nuéc phat trién trong phan tich 1tn thuc
do neén mong cong trinh dudng sat toc d¢ cao, tu do tien hanh xem xét danh gid, lya chon duong
hoi quy hop ly, khong ché theo cac dicu Kién da trinh bay & trén.

Trong truong hop théng thudng, dua vao co so 1a quy luat thay ddi caa sé liéu quan trac
thuc té dé du bao lGn caa nén dudng, két hop véi kinh nghiém cong trinh vé phuong thuc xi ly
nén, murc do tai trong va cac diéu kién dia chat khac nhau dé lya chon mét cach hop 1y phuong
phap duong hoi quy. Nhiéu nghién ciru dé xut cac phuong phap nhu phuong phap hai duong,
phuong phap ba diém, phuong phap dudng parabol, phuong phap duong chi s6, phuong phap
tbc do ltn, phuong phap Hoshino, phuong phap duong poisson, phuong phap m6 hinh mo va
phuong phap mang no ron nhan tao (Artificial neural network) [6] v.v.. . Can thay rang, trong
cdng tac dy béo tong lGn cua nén duong, duong hoi quy la cong cu dua vao phuong phép so
hoc ¢& md mong quy luat thay d6i cua s6 liéu do thyc té. Chat lugng phan tich md phong lin
do dugc khong chi phu thudc vao hinh thirc duong hdi quy, ma con phu thudc rat 16n vao chat
luong ciing nhu d¢ tin cay ciia ban than s6 liéu quan tric lan do dwoc. Vi dy, khi lugng 1Gn nho,
anh huong cua do chinh xéac ban than thiét bi quan tric, chat lwong qué trinh lap dat, do dac va
cac nhan té bén ngoai khac anh huong dén chat lugng mé phong 1an ¢6 thé vurot qua anh huong
cua viéc lya chon loai hinh dudng hoéi quy. Thuc tién cho thay loai cong trinh nén duong sir
dung céc loai vat liéu nhu nhiu cong trinh da sir dung. Trén co s& nghién ciu toan dién, tir
nhitng mdi quan hé phic tap can rat ra dugc cac nhan té mau chét va can don gian hoa phuong
phép str dung mai co kha nang (rng dung cao trong xay dung céng trinh.

2.1. LUn ¢ mire @9 trung binh va lén

Trong phan nay, dé xuat phuong phap duoc st dung twong ddi phd bién véi cong trinh nén
duong sat toe do cao 1a phuong phap hai duong va phuwong phap ba diém, phan tich viéc st
dung s6 liéu do dac lan dé quyét dinh quan hé md phong, tir d6 ngoai suy lan cudi cing, luong
lGn sau thi céng va toc do lan.

Hinh 1 1 hinh quan hé giira chiéu cao nén duong h (tai trong p) voi do 1an s va thoi gian t
cta nén duong trong qua trinh dap va thoi ky diéu chinh. Trong dé, 1an cta day nén dap theo
phuong doc tuyén trong qua trinh dap va sau khi dap xong, duya vao ban xac dinh lun dat & day
nén dé xac dinh, con IGn mat nén dudng sau khi da dap xong (trong hinh vé la thoi diém to) dua
VA0 coc quan tric lan dit & mat nén dé xac dinh, gia tri 1Gn nay bao gdbm ldn cua mong duong
sau thoi diém to (tai trong khong ddi) tiép tuc phat trién va bién dang nén lin tan du cta ban
than nén dip do tac dung cua tinh tai ban than nén dap gay ra.

Trong truong hop thong thuong, du bao lun cua nén duong sat can dua Vao s6 ligu quan
trac lGn cia mat nén duong (t>to) thdng qua coc quan tric ltn 1am co sé tién hanh. Nguyen

nhan la vi, mot mat sau khi tai trong 1a khong d6i (t>to), cac nhan té anh huong de,nq lGn cua nén
duong giam thiéu, tuy theo thoi gian tang 1én so vai giai doan thi cdng s€ c6 xu the on dinh hon;
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mat khéc, két qua quan tric lGn mat nen dudng bao gom ca ln cua mong duong tiép tuc lan va
bién dang nén 1tn du cua ban than nén dap sau thoi diém to, lUn quan tric ¢ ban quan trac IUn
& day cua nén dap khong bao ham bién dang nén 1Gn cua ban than nén dap do tac dung cua tinh
tai ban than nén duong. Nhung phuong phép xtr Iy nay chi co thé &p dung khi luong bién dang
tuong dbi 6, dac biét 1a truong hop sau khi dap nén xong (coc quan trac 10n bd tri trén mat
nén bd tri xong), 1Gn & mat nén dat duoc gia tri 6 1on nhat dinh méi c6 dé tin cay cao.

A

Nén duong dip cao h'tdi trong p

Ihoi diém nen dudmg dip xong 1 Théni gian t
— e —

Bién dang lim mit nén

Bién dang lin S

.

Bién dang lin diy nén dip

Y

Hinh 1. Duong quan h¢ gitra chiéu cao nén dudng h (dy tai p) véi do 1an s va thoi gian t cua nén
duong trong qua trinh dap va thoi ky diéu chinh.

Hinh 2 1a két qua so sanh thuc do khi dung coc quan trac 1in mat nén va dng quan trac mat
cit & day nén dudng dap trén doan tuyén nghién ciu ¢ ly trinh DK117+190 duong st toc do
cao Vit Han — Quang Chau. Tai khu vuc ndy chiéu cao nén dap 1a 13m, dia chat tir trén xudng
dudi 1a dat c6 tinh deo ky dé tir, dat co tinh déo ky dé tam va da phong hod, b6 phan nén duong
su dung phuong phap dy tai de gia co, ngoai ra khong su dung phuong phép gia ¢ gi khéc.
Sau khi dap xong nén duong, ong mat cat quan trac duoc s ligu 1an 1a 347mm, 1Gn cia mat
nén sau khi lp dit coc quan trac 1Gn mat nén véi thoi gian sau thang do duoc 1a 43mm. Trong
truong hop nay, sau khi ldp dat coc quan tric 1an mat nén, do 16n gia tri tuyét d6i cua sb lieu
lGn thue do va sb liéu (giai doan quan tric thoi ky diéu chinh khong nho6 hon 6 thang dudi tac
dung cua tai trong khong d6i) dung dé phan tich mé phong lGn véi sb liéu dy bao IUn sau thi
cong la phu hop. Hinh 3 la s6 liéu quan tric & coc quan trac 1Gn mat nén & cac thoi diém
23.9.1999 dén 13.1.2000 va cho dén 9.3.2000 dé md phong va két qua ngoai suy.

Khi lya chon phuong phap mé phong va duong md phong, st dung két qua do thyc té cua
coc quan trac lan mat nén dé tién hanh nghién ctru so sanh cac phuong phap khac nhau nhu
phuong phép hai duong kinh dién, phuong phap Asaoka va phuong phap Creed [9], két qua co
thé xem & hinh 4. O day, ngoai chi s6 tinh twong quan (sa1 s0), két qua mo phong dé ngoai suy
luong 10n sau ciing s(e0) con phai xem xét dén do tit dan cua céc s liéu vé sau tuy theo thoi
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gian ting 1én 1a nhén t6 quan trong. Can ctr vao két qua phan tich ¢ hinh 4 cho thdy, trong cac
diéu kién cua doan nén duong nay, st dung phuong phap hai duong kinh dién cho két qua ngoai
suy IUn cuoi cung 16n nhat va c6 d6 bién dong nho nhat.
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Hinh 2. So sanh két qua thuc do quan trac lGn & 6ng quan trac 1Gn mit cat tai day nén duong dap va
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1999-09-23

hJ
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]

] M (i

== = B
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251 ‘
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40 e — -
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45 l —= ——
50! '
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Hinh 3. K&t qua mod phong va ngoai suy sé liéu thuc do coc quan trac 1Gn mit nén.
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So sanh két qua phan tich khi dung cung két qaa quan tric lGn & coc quan tric mit nén
nhung dung cac phuong phap mo phong khac nhau.

g (mm)

dang lin cuoi cun,

£

Bién dang lan thyc do. duémg mé phong s(t) va dyr béo bién

Thoi gian t(d) (tinh tir thei gian 1ip dit xong coc quan tric lin)
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Hinh 4. So sénh két qua phan tich khi dung ciing két qua quan trac 1Gn & coc quan trac mat nén nhung

dung cac phuong phap mé phong khac nhau.

Trong diéu kién bién dang & mac trung binh va I6n, phuong phap hai duong kinh dién gia
thiét sau khi dap nén dudng xong (t=0), dudi tac dung cua tai trong khong ddi quan hé gitra ltn
ctia mat nén s(t) véi thoi gian t ¢d thé ding cong thuc sau dé biéu thi (xem hinh 5)

s(t) =

(1)

a+bXxt

Trong d6 a,b 1a tham s6 dwa vao s6 liéu quan trac 10n thuc té dé quyét dinh.

o

g s(t)

n dudng

e

Bién dang lin mat n

Thoi gian t (tinh tir thoi diém ldp dat xong coc quan tric lin)

® -~
SWO= b1
Lan md phong thir nhat
(vi du sau ba thang)
. O r)
Lan thir hai m6 phong o
Y (vi du sau sau thing) O

Hinh 5. Két qua mo phong trong diéu kién lGn trung binh va I6n st dung phuong phap hai duong kinh

dién d& mo phong 1Gn mit nén dudng theo céac giai doan khac nhau.
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Gia tri 1/b, dua vao cong thirc (1), 1a 1Gn cudi cling ciia mat nén dudng sau khi lép dit coc
quan tric lGn mat nén, con gié tri 1/a 1a van tdc ban dau cua 1Gn sau khi lap dit coc quan tric
lGn cua mat nén.

Dbi voi doan tuyén nghién ciru, trén co so phan tich md phong két qua do thyc té 1n cua
mat nén duong ¢ 109 mit cat quan tric, tién hanh tong hop phan tich. Phuong phap mé phong
bao gém phuong phéap hai duong kinh dién, phuong phap Asaoka va phuong phap Creed, trong
d6 cac tham sb duoc giai thich nhu sau:

t: 1a thoi gian, thoi gian khoi diém duoc tinh tir 1Gc lap dat thiét bi quan trac 1Gn mit nén,
tuong wng trong hinh 1 1a thoi diém to;

s(t): 1a gia tri thuc do 1Gn mat nén dudng;

Sena(t): dua vao s6 liéu quan tric 1Gn nén duong trong khoang thoi gian tir 0~t, dwa vao
duong md phong du béo gia tri 1n cudi cung;

Send(t=6 thang): dya vao s6 liéu quan trac 1Gn mat nén duong sau khi lap dat thiét bi quan
trac 1Gn mat nén 6 thang, théng quan dudng mo phong dé xac dinh 1n cudi cling cia mat nén;

Send(t)/Sena(6 thang): ty 1¢ 1Gn sau cling cuia mat nén tai thoi diém t va thoi diém t=6 thang;

U(t)=s(t)/send(t): ty & cua do 1Un tai thoi diém t, dua vao 1Un thuc do tai thoi diém t dy bao
lGn sau cing ciia mat nén dudng.

Muc dich ciia viéc phan tich tong hop nay 13, néu xac dinh nén dudng trong diéu kién nhat
dinh (diéu kién bién dang nén duong & mic do trung binh hozc I6n) thi két qua phan tich md
phong, du béo cac chi s6 khdng ché chi s6 tinh 6n dinh c6 thé dam bao do tin cay, d6 chinh xéc.
O day, dwa vao coc quan trac 1Gn mat nén, sau 3 thang sé& tién hanh phan tich dy béo lan tha
nhat, sau 6 thang s& tién hanh phan tich dy bao lan tht 2. Tir hinh 6, phan bén tréi co thé thay,
da s6 s6 liéu hé sb trong quan nam & bén phai duong r?(t)=0.85, khi do, dic biét 1a khi sir dung
phuong phap hai dudng kinh dién va phuong phap Asaoka co do bién dong twong ddi nho,
dong thoi gia tri do bién dang déu tap trung & gia tri trén dudi Send(t)/Sena(6 thang)=1. Phan tich
hinh 6 & phia bén phai c6 thé thiy, khi ma do bién dang U(t)= s(t)/Sena(t)>75%, ty 1¢& gié tri du
bao 1Un cudi cing Send(t)/Sena(6 thang) thay doi trong pham vi trong d6i nho, ty 1& nay chi yéu
tap trung quanh gia tri 1. Trén nén tang d6, kién nghi, d& xuat va ang dung hai tham s6 khéng
ché chét lugng du bao md phong lin trong diéu kién bién dang d néi & trén nhu sau:

(1) Hé sb tuong quan r?(t)>0.85 (d6 tin cay caa md phong, du bao).
(2) Ty 1€ @6 1an U(t)= s(t)/send(t)=75% (do chinh xac cia mo phong, dy bao).

Tir két qua théng ké & trén co thé thay rang, dwa vao sb liéu quan trac 1an mat nén duong
sau 6 thang, gié tri 1tn cudi cung thdng qua viéc tinh toan du bao 1a tuong d6i tin cay, day ciing
la Iy do can dya vao sb liéu quan tric lin sau khi dap nén hogc sau khi dap xong dy tai trong
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thoi ky quan tric va thoi ky diéu chinh téi thiéu 6 thang. Ngoai ra, trong tai liéu tham khao s
[10] con dé xuét chi s thir 3 ¢& dam bao chit lwgng md phong va du bao lan dé chinh 1a diéu
kién trong thoi gian dén cach t6i thiéu 3 thang, gia tri dy bao 1un sau cung khéng léch nhau qua
8mm, diéu nay duoc goi 1a yéu cau vé tinh 6n dinh.
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Hé sb twong quan (1) D bien dangu(r)=s(1)/s (1)

Hinh 6. B6i canh quyét dinh “hé s6 twong quan r2(t)” va “dé 1an U(t)=s(t)/Send(t)”.

Trong phan nay, dé xuit cac van dé lién quan dén 3 diéu kién co ban cua viéc du béo lin
sau khi thi cong la dya vao cac kinh nghiém nhu da noi ¢ trén. Tu nhirtng phan tich & trén co
thé thay, cac truong hop di néu o trén 1a cac truong hop ma bién phép gia c6 nén duong tuong
d6i don gian (hoac khéng cd), 1in ciia méng dudng twong dbi 16n, dua vao s liéu quan trac lun
mat nén sau khi dip xong dé phan tich mod phong, théng ké dy béo 1a co s¢ dé thiét l1ap phuong
phap nay, n6 co pham vi sir dung tuong ng.

2.2. LUn & mire d nho

Phan tich sé liéu 1n cua duong sit toe do cao & Trung Qudc cho thdy, trong trudng hop
lGn cta nén duong tuong ddi nho, yéu cau chi sé tinh 6n dinh da néu & trén khong con cd tac
dung khdng ché chat lugng mé phong 1Gn va dy béo 10n sau thi cong.

Khi tinh nén 1Gn cia nén dudng nho (chidu cao dap nho) hoic khi mong duong ding cac
bién phap gia cb tot, khi do 1Gn cia day nén dip (dinh mong dudng) nhé hon 20mm, sau khi
dap nén xong, lap dit coc quan trac 1Gn mat nén va do duoc 10n thong thudng nhé hon 5mm, vi
du nhu trong hinh 7 12 két qua quan trac 1an mat nén & mat cit ngang DK1262+795 trén tuyén
nghién ciru. Trong phan sau day s& phén tich trudng hop nay va goi 1a diéu kién 1an nho.
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Hinh 7. Buong quan hé tai trong va Iin thye do tai mat cat ngang DK 1262+795 duong sit toc do cao
Vi Han — Quang Chéu (St dung coc CFG dé gia c6 méng).

Trong diéu kién 1Gn nho, dwa vao s liéu quan trac IGn mat nén (t>to, xem hinh 1) 1am co
s& dé tién hanh md phong va du bao 1Gn sau thi cong khéng con tinh kha thi. Kinh nghiém xay
dung tuyén duong sit tbc do cao Vit Han — Quang Chau, néu nhu giai doan quan tric va ky
diéu chinh 16n hon 6 thang, két qua du bao phan tich lin thong thuong khong dap tng duoc
yéu cau vé khdng ché 1tn ciia dudng sat tée do cao [4], ciing nhu yéu cau vé chi sé chét lugng
da noi o trén.

Trong trudng hop xay dung duong sit tdc do cao véi te do xay dung nhanh, trong giai
doan thi cong c6 yéu cau cao, mot mat yéu cau str dung cac phuong phap méi trong thiét ké gia
¢ nén dudng dé nang cao cudng do gia cd, dé giam thiéu rd rang tong lun, ting toc tat dan 1Gn,
mat khac yéu cau st dung vat liéu dap nén tot va tiéu chuan dap tuong ddi cao. Trong diéu kién
nhu vay, téng 1un cia méng duong thudng twong ddi nho, viéc kéo dai thoi gian quan trac va
thoi ky diéu chinh 1a mot van dé rat co y nghia. Do d6 trong diéu kién bién dang nho, md phong
lGn va phan tich du bao 1Gn sau thi cdng c6 gid tri sir dung nhat dinh.

Khi bién dang 1Gn nho, viéc md phéng 1Gn va du bao 1Gn sau thi cong can dua vao sb liéu
thu duoc tir ban quan tric lun dit & ddy nén dap trong suét qua trinh thi cong, sudt qua trinh
diéu chinh nhu duong quan hé 1Gn va thoi gian duoc biéu thi trong hinh 1, éng quan tric lan
mit cit do 1un tai day nén dap do do chinh x4c thap nén trong truong hop nay khong dung dé
du bao Itn sau thi cong, nhung c6 thé dung dé so sanh, nghiém chang gié tri lin duoc do & ban
xac dinh 1an. Do khi dung ban xac dinh 14n & day nén dap s& khdng bao géom bién dang nén ldn
cuia ban than nén dép dudi tac dung cia tinh tai ban than, do d6 diéu kién khi ding ban xac dinh
lGn nham phan tich md phong 1Gn va du bao 1Gn sau thi cong 1a: bién dang nén 1Gn caa ban than
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nén dép do tai trong ban than phai nho hon mot cach rd rang 1in cia moéng duong, ddng thoi
sau khi dap nén xong bién dang nén IGn cia ban than nén dép co ban da hoan thanh. O day c6
thé xem xét duong 10n tir s6 liéu quan trac 1Gn caa coc quan tric 1an mat nén véi duong quan
trac Gn thyc do dya vao ban quan tric 10n tai day nén dap xem c6 song song hay khéng, tir 6
lam co s& dé phan doan. Phan tich s6 liéu thuc do lun cua tuyén duong sit tbe do cao dugc
nghién ciu cho thiy diéu kién nay vé co ban déu dap (mng yéu cau. Trong diéu kién bién dang
nho, phan tich mé phong sé liéu thuc do 1in thudng dung phuong phéap hai dudng mé rong va
phuong phap ba diém (phwong phéap phdi hop d6i s6), phan cong trinh nén dudng thanh cac
khu doan.

Trong giai doan ddp nén, néu toc do gia tai khdng 16n, ¢ thé xem xét sir dung phuong
phap hai duong mé rong dé moé phong sb lidu thue do 1Gn theo thoi gian. Phuong phép hai
duong mé rong dua trén cdng thirc ciia phuong phéap hai dudng kinh dién nhu trong cong thirc
(1), dua thém vao cong thuc hé s6 tai trong & dé md phong dudng lGn theo thoi gian ¢ day nén
dap cua toan b qua trinh thi cong va qua trinh diéu chinh.

S(t) = £+

t
a+bx*t

)
Trong cOng thuc:

t— Thoi gian, duoc tinh tir 1ic bat dau dap nén (ban quan tric lan day nén dap lap dat xong),
trong hinh 1 ¢mg véi thoi diém 0;

s(t) — Gia tri 14n thyc do ¢ ddy nén dap;

& — He sb tai trong, 1a ty sb tai trong ¢ thoi diém t so vai tai trong cudi cung (sau khi dap
xong), E=p(t)/(v*hmax+pst);

hmax — chiéu cao 16n nhat cua nén dap (sau khi dap xong);

Pst — tai trong tinh tai sau khi dap, bao géom I6p cap phdi da dam sau khi dap 16p cudi cua
I6p mat nén — 16p trén cing caa 16p cuong hoa (xe thi cong di qua 1an cudi), lop dém tim ban
va hé théng duong ray phia trén, trong d6 hé thong dudng ray phia trén thong thudng sir dung
15~20kPa.

C6 thé thay, viéc md phong duong lUn ciia phuong phap hai dudng ma rong gom hai tham
s6 quyét dinh, thir nhat 1 tham s6 hé s tai trong &, thir hai la tham sé quan hé giita 1Gn va thoi
gian. Trong trudng hop bién dang nén 1n cua nén dudng nho hoic bién phap gia b twong dbi
t6t va tong tai trong cua nén dudng vé co ban cd quan hé tuyén tinh, gia thiét quan hé giira
luong lin ting va tai trong gia ting 1a ty 1¢ dugc xac dinh phu hop, thyc tién cong trinh duong
sat toc d6 cao Vii Han - Quang Chau da chitng minh tinh hop ly cta gia thiét nay. Trong diéu
kién 1Gn nho, sé liéu quan trac trong thoi ky dap nén bao gém phan tich lun dé gia tang lwong
s6 lieu thong tin, nhat 1a luong lGn thuc do ¢ day nén dap 14 rat can thiét dé c6 duoc tinh kha
thi trong phéan tich sau nay.
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Trong cong thire (2), tham sb a,b c6 thé thdng qua thay ddi hé théng toa do s6 liéu 1tn thuc
do trong khoang t&/s(t) — t dé phan tich hdi quy dat dugc, xem hinh 8. Tir dudng md phong
tinh toan, d& xuat 10n sau cung 1a &/b.

= P

t-&/s(r)

s(1)

a

\

(a) Puong quan hé p-s-1 (b) Quan hé ¢-&/s(5)-1

Hinh 8. Phuong phap hai dudng mé rong, duong quan hé p-s-t va dé xuat tham sé a, b.

Phuong phap ba diém (phuong phap phdi hop dbi s6) do gido su Zeng Guoyan d& xuat nim
1959, théng qua sir dung phuong phap giéng cat dé gia ¢ nén dé xuat mot dang phuong phap
du béo 1Un sau cung, do phuong phap nay dbi voi moi loai diéu lién nén mong déu cé tinh phu
hop va tinh sir dung twong ddi tdt, trong thuc té cong trinh duoc st dung maot cach rong rai.
Xuat phat diém ciia phuong phap nay 1a dya vao ly luan cd két cua Terzaghi 1am co so tinh toan
d6 cd két, dung cong thire sau dé biéu dién:

U(t)=1-oxePH 3
Trong do:
o — la tham s, thong thudng co thé sir dung gia tri Iy luan 8/,
B — la tham s cu thé, cd thé dya vao sé liéu thuc do dé quy hoi dat dugc.

Trén co so d6, qua trinh phat trién 1Gn ciia méng duong s(t) theo thoi gian t thong thuong
c6 thé biéu dién theo cong thirc sau (twong tu trong 22TCN 262-2000):

S(t)=s(o0)* (1-ouxeP)+sprorx eP* (4)
Trong do:
So — la 1n tac thoi cia mong duong.
s(e0) — la 14n cudi cung cia moéng dudng.

Khi thong qua sb liéu quan trac 1an thuc do dé tién hanh mé phong duong, thong thuong
Xuit phat tir duong quan hé s(t) —t, sau khi nén dudng da dugc dap xong lya chon ba diém thoi
gian gan céch 1a ti, t2 va ts, voi khoang thoi gian tz — t1 va t3 — t 16n nhat cd thé, dong thoi ts
can tan luong chon ¢ doan cudi cia dudng s(t) —t, xem hinh 9.
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53
s(=°)

Hinh 9. Uc tinh 1Gn sau cing theo phuong phap ba diém (phuong phép phdi hop ddi s6).

Theo cong thirc (4) c6 thé dat duoc lGn sau cing s( @), tham sb xac dinh B va bién dang

tuc thoi cia mong duong nhu sau:

S( 00) — S3*(52—51)—52*(53—52) (5)

(s2—81)—(53—52)

f=——InZ=2 (6)

t—t; S3—$

_ si=s(w)x(1—axe”Fh1)

axe—B*t1 (7)

Sau khi d3 xac dinh dugc bdn tham s6 s( @), so, a, B, ¢ thé dung cong thic (4) dé tinh
toan du béo gia tri 14n s(t) tuy theo thoi diém bat ky.

Két qua thuc do 1un cua nén dudng sit toc d6 cao & Trung Qudc cho thiy, ngoai cac doan
sir dung phuong phap du tai, lin ciia mong duong thong thuong nhé hon 20mm, thudc loai 1n
nho. Bi véi truong hop ndy, sir dung nim phuong phap méd phong dudng dé tién hanh phan
tich, so sanh kha ning tng dung cua ching [11]. Bao gom phuong phép hai dudng tiéu chuan,
phuong phap hai duong mé rong, phuong phap ba diém, phuong phap Asaoka va phuong phap
hai duong chi s6. Két qua nghién ctiu cho thiy, phuong phéap ba diém c6 hé sb tuong quan hoi
quy tuong ddi tét khi md phong xu thé 1Gn, véi sai s6 du bao twong dbi nho, nhung c6 do nhay
tuong ddi khi sb liéu c6 sy bién dong; phwong phap hai dudng mé rong c6 hé sé tuong quan
hdi quy va tinh hitu dung twong dbi tét, nhung sai s6 du bao 1Gn 16n hon so v6i phuong phap
ba diém. Cac phuong phap khac trong truong hop lan tuong ddi nho thi tinh hitu dung déu kém
hon so véi cac phuong phap d trinh bay & trén. Do vay, véi nén dudng sat toc do cao kién nghi
str dung phuong phéap ba diém va phuong phap hai dudng mé rong dé mé phong 1Gn thuce do
va du b&o lan sau thi cong.
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I1l. KET LUAN
Théng qua két qua phan tich cho thay, tng voi mdi diéu kién 1an khéc nhau can st dung
s6 liéu quan tric cua thiét bi quan tric khac nhau va phuong phép xtr Iy s6 liéu khac nhau.

Khi 1an & mue d6 trung binh va 16n c6 thé sir dung s6 liéu do dac & coc quan trac lGn mat
nén dé tién hanh dy bao lun, khi d6 kién nghi str dung phwong hai duong kinh dién cho két qua
ngoai suy 1Gn cudi cung 16n nhit va c6 d6 bién dong nho nhat, ddng thoi dé xuat ba tham sé
tiéu chuan khéng ché chat lugng du bdo mé phong lun trong diéu kién bién dang.

Khi 1an & mue d6 nho sir dung két qua do lan & ban quan tric do lun dat & day nén dép 1a
s6 liéu dau vao cho mé hinh tinh toan, dong thoi sir dung s6 liéu do dac cua éng quan trac lan
mit cat, coc quan trac lin mat nén dé doi ching, kién nghi st dung phuong phéap ba diém va
phuong phap hai dudng mé rong dé md phong 1Gn thuc do va du bao 1Gn sau thi cong.
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